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SECTION I
INTRODUCTION AND SUMMARY

Under Air Force Contract F33615-68-C-1568, Shell Develupment Company
developed and evaluated a process for making PCDE, prog:essing through the
intermediate steps of PECH, DEPECH, and PBEP. The latler two steps were
operated successfully on a continuous basis at rates ¢f 0.5 lb/hour. Pre-
liminary cost estimates, including both cepital and ojcrating costs, were
made for this process at rates of 200,000 and 3,000,000 1lb/year,

Hercules Incorporated, under Shell Contract SDNO 84723, for Alr Fovce
Contract F33615-72-C-1446, successfully demonstrated the PBEP and YCDE
processes at rates of 6 1b/hr. Under the Shell subcontract, other data
pertinent tn designing & large scale PCDE manufacturing plant were gathered.

The purpose of this document is to provide the final report of two
PCDE production contracts, F04611-73-C-0051 and F04611-75-C-0024, for
which a total of 1450 lb of PCDE were produced.

Another purpose of Contract F04611-73-C-0051 was to determire a
method for increasing the molecular weight and functionality of PCDE. The
opproach taken was to improve these qualities in the PECH, The improve-
ment would be carried forward to the final product. Shell Development,
the manufacturer of PECH and DEPFCH, was under subcontract to make the
improvements and to supply samples of DEPECH made therefrom for evaluaticn,

Twe methods of fwproving the PECH were studied. The {irst method wis
to subject "standard" PECH to treatment that wuld retain only the higher
molecular weight fraction. The second method used was to vary the PECH
process in order to incresse the molecular weight and functionality. The
latter approach, a low temperature process, was chosen as the best method
for making improved product. The Shell Development report (Appendix A)
gives details and reasons for this choice,

With the completion of the delivery of DEPECH for the final contract
modification of Contract FO4611-75-C-0024, Shell Development Company
nctified the Alr Force that they would no longer be manufacturing DEPECH.
Hercules was authorized under Amendment No. R00007 of Contract F04611-75-C-
0024 to prepare 20 1b of DEPECH and convert this to PCDE for qualification
as a source of DEPECH for future PCDE production efforts. The effort com-
bining the manufacture of DEPECH at Allegany Ballistics Laboratory and the
subsequent conversion of the DEPECH to PCDE is reported as Appendixes B
and C to this final report.

As of August 1976, the two PCDE production contracts have been com-
pleted. A total of 1450 1b of PCDE have been shipped; 992 1b under
704611-73-C-0051 aud 458 1b under FO40L1-75-C-0024, Tu additiovu Lo the
specification material shipped, 63.3 1b of poor quality PCDE (Runs 14
and 20) were shipped to Nasval Weapons Center, China Lake, California.
Alsc, approximately 90 1b of material containing N-fluorazoxy contaminant
were destroyed,

-




R A

e 18

It is significant that the contracts covering a period of over
40 months of operation with hazardous materiale, including fluorine and
NyF,, were completed safely with no major accident or injury o operating
personncl. Incidents are reported herein in which the hazardous nature
of fluorine {s demonstrated including one i{n which an operator received
gecond degree burns on one hand due to a fluorine fire,

During the course of the contract, hazards testing of PCDE was
completed and chipping regulations established for 35 percent PCDE solu-

tion (Appendix D).

Producticn rates of 8 lb PBEP per hour and 6,6 1b PCDE per hour were
successfully demonstrated. Procedures for plant operation aad laboratory

analyses are contained in the appendices.




SECTION 11
PCDE PROCESS AND PILOT PLANT DESCRIFPTION
A, DEPECH

1, Chemistry

The DEPECH used for the production of PCDE was manufactured
by Shell Development Company. To make DEPECH, epichlorohydrin (ECH) is
polymerized in the first step to form polyepichlorohydrin, PECH, utiliz-
ing a boron trifluoride/glycerine complex as initiator as followa:

Step 1
RI‘
—_t
[ '
] (I:chgm_;
Lcn2 !
[ — )
Q BF}/G 0
!\ ) -l
Ciiz- CH - R'l U(.IHCH-z 0 - Cli2 - Cit - (‘H2 -0 CHACH - 0 ¢ R"'
' ~y !
CHZCI - C}lzCl m CH2C1 -0
ECH PECH

On the average, 1,7 to 2.2 R groups are CH2CHOH, 0.8 te 1.3
ch,c1
groups are nonfunctionally terminated, and m + n + 0 = 25 to 30,

In step 2, PECH is dehydrochlorinated to form poly(2,3-epoxy-
propene), DEPECH, by treatment with sodium methoxide in 93/7 tetrahydro-
furan/dimethylsulfc .de:

Step 2

R“
;
? = CH,
CH

NaOCH3 L‘ é n 9

PECH = R' $ 0-C~-CH OCH, -CH =CH, -OFCH,-C-04R"
M 2 2 2 2 W
THE /DRSO - qi, = tuy 70




The functionality remains essentially unchanged, and the
terminal - CH2 - CFOH groups of PECH are converted to - CH, - CHOH

i .
CH2C1 CHZOLH3

groups in this step.

2. Shell Development Study

One of *he objectives of Contract FU4611-73-C-0051 was to
improve the moleculer weight and functionality of the PCDE. A special
high molecular weight, high functionality PCDE sample prepared by Shell
Development in 1970 showed improvements in tensile strength and bonding
properties in rocket motor propellant castings. The PCDE had been made
from a high molecular weight PBEP recovered from hexane extraction of
standard PBEP. As this method would prove prohibitively expensive, an
attempt was made to improve the desired molecular weight and functionality
in the PECH or DEPECH. The improvement in the desired properties would be
carried through to the PCDE.

Shell Pevelopment dnvestigated several processos for increase
ing the molecular weight and functionality of the DEPECH. Two approaches
were chosen, The first was to subject PECH to treatment that would retain
only the higher molecular weight fraction. The second we. to alter the
PECH reaction to produce a product of higher molecular weight.

The first method consisted of partitioning rhe standard PECH
between twe liquids teo allow removal of the lower molecular weight frac-
tion, Several solvents were investigated, with hexane and methanol chosen
for study. The tests showed that hcexane or methanol cxtraction was
feasible, with certain advantagic to either solvent,.

Several methods of altering the PECH reaction were studied.
Included in the study were: New initiators, altering rcactant ratios and
addition rates, purifying the ECH, and reducing the PECH reaction tempera-
ture. Only the latter, reducing the PECH reaction temperature from 40° to
107 C, increased the molecular weight and functionality of che PECH, The
improvements in these properties were carried through to the DEPECH,
Details of the Shell Development work are given in Appendix A.

Three special PCUE runs were made using the high molecular
weight and functionality DEPECH prepared by Shell Development. The
unalytical results of the runs are shown in Table 1. A typical run with
“regular" DEPECH is also shown,

Two pound samples of the PCDE were sent to AFRPL for evaluation
in propellant. Based upon the overall cost of DEPECH production and upon
the results of the propellant evaluation, the low temperature PECH process
was chosen and the DEPECH was used for all Hercules runs, beginning with
Run 31,
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B. PBEF PROCESS

i Chemistry

Polv 1,2-bis(difluoroamino)-2,3 epoxy propane (PBEPY is [ormed
by the frev sadical addition of tetra'luorohydrazine (NpbF,) to DEPLCH in
acctone solution, Filgure 1 shows the reaction,

Shell Development showud that thie reaction may be carried out
in a temperature range from 60° to 130° C and in a pressure range of
300 to 400 psig., They recommended a nominal 50 percent excess of N‘Fh in
order to attain couwplete conversion of DEPECH to PBEP., Reactor residence
time can vary from 15 minutes to many hours, depencding on temperature &nd
pressure,

2. Operating Conditions and Process Description

The PBEP is manufactured in the pilot plant which consists of

three operating sectxons (a) Fluor\natxon, (b) N, ¥, manufacture, and

AL '\‘f\ Il TN
[ [Rient

) + )
Th flooviaativea dad W,T, erclicud Gic weavaabed
bricfly in paragriph I1.D below. The diiluoroém?nation section is used
for PBEP production, The process flow diagram for this operation is shown
in Figure 2, Tsble 2 summarizes operating conditions for the PBEP runs
covered by tnis report. The pilot plant is locared in Building 2354 at
Percules Incorporated, Bacchus Works, Magna, Utah.

The continuocus flow tubular reacter system in the pilot plant,
originally designed for TVOPA manufacture, needed very few mod:fications
for use in the PBEP reactor system. Reactor conditions could be set well
within those recommended by Shell De»elopment. The system is capable of
operating at temperatures of over 130° C and pressures up to 1000 psig.
PREP residence times of over 40 minutes are possible,

Early in the program, reactor residence times were fairly long,
ranging from about 20 to 30 minutes. With the long residence time, the
reactor temperat:re was kept low at from 105° to 115° c. Following Run 29,
the residence time was reduced to 15 minutes and the reactor temperature
was standardized at 120° €. This allowed for higher production and did
not adversely affect product quality. Reactor pressure was reduced from
S00 psig to 400 ps'g after the first three runs; the latter being suffi-
cient to maintain the proper NjyF, solubility. The NoF4 and acetone
mixtures have been shown to be hazardous if the N;F; is not kept in solu-
tion, Figure 3 shows the solubility of NoF, in acetone as a function of
temperature and pressure,

The following peragraphs sescribe how preparation is mede and
a PBEP/PCDE run made in the pilot plant. Before any runs are made with
DEPECH that has not been previously tested or used, the solubility of
the DEPECH is determined by establishing at what temperature a 10 percent
(w) DEPECH mixture in acetone will go into solution in 30 minutes., The
procedure is described in Appendix E.

10
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SHZ 1 %“2
1
HO-(EH-O-C-CHz-l- O:CHZ-C'H’CHZ-OLCHz-C-O-Cllz-(‘JH-OH
0 o 0 n 0
[] — — 1
CH3 (,:HZ Cl_13
C=CH
) ¢
Poly (2,3,-epoxy propane 0
(DEPECH) bl o
1 2
HO - CH - 0 - CH3
NzFI.
(acetone)
H H
' |
H- C-NF; 'l H - C-NF; "I
. ]
- -0 -¢C - - - - - . - -C - = CH. - -
HO (.'IH [—0 Cl CHZ 0 Cﬁz (EH CH2 o] Cl*l2 (': 0 H2 (lIH OH
0 NF
S i m ) 2 “n <
FN - € - C-NFp
o H
Poly 1,2-bis (difluoramine) )
-2,3-epoxy propane CH °
(PBEP) \ 2
HO - CH - O - Ci‘l3
} ™A
(acetone )
c:N ] r CeN
1
- - - - - - - - - - - - - - - OH
HO - CH (o] fI) CH2 0 C}lz (IZH CH2 0 CH2 (E (V] CH2 (EH
NF2 o [} Nl"z o]
. 1 ]
' cH, | cH,

Poly {l-cysno - 1 - difluor-

amino ethylene oxide] 2 f
(PCDE) t ?-—‘O
CH
(]
HO - CH - 0 - CH

3

1 i+ -
+ (Cly) 3 NH  HF

2
TMA Complex

Figure 1. PCDE Chemistry
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Figure 2. Process Flow Diagram (PBEP Synthesis) 12
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The PBEP process is & continuous operation and once established
could operate i{ndefinitely. The size of the run at the pilot plant is
limited, however, both by the size of the DEPECH feed tank and the amount
of NgFs, storage presently available. Batch sizes of from 40 to 50 pounds
PCDE were accepted as being adequate,

In preparation for a run, acetone and DEPECH are mixed together
in a jacketed vessel under a nitrogen blanket., The vessel is heated with
steam to the dissolution temperature and held for 90 minutes with slow
agitation. The vessel pressure {s maintalned at 15 to 20 psig for the
dissolution period and during the run because the dissolution temperature
is above the atmospheric boiling point ¢f acetone,

During the DEPECH dissolution period, the PLEP reactor system
is started. An NoF, "burn' period of approximately 50 minutes is used
in which the reactor system is operated without DEPECH feed but with other
conditions, such as temperature and pressure, normal. The acetone stream
of the NpF, sbsorber is started and an N3F4 flow of approximately 2 lb per
hour 18 fed to the absorber., The NjF,-acetone stream then goes to the
reactor system,

The NjF, "bura' period has several purposes. First, it allows
the system to be brought to operating condition slowly while the DEPECH
is being dissolved, Second, any air in the system {s purged during the
“burn" period. Third, any adverse reaction between acetone and N,F, will
become evident during this period., Experience has shown that if air is
in the system or if the N,F, contains any oxygen, tempersture excursions
of from 50° to 75° € will occur in the reactor. A fourth reason for the
burn perfod is to remove any trace product from a prior run that may have
been left in the reactor system, 1f there are no temperature excursions
and the equipment is functioning properly, the DEPECH is then committed
and the run can start.

Ten minutes before starting the DEPECH flcw, the N,F, is brought
to full rate and the DEPECH feed pump is started with asc<*one feed, After
the 10 minute period at full rate, a switch from acetone to DEPECH is
made and the run is underway.

The PBEP process consists of: (&) Absorbing NyF, {n acetone,
(b) combining the NpF,-acetone solution with the DEPECH-acetone solution
in a tubular reactor under controlled conditions of temperature and pres-
sure, and (c) stripping the excess NpF, from the resulting PEEP product.

The N,F, is fed from either of two storage banks by & compressor
system through an HF trap and filter to an sbsorber to which acetone is
also fed, The acetone is fed using a high pressure diaphragm metering
pump, The absorber temperature is controlled with a tempered water
system.
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The stream from the absorber is mixed with the DEPECH feed
stream, which is also pumped with a high pressure diaphragm metering pump.
The combined streams pass through a short mix section and then into the
first stage reactor consisting of 1/4-in, stainless steel tubing approxi-
mately 135 ft long., The tubing is jacketed, and tempered water is used
for rcaction temperature control.

The effluent from the first stage reactor then enters the second
stage reactor consisting of a 3/8-in, stainless steel coil 900 ft long.
The coil is contained in an insulated tank annulus, which is temperature
controlled using tempered water.

The reactor etfluent passes through a water-cooled heat exchanger
for cooling and then through two '"Grove' valves used for maintaining the
reactor preasure. The product stream, now cooled ro about 25 to 30" C
and at atmospheric pressure, enters a two stage stripper syg em packed
with 5/8-in, polypropylene Pall rings where the excess NyF, is stripped
using countercurrent nitrogen streams, The liquid streame are in series,
and the gaseous stripping streams are in pareli-:i through the stripping
system. The NoF,-nitrogen strcam is vented to the atmosphere through a
common vent. The PBEP acetone solution is collected in 5 gallon jugs.

Caye 18 taken during startup and throughout the run to make
certain flow rates, temperatures, and pressures are at flow sheet condi-

tions. Hourly recadings are teken of instruments. Tank dropout rates and

NoF, sturage pressure drop checks are made every 1/2 hour as a check
against the flow control inetrumentation,

The first PBEP product is sampled, and an infrared scan is made
to determine if the DEPECH is all converted and to check for impurities,
such a8 N-fluorazoxy in the product, The PBEP conversion to PCDE is
not started until the results of the sample are verified. TIf during the
run there is an upset in any flow or any indication of a problem, the
product is isolated and infrared scans are taken before the PBEP is
converted to PCDE,

The PBEP is monitored to make certain that a small amount of
unconverted or poor quality PBEP does not contaminate the product from
the whole run. The PCDE product resulting from two jugs are collected
in 55-gallon polyethylene drums. The product is sampled and an infrared
scan made. If the scan shows complete conversion, the 55-gallon drums are
transported to Building 2284 for further processing. As proceassing of the
PCDE in the drums is done, the delay of sampling and analyzing does not
delay the manufacturing process. If the infrared scans show incomplete
converaion to PCDE, the product is reprocessed through the PCDE reactor,
Only after the product from all drums are checked for conversion is
blending of the product allowed.
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C. PCDE PROCESS

1. Chemistry

Poly(l-cyano-1-difluoroamino-~ethylene oxide) (PCDE) is produced
from PBEP by dehydrofluoroamination of the primary difluoramino groups
in the PBEP molecule. The process was developed by Shell Development
Company. Figure 1 shows the reaction in which trimethylamine (TMA) is
used as the dehydrofluoroamination agent. The TMS was recommended by
Shell Development after testing other mild bases, including ammonia. The
reaction is exothermic and quite rapid and can be carried out as a batch
or continuous reaction.

The process chosen for conversion of PBEP to PCDE at the pilot
plant was 8 continuous tubular reactor with cooling water for heat removal.
The TMA is added In an ucetone solution (m~ 12 percent TMA) at a 20 percent
stoichiometric excess. A residence time of 2 minutes is adequate for
conversion. The product stream is contacted with dilute (2 percent)
sulfuric acid on leaving the reactor system to remove the excess TMA and
thus prevent the possible degradation of the product by the mild base, If
the product is not fully converted during the first pass, a second contact
is possible to complete the reaction,

2, Operating Condition and Process Description

The PCDE reaction is performed in the pilot plant concurrently
with PBEP production., Figure 4 shows the process flow diagram for the
PCDE process. Tahle 3 lists the equipment description. The operating
conditions are shown in Table 4.

In preparation for 8 run, a TMA acetone solution is made in
a 55 gallon polyethylene tank., To make the solution, acetone is
weighed {nto the tank and then TMA is condensed into the acetone, The
TMA 18 added directly from cylinders through a 1/4-in. stainless steel
coil {mmersed in an acetone-dry ice bath., Nominally & 12 percent acetune
solution is made up. The solution is always analyzed for TMA concentra-
tion before use,

As mentioned in the previous paragraph, PBEP i8 collected in
5-gallon plastic jugs. When the results from the first PBEP sample {s
received and the product is of good quality, the PCDE reaction is started.
The PBEP is pumped from the jugs with a peristaltic pump to the reactor.
The TMA solution 1s also pumped into the reactor with a similar pump.
The reactor consists of: (@) Two 1/4-in, stainless steel tubes 36-in.
long, and (b) three 3/8-in. stainless steel coils having a total length
of 145 feet. The 1/4-in, tube is enclosed in a 1/2-in. copper tube with
cold water flowing in the annulus. The 3/8-in, coils are contained in
a 55-gallon drum cold water bath,
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TABLE 3.

EQUIPMENT LIST PCDE PROCESS (BUILDING 2354)

Equipment
Nu. Designation Description

P-401A PBEP f(cced pump Peristaltic, Masterflex, Nordel tube

P-402A TMA feed pump Peristaltic, Masterflex, Nordel tube

P-403A MDC feed pump Diaphragm, Whitey, stainless

P-404a Dilute acid pump Centrifugal, Eastern, MD50-polypropyienc

T-401A MDC 10 gal, steel

T-4024 Dilute acid 55 gal, polyethylenc

T=403A TMA solution 55 gal, polyethylene

T-404 Product receiver 55 gal, polyethylene

R-4014 Reactor 2 sections double pipe, 1/4 inch stainless
steel inside 3/4 inch copper, each
3 fr. leng

R=402A Reactor 3 sections 3/8 inch stainless tube,
respectively, 23 ft., 22 fr., and 100
ft., inside 55 gal water-filled tank

M-4014 Mixer Stattic, Kenics, 3/8 inch 1D x 11 inch
long

E-401A TMA condenser 1/4 inch stainlegs x 10 ft., long, coiled

W-401A Scale Over/under, sensitivity 0.01 1b.

W-402A Scalce Platform, sensitivity O 2 1lb.
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Following the reactor, methyleae chloride (MDC), is pumped {ato
the reactor stream, The product stream, consisting of PCDE and ercess TMA
in acctone and MDC, then flows through a pressure regulating "Grove' valve
which matntains 5 to 10 psig backpressure on the reactor system,

A dilute (2 percent) sulfuric acid stream is then pumped into
the process stream, The stream nasses through a Kenics sctatic mixer and
discharges into a 55-gallon polyethylene drum where rLhe aqueous phase and
the product-bearing organic phase separate. The sulfuric acid stream
18 added for two purposes., First, the scid neutrulizes the excess TMA,
which would cause degradetion of the PCDE under prolongeda contact,
Second, tho stresm acts as 8 firet contact stage for removel of acetone
from the product,

The wethylene chloride added after the reaction step is the
carrier solvent used for shipment of the final producl., An attempt was
made esrly in the project to add the TMA in a methylene chloride solution and
eliminate the vse of acetone, which later has to be removed. The TMA and
MDC formed & sclid complex, which caused plugging in the reactor system.
Therefore, thic method of TMA addition was abandoned,

The 55-gallon polyethylene drums, each containing PCDE product
converted from two S-gallon PBEP product containers, &are transported to
Building 2284 {vr acetone removal, drying, and packaging. lnfrared scans
of the product from each drum are checked, If any PBEP has not hoer come
pletely converted to PCDE, that drum is reprocessed with TMA solution
through the reactor system at the pilot plant.

Pigure 5 and Table 5 describe the equipment at Buildinrg 2285
used for acetone removel, drying, and packsging,

The heavy organic phase in the drums containing the YCDE and
about 30 perrent acetone i{s pumped to the top of & countercurrent extrac-
tinn column, Two 6-in, Pyrex columns 6-feet long are used in series.
Cold water enters the bottom of these columne and strips the acetone from
the product stream. The columns are packed with 5/8-i{n, polypropylene
Pall rings. A second puss through the columns is normally required to
remove the acetone to levels below 1 percent, The second pass through the
columns {8 generally made at least 1 day following the first wash to
allow the PCDE to settle, Intimate contact of the PCDE with water in
the wash column causes inclusion of small water droplets in the PCDE.
Experience has shown that, {f this water separates before a second wash
18 made, the second wash is made easier with less emuleion formation in
the column,
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TABLE 5, EQUIPMENT LIST PCDE PROCESS BUILDING 2284
Equipment
No. Designatfon Description

P-402B PBEP transfer Peristaltic, TAT HiCAP, Nordel tube

P-4018B PBREP feed Peristairic, Masterflex, Nordel tube

P-4038 MDC feed Diaphragm, Whitey

P-404B Dilute acid feed Per{staltic, Mastarflex, Tygon tube

P-405B Column feed Paristaltic, Maaterflex, Nordel tube

P-4078B Waste water transfer | Perfctalcic, TAT, HICAP Nordel tube

P-406RB-1 Extractor interstage | Disphragm, double head Maden Metriflow

P-4068B-2 Extractor heavy Teflon diaphragm

phase transfer

T-401 MDIC feed Steel, 10 gal

T=402 Dilute acid feed Stainless steel, 55 gal

T-403% Product hold Polypropylene, 20 gzal

T-404 Columm fced Polypropylene, 30 gal

T-405 Waste water hold Polypropylene, 55 gal

T-406 Waste trea.ment Polyathylene, 350 gal

T-407 Product recciver Polyethylere, 5 gal or stecl, 5 gal

V=401 PBEP feed desiccator | Stainless, explosive standards. 55 gal

C-401 Extractor b in. dia x 6 ft long, Pyrex glass with
polypropylene Raschig cings 1/2 in.

€-402 Bxtractor 4 i{n. dis x 6 £t long, Pyrex gless with
polypropylene Pall rings 5/3 in,

C~403 Drying column 4 in, dia x €6 £t loug, 304 stainless
with 13X mole sieve 1/16 in.

C-404 Drying column 4 in, dia x 6 fr 'oug, 304 stainless
with 3A mule sieves 1/16 in,

=401 Reactor 3/8 » 15 in. stainlcss

R-402 Reactor 3/8 x 109 1in, stainless
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Duilng the wasl, steps, considerable emulsion is formed 1n tie
columns, The emulsion can cause flooding. The problem usually is greater
{n the second wash when most of the acetone has been removed, A wash
water temperature of S0° to 60° F is best. Higher temperature gives
more emulsion, and lower temperature proved no more effective and was not
economical to maintein.

The PCDE from the column, following the second wash, is collected
in a 30-gallon polyethylene tank and allowed to settle for 24 to 48 hours.
Included water separates and rises to the surface, The product is then
pumped in series through two 3-in., diemeter x 72-in, long columns contain-
ing molecular sieves., The first column contains 13X sieves for scetone
and water removal and the second contains 3A sieves for water removal.
Usually the product is held for blending with a second run and then
packaged for shipment {n 5-gallon phenolic lined steel drums,

Blending and packaging of PCDFE for shipment is done at Building
2284, The dried PCDE is collected in a 30- or 55-gallon polyethylene
drum, The PCDE ig¢ sampled and analyzed for PCDE, water, and acetone
concentration, and the thermal stability is tested at 110° ¢ and 140° C,
If the analysis {s within specificarion, the material 1s blcnded with

a second run.

1f the composite blend is below 30 percent PCDE, the material
is sparged with pure nitrogen to remove excess methylene chloride. A
sample of the blend is taken and complete analysis of the product is
reported on a data sheet shown in Appendix D.

Packaging {s accomplished by pumping from the PCDE drum to
phenolic-1ined 5-gallon metal cans using peristaltic pumps, The cans are
tared and exactly 50 lb of solution are pumped into each can. The last
can, of course, containing somewhat less than 50 lb. To each can, 300 cc
of 3A molecular sieves are added to keep ti.e solution dry during ship-
ment and storage.

Aqueous waste from the 55-gallon product drums and from the top
of the extraction columns {s collected in a 350-gallon polyethylene tank,
The waste {s neutralized with lime and sodium hydroxide to a pH of at
least 10.5, The high pH destroys traces of PCDE contained in the waste
water, The water ies held at the high pH for a: least 30 minutes, then
adjusted to a pH of 5.5 to 7.0 using H2504 before draining to a waste
evaporation pond near Building 2284, ’
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n. nru/NzFa
L. Process
The NoF, g8s used in the PCDE process is manufactured in the

pilot plant, The process was installed as part of 8 manufacturing study :
for making TVOPA, and a detailed description of the process has been

- published, A brief description is given here because of the impact of

maintenance, scheduling, and quality problems on the PCDE process,

The first step in the manufacture of N,F, is the fluorination
of urea to form difluorourea (DFU). This process is carried out in the
pilot plant in a stainless steel batch fluorination reactor. The reaction
is maintained at approximately o® ¢ using a refrigerated coolant (ethylene
glycol), The coolant in the reactor flows through both coils and jacket,
The batch size of DFU is determined by the beginning pressure and tempera-
ture of the 12 fluorine cylinders containing approximately 72 1lb of
fluorine, The amount of urea used depends upon the calculated fluorine
content of the cylinders. The same amount of water i8 always used for
dissolution of the urea, thus giving the same volume of solution in the
batch fluorination reactor, This {8 important to maintain good circula-
tion in the reactor during fluorination.

Fluorine and nitrogen are Lubbled into the bottom of the reactor.
The nitrogen acts as both a diluent and g8 a gas lift to provide mixing
in the reactor, The process {s continved until the pressure in the
fluorine cylinders has dropped to 5 to 10 psig.

The above method of determining fluorine usage by calculation
has proven to be better than fluorinating until breskthrough of fluorine
occurs, Overfluorination apparently causes destruction of DFU already
formed,

The flow of fluorine is controlled to keep the operating tempera-
ture of the reaction at -1 + 1° C. Normally, & to 5 hours is required to
complete a batch of DFU, Once the DFU {s formed, it is transferred to
storage tanks where the temperature is maintained between -5 C and -10° ¢
until used, The DFU should be converted as soon as possible for it
degenerates on storing, even at the low temperstures. Freezing che DFU
at -12° ¢ would preserve it, but the long time required and the care
needed in thawing make freezing impractical,

Handling of fluorine is a difficult problem because of its
highly touxic and reactive nsture. Great care must always be taken to
maintain utmost cleanliness of any equipment used in handling fluorine.
Because of its corrosive nature, frequent changes in process lines and
equipment are necessary. The fluorination reactor 1is especially susceptible
to corrosfon because of the aqueous media in the reactor and the fact that
for every mole of DFU formed two moles of HF are sleo formed. Equipment
and process lines are frequently leak checked and inspected.
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The DFU is converted to NoF, in a two-step process. The con-
tinuous unit produces approximately 6 1b of NyF, per hour. The DFU is
firat converted to HNFj; by reaction in a Teflon reactor with concentrated
sulfuric acid. The operating temperature is approximately 95 C. The
HNF) and CO; formed in the reactor separate from the aqueous acid phase
and pass to two packed columns where the HNF, is oxidized to NyF,.

The gases then pass through a countercurrent sodium hydroxide
column where the COp is scrubbed out. The N)F, gases pass through a
Drierite packed column for drying and then through an HF trep before
being compressed into one of two NoF, storage banks.

Most of the equipment in the NyF, manufacturing section is
constructed of PVC or Teflon because of their corrosion resistance to
the process streams. Because of the toxic nature of NoF, and its flamma-
bility, the system is frequently leak checked.

A discussion of some of the specific problems occurring im the

Dl-‘U-NzI"[4 systems are discussed in Section IV,
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SECTION IIT
PRODUCTION SUMMARY

A total of 1450 1b of acceptable PCDE was produced under the two
contracts; 992 lb under F04611-73-C-0051 and 458 1b under F04611-75-C-0024.
In addition, 63.3 1b of off-grade material was shipped to Nava! Weapons
Center, China Lake, Ca., for experimental work. Several runs were made
containing N-fluorazoxy and were destroyed., A total of approximately
90 1b of off specification material was disposed of for this reasson.

The operation of the PCDE process is continuous; however, some
physical restrictions currently in existence in the pilot plant limit
the amount of PCDE produced in a run. The plant has been demonstrated
capable of operating at 8 1b PBEP per hour (~ 6.2 1b PCDE per hour).
The conversion of PBEP to PCDE has been demonstrated at the rate of 8 1b
per hour, The PBEP reactor system as presently constituted may be capable
of an additional 20 percent; however, this as yet has not been demonstrated.

The size of the DEPECH feed tank presently limits the size of a run.
The DEPECH must be predissolved and kept under pressure and at a tempera-
ture of 60° to 70° C durirg the run. A total of about 60 minutes is
required to bring the DEPECH into solution. The run then consists of
the amount of DEPECH brought to solution in the tank. The maximum amount
of DEPECH charge to the rank is 26 pounds, equivalent to~ 45 pounds of
PCDE.

A second limitation is the NZFa operating storage capacity. Each
of the two banks of 15 NoF, cylinders hold enough NjF, for one run
(~ 45 |b PCDE). Operation of the N,F, manufacturing system on a day
shift schedule usually produces a little more than enough NyF, in a week
to make one run. The NyF, production rate while on stream just about
matches the amount needed to make 7 1lb of PCDE per hour.

The tank size and operating rates of the washing and drying section
of the PCDE process are currently sized for handling 50 lb runs,

Table 6 lists the product analyses for the material shipped under
the contracts. Complete analyses were made only for the runs blended
for shipment. The quality of individual runs was considered acceptable
for blending when: (1) The infrared scan showed complete conversion
of DEPECH through the PCDE, (2) there was no evidence of N-fluorazoxy,
and (3) che thermal stability results were within the proper limits,

The results shown in Table 6 indicate that much variation in thermal
stability and molecular weight occurred between runs that had the same
operating conditions and same feed stock. 1t 10 recognized that small
variations in temperature and pressure occur during a run and that condi-
tions are never exactly identical. Small amounts of material of poor
thermal stahility produced for any reason could adversely affect the
entire composited run.
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The DEPECH feed itself seemed tn be the cause of some of the variation
in product. Some lots of DEPECH produced PCDE that was more difficult to
wash in the acetone removal step, Certain DEPECH lots required more heat
to get into solution in acetone. The color and coansistency of DEPECH lots
varied considerably even when the chemical analyses were gimilar,

The molecular weights of the PCDE product was generally lower than
would be expacted based on the molecular weignt of the DEPECH. The
problem is probably due to cleavage of the molecule under the PBEP and
PCDE reactor conditions.

The high temperature and pressure and presence of water and HF in
the reactor could cause cleavage. Evidence of cleavage is indicated by
the increase in the ca8rbonyl hand of the infrared scan of the PBEP and
a further increase in the same band of the PCDE. E.rly tests were run
in the laborstory holding DEPECH/acetone solutions at 60° F for several
hours, and infrared scan showed no evidence of cleavage under the conditioas
in the feed tank,

Beginning with product blend 54, problems with the nitrogen analysis
occurred, The fluorine and nitrogen in the product have a theoretical 1:1
mole vatio in PCDE and, while the fluorine results stayed fairly constant,
the nitrogen value dropped. Both & new analytical machine and new operator
were used beginning at that time and, although nut resolved before the end
of operation, the problem is believed to be analytical rether than a real
change in the product,

Recommendations and suggestions given in Section VII may help to
resolve gome of the problems of process control and product quality in

future ryns.

Figures 6, 7, and 8 show typical scans of DEPECH, PBEP, and PCDE,
respectively. Figure 9 shows PCDE product containing N-flucrazoxzy.
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SECTION IV

PROBLEM AREAS :
A, INTRODUCTION AND SUMMARY
Problems whicn have occurred during the course of the PCDE program
can be divided into two main categories: (1) Process nr chemistry related
problems and (2) maintenance or equipment problems, Some of these prob-
lems have been serious enough to delay production, and some have caused
loss of product because of failure to meet product specification,

The problems are identified and a description of the solution to the
problems {s discussed in the next two paragcaphs.

B.  PROCESS PROBLEMS

1. Removal of Water fium Acetone

a, Acetone Dried with Molecular Sieves

The presence of water from the acetone solvent in the
DEPECH makeup tank heated up to B0° C and in the PBEP reactor at operat-
ing conditions may csuse destruction of the DEPECH or PBEF molecules by
hydrolysis cleavege. Degradation of the molecules could lead to lower
molecular weight product and would be evidenced by increwsed carbony!l
end groups tormed at the cleavsge poilnts, The carbonyl peTk is easily
identified in the infrared scan of the product (~ 1720 cm™"),

The water content of the acetone usually varies from 0.1 to
0.5 percent (w). The acetone used in the first PCDE production run was dried
by passing 1t through a molecular sieve column. There is evidence of -
diacetone alcohol formation when acetone is treated with molecular sieves, =
Under the condition of temperature and pressure of the first stage PBEP X
reactor, the diacetcne alcohol was converted to mesityl oxide, which then i
reacted with N3F, forming a low molecular weight difluorcaminated product ’
with a molecular welight of about 200, This more volatile product caused :
gassing during rthe thermal stebility testing of the PCDE product. GPC
analyses of the product confirmed the presence of a low molecular weight
product (~ 200) in the PCDE prnduct, This product disappesred on subse- .
quent runs in which untreated acetones was used. -

b. Acetone Dried with Calcium Sulfate

A second test was made with dry acetone for Run 67, The
acetone was dried over nonindicating Drierite (CaS0,). For the test,
the reaction conditions and flow rates were the same as for Run 66, The
DEPECh used was from the same lot as Run 66. The only change for the
run was to use dried acetone for the DEPUCH makeup and for the solvent
stream in the PBEP reactor.
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Sufficient acetone was dried for use in DEPECH makeup and
for use in the PBEP reactor. As-received acetcne was used to prepare
TMA solution for the PCDE reaction. Samples of the acetone taken before
and after drying show essentially no formation of diacetone alcohol, A
sample of scetone left in contact with the CaS0, for u short test using
N2F4 and acetone i{n the reactor at operating temperature and prescure

gave no adverse effects and no dimer was formed. Table 7 lists the analysis

of the acetone. Based on & value ¢of 0,019 (the worst case), the acetcne
used would contain 0,012 lb water per gallon of acetone used in the test,

The results of the tests show no major imporvement in
product quality using the dried acetone, Listed below are some comparisons
between the two runs:

Run 67
Run_66 (Dried Acetone)
Thermal Stasbility, cc/gm (100 hy)
110° ¢ 5.0 6.6
140° ¢ 71 178
Molecular Weight 3441 3644
Carbonyl Peak IR Scan
; Ratio C = O/C-H
PBEP 0.49 0,43
' PCDE 0.70 0.75

The thermal stability is better for Run 66, although both
are excellent. 71he molecular weight of Rur 67 i{s among the highest
produced but fa not significantly better than Run 66. The infrared acans
of the PREP are better for Run 66 than for 67. The increase in carbonyl
from the PCDE reaztion {s normal and the problem might be the TMA,

Based on the results of one test, there was po major
improvement in product quality in using dried acetone,

2. Loss of Runs 14 and 20

Rune 14 and 20 produced PCDE that failed to meet specifications.
The PCDE molezules contained double-bond sites that were not reacted in
ke PBEP reactor. The smount of material unconverted was smsll compared
to the total double bonde vreacted, However, it was large enough to cause
high gassing rvates during the thermal stability tests. The double bonds
vere jdentif{ied by infrured scans,
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TABLE 7. DRY ACETONE TEST RUN ACETONE ANALYSIS

Ho0 Diacetonz Alcohal
(%) %)
Undried Acetone
Barrel 1 0.095 Tracec
Barrel 2 0.091 Trace
Dried
Barrel 1 0.01y 0.010
Barrel 2 0.017 0.021
Dried and in Contact With CaS04
10 Days 0.008 0.007
Reactor Effluent N,F, Contact Test 0.014 0.021
Dricd Line Sample Day of Run 67* 0.008 0.010
*
Acetone used for test run.

Several factors led to the poor conversion of these runs.
A pover interruption and pump failure (as described {n paragraph C)
caused delay in processing. A leak {n the DEPECH feed tank vent system
cdaused a loss of acetone and an undetected concentration increase of
the DEPECH feed. When the procass was restarted, the ratio of NoF
to DEPECH was inadequate to cause complete conversion of all the double
bonds on the DEPECH. Installation of a new tank with & rupture disc
assenbly and fixing the pumping problems (described in the maintenance
problem parugraph) have eliminated further problems of producing uncon-
verted PBEP. All PBEP is checked for convereion at the beginning of the
Tun,

3, N-Flunrazoxy in Product

Beginning with Run 22, several tuns wer¢ made in which the
product contsined an extraneous peak in the infrared scan that has been
nttributid to N-fluorazoxy. The peak of rhe Iinfrared scan occurs at
1520 cm™*, The mechaniam for the reaction forming this material {s
belleved to be as follows:
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Nitrogen oxide (NO) is known to form hy the rapid hydrolysis of N,F, if
oxygen is present.(l) The NO required for the above mechanism could be
formed in the NoF, process, in the PBEP reactor, or wherever the three
composites of NaF,, oxygen, and water are presen: together,

Any product with the N-fluorazoxy present gases too much to
meet thermal stability requirements.

Pyrolysis of this material will give primarily N,0 as follows:

%-h-

Gases from the heated sample of material containing the 1520 cm-1 peak
showed the normal product of HCN, CO,, and HNPZ, as well as large amounts
of N70, thus indicating thet N-fluordzoxy is probably the causc of the
extraneous peak and low thermal stability of the product.

Corrective action included: (1) Preventlon of air leaks into
the reactor train during chutdown periods, (2) increased nitrogen sparging
of the solvent and DEPECH feed tanke, and (3) maintaining a positive
suction pressure on the DEPECH feed pump (by holding grester than 15 paig
on the DEPECH feed tank)., Runs following the uabove corrective action
resulted in PCDE with no N-flunrazoxy present.

There was a recurrence of N-fluorazoxy in the PCDE at a later
date (Run 40). The problem was traced to the presence of oxygen in the
N2F,. Tavastigation showed that the oxygen had probably been {ntroduced
into the production of NjF, through the reagents used in the NyF, minu-
facture. Additional nitrogen purging of the reagents was started and
the problem wae eliminated, Each batch of reagent was tested before uae
to make certain no oxygen was present. The test was performed by pumping
the reagents through the reaction system ae if making a run and using
helium to simulate gas product. A sample of the helium was then taken
a“ter 1t had passed countercurrent through the reagent streams tius
stripping any entrained gases. When the test showed no oxygen present,
the reagent:s were spproved for use, No problems with oxygen in the NyF,
have occurred since these procedures have been in use.

(1)

Fluorine and Pluorine-Oxygen Mixtures in Rocket Systems, NASA SP-3037,
NASA?qu, 1967.
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4, Fluorine Supply

A key component for making NyF, and then PCDE is fluorine,
Allied Chemical Company, the major supplier of gaseous fluorine to Hercules,
_ closed their gaseous fluorine facility in Louisiana late in 1973, After
that time, flunrine was supplied by them on s resale basis from Air
Products Company. Problems of availability, packaging, and quality
caused various delays in production.

To guarantee 8 fluorine souice for this project, Hercules
installed a liquid fluorine receiving facility with gasification capability,
Two portable pallets of 12 cylinders for gaseous fluorine transfer were
also constructed. The facility was placed in service in March 1975. Liquid
fluorine supply for the facility from Allied Chemical Company is readily
available.

The 12 cylinders on the tranefer pallets hold the amount of
fluorine needed to make a DFU run in the batch reactor in the pilot plant.
Since the facility was placed in operation, the supply of gaseous fluorine
has not been 8 problem and no delays have occurred from this source.

5. Acetone Removal

Acetone removal from the PCDE is accomplished by countercurrent
extraction with water {n a packed column. The wash columns are 6 in, in
diameter by 6 ft long Pyrex glass and are packed with 5/8-in, poly-
propylene pall rings. The PCDE interface is maintained at the bottom
of the column just below the water inlet nozzle.

The washing step has proven to be somewhat troublesome. Emul-
sions of PCDE in methylene chloride form with water in the columns and
continue to build until flooding occurs and PCDE leaves the top of the
column with the waste water, Methylene chloride will break the emulsion
if pumped into the column through the feed 1line, The methylene chloride
used dilutes the PCDE.

The glass columns have proven {nvaluable in operation of the
wash column. Observation has been necessary to anticipate the formation
of the emuleion and to pump in some methylene chloride to clear the
co lumns.

Temperature of the wash water affects the emulsion formation.
1f the temperacure of the water gets above 60 F, emulsion formation
ingteaaes. Experience has shown that 8 temperature of between 50° and
60" P (s best, giving a minimum of emulsion formation.

Most of the emulsion formed never breaks up, even upon settling
for weeks, It remains as a distinct layer on top of the PCDE following
the wash step, Much of the PCDE in the emulsion layer can be recovered
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by vigorous agitation with methylene chloride and allowing the mixture
to settle, Two phases appear immediately and upon settline for a few
hours there is again & light emulsion layer over the methylene chloride
phase containing some PCDE. A second treatment of the emulsion layer
recovers little PCDE,

The PCDE recovered from the emulsion has properties similar teo
the product of the run that did not emulsify. About 16 1b of PCDE from
the emulsions have been recovered and composited as "Blend 68." The
atialysis of the PCDE is shown in Table 6.

Diluting the PCDE to low PCDE concentration (below 5 percent)
does eliminagte the problem. This method is not used because the PCDE
catch tanks are not large enough to contain a wash, and the PCDE would
have to be concentrated for shipment.

6.  Leboratory

The determination as to what is "good" and whet is 'bad' PCDE
was not A8 clear-cut as would be desired at the beginning of the project,
Infrared scans of the product are not neccssarily conclusive., Molecular
weight determination seems to give results that are good only to within
+10 percent, thus giving results that are not well enough defined. Thermal
stability results seem to be the best determination of PCDE usability.

Two _thermal stab{lity tests are used, One, a short term test,
18 run at 140° ¢ for a period of 5 hours, The test is made by placing
0.25 gram on the plunger of a glass syringe (Tomac Syringe, Catalog No.
15634-310) and immersing the syringe in an oil bath controlled at 140° F.
The amount of gassing is measured directly by reading the gas accumulated
in the syringe. Care is taken to make sure the syringe does not stick.
The second test i8s run similarly except at 110" C for a period of from
100 to 200 hours. Although there is some correlation between the two
tests, the short term test results cannot be used to accurately predict
the results of the 110° C test.

The thermal stability tests can be adversely affected {f all
of the solvent 18 not stripped from the PCDE. Stripping the acetone and
methylene chloride requires good technique and training. The stripping
procedure is listed in Appendix E along with the other laboratory pro-
cedure, Some practice is required to strip the sample to the proper
condition. Some time was required at the beginning of the project before
the stripping technique was mastered,

Another area of concern was not having immediate on line
procecss control analyses. Much information can be gained from infrared
scans of both PBEP and PCDE, Analysie of the scans can indicate if all
DEPECH has been converted, {f all PBEP has been converted, and the purity
by indicating the presence of any N-fluorazoxy or excess carbonyl, About
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50 minutes were required to send a sample to the laboratory for analysis.
The problem was minimized by isolating the PCDE in small containers
until infrared scans were available.

Most other analyses such as hydroxyl functionality, molecular
weight (VP0), and gelation tests required too much time to be of use in
process control,

C,  MAINTENANCE AND EQUIPMENT PROBLEMS

1. Fluorine Handling

a. Fluorine Manifold

The fluorine manifold system was originally designed and
built to connect 12 individual cylinders to the manifold. Twelve connec-
ticns were required each time a run was made. Considerable time was
required to make the hookup as each connection had to be carefully cleaned
and the system pressure checked and passivated. Frequently, one of the
connections was found to leak during the pressure check and the connection
had to be replaced. Following the hookup, each cylinder had to be opened
individually by manual, remote operation, again requiring considerable
time, This system was necessary because the gaseous fluorine arrived on
pleant {n individual fluorine cylinders.

The pilot plart fluorine manifold and the fluorine cylinder
system was redesigned when the liquid fluorine facility was installed at
Hercules., The gaseous fluorine transfer pallet containing 12 cylinders
has only one connection to the pilot plant menifold, The cylinders remain
open at all times and are isolated by double, remotely operated block
valves on each pair of six cylinders common to the one connectine line.
Having only one connection and remotely operating block valves has greatly
simplified and speeded up this part of the operation.

Pericdically, the 3/8-in, Swagelok connector, which attaches
the pallet to the gystem, has required replacement, This has been required
because of passivation and oxidation products buildup on the sealing
surfaces,

During the initial operation of the above units, two small
fluorine fires occurred when the connecting line fafled and burned. The
problem was traced to water contamination of the line. The cap on the
connecring line had been left loose, and moiat air leaked in the connec-
tion during the several days of nonuse, depositing water in the line.
Normal purging of the line during connection failed to remove the water
in the line and, when fluorine entered the system during the passivation
step, reaction occurred and the line failed. The operator in both cascs
closed the remote block valves and the loss of fluorine and damage to
the system was minimal. Once cause of the fires was recognized, the problem
was eliminated by keeping the cap tight on the connecting line and on the
fluorine pallet. No further incidents occurred.
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One other fluorine fire occurred, unrelated to the con-
necting line, when a bellows failed on a hand operated fluorine valve
while it was being operated. The operator received second degree burns
on his hand when the fire came through the handle hole in the protective
panel. The valve and about 18 in. of copper line were the only equip-
ment pieces destroyed in the fire, although several pounds of fluorine
were released. An automatic water deluge system activated and possibly
helped to keep the damage to a minimum, No other injury beyond the thermal
burn to the operator's hand was sustained.

It is significant tc note that during the time when gaseous
cylinders of fluorine were received on plant for hookup to the manifold
system, a careful inspection and cleening around the valve caps was
necessary. Several times the cylinder valves were found to be dirty and
actually covered with grease. Small amounts of fluorine under the valve
cap could ignite the grease when the cap was loosened.

b. The DFU Reactor

Although the fluorine area reaction produces 2 moles of
HF per mole of DFU, the stainless steel reactor has held up very well,
Two arees have caused some maintenance problems. First, the original
stainless steel tubing halo used to distribute the incoming gaseous fluorine
and provide an asir lift was _f welded construction, Apparently the weld-
ing caused stress corroffon to occur. The halo failed and caused very
poor gas distribution and air lift, The replacement halo and tubing were
fabricated from one plece. No downtime has been recorded since its
installation. Second, the bottom discharge valve 1s a stainless steel
ball valve with Teflon packing. The ball experiences a high degree of
corrosion and must be replaced periodically.

2,  Pumps
a. N,F Synchestis

The original reagent pumps in the NoF, production system
required replacement. The pumps were incapable of maintaining constant
flow with varying pressure in the reaction system, Sometimes they would
stop suddenly and completely, thus interrupting the conversion of HNF,
to NyF4. The flow interruption would also cause further pressure fluctua-
tions csusing flooding of the columns. The pumps were replaced with
plastic magnetic drive pumps that were not subject to significant flow
variation with changes in backpressure. Since the pump replacement was
made, no upsets have been experienced.

b. PBEP Manufacture

The diaphragm-operated positive displacement pumps for
pumping acetone and acetone/DEPECH solutions into the reactor systems
have characteristically given maintenance problema, The problems were
caused by failure of the check valves to seat and by diaphragm failure.
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During the first few PCDE runa, pumping problems due to
sticking check valves were frequent. The problem was eventually traced =
to solids in the streams from impurities in the acetone (i.,e., metal -
flakes from the acetone drum or tank) and precipitated DEPECH {rom the
feed tank. A filter was placed in the acetone suction line, and the -
acetone/DEPECH line was traced with tempered water and insulated in
order to keep the DEPECH in solution. Most of the check valve problenms
were eliminated by these eolutions,

Diaphragm failure has also been eliminated by replacement
of the polyethylene diaphragms with a neoprene diaphragm with a thin
Teflon sheet bonded to the process side., The diaphragm is flexible and
does not stress crack as did the polyethylene, and the Teflon i8 inert to
chemical attack., The diaphragm is checked every three or four runs and
is replaced only when signs of fetigue in ejther the neoprene or Teflon
are noted.

3. Compressors

Compressor failure during a run, either N,F, gas generatior
or PBEP manufacture, was a critical problem at the beginning of the pro-
ject, Failures usually occurred with the compressor check valve or the
diaphragms. Passivatioa film buildup on the check valves causes this
failure, Replacement of the check valves after seven or efght runs has
eliminated this problem, The check valves are very cxpensive, but can
be cleaned and rebuilt in the Shop so that they work satisfactorily.

Compressor diaphragms are checked and replaced periodically.
An early problem was eliminated when vertical standpipes for thermo-
couples were removed from the compressor head and an elbow was installed
on the compressor outlet tubing. Passivation film was building up in .
these tubes and falling back on the diaphragm causing failure of the N

diaphragm.
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SECTION V

SAFETY

A, GENERAL

Hercules maintains a continuing safety program at each facility to
ensure a safe operation, This program has resulted in standards of
safety that are highly effective.

Prior %20 working in hazardous areas, all workers are trained in
specific operating procedures and are instructed in effective and detailed
safety requirerments. The workers are constantly made aware through
lectures, visual aids, and written material of thenzed for mandatory
compliance with stringent safety rules, All personnel working in sensi-
tive areas are requived to attend and take part in regular safety meetings.

Every operation at each plant is performed in accordance with a
written standard operation procedure (SOP). The operating procedures
comply with detailed safety standards which are approved by Hercules
Systems Group management and maintained on a division-wide basis, These
standards have as a specific objective the assurance that maximum safety
will be applied in every plant operation dealing with sensitive materials.
All plant operating procedures are reviewed and approved by the Manager
of Safety at the various plants before being adopted.

A preliminary hazard analysis wes conducted before comstruction of
the Bacchus Pilot Plant, Subsequently, some refinements were made in
the hszard datg, Plant operations were designed insofar as possible to
provide for "fail-safe' sequences. Where unknowns, such as explosrive
hazard or toxic gas release were possible, design of barricades and
operating procedures mandated protection of personnel from serious injury.

Pilot plant operating personnel received formal classroom training
and additional on-the-job training in the plant before heinz allowed to
operate in any area in the pilot plant. The formal classroom training
included filme and lectures on fluorine handling, safety in explosive
manufaccuring, safe handling of acids, caustic and other corrosives, and
first aid, including a special class in fluorine first aid,

On-the-job training by supervision included use of operating pro-
cedures for each section of the pilot plant, building safety procedures
and regulations, care and use of respiratory equipment, handling and using
solvente, and fluvorochemical spill cleanup. If an operator is away from
the plant for over 30 days, on-the-job retraining is mandatory.

lo addition to the pilot plant personnel, fluorine training and

hazards familiarization is given to all maintenance workers who visit
the pilot plant on regular preventative mzintenance duties or to repair
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failed pilot plant equipment. Before work is done on any equipment or
prucess line, it is thoroughly flushed and a work permit is signed by
the pilot plant B8upervisor, safety engineer, and by the maintenance
foreman. The work permit states that the equipment is adequately decon-
taminated and i8 in safe condition for repair to begln,

Another {mportant safety consideration given to pilot plant personnel
and others working routinely with fluorine and N;F, gases are voutine
physical examinations. These people receive routinely a physical examina-
tion every 3 months, Procedures aslso require a doctor's examination if
anyone is exposed to pilot plant process gases whether or not they suffer
any adverse symptoms,

The overall result of the design and training procedures is that the
pliot plant has operated without a lost time accident since initial
startup in early 1972,

The philosophy of treating the various types of hazards and specific
materials i{nvolved as identified in the hazards analysis {s given in the
following paragraphs,

B. TOXICITY PROBLEMS
1. Fluorine

Fluorine is consldered toxic under prolonged expos: re when it
can readily be detected by small (0.1 ppm smell threshold). Lmergency
tolerance limite of up to 15 ppm for 10 minutes are acceptable, and
volunteers have been exposed to about 20 ppm for short duration without
prolonged effect. However, in no circumstance should operation conti?Tez
for over 15 minutes when the odor of fiuorine is detectable by smell, '™ )

A water deluge system is provided in the event of a large
fluorine spill, Test spills at AFRPL of over 1000 1lb liquid F, showed
this method to produce P, concentrations well below 100 ppm within 200 ft
of the spill,

2. BF,

The lethal concentration of N2F4 for rats ts

134,000
50 {expusure time, min)l'ah

LC

(2)

Schmidt, H. W., Personal Communication of J. D. Marks, 1972,




During initial startup of the pilot plant N F, process, leaks
were evident, and all operators were subjected to small doses of N,F
without appareat ill effect. No one has been found whose olfactory sense
loses all ability to detect the odor of NZF&' but most people become used
to low levels of odor, Therefore, operators should leave the control room
or operating area on & periodic basis, preferably to outside air. On
return to a contaminated area, any odor of N,F, is immediately apparent,

One operator who mentioned that his sense of smell had been
impaired from prior work was reassigned away from the NyF, area as a
precaution. However, even he could detect the odor of N,F, in some
concentrations, For safety, all operators working in eny area in the
plant should possess adequate olfactory senses.

Table 8 lists the vapor toxicity of several gases as a refer-
ence,

3. Trimethylamine (TMA)

(3)

Trimethylamine is & moderate irritant and can cause serious
damage to the eyes or respiratory system from extreme exposure, TMA
should be stored and used in well ventilated areas. The odor is extremely
noticeable and small leaks are quickly noticed. Concentrated TMA has
the odor of ammonia while dilute TMA has an odor similar to decaying fish,

Expoaure to the skin requires washing with water. 1In cases of
extreme respiratory exposure, fresh air or oxygen therapy is required,

4. Solvents

The principal solvents used, acetone and methylene chloride, are
typical chemical solvents and are handled with normal care in well-ventilated
areas, They are not considered highly toxic; acetone having a threshold
limit value (TLV*) of 1000 ppm and methylene chloride a value of 500 ppm,
which compares favorably with kercsene at 500 ppm. In the event of a
building fire, where methylene chloride could be heated to a temperature
that could cause it to break down, toxic products could result.

5. DEPECH, PBEP, and PCDE

These materials poseess a degree of oral toxicity but this is
not considered a serious problem since ingestion is required. Cleanliness
of operation is maintsined as the major control,

(3)Sax, N. 1., Dangerous Properties of Industrial Materials, Reinhold,
1957,

*
TLV values from American Conference of Governmental Industrial Hygienists,
May 196R%,
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1.
-

6. Protective Equipment

H

Protective gear required by personnel involved in the synthesis
of PCDE and intcrmediate compounds inc udes:

a, Protective Clothing

(1) Flame retardant treated coveralls

(2) Nonsparking, nonconductive, safety shoes that
comply with ANSI specification 241,4 - 1944

(3) Solvent resistant neoprene gloves, five fingered
with cuffs long enough to extend over the wrist

(4) Neoprene jacket and pants

b, Eye Protection

(1) Safety type spectacles meeting ANSI standard
287.1 - 1968

(2) Face shields

c. Hard Hats

Constructed of nonconductive, wear resicstant materisl to
comply with ANSI Specification 289,1 - 1969

d. Respirator Equipment

(1) Afirline respirator - continuous flow of
respirable air from an ouctside source

(2) Self-contained respirator, such as Scot A{r Pak

In addition, safety showera and eye wash fountains have been
installed as needed near areas of fluorine use, Techniclans work in
peirs and within sight or sound of each other.

C. PLAMMABILITY

Pluorine, being a more active oxidizer than oxygen, presenta special
problems whenever it ia h.andled. Thorough design reviews and operatiag
procedures were provided to assure absolute cleanliness and to prevent
4 inadvertent leakage or to control leakage that may occur, Free fluorine
from the process (passivation, startup, process excess) {s vented to a
charcoal incinerator, Major leaks can be controlled by water deluge,
AFRPL, NASA, and fluorine vendors were consulted in establishing the
fluorine syster and procedures. The liquid fluorine facility is located
in & remote sectlon of the plant,
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In general, NpF, has been considered the same as fluorine for design
and handling purposes, except that many plastics {incompatible with fluorine
can be used with NyF,. A more detailed description of NjF, is given in
Section VI.

Acetone and TMA are flammable fluids which require suitable storage
and handling.

D. EXPLOSIVE PROPERTIES

Five of the materials processed have been reported to explode under
some circumstances, They are: (a) difluoroures (DFU), (b) HNF,, (c)
tetrafluorohydrazine (NyF,), (d) PBEP, and (e) PCDE, The hazards accompany-
ing these meterials depend an the state and purity, During normal opera-
tion these materials are handled in states and concentrations correspnading
to minimum hazard.

Y. DFU

Solid purified DFU is sensitive to impact, However, DFU does
not occur as 8 crystalline solid {n the process, Normally it {8 produced,
atored, and handled in water solution, The solution aleo conteins by-
product hydrogen fluoride (HF).

Acciadental solution spillage will not cause accumulation c¢f the
solid, because DFU {s perishable. Fcr instance, DFU solutions normally
are processed and stored at 00 C or below to retard decomposition. At
higher temperatures, dissolved DFU decomposes (hydrolyzes) ro an equimolur
mixture of HNFj; and carbon dioxide (CO,), accompanied by ammonium fluoride.
Thus, while a DFU sclution spill is bc%ng concentrated by evaporstion, it
i8 being weakened by decomposition and diluted by accumulation of ammonium
fluoride,

Care must be taken before neutralization of DFU : .1lls to first
dilute the spill with coplous quantities of water, When undiluted snills
have been neutralized with lime, cousiderable audille asputtering has
occurred,

2. BE,
Potentially hazardous reactions of N,F, gas are decomposition
and combustion.

a, Decompogition

Pure NoF, gas can decompose to form N¥q end N,. The heat
of reaction st 25° C 1s celculated as - 38,5 + § kc-lasm mole NyF,. The
reaction causes an increase in pressure due to the S/3 increase of gas
moles and to the temperature rile. Calculution shows that a storage vessel
of pure N,¥, gas at 120 psi and 2s° 8 decomposing completely and adiabati-
cally, viil rise to 2100 psi at 2580° C.
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Closed bomb tests by Rohm and Haaa showed that NoF, at
partial pressurcs above certain valucs and finitiasted by an exploding
bridgewire would rapidly decompose., On the baeis of adiabatic calcula-
tions and their tests, Rohm and Haas established an upper pressure limit
of 120 psig for storage of NyF, gas when using 2200 psi rated cylinders,
This practice has been followeg by Hercules.

The NjF, is produced at low presaure (below 15 psi), but
ia stored at pressures up to 120 psi to wminimize storage space. The
storage banks (two each) consist of 15 gas cylinders connected by a
manifold, The cylinder valves are opean and are never operated, Routing
NoF, to or from the storage banks is accompliehed using remotely operated
valves in the maniford system,

Extreme attention to cleanliness is considered of paramount
{mportance in handiing NoF,. Tt has been treated on the same basis as
fluorine in terms of line cleaning, passivation, and leak testing.

All equipment cxposed to NF, at partial pressuires over
40 pei, even though in solution, should be initially passivated by increas-
ing total pressure t¢ 50 psi, The initial exposures should be in the
presence of nitrogen,

Care must be taken in design or in making sany modifications
to the plant to assure thet: (1) All equipment ie grounded to prevent
static electricity buildup and (2) no hydrogen can be generated (i.e.,
reaction of metals with acid).

b.  Combustion

The N,F, can oxidize fuel-type contaminants such as hydrogen
or hydrocarbon ofls, Products are Np, HF, and (when carbon is present)
CF, and C;F¢, When the fuel concentration is large, detonation can occur,
When the contamination is small, reaction with the contaminant can
initiate NP, decomposition, discussed above,

The pilot plant was designed to avoid fuel~type contamina-
tion, Vessels and pipes handling N,F, with acid media are constructed of
plastic. Motal corrosion may liberate hydrogen. Tellon, PVC, polyethy-
lene, polypropylene, and acrylic resins (Plexiglas) have all been used
successfully in the pilot plant.

3, PBEP

Nest PBEP is an explosive materisl., Bureau of Explosives
special permit, originally issued in 1966 to Shell Developwent Company,
and updated in 1969, permitted shipment in 35 percent solution as Class B
explosive. By keeping the matertsl in solution during processing, hszards
are minimjzed,
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In the synthesis of PBEP, zones containing concentrations of
reactants and/or product and acetone solvent can lie within a potentially
detonahle region. The reaction concentrations were chosen so that under
ncrmal circumstances the reaction path lice outside the detonable region,
Since, under abnormal circumstances an explosion cen occur, both the
reaction step and the separation of excess reactant were conducted remotely
in a suitably barricaded area. Once reaction was started, personnel were
precluded from the reaction area until the reactor had been cleared of
exploajivee by solvent flushing,

In the solution and dissolution of NoF, from acetone, a deton-
able two-phase region exists or can occur. Therefore, a dissolver and
separator were designed to be as small ag possible so that any damuge
would be minimized. Small diameters and packing were used to limit the
development of any detonation waves, No problems have been encountered,

The PBEP reactor was designed as & series of flow tubes of
small cross-sectional area to provide maximum heat transfer surfece per
unit volume of reaction srlution. To &ssure complete removal of explo-
sive material in the event of a problem, the tubes are oriented to be
gravity draining. An emergency water deluge system was designed into the
reactor system for rapid cooling of the reaction.

4. PCDE

Much of the same properties attrihbutable to PBEP apply to PCDE,
The process requires the solvent interchange from acetone to methylene
chloride, which improves handling safety since a flammable solvent is
eliminated, Here too, the explosive material is handled in dilure solu-
tion, After final removal of acetone from the methylene chloride extract,
the solution is concentrated to near 35 percent w PCDE for shipment as &
Class B explosive in 5-§z}lon DOT 17E containers overpacked in DOT 15A
wooden boxes (BA 1721),

S. Pitcings

Construction requires selection of fittings vhich are safe to
disassemble when potentially conteminated with explosive product. Tests
were performed with Swagelok* double ferrule compression fittings, stain-
less steel tubing, and contaminated contact areas.

(b)Per letter, R, M, Praziano, Director, Association of American Railroads,
Operationa and Maintenance Department, Bureau of Explosives, Jan 9, 1974,
to J. P. Cross, Manager, Safety, Hercules Incorporated, Magna, Utah.

*Suagelok is the registered trademark of Crawford Pitting Co,, Cleveland,
Ohio,
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The tests performed indicated that the disassembly can be done
without incident that would cause damage to the reactor or lines., Tests
vere performed on 1/4-in, Swagelok tube fittings with the threads con-
taminated with neat TVOPA. TVOPA, a liquid explosive, was the initial
product produced in the pilot plant. Since it is more sensitive to fric-
tion than either PRBEP or PCDE and can propagate in thin films, successful
results with TVOPA may be translated to PBEP/PCDE use. The fittings were
torqued to the recommended levels, then a breakaway was done to simulate
a rapid release, In none of 15 trials were any reactions noted. Con-
taminated fittings were then torqued beyond recommended levels to approxi-
mately 40 ft-1b and repid breakaway velocities simulated, No reaction
occurred in 20 trials under these conditicns,

Examination of the contaminated thread section of the fitting
showed very little depositing on the threads befure or after test,
apparently due to the poor wetting of the TVOPA/stainless steel,

Additional tests were performed by couating the inside of the
fitting, torquing the fitting to various levels, removing the nut sec-
tion, then manually breaking the connection, Breaking the connection
involved attempts to bind the inner surfaces and obtain as high a velocity
release as possible by manual method., Loads of 10 to more than 60 lb were
obtained. Velocity was not measured in these tests.

In no instsnce was any reaction obtained, Inspection of the
surfaces at various times during testing showed TVOPA present on the
inner fitting surfaces, The bearing surface of the fitting was checked
and showed burnish marke at the fitting end of the tubing indicating good
metal-to-metal contart during the test trials,

When required in practice, the actual fitting disassembly was

done behind shielding after the tubing was flushed with solvent., No
init{ation hazard in the disassembly wac ever experienced,.

S5




SECTION VI
PROPOSED SPECIFICATIONS

Rav materials used in the manufacture of PCDE are N,F,, DEPECH, and
trimethylamine, The process materiale sre acetone, methylene chloride,
and molecular sieves. An intermediate material is PBEP. The proposed

: specifications for these materfals as well as the final product, PCDE,
! are discussed {n this section.

A, N2F4

. Occurrence of N-fluordzoxy in the product created considerable dif-

: ficulty, The cause was finally mssigned to the occasional occurrence of
trace oxygen in the NoF,,. Consequently, ana1¥s}s requirements were iantro-
duced for the presence of oxygen in the N2 4" 8} Detection level using
the pilot plant chromatograph is approximately 0.0l percent V (100 ppm).
NoF, contasining any detectable oxygen i8 not used for production.

Table 9 lists the analyses of NyF, used in the production of PCDE
Runs 42 through 67 and compares these with the 110° C thermal stability
results for the PCDE runs. The table summary gives the actual maximum
and minimum values observed and compares them with the calculated statisti-
cal three sigma limits. The following recommnended specification limits
are proposed for any future program:

% Proposed Specification Limits - Nzgﬁ
i Component Bercent, Volume
% N2F4 94 min
i o2 Oo*
co 0,10 max
NO 0.60 max
co, 0.10 max
Nzo 0,50 max
N2F2 1,00 max
NF3 0,20 max
N2 5.00 max

. @

Process chsnges eliminated any occurrence of trace oxygen. Please
refer to Section 11, para D of this report,

*
Detection level 100 ppm or better,
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B,  DEPECH

The relationship between a DEPECH lot and the PCDE produced therefrom
has not been found to be straightforward. DEPECH is a high molecular
weight polymer with the random properties attributed to mixtures of such
molecules. Table 10 lists some analyses of DEPECH used for the control,

Molecular weight has been determined by vapor pressure osmometry
(vPO) for both DEPECH and PCDE. The results plotted by PCDE run number
and DEPECH lot are shown in Figure 10, Considerable variation occurred
in the PCDE values observed despite relatively constant values reported
for “he "EPECH.

Trrmal stability of PCDE produced 18 compared with the respective
DEPECH - zed lots in Figure 11 and Table 11. Averages and standard devia-
tions are given in the latter. No clear direction is indicated; however,
a generalized improvement is expected as PCDE processing experience was
gained.

The low temperature (higher molecular weight) DEPECH has exhibited
a need for a generally higher dissolution temperature than material made
by the original process. DEPECH solubility data esre summarized in
Table 12, but there are f{nsufficient data to draw a firm conclusion. 1If
too high a dissolution temperature is required, it i{s believed the
molecule will begin to disintegrate.
Table 13 is & tentative specification for ''low temperature" DEPFCH
for use in manufacture of PCDE. Two analysis levels are indicated, (a)
purchase, and (b) preuse by the consuming fecility.
The most critical determinations are:
(1) Molecular weight
(2) Hydroxyl functionalitcy
(3) Solubility in acetone
{(4) Carbonyl dy IR
(5) Odor - no acetic acid odor
The last three must be checked by the using facility within a short time

(approximately 30 days) before use. Item 5 can and should be applied Ly
the operators immedistely at use,
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Figure 11,

DEPECH Lot & Age At Use

S 171=1658 7-8 Mos.
L. 171-161 18-20 Mos.
O 163
O 165A 12-15 Mes.
O 1esn 16-17 Mos.
1PG 30251 & 54 ~ 10 Mos.
O  1pc 30252 & 53 ~ 10 Mos.
i
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PCDE Run Number

PCDE Thermal Stability V6 Run Number and by
DEPECH Lot Rumber
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TABLE 12, DEPECH SOLUBILITY

Temperature At '
Which 107 W Soluble

DEPECH In 907 W Acetone
Lot No. (°c) .

160 - 758

161 < 75%

161/167 - 758

163 80

164B 77

165A 78

1658
1 GP (All) < 758

12516-30-2 -~ 70°

a, Temperature of test bath was at
temperaturc stated. Dissolution may
have occurred at a lower temperature.
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C, OTHER RAW AND PROCESS MATERIALS

B e

e

Acetone, methylene chloride, trimethylamine, and molecular sieves
were obtained and usced ss standard commercial products. Government

specifications ave available and were used in .he purchase of the first
: two listed.

: 1. Acetone, Technical

Acetone was procured in 55-gallon drums to Federal specification
0-A-51F on a certificate cf analysis., One problem which occurred early
in the program was the presence of excesa water. The water came from
the lccal vendor who was filling wet drums from his large storage tank.

It is imperative that the using facility test all acetone used
to assure compliance with the maximuin water limitation of paragraph 3.7
"Impuritics' of specification 0-A-51F,

Another {impurity that caen exist in acetone ie the dimer,

diacetone alcohol, The material reacts to form & contamizant in the
PCDE/PBEP product,

8. Recommendation

Purchase acetone to Fudertn! jpoclfivutlon 0-A-51F on
certificate of anslysis. The specifisscion. are yulce detailed and a
few of the more important specificati~rl wtve g% -en in Table 14, Also
shown {s the recommended specificaticu foi1 diacetune alcohol content.
The using facility must recheck all new conrcinure or tank shipments
for excess water and diacetone alcohol within 29 days before use.

o e P SN

2, Methylene Chloride

Methylene chloride (dichloromethane) was purchased in 55-gallon
: drums and used without problem in the manufacture of PCDE, Procurement
: has been to MIL-D-6998C, Grade A, (Grade A specifies maximum acidity
! as 0,005 percent compared with Grade B at 0,010 percent),

H a, Recommendation
j Jecommendation

Purchase methylene chloride to specification MIL-D-6998C,

} Grade A, Some of the important specifications are given in Table 15.
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- TABLF 15. METHYLENE CHLORIDE SPECIFICATION FROM MIL-D-6998C
Characterjstics Minimum Max imum
Color (Platinum-Cobalt) No. 20
-4
: Specific Gravity, 25°/25°C 1.317 1.322
‘ Distillation Range
: Initial Boiling Point, °C 39.0
‘ Dry Point, °C 41.0
Nonvolatile Matter, %,w 0.002
Acidity (as HC1) 0.01
5 Water Content, 7% w 0.02
3
g Free Halogens To Pass Test
o Residual Odor None
E 4
!
3. Trimethylamine (TMA
TMA was purchased in 125-1b net cylinders at 99 percent weight
minloum purity. The commercial product has the following specification
Toequirements:
Weight
Component %
[ Trimethylamine 99,0 min
Monomethylamine 0.1 max
- Dimethylamine 0.4 max
Aomonia 0,0 max
Water 0.5 max
Formaldehyde 0.0 max
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a. Recomuendation

Purchase commercial trimethylamine to above analytical
speciflcation, Require a Certiiicate of Compliance,

4, Molecular Sieves

Two grades of molecular sleves were used in the process, each
with a different function, They were purchased as a commercial product,
bead shape, 8 to 12 mesh size, standard type, ss follows:

Effective Pore

Molecular Opening (8)
Sieve (A Grade ¢
13X 9-10 544

3A 3 564

a, Recommendation

Purchase commercial grade molecular sieves to above
description, packaging for convenience, Care must be taken tu reseal
opened contaiuners immediately atter withdrawal to seal out moisture.

D, PCDE SPECIFICATION

The ultimate decision on the acceptability of PCDE i3 made depending
upon the results of its use in a given propellant formulation. 7lhe
formulation data have not been made available and/or are still in evalua-
tion, Therefore, only the results of direct analytical measuremente of
the PCDE shipped can be examined. Data obtained before the N-fluorszoxy
problem was resolved and data celated to the lower molecular weight DEPECH
feed stock are omitted as nonrepresentative of future production,

Thermal stabtlity (T.S.) results from PCDE Runs 38 through 67 and
for the shipment of PCDE are repeated in Table 16. The ranges for 110° ¢
thermal stability were 11,7 to 5.0 for the individual rune and 9.6 to
5.0 for the blends. Application of the statistical three sigma value to
the average makes the anticipated ranges 12.3 to 3.7 and 11,6 to 4.0,
respectively, No clear relationship was found between the values of

(a)

Grades are those of Davison Chemical Division, W, R, Grace & Co., and
define the specific material used in the program for producing accept-
able PCDE. No endorsement 1is given, express or implied. There is no
present reason to believe that similar materials of other vendors

would not perform aqually., Linde 13X cylindrically shaped sieves were
used very early in rhe program,
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individual runa and that of the blends into which they are mixed. For
example, Blend 50, made from Runs 49 and 50, has a higher T.S., at 9.6
than either of the individual runs at 8.8 and 9.2, respectively; while
Blend 54, made from Runs 51, 53, and 54, has a T.S. of 8.5 which is neer
the smallest value of the three lots blended; 10.8, 6.6, and 8.4, respec-
tively.

From {nspection of these data and considering the number of samples
avatlable, statisticians recommend that the specification values for the
110° ¢ T.S. be set at 12 ce/gm-100 hr, with realization that provision
be made for about S percent line loss. 1f formulation requirements
dictate a lower value, a higher line loss provision must be made untcil
additional experience 18 gained.

Table 17 1s a tabulation of recommended tests for PCDE production
and sale. Supporting data are summarized in Table 18. Most of the ftems
listed are self-explanatory; however, some comments are in order.

Infrared {s used as a process control to assure that complete con-

version from PBEP to PCDE has occurred and to assure that no '"N-fluorazoxy"

is present.

The T.S. at 140° C, while not a contractual requirement for PCDE
acceptance, 1: useful as & measure of the T.S. of the PCDE, Generally
speaking, a 3ood" 140° € T.s. indicates that a "good" 110° C T.5. will
follow. The 140° C T.S. test takes only 5 hours vs 8 days for a 110° ¢
T.S., This short time required will allow plant personnel to make deci=
sions regarding the next production runs without having to wait seversal
days for 110° ¢ T.sS.

Although a molecular weight of grcater than 3000 is desired, values
determined for the blends have ranged from 2400 to 3644, Therefore, the
3000 value should not be made a firm specification requirement at this
time,

Beginning with Run 54, the molecular weight determinations were
possible by gel permeation chromatography. Table 19 lists the results
of this snalysis compared to the VPO numbers, The results are inconclu-
sive as the GPC numbers actually have a greater variance than do the VPO
numbers. Further study could be made using the GPC, as this method is
s much faster analysis than VPO and, if proven reliable, could be an sid
in process control.

Both elemental fluorine and elemental nitrogen in the PCDE have been
determined. Since their ratioc i{n the molecule {is fixed by molecular
structure, and since seriocus alteration of molecular structure would be
apparent by the occurrence of an unusual {nfrared scan, only fluorine
analysis should be made in the final product,

The process control snalyeis requirements for the intermediate FBEP
are givan in Table 20,
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TABLE 19, PCDE MOLECULAR WEIGHT COMPARISON VPO VS GPC

Blend VPO/MW MN Mw Mw ,nN

54 2931 2930 8,120 2.77

55 2760 2780 7,410 2.67

57 2700 2810 9,870 3.51

59 3414 2800 10,500 3.75

61 3194 2850 9,920 3.48

63 3617 3610 12,200 3.38

65 3021 3300 9,460 2.87

66 3441 3730 9,260 2.48

67 3644 3210 9,460 2.95

68 3260 3300 8,689 2.63

61 2950 2860 9,840 3.46

F 52 3348 3760 | 10,370 2.76
n 12 12 12 12

; X 3192 3162 9,592 3.06
: s 315.2 377.1 12,198 43
X + 35 4117 4293 13,251 4.3

X - 38 2246 2030 5,932 1.78

l

s— -
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TABLE 20, PBEP PROCESS CONTROL ANALYSES

Item Determination Method Requirement Specification

1.0 Carbonyl IR Process
Control

2.0 Olefin IR Process None Detectable
Control

3.0 N-fluoroazoxy IR Process None Detectable
Control

4.0 Molecular Weight GPC Process None
Anaiystls

4.1 MN Report

4.2 ﬁu Report

4.3 Hw/ﬁN Report

4.4 Complete Scan Report

5.0 Solids Content Process Report
Control
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SECTION VII
RECOMMENDATIONS
A, TRIMETHYLAMINE (TMA) SUBSTITUTE

Although TMA 1s a relatively weak base and the concentration used
(me 12 percent w) is fairly low), a notliceable increase occurs {n the
carbonyl bond of the {nfrared scan in converting from PEEP to PCDE.
The increase {s attributed to cleavage of the PBEP molecule by TMA in
the PCDE reaction. It would be desirable Lf a substitute base be found
that would be less harsh and still get complete conversisn tu PUDE from
PBEP.

TMA basg another uuuesirable trait that would warrant a substitute.
It he2c & very unpleasant odor that remains with the waste water frow the
process and creates a sr.ell about the vperating areas. The odor lingers
and in summer months i3 extremely unpleasant.

If substitution of TMA Ls proven impractical, a method of treatment
of the waste to remove the TMA or complex it to remove the odor would be
degirable.

B. SOLVENT SUBSTITUTE

Another possible method of reducing the cleavage of the PBEP molerule
in the reactor system would be to find a substitute solvent for acetone.
At present, no solvents are recommenced and the task may not re an easy
one as some work has already been done {n this area by others (Shell,
Rocketdyne). The solvent must readily disgolve DEPECH, be relatively
inexpensive, be nontoxic, and give an improved PBEP, Also, the solvent
would have to be compatible with the PCDE reaction system and be casily
removed in order to facilitate use as a propellant ingredient.

C. CHARACTERIZATION OF DEPECH

As noted elgewhere in this report, the PCDE quality seems to be
dependent on the DEPECH feed, DEPECH from separate lots with apparently
the same chemical analysis and no noticeable difference in infrared spectra
give PCDE with noticeably different thermal stability and color character-
istics. A better characterization of the DEPEC! feed would be desirable.

D. DRY ACETONE

Two tests were conducted using acetone dried of water for the PBEP
reaction in order to see if a reduction of carbonyl fa the PCDE would
result. The teats discussed in Section IV showed no improvement in product
qualfity; however, further testing i8 needed before tne desirability of
dried acetone is determined.
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E. NjF, REt =

A major expense ¢f the PCDE process is the use of excess NoF; in
the TBEF reaction. A 40 to 50 percent excess NyF; is required in the
reactor. For the contracts reported, the excess NyF; was vented to the
atmosphere and lost. Two problems nccur when large quantitiee of PCDE
are being produced: the expense and the impact oun the environment.

Hercules made some preliminary tests on an NjyF, recovery system under
8 separate . °ntract and successfully operated with NoF, recycle. Further

testing to s. the impact of prolonged recycle would l.e necessary to
ensure product quality.
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ABSTRACT

Modified PECH of improved molecular weight and functionality has
been produced by using either hexane or methanol to extract a solution of
standard PECH in methylene dichloride. In addition, improved PECH has been
directly prepared by using a low temperature polymerization technique. It
has been established that properties of both types of modified PECH carry
through to the DEPECH derived from them. Accordingly, sufficient quantities
of both types have been prepared to permit their conversion to PCDE by
Hercules Incorporated. A rough cost estimate has been prepared for the PCDE
process including PECH extraction as an additional step. In addition, 180
pounds of standard quality DEPECH was prepared in our pilot plant facilities
for use by Hercules in meeting current Air Force requirements for FCDE supply.
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G
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PECH
THF

4

ABBREVIATIONS AND SYMBOLS

Poly (2,3-epoxypropene)
Dimethyl sulfoxide
Epichlorohydrin
Equivalent Process Capital
Glycerol

Methylene dichloride
Polyepichlorohydrin
Tetrahydrofuran
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Introduction

PCDE is a thermally stable, energetic binder component for solid
fuel rocket motors. It was first prepared by Shell Development Co. in 1969
from PBEP, a more energetic though less thermally stable material intended
for the same end use. The work leading to the establishment of the manu-
faciuring process for PCDE has been carried out under various contracts
,2,3,4,5) sponsored by the Air Force.

The synthetic route leading to standard PCDE is divided into four
steps. In Step 1, epichlorohydrin (ECH) is polymerized to form polyepichloro-
hydrin (PECH) utilizing a boron trifluoride/glycerine (G) complex as initiator.

R"
|
CHCH,C1
1
2
n
/ G : : EH "[
X iy “0H ———s> R — |OCHCHy — 0 - CHp - G - CH = O —f CHy-CH-O[R""
el B3 CHyC1
m 0
: PECH

On the average 1.7 to 2.2 R groups are CH,CHOH, 0.8 to 1.3 groups are non-
CH,C1

functionally terminated, and m+n+o = 25 to 30.

In Step 2, PECH is dehydrochlorinated to form poly (2,3-epoxypropene)
(DEPECH) by ‘treatment with sodium methoxide in a 93/7 tetrahydrofuran (THF)/
dimethylsul foxide (IMS0) reaction medium.

R"
|
0
¢ =
. Hy
. (') n
NaOCH "
PECH — > R 0 - CCh OCH,-CH - CHy - O —CHy - C - O R
- CH, CH,
m (o)

DEPECH
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The functionality of the PECH remains essentially uachanged as it is converted
to DEPECH., The temminal -CHZ-QHOH groups of the PECH are converted to

CH,C1

-CHZ-(;,IDH groups in this step.
CH20CHS

In Step 3, PBEP is prepared from DEPECH. The hydroxyl functionality

of this product is in the range of 1.6 to 2.0 and the molecular weight is
3000 to 4000.

In Step 4, PBEP is converted to PCDE. The hydroxyl functionality
of the product is essentially unchanged from that of the starting material,
The molecular weight falls in the range 2800 tc 3000.

During the past eight years several hundred pounds of PBEP and
nearly 150 pounds of PCDE have been prepared by Shell Development Co. for
evaluation by various propellant processors designated by the Air Force.
Standard PCDE has a typical molecular weight of 2900 and a functionality
of 1.8, Wwhile we understand that cureability of this material has been
acceptable and tensile properties of the cured specimens adequate for the
intended application, an improvement in both these qualities was desired by
the Air Force. A small sample (3.5 pounds) of PCDE prepared from a high
molecular weight, hexane precipitated sample of PBEP was sent to Edwards Air
Force Base July 10, 1970 for evaluation. 7This sample possessed a molecular
weight of 3750 and a hydroxyl functionality of 2.0. We understand that samples
of this material (LR-9851-169) demonstrated significantly improved tensile
properties, and that rocket motors cast from it did not require the use of a
bonding agent. From the improved properties reported for this PCDE sample
there evolved the current project, one of the goals of which is development
of means for preparation of higher molecular weight, higher fumctionality PCDE.

Hercules, Inc. has bsen awarded a contract by the Air Force,
FO-4611-73-Q-0014, with two requirements: (1) To supply standard PCDE to the
Alr Force for further evaluation work; and (2) To develop means for preparation
of higher molecular weight, higher functionality PCDE. Hercules has negotiated

ﬁe subcontract with Shell Development Co. (0136-03001) with the two goals listed
low,

(1) Development of methods for producing a PCDE of improved
molecular weight and functionality

(2) Production of 180 pounds of standard DEPECH to be delivered
to Hercules for conversion to PCDE,

The impracticality of preparing improved PCL. by the previously
employed means of hexane precipitation of PBEP was recognized immediately,
and this procedure was not seriously considered as a means of achieving the
desired goals of the project. It was obviously much more practical to consider
processes which would operate on one of the two PBEP preccursors, DEPECH or
PECH. Since DEPECH is highly unsaturated and would be expected to be the

less stable of these two polymers, it was felt that the more fruitful approach
would be one which was concerned with upgrading PECH,




) Promising methods of upgrading PECH discovered during the laboratory
investigation would be utilized for preparing larger samples (3-6 pound)
which would then be dehydrochlorinated by Shell, converted to PCDE by
Hercules, and evaluated by the Air Force.

Two methods of upgrading PECH were to be investigated during
this program: (1) Subjection of standard PECH to a treatment which would
retain only the higher moleccular weight, higher functionality components,
and (2) Alteration of the conditions of the PECH preparation step so as to
produce directly a polymer improved in molecular weight and functionality.

The first method was to be limited to an investigation of
various means by which standard PECH could be extracted or partitioned
between two liquids such that the lower molecular weight components would
be selectively removed, thereby producing a higher molecular weight, higher
fimctionality product. It was hoped that this product would then retain

its improved properties as it was carried through the next three steps
of the PCDE process.

The second method for producing an improved PCCH was to be
concerned with two different process variants in the PECH preparation
step. One variant involved the use of a polymerization initiator containing
three primary hydroxyl groups, instead of the two primary and onc secondary
contained in the usual initiator, glycerine. The other variant involved

increasing the ratio of ECH monomer to initiator during the polymerization
step.

In accord with terms under subcontract 0136-0300, findings
and conclusions from our pertinent product improvement and supply efforts
are presented in the following report.

PECH Fractionation -

" Introduction

In some early work on the PBEP program (6), an exploratory
-methanol extraction of PECH was reported to have given a raffinate polymer
with both higher molecular weight and functionality. DEPECH (7) and PBEP
(8) have also been solvent extracted. Both appeared to give improved final
products. As a result of these observations, initial study in present work
was aimed at confirming the utility of solvent extraction of PECH by
determining the extent to which molecular weight and functicnality could
be raised in this manner. It was hoped that if the quality of the PECH
were markedly improved, a comparable improvement in the quality (and
performance) of the derived PCDE would result.
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Solvent Survey

A first approximation of the mutual solubility of two liquids can
be made from a knowledge of their cohesive energy densities (Hildebrand's
solubility parameter, 6) (9). Polymer theory and solubility parameters will
indicate the role of the third component, namely the polymer. Normally, two
immiscible or partially miscible solvents are chosen and the distribution of
the third comporent between these solvents is studied. When the third component
is a polymer, however, it is possible in many cases to use a pair of completely
miscible solvents. The presence of the polymer more often than not produces
a two-phase region in the ternary isothermal (10). The system of greatest
utility for polymer fractionation usually consists of two mutually soluble
liquids of which one is completely miscible with the polymer and the other is
either a non-solvent or a poor solvent for the polymer. While these isothermal
phase relationships are normally drawn as conventional 3-component diagrams,
it must be kept in mind that the polymer almost always consists of a mixture
of molecular species differing in molecular weight or functionality or both.
Variations in the nature of the polymer (average molecular weight, etc.) lead
to changes in the shape of the binodal region of the ternmary isothermsl.
However, these changes are minimal when dealing with a single type polymer whose
properties vary little from batch to batch. For simplicity, therefore, the
present ternary diagrams treat PECH as if it was a single pure compound.
In addition, the solvent of the ternary system, solvent/non-solvent/polymer, is
conveniently methylene dichloride (MDC), the solvent used in the PECH preparation
step. Thus, the problem reduces itself to identifying a non-solvent which will
selectively separate PECH into fractions differing from each other in molecular
weight and functionality.

As a first step, exploratory scouting extractions were run using
12 different non-solvent candidates. Included were compounds both higher and
lower in solubility parameters_($§) than MDC and PECH, both of which have
solubility parameters of 9.7.2) Table 1 below summarizes the data.

a) &25°c for PECH was calculated from theory




TABLE I. PHASE RELATIONSHIPS IN THE PECH/MDC/NON-SOLVENT SYSTEM
BASTS: 25 ml solvent plus 25 1 PECH/MX solution, 23°C

Volume of Lower Layer, ml
Solvent 825°C Feed, tWwPECHinMXC 60 30 15 7 4 0
n-hexane 7.3 21 13 7 3 0.2 nfa
cyclohexane 8.2 23 17 m - - m
ethylbenzene - - m - - - m
diethyl ether 7.4 - m - - - m
p-dioxane 9.9 - m - - - m
glycerine "16.5 . 25 - - - - 25
ethanol (95%)  12.7* a® 10 m - - m
acetone 10.0 - m - - - m
isopropanol 11.5 21(b 12 m - - m
methanol 14.5 250 n - - - m

a) homogeneous
b) addition of water(§gs23.4) increases size of lower layer

Succesive extractions of 60% PECH and also 30% w PECH in MDC with
n-hexane showed that the lower layers could become so rich in polymer that they
became essentially intractable, viscous masses at room temperature. The n-hexane
would so concentrate the polymer in the lower layer (ca. 80%w PECH) that the
layers separated very slowly, if at all. These observations suggest that within
the bounds of economics themost dilute (MDC rich) solutions nossible should be
used in the extractions if n-hexane is the non-solvent. In addition, it is
1gnom from polymer theory that the efficiency of molecular weight separations
1s grea%er the more dilute the system (11).

Out of the qualitative screening experiments described above, two
solvents were chosen for further study: n-hexane (§25°c =7.3) and methyl
alcohol (825°C = 14.5).

Ternary Diagrams

The ternary isothermals (23°C) for PECH-MOC-n-hexane and PECH-MDC-
methanol have been determined. Figures 1 and 2 and Tables II and III give the
data. The n-hexane system has a much larger binodal area than the methanol
system. Extrapolation of the data for n-hexane suggests that PECH and n-hexane
are, for all practical purposes, mutually insoluble.
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Methanol and PECH, however, are mutually scluble to a limited extent. In addition,
a few qualitative experiments involving changing the temperature of two phase
compositions in both the hexane and methanol systeins near their respective plait
points suggested that the binodal region of the methanol system is more sensitive
to temperature.

Reproducibility was tested for the n-hexane ternury in two ways. One
was to test the variation of tie-lines using different feeds. The other was to
vary the total composition along the same tie-line. Table IV below shows the
reproducibility using two feeds.

TABLE 1V. REPRODUCIBILITY OF EXPERIMENTS IN TilE PHCH-MDC-HEXANE SYSTE

PECH Feed
Batch No. Composition, $w Layer Molecular Veight
PECH MDC

12p2(2 0.6 35 UL -
" 67 28 LL 2400
" 3.2 61 UL -
" 43 46 LL 2700

12p1 (® 0.5 39 UL -
" 68 28 LL 2500
" 4.5 63 UL -
" 39 50 LL 2700

a) MW = Ca, 2300
b) Mw = Ca. 2200

The results are in fair agreement in terms of both liquid layer compositiuns
and the improvement in molecular weight.

The conjugate soluticn campositions for a given tie-line are relatively
constant even though the ratio of the two phases is varied. Table V below
illustrates this point.

TABLE V. COMPOSITION OF CONJUGATE SOLUTIONS IN THE PECH-MDC-HEXANE SYSTEM

Weight Ratio, Composition, %w
UL/LL r Laver ~ Lower Laver
— i
0 (Feed) . - - 62 38
0.4 0.5 39 68 28
1.9 0.3 38 69 27
6.1 0.3 35 70 25

As might be expected, the depth of extraction varied for the runs given in

Table V, and the greater the depth of extraction the greater was che improvement
in molccular weight of the polymer left in the lower laycr. The deviation from

a constant molecular weight reflects tiic 'psewlo ternary' nature of the systoin.




Table VI ~hcws this deviation.

TABLE VI, MOLVCULAR WZICHT OF RARUINATE VS DEPTH OF EXTRACTION IN PECH-MIC-
FEXANT oS T
Weight Ratio Extraction PLH Product,

UL/LL Depth, § Molccular Weight

0 (Feed) 0 2200

0.4 0.28 . 2500

1.9 0.82 2700

6.1 .8 - 2800

The depth of cxtraction using n-hexane can be varied not only by changing

the total composition along a given tie-line (Table VI) but also by changing
to another tie-linc (at a constant phase ratio) located toward the plait point
and thus in the direction of lower polymer concentrations. Similar variations

in total composition were not studied in the methanol system, but the same
trends probably exist.

tunctionality and Molecular Weight

The objcctive of the extractions is not only to increase the molecular
weight of <he raffinate but also the functionality (the number of hydroxyl
groups per riolecule). Poth n-hexane and methanol accomplish this.

The PICH used in the extractions should have, according to the
stoichiometry of the reaction, a molecular weight of 4040 g/mol and a
functionality of 3.0. Typically, however a feed will have before extraction
a molecular weight of approximately 2200 to 2400 and a functionzlity of 1.7
to 2.2. The PECH on which most of the extraction studics were made had a
molecular weight of 2230 and a functionality of 1.8. Table II and III
sumarize the extractions using methanol and hexane, and give the resulting
moiecular weight of the PECi” product in the raffinate (lower) layer. Extraction
with either solvent invariably improved molecular weight. It is also significant
to note that very shallow extractions (i.e. <l%w) led to large increases in
molecular weight, and that deeper extractions werc less and less effective,
Apparently, the feed PECH contains a small amount of relatively low molecular
weight material. It is important to note, nevertheless, that molecular weight
and functionality are generally improved by deeper cuts. Table VII and Figures
3 and 4 illustrate these observations.

TABLE VII. MOLECULAR WEIGHT OF PECH VS. DEPTH OF EXTRACTION

Extraction Feed Mol, Product
Depth, %w Solvent Wat. Mol, Wgt.
0.28 hexane 2200 2500
15 hexane 2300 2700
40 hexanc 2200 3100
87 methanol 2200 3700

Gel Permeation Chromatography

A limited number of gel permcation chromatograms (GPCs) were obtained
in an effort to show the effect of solvent extraction on the molecular weignt

A-18
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distribution of PECH. Examination of the GPCs of the extractod, low nolecular
weight fractions is especially interesting. GPCs of the PUCH from the unper
layers of three hoxane extractions arc shown in Figure 5. Table VITL below
sumarizes pertinent data for these extractions, and Table III gives greater
detail.

ABLE VITI. PROPERTIES OF SVPLES EXAMINED BY GPC

Extraction Molecular Weicht, ¢/l
Run No. Depth, % Upper Layer Lower Laver
251-50 0.21 - -
251-80 2.18 - 2780
251-54 21.2 1520 2691

The importont point cstablished by these chiromatograms is that raw

PECH contains some quite low molecular weight material. At the low depths

- of extraction (0.21 and 2.18%w) a number of quitc sharply defined peaks

representing low molecular weight materials are evident, At the 21.2%
extraction depth, it is evident that the extraction is not as selective: it
cuts into the range of desirable molecular weights and thus tends to obscure
the presence of the low molecular weight materials.

It should be noted that since the GPC analyzer was not calibrated
using PECH, the molecular weight values assigned to the peaks in Figure 5
are merely relative and should not be construed as absolute values.

. DEPECH from Extracted PECH

A batch of PECH solution was extracted to a depth of 33.5% (run
251-104) using hexane. The molecular weight increased from 2230 to 2830
g/mol and the functionality from 1.81 to 2.42. This PECH was converted in the
laboratory to DEPECH, and the resulting product had a molecular wight of 2180.
Had the PECH not been extracted a molecular weight of approximateiy 1800 would
have been expected for the DEPECH. Similarly, a second batch of PECH was
extracted with methanol to a depth of 29.2%w and then dehydrochlorinated. The
resulting DEPECH had a molecular weight of 2130. It thus appears that
extraction should be beneficial for improving the properties of the polymer au
least through the DEPECH step.

.. Conclusions

The relative merits of hexane versus methanol as the extracting

" 1iquid have not been completely worked out in the limited time availablc.

A few observations, however, can be made. The hexane system will be the
easier to usc if a very small depth of extraction is desired. This is due to
the shape and position of the binodal region in the ternary isothermal. For
the same reasons the methanol system will be the easier to use if it is desired
to extract the PECH decply. The methanol system also has another advantage.

It appears that at all concentrations the viscosities of the methanol solutions
are much lower than in the hexane system. Indeed, concentrated lower layers

in the hexane system could be most difficult to separate. Especially with

"ot Available Copy
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repetitive extractions (i.e. cross-current operation) using hexane the high
viscositics of the concentrated lower layers gave rise to serious phase
separation problems. On the other hand, a mixture of purc PECH and me thanol
showed no difficulty in phase separation. [n addition, though not studied

under the present subcontract, methanol offcrs the opportunity of adding water

to the system in order to obtain a potentially wider range of mutual solubilities
and possibly more sclective separations.

Economics of PECH Extraction

In view of the interest in solvent extraction as a means to obtain
PECH with potentially improved properties, a crude, range-finding economic
evaluation of extraction to various depths has been carried out. Although
the study was a superficial one, the results may be of value in future
program planning and are therefore included here.

At low to moderate depths of extraction, the process can be carried
cut batchwise in an over-sized reactor. Only a solvent recovery still would
need to be added to the normal process train. TFor deeper extraction, a
separate contacting device would have to be provided. The economic factors
determining the cost of PECH extraction are:

1. The value of the rejected PECH and its disposal cost.

2, Incremental utilities costs; mainly those connected with
solvent recovery.

. Incremental capital costs.

. Incremental labor requirements.

de N

For the purposes of this scope estimate, cost factor (1) was taken at 25 cents
per pound of PECH rejected for a 1.6 x100 1b/yr plant. Incremental utilities
costs wer= based on $1/105 BIU for heat and $2/106 BTU of refrigeration _
requirement. Incremental capital costs for the various cascs cxamined were

developed using short-cut estimating procedures. Labor requirement differentials
have been ignored.

The cases examined are compared on the basis of '"equivalent process
capital" (EPC, where AEPC=3.5 [annual cosf + 1.2 [ACapital]). The base
case is a plant producing 1.6 x 100 1b/yr of standard Step 4 product. The
factors 3.5 and 1,2 arc appropriate for a commercial venture with ca 12%
earning power and a projected 15 year life. Thoso may not be appropriate
assqutions for this case, but there is currently no basis for cgoosing
another sct.

Figure 6 shows, cstimated AEPC as a function of depth of extraction
for both single-stage and counter-current, multi-stage operation., These
results ure based on hexane extracticn, but probably apply equally well to
methanol extraction. From examination of the results, it is apparent that:

1. The addition of an extraction step adds, for a shallow extraction,
about $100,000 to thz EPC. As the depth of extraction increases, the value of
the rejected PCCH soon becomes the over-riding fuctor as  capital and operating
cost factors increase slowly with depth of extraction.

A=-23
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2. Bascd on past estimates of the cost of stcp 4 product (ca $7/1b),
PECH extraction to moderate depths has little influcnce on the cost of the
final product. It is shown as an example that a AEPC of $390,000 corresponds
to a & Step 4 product cost increase of only 7 cents/ib (or ca 1%).

3. There is little difference, at lcast at low depths of extraction,
between the costs for single- and multi-stage extraction.

PECH Improvement by Alteration of Processing Conditions

Preparation of PECH with new Initiators

In the preparation of PECH by the standard procedure glycerine is
used as the initiator and boron trifluoride as the catalyst, and 42.5 moles
of ECH are added per mole of initiator. If, as desired, the polyepichlorohydrin
chain grew exclusively on the three hydroxvl groups of glycerlne, the molecular
weight of the final product would be slightly in excess of 4000. In fact,
the molecnlar weight of the standard PECH product is 2200 to 2400; therefore
it is evident that side-reactions do occur to a significant extent, forming
low molecular weight entities. The glycerine molecule possesses one secondary
and two primary hydroxyl groups. It has been shown (12) that secondary
alcohols react more slowly with propylene oxide under BF3 catalysis than do
primary alcohols. It has also been found by Shell Development workers that in
the rcaction of glycerine and epichlorohydrin under BFz catalysis the initial
three ECH molecules which react leave the secondary hydroxyl of the glycerine
almost untouched. In view of these observations, the present contract called
for investigating possibilities of improving PECIT quality by employing as
initiator a triol containing three primary hydroxyl groups.

1,1,1-Trimethylolethane -

The initial triol employed in this phase of the work was 1,1,1-
trimethylolethane (TME), a commercially available material. A solution of b
prepolymer was prepared in the standard manner in which two moles of ECH were
caused to react with each mole of TME in the presence of one mole of BFz for
each 8.1 moles of TME. Details of a standard prepolymer preparation may be
found at the end of this section.

To a portion of this prepolymer dissolved in MDC was added enough
ECH such that the standard 42.5 moles of ECH per mole of initiator was
maintained in the final reaction mixture. Further details for a standard PECH
prcparation may be found at the end of this section. This product possessed
molecular weight of 2500 and a hydroxyl functionality of 2.0. The values are
comparable to those found for standard PECH. Since the use of TME as initiator
did not produce a PECH which was clearly superior to standard product, no
further work was carried out with .this material.

1,1,1-Trimethvlolpropane

Another readily available triol containing three primary hydroxyl
groups is 1,1,1-trimethylolpropanc (TMP). A samplec of this material was
converted to prcpolymer by the standard technique. It was noted that the
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reaction mixture became homogeneous after the addition of 0.3 moles ECH per

mole TMP whereas when prepolymer is prepared from glycerine, 1.6 moles of ECH
must be added per mole of triol before lomogeneity of the rcaction mixture is
observed. When THE was employed in the prepolymer preparation step, 1.6

moles ECH per mole TME was also required to achieve homogeneity. It is indced
surprising that the addition of the equivalent of only onc mcthyicne group to
the TME molecule suffices to change its solubility so markedly in the prepolywer
Teaction mediun,

A 6.4 pound batch of PECH was prepared in the laboratory under
standard conditicns utilizing the TMP derived prepolymer. The product
possesscd a molecular weight of 2500 and a hydroxyl functionality of 2.1.

Though the molecular weight and functionality of this product did
not differ .ignificantly from these of standard PECH, the decision was made
to prepare DEPECH from it for further evaluition of it. curcability atter
conversion to PCDE. This course of action was taken since it seemed possible
the change in structure of the initiator could bring about a change in structure

of thc PECH and DEPECH which would lead to improved ultimate propertics of
the cured PCDE.

A small scale preliminary dehydrochlorination was carried out under
standard conditions. A standard laboratory DEPECH preparation is described
at ithe end of this secction. Surprisingly, it was found that approximately six
times as much chlorine (1.2% vs. 0.2%w) remained in the final prcduct as is
found in standard DEPLCH. It is not clear why this new PECH should wndergo
the dehydrochlorination reaction at a decreased rate, but since the current
contract would not be served by further pursuit of the explanation, work was
directed toward altering the reaction conditions such that the usual high
degree of dehydrochlorination could be achieved. It was found that increasing
the dimethylsulfoxide and sodium methoxide levels by 25% and increasing the
reaction period from four hours to six hours were sufficient to produce a
DEPECH with the usual low chlorine content {0.26% in this case), Three larger
batch dehydrochlorinations were then carried out in the laboratory under these

more vigorous reaction conditions yielding 2.9 pounds of DEPECH with the
following analysis.

Analysis of DEPECH Lot 270-90

Molecular Weight 1950
Hydroxyl Functionality 2.4
Unsaturation, eq./100g. 1.43
Chlorine, %w 0.17
Sodium, $v 0.02
Water, iw 0.40

This sample was sent to Hercules, Inc. on May 10, 1973 for conversion
to PCDE and for ultimate evaluation at Edwards Air Force Base after curing in an
energetic formulation.

Preparation of PECH with Incrcased ECH/C Ratio

It was planned in this portion of the product improvement program
that PECH would be preparcd with an increascd ratio of ECH/G in an ctfort to
produce a higher molecular veight polymer. Since success in maximizing
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molecular weight by this apprcach requires concurrent minimizing of side
recactions, a sample of highly purified ECH was prepared for this work.
Commercial 99%w ECH was purified by distillation through a 28 inch by 1 inch
colum filled with Canon packing. A ten percent light ends cut was removed
at a 50/1 reflux ratio. Then, 79% of the initial charge was collected as
product at 2/1 to 5/1 reflux ratios. The remaining 11% was discarded as a
heavy ends cut. Analysis of the heart ~* fraction by (C indicated that the
impurity level had been reduced by appr .mately one order of magnitude.

At this point in the experimental program therce became available
a series of samplcs taken during a PICH preparation in tha pilot plant.
The molecular weights of these sumples were measured and are plotted in Figure 7.
The straight line represents the molecular weights which theoretically shoul
be observed during the course of the polymerization as a function of the armount
of ECH added. From the plotted data points it is evident that the addition of
more ECH is unlikely to result in a significant increase in molecular weight.

Preparation of PECH with Purified ECH

1t has always heen observed that during the wourse of the polywmerization
the color of the reaction mixture projressively becomes darker red such that
; at the end of a standard PECH preparation the product appears to be almost
black. This dark color is belicved to be due to a complex involving BFz since
‘ the color is greatly decrecased in intensity upon the addition of ammonia at the
, end of the preparation step. (Amaonia is added to deactivate the BF3 catalyst
: by form: tion of BFz.NHz which is later removed by filtration.) If ccmmercial
ECH contained an impurlty which could complex with BF3 to form this colored
material, it can be postulated that the colored material cataly:zes those side
reactions responsible for the less than theoretical molecular weight of the
product. Therefore, an experirent was carried out to determine if any benzsfits
could be derived from using highly purified ECH in a standard PECH polymerization,
However, the product from this experiment was comparable to standard PECH; it
had a molecular weight of 2450 and a hydroxyl furcticonality of 2.0. The same
dark red color develcped during the polymerization and was mostly dispelled,
as usual, upon the addition of ammonia. Since the molecular weight was
» identical to that of standard PECH shown in Figure 7, it was not deemed worth-

while to carry out the proposed experiment using higher ratios of ECH/G together !
with the highly purified ECH.

Preparation of PECH with Slower Monomer Addition Rate

Side reactions leading to low molecular weight products derived
fram ECH would very likely be promoted by high concentrations of free ECH
during the polymerization. A PICH preparation was carried out in which this
possibility was decreased by lengtheaing the monomer addition time to eight
heurs from the usual four hours. The net effect was a decrease by a factor of
two in tle average concentraticn of unreacted ECH (from 0.4% to 0.15%w) observed
throughout the polvmerization. Once again the product molecular weight,
2490, was comparable to that obtaincd under standard conditions. The usual
dark color developed during tle polymerization,

Preparation of PECH at Reduced Reaction Temperature

In many polymerization systems, chain tronsfer and other side reactions
have a greater temperaturc cocfficient than the primary reaction and in such
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cases selectivity to the desived polymer can be inmroved by reducing the
temperatures. In early exploratory work (13) on ECH polymerization, no change
in molecular weight or functionality had been reported to take place upon
reducing the polymerization temperature from 41°C to 0°C. This result was
viewed as surprising and worthy ¢f further investigation. A small scale
laboratory polymerization was carricd out at 20°C with monomer addition over

an eight hour period, The resulting product possessed a molecular weight

of 2840, an incrcasc of about 15% over that obtained under standard conditions.
Anothcr small scale experiment was then carried out at 10°C with monomer additiua

over cight hours to give a product of molecular weight 2790, i.e. unchanged from
that obtained at 20°C,

Due to time limitati-ns on the project no further work of an exploratory
nature was carried out on the effect of temperature of polymerization. By
mutual agreement between Hercules and Shell, it was decided to substitute a
DEPECH sample made from this low temperature PECH for the one originally proposed
to be made at higher ECH/G ratio. Accordingly, a larger laboratory batch was
prepared under the 10°C, 8-hour reaction conditions; it yielded 6.3 pounds of

T with a molecular weight of 7760,

In all the experimental btatches dexcribed above, the prepolymer cams
from the same source, i.e., the prepolymer batch prepared using highly purified
ECH. The remsinder of the ECH used in cach polymerization except for the batc
using all highly purified ECH was commercial material. Though not proven, we

fecl that prepolymer quality did not appreciably influence the course of the
polymerizations conducted at low temperature,

During preparation of the 6.3 pound batch, samples were taken when
25, 50, 75, and 100% of the ECH moncmer had been added. The molecular weight
of thesc samples is plotted in Figure 8 along with the data described earlier
fcr a standard PECH preparation. As may be seen the points are best plotted
on a straight line suggesting that, if desired, more monomer could be added
to produce a still higher molecular weight product. On the current project,
time did not permit further pursuit of this point., It is also of interest to
note that in the 10°C preparation the rcaction mixture at thc end of the
polymerization was a very light brown color; in contrast, a deen red-black
~ color is always observed in runs made at 40°C. After addition of asronia the
light brown solution prepared at 10°C became almost water white. This observation,
coupled with the 15% higher molecular weight, offers evidence of a significant
difference in temperature coefficient between the polymerization reaction and
the side reactions, That is, upon reducing the reaction tempesrature, the rates

of undesired reactions evidently decline faster than does the rate of the
desired reaction.

The 6.3-pound PECH sample was dehydrochlorinated under standard
conditions in four laboratory batches. After compositing, we recovered 3.8
pounds of DEPECH with the following analyses.
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Analysis of DEPICH Lot 270-111

Molecular weight 2170
Hydroxyl functionality 2.7
Unsaturatiop, eq/100g. 1.48
Chlorine, %w 0.025
Sodium, %w 0.05
Water, %w 0.20

This lot was sent to Hercules on June 4, 1973 for conversion to Step 4 product
and evaluation of its performance in the ultimate end use.

Standard Luboratory Preparations

The following are detailed descriptions of the laboratory metlods
employed in the preceding work.

Laboratory Preparation of Standard Prepolyvmer

Into a 1000 cc, three neck, round bottom flask equipped with a
stirrer and condenser and capped with nitrogen was placed 150 i (1,63 iole)
glycerine and 235 g MI)C. A 1/8" metal diptube reaching the botr=en of the
flash was inserted through a neck of the flask such that atmospheric moisture
was excluded. Vhile the reaction mixture was vigorously stirred, 12 g of BFz
(0.176 mole) was bubbled into the liquid through the diptube over the course
of fifty minutes, Any heat evolution or escape of gas during the BFs addition
was ninimal, The gas addition tube was replaced with a similar line leading
from the discharge of a small Lapp pump.

The reaction mixture was heated to a gentle reflux, the heat
source was removed, and the addition of 300 g (3.24 mole) ECH was begun.
The ECH was added at a uniform rate over a two hour period. Gentle reflux
continued throughout the addition fram the heat of reaction and stopped three
minutes after the last ECH was added. The crystal clear, very light brown
solution was stored in a glass container until needed,

Laboratory Preparation of Standard PECH

To a 1000 cc, three neck, round bottom flask equipped with a
stirrer and reflux condenser and capped with nitrogen was added 250g MDC and
45g standard prepolymer solution containing the equivalent of 0.1 mole triol.
With moderate stirring the mixture was heated to reflux, and then the source
of heat was rcmoved simultaneously with the start of addition of ECH. A
pumping system similur to that described for the prepolymer was erployed to
add 374 g (4.05 mole) ECH at a uniform rate over four hours. Stirring was
continucd for thirty minutes longer to assure cormpletion of reaction, and then
ammonia gas was sparged into the liquid phase at a moderate rate for three
minutes, During the ammonia addition the color of the rcaction mixture
changed from a very dark red to a light orange. A typical sample of this
product showed the following analysis.
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Typical Analysis of Standard PECH

Molecular Weight 2450
Hydroxyl, cg./100g 0.08
Hydroxyl functionality 2.0

Laboratory Preparation of Standard DEPECH

To a 1000 cc, three neck, round bottom flask equipped with stirrer,
reflux condenser, and dropping funnel was added 93y sodium methoxide (95%w),
181 g TiF, and 22g dimethylsulfoxide. The reaction mixture was then capped
with nitrogen and heated to gentle reflux while stirring. Over thirty minutes
198¢ 50%w PCCH in THF was added. Reflux was continued for four hours after
the addition of the PECH was completed. The reaction mixture was cocled below
30°C and poured into 1600g deionized water initially at 20-25°C while stirring
at a moderate rate. Stirring was continued ten minutes at which point the
product was in the form of solid 500 u spheres. The product was collected by
suction filtration and washed in place by adding more water, slurrying on
the filter, allowing to stand three minutes, and removing the wash water by
applyins sucticn to the filter. This washing was repeated four more times.
The last wash was carried out with a 0.05% solution of hydroquinone in water.
The product (30% solids) was dried by heating 16 hours at 50°C and 1 Torr.
Analysis of the product gave the following typical results,

Typical Analysis cf Standard DEPECH

Molecular Weight 1900

Hydroxyl, eq./100g 0.12
Hydroxyl functicnality 2.3
Unsaturation, eq./100g 1.45
Chlorine, %w 0.25
Sodium, $w 0.05
Water, $w 0.25

Pilot Plant Production of DEPECH

Description of Pilot Plant and Procedures

Figure 9, isa schematic diagram of the PECH/DEPECH pilot plant. The
PECH reactor is a 50 gallon capacity inconel autoclave equipped with a
modified turbine agitator, heating/cooling jacket, and internal heating/ccoling
coils. It is used both to prepare prepolymer (intiator) solution and to carry
out the preparation of PECH,

In a typical prepolymer preparation, 135 1bs. of dry MDC solvent and
45 1bs. of glycerine are charged into the reactor and mixed. BF3 gas, 3.7 1bs.,
is slowly metered in via the diptube.

The two-phase mixture is then heated to 40°C by circulation of tempered water.
Finally, 90 1lbs of dry ECH is metered in over a period of ca 4 hours. The
resulting clear, homogeneous solution is discharged to a storage drum. One
batch of prepolymer solution is sufficient to preparc about 12 fifty gallon
batches of PLCH, each of which will yield about 300 1bs of product,
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In a typical PECH preparation, 42 1bs of prepolymer solution and
180 1bs of dry MX arc chargad to the PECH reactor, mixed, and heated to
40°C using tempeved water.  Dry ECH, 286 1bs, is then metered in over a 4
hour period while the temperature is maintained at 40°C. After all the
ECH has been added, the reaction is stirred at 40°C onc half hour longer to
assure maxinum conversion of the ECHL  Approximately 1 1b of NH3 gas is
then charged in to deactivate the BF3 catalyst.

Typical PECH has a molecular weight (determined by vapor-pressure
osmometry) of 2200 to 2400 and a hydroxyl functionality of ca 1.7 to 1.9.
One batch is sufficient to make 3 fifty gallon batches of DEPECH each of
which yieclds 50-60 1bs of product.

MDC solvent is rcmoved from the PECH by stripping in a 0.8 fe2
"Kontro' wiped-film-evaporator, The PECH is pressure-fed at ambient temperature
via a 10 u polypropylene cartridge filter. The evaporator 1is operated at
a pressure of 100 Torr. with the temperature of the product PECH maintained
at ca 110°C. The stripped PECH is continuously blended with TiF previously
charged into the DEPECH reactor. Upon completion of a stripper rua, the
PECH/THF mixture (ca. 65%w PICH) is discharged to a storage drum.

The DEPLCH reactor is a S0 gallon stainless steel autoclave fitted
with a marine propellor type agitator, a cooling/heating jacket, and a reflux
condenscr. In a typical DEPECH preparation, 213 1lbs of THF, 17 1lbs of DM3D,
and 75 1bs of NaOCH3z are charged to the reactor, mixed, and heated to 60-65°C.
The 65%w solution of PLCIl in TIF (132 ibs) is then metered in over a 2 hour
period while the reaction temperature is maintained at 60 to 70°C. The mixture
is held at 65°C for 4 hours after addition of all the PECH solution. The
product mixture is then cooled and discharged to a storage drum.

The DEPECH reactor vessel is also used for DEPECH yrecipitation,
Typically, the vessel is charged with 265 1bs of ambient-temperature deionized
water (or recycled wash water) and the agitator is started. DEPECH reaction
mixture (ca 100 1lbs) is then pressured in via the diptube over a 15-30 minute
period. The product slurry is agitated for a minimum of 15 minutes before
filtering.

DEPECH recovery from the above slurry is carried out using a
Komline-Sanderson basket centrifuge with a 10" diameter, perforated bowl.
The bowl is lined with 1/16'" mesh SS wire screen and is fitted with a
medium-weight polypropylene canvas filter bag. The DEPECH slurry (ca 11%
solids) is pressure fed at a rate of ca 3 gpm with the bowl turmning at ca
1200 rpm. The DEPECH filter cake is then washed in place using 20-40 1bs
water/1b DEPECH, and is finally washed with 4 1bs/lb of a 0.05% solution of
hydroquinone in water. Typically, the final wet cake contains 40 to S0%w
solids.

The DEPECH is dried overnmight under vacinum, Both a tray drier and
a tumble drier have been used. In either case, the drying is conducted at
ca 29" Hg vacuun and at a temperaturc of 50 to 60°C,




Standard DEPECH Production Sumary

Standard DEPECH production under the subject contract covered the
period February-Junc, 1973. Four 45 1b. lots of DEPECH were prepared and
shipped to Hercules. Production of these 180 1bs of material required the
preparation of onc batch of prepolymer solution, two batches of PECH, and S
batches of DEPECH. Recovery of DEPECH solids from these 5 batches required
that 20 batch precipitations be carried out. Only one of these 20 batches
failed to meet specifications. Table 1X below surmarizes the relevant analytical
results for the four 45 1b composites of material shipped to Hercules,

TABLE IX. SHELL ANALYSES OF DITPECH SHIPMENTS TO HERCULES

Mol 1) Hydroxyl 2)
Lot. No. Date of Shirment  Wgt. Functiocnality C1, %w  Na%w
271-150 3-15-73 1800 2.1 0.28 3) o0.11 3)
271-151 4-15-73 1800 1.9 0.13 0.05
271-154 5-7-73 1900 2.2 0.10 0.07
271-154 6-4-73 1700 2.3 0.09 0.06

(1) by vapor pressurc osmometer

(2) OH cquivalents per g¢raa x molecular weight

(3) C1 and Na values for composite 271-150 obtained by averaging
values for individual batches,

Production nf Modified DiPECH

The DEPECH pilot plant was also used to prepare three special
batches of potentially improved DEPECH. These special batches, based on the
results of the parallel laboratory DEPLECH improvement program, comprised
1) a 7.5 1b batch derived from PECH from which ca 2% of low molecular weight
moieties had been removed by hexane extraction; 2) a similar batch derived
from PECH form which ca 6% of low molecular weight material had been extracted
and 3) a 21 1b batch derived from PECH from which ca 40% of low molecular weight
material had been removed by methanol extraction.

The preparation of the two batches based on hexane-extrdcted PECH
employed an additional (30 gal) vessel not shown on the attached flow diagram.
This smaller vessel was used to carry out the single stage batch extractjons
and to effect the dehydrochlorination reactions,

In the preparation of l.ot 271-152, 25 1bs of 64%w standard PECH in
MDC was mixed with 25 additional 1bs of MDC aud )4 lbs of hexane. The total
system composition was 25%w PECil, 53%w MDC, and 22%w hexane. This mixture was
agitated for 30 minutes in a 30 gal glass-linad autoclave at ca 19°C. After
settling for 60 minutes, 29 1bs of upper (hexane) layer analyzing 3.4%w PECH
and 35 1bs of lower layer analyzing 42.8%w PECl| were rccovered. Ry material
balance, ca 6.25 of the original PLCH was rejected, The residual PLCI
solution was solvent-stripped, converted to DEPICH, and recovered in the

usual manner. Analytical rcsults showed the following molecular weights and
hydroxyi functionalitics:




Analytical Data for lot 271-152

Sample % of Orig. Mol Wgt. Iydroxvl Functicnality
Original PECH 100 2300 1.7
Rejected PLCH 6.2 n.d. n.d.
Residual PLCH Product 93.8 2400 2.1
DEPECH 271-152 - 1900 2.0
Approximately 7.5 1bs of the latter material was shipped to Hercules on

April 16, 1973,

In the preparation of Lot 271-153, 24 lbs of the original PECH
solution were mixed in an analogous manner with 48.5 1lbs of additional MDC
and 96 lbs of hexane. The total system composition was 9%w PECH, 34%w MDC
and 57%% hexane. After separation, 1406 1bs of upper (hexane) laver and 22.5
lbs of lower layer were Tecovered. Analyses showed 0.2%w PECH in the upper
layer and 68% in the lower layer. By calculation, about 2% of the original
PN was rejected. The lower laver was strinped of solvent and converted to
DEPLCH in the usual manner. Analytical results showed the following molecular
weights and functionalities:

Analytical Data for Lot 271-153

Sample %t of Orig. Mol Wgt. Hwvdroxyl Functionality
Original PECH 100 2300 1.7
Rejected PECH 1.9 n.d. n.d.
Residual PECH Product 98.1 2500 2.2
DEPECH 271-153 - 2000 2.5

Approximately 7.5 1bs of the latter material was shipped on May 7, 1973.

In the preparation of Lot 271-156, 136 1bs of a 61%w solution of
standard PECH in MDC were mixed with 44 1bs of additional MDC and 173 1lbs
methanol. The total system composition was 23.5%w PECH, 27.5%w }DC, and
49%w methanol. This mixXture was agitated for 15 minutes while cooling to
23°C and for S minutes at 23°C. After standing for 1 hour, 90 1lbs of lower
layer containing 49 lbs of PECH along with 263 1b of upper layer were
recovered. The lower layer was stripped of solvent and converted to DEPECH

in the usual manner. Analyses of samples taken during the preparation arec
shown below:

Analytical Data for Lot 271-156

Sample A of Orig. Mol. Wgt. Hydroxyl Functionality
Original PECH 100 2300 n.d., 1.7 est.
Rejected PLCH 40 1900 n.d.

Residual PICH Product 60 3000 n.d.
DEPECH 271-156 - 2400 2.8

Approximatily 21 1lbs of the latter material was shipped to licrcules on
June 4, 1973,
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Of these thrce lots of special material, only one, 271-156, appears
on the basis of DEPECH analyses to bhe markedly different from standard quality
DEPECil. It is also of intcrest to note that 271-153 has, apparently, both
higher molecular weight and functionality than the similarly prepared
271-152 derived from more deeply extracted PECH. 'This result was uncxpected
and is not readily explainable on the basis of the limited data available.

It is perhaps significant that the ratio of upper to lower layer in the PECH
extraction was ca 0.8 for 271-152 compared to ca 6.5 for 271-153. Also, the
PECIl content of thic total mixture was 25%w in 271-152 and 9%w in 271-153.

As has been mentioned in the discussion of the exploratory extraction studies,
there is thecoretical basis to suggest that polymer extractions carried out in
dilute solution should be more sclective (in this case for the extraction of
low M.W. species) than those carried ocut in more concenir:ited solutions. It
is conceivable that such an effect is showing up in the comparison of results
for these two preparations; in any futurc program involving PECH extraction,
this possibility should be investigated.
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SUMMARY

The work progran coverced by thz present report had two primary
technical objectives. The first was to investigate prescribed possible routes
to improve the rmolecular weight and functionality of PECH. If the improvement
carries through to the DEPECH stage, samples of impreved quality DEPECH would be
supplied to Hercules for their conversion to PCDE to determine if the improved
quality persists in the end use performance., The second cbjective was to
supply to lercules Incorporated a prescribed quantity of standard quality DEPECH
for their conversicn to standard PCDE needed to fulfill current Air Force
requircements for this material.

In one portion of the quality improvement study, exploratory extracticn
of a soluticn of PECH in methylene dichloride was carried out using hexane
or methanocl as a nonsolvent component. Substantially improved melecular weight
and functionality were achieved. The degrce of molecular weight improverent
was generally fouul to be directly related to the depth of extraction. Methanol
generally afforded deeper extraction than did hexane. Improved FECH could
be dehydrochlorinated to preduce DEPECH with the same degree of improvement
in molecuiar weight and functionality.

In another laboratory study, synthesis was carried out with new
initiators vhich differed from the standard initiatcr, glycerine, by possessing
three primary hydroxyl groups. No improverent was found in molecular weight
or functionality. However, a PECH made at low temperature (10°C instead of
41°C) did possess higher molecular weight and functionality, and this quality
improvement carried through to the DEPECH derived from it. A 3.8 pound
sample of DEFECH was made from low-tcmperature PECH and shipped to Hercules.

In the supply portion of the program, 180 pounds of standard qualaty
DEPECH was prepared in our pilot plant facilities and shipped to Hercules.
We also shipped to Hercules several medium-sized samples of improve.! L:PECH
prepared in our pilot plant from hexane or methanol-extracted PECH.
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APPENDIX B

HERCULES DEPECH QUALIFICATION RUNS

CONTRACTS

F04611-73-C-0051 AND F04611-75-C-0024



A INTRODUCTION AND SUMMARY

Upon delivery of the DEPECH for Contract F04611-75-C-0024, Shell
Development notified the Air Force they would no longer be manufacturing
DEPECH. Hercules was authorized under Amendment No. R0O0007 of Contract
FOL611-75-C~0024 to prepare 20 pounds of DEPECE and convert to PCDE 1n order
to qualify as a source ot DEPELH. Llhe UEPECH was manufactured at Hercules
Allegany Ballistics Laboratory (ABL), Cumberlaand, Maryland, and sent Lo
Hercules DBacchus for conversion to PCDE. Tnis report discusses the resulte
of conversion of the ABL DEPECH to PCDE and has as an attachment the final
report on DEPECH production by ABL.

Since the PCDE pilot plant had been out of service for several months,
a two hour pilot run using Shell DEPECH was made prior to the ABL DEPECH
conversion. The run was successful 1n that no operating problems occurted
and the product was of good quality.

Conditions for the first ABL DEPECH run were the same as the pilot run.
NyF4 {rom the storuge banks was usvd. The product quality, however, was
not good. There appeared to have been a degradation of product in the
reactor system.

Laboratory comparison of the Shell and ABL DEPECH show they are of
sood quality as measured by infrared scan, gas permeation chromatography
(GFC) ard nuclear magnetic resinance (NMR). The difference between the
ABL and Shell DEPECH appears to be the water content of the ABL DEPECH (457).

The excesc water and excess pH i1n the ABL DEPECH is believed to have
caused the problew of poor product. Since almost half the DEPECH was water,
the amount of N,F, used was excessively high (2357 excess). Water is also
believed to causc adverse effects on the rcaction. Combination of water
and HF prescent in the reactors under high temperature and pressure caused
hydrolysis of the DEPECH. The infrared scan of the PBEP shows a large
carbonyl band i1ndicating cleavage of the molecule.

A second run was made with the ABL DEPECH to determine if the water
caused the poor product. Approximately four pounds of DEPECH from the same
lot used for the first run was washed with two gallons of distilled water
and dried in a vacuum oven to a dryness of <0.26 percent. Infrared .can,
NMR and GPC showed no degradation of the DEPECH from washing and dcying.

The DEPECH was used to make Run No. 70 on May .0. The run was Success-
ful in that the PBEP and PCDE were of good quality as measured by infrared
scan.

B. DISCUSSION

1. Procecsing

Shell Development Company, the only producer of DEPECH, has
informed the Air Force that they no longer wish to produce DEPECH. The
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Alr Force authorized Hercules by Amendment R0O0007 of Contract F04611-75-C-0024
to prepare 20 pounds of DEPECH and conver® PCDE for evaluation.

Several small batches of DEPECH were produced by Hercules at the
Allegany Ballistics Laboratory using the process provided by Shell. The
DEPECH was then to be converted to PCDE by Hercules at the Bacchus Tlant
The results of the runs were to be used to qualify Hercules as a :ource for
DEPECH for the Air lorce.

Prior to making a run using ABL DEPECH, a pilot run was made using
Shell DEPECH. The purpose of the run was to make rertain the PCDE pilot
plant was operating pronperly as it had been out of service for several
menths. The Shell DEPECH run (No. 68) was made on \pril &, 1977. Conditions
for the run ware to be as near the normal production run as practical.
Operating temperatures, pressures, and reactor residence times were to be
as normal. The concentration of DEPECH in the feed stream was cut 1in half
to 5% w in order to conserve the limited supply of N,F, gas. Table B-1 lists
the reactor conditions as compared to those >f a norﬁa? production run.
Table B-2 lists the NQFQ analysis. The run was very uneventful witl no
opcrating problems. The product was of good quality as measured by infra-
red scan (Figures B-1 and B-2).

On April 6, the ABL DEPECH (lio. €9) was made. Conditions for this
run were the same as the Shell DEPECH run so that a valid comparison could
be made. N2F, from the same storage bank was used for both rums. The
acetone used to make the DEPECH solution for both runs came from the same
drum. Table B-1 shows the run condition f{~r the firat ABL DEPECH run. The
figures in parenthesis are rhe actual conditions calculated after it was
found the ABL DEPECH contained 45 percent water,

Run No. 69 operated fine mechanically. However, early in the run
it became apparent that conditions were not normal. The produrt was dark
and had a much stronger smell than usual. Also, the steam valve on the
second stage reactor remained completely clos:d yet the temperature was
maintained at close to 120° C indicating thac there was an unusual exothernic
reaction taking place. Normally, even with 10% w DEPECH feed, some steam
is required to the reactor to maintain the reaction temperature. Infrared
scan (Figure B-3) of the PBEP product showed thit there were several
extraneous peaks and that the carbonyl peak was excessively high.

All PBEP was converted to PCDE. The infrared scan of PCDE
(Figure B-4) showed the same extraneous peaks as the PBEP. Very littic
nitrile peak 1s evident in the PCDE scan.

Laboratory analysis showed the ABL DEPECH to be the same as Shell
DEPECH except for the large amount of water present and the higher pH.
See following section. The remaining DEPECH (~4 pounds) from lot 983-12
used for Run No. 69 was washed with two gallons of distilled water,
filtered and dried in a2 vacuum oven at 105° F. Ten days were required to
get the water content to 0.26 percent,
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On May 20 another PCDE run was made using twe pounds of the dried
DEPECH. The run conditions, similar to Runs 68 and 69, are shown in
Table B-1. The run was normal with no excursions, exotherms or signs of
plugging noted in Run No. 69. The product, PBEP and PCDE, was normal as
measured by infrared scan (Figures B-5 and B-6). It therefore appears as 1if
is the water content of the DEPECH that caused the problems of Run No. 69.

2. Laboratory lInvestigation

Analysis of the ABL DEPECH (983-6, -8) had shown the product to be
of compareble quality as the Shell DEPECH as measured by infrared scan, GPC,
Cl™ and Na” content and solubility in acetone. These are the standard
acceptance tests that have been used for DEPECH since the start of these
programs. Table B-3 1s a summary of this ~arly analysis. Figures B-7 and
B-8 are the infrared scans of the early ABL DEPECH lots. When the product
from converting ABL DEPECH to PBEP was not satisfactory, further analysis
of the ABL DEPECH was performed. ABL lot number 983-12, the lot used 1in
Run No. 69, was analyzed along with Shell DEPECH IP6P301S1 (Run No. 68).
Both DEPECH samples were run on infrared scan, GPC and NMR. The results
show that the DEPECH samples were essentially the same. Figure B-9 through
B-14 show NMR, GPC, and infrared scan of the Shell DEPECH and ABL DEPECH
983-12 as received.

The ABL DEPECH appeared to be somewhat damp and moldable. Using
gas chromatography, the water content of the ABL DEPECH was found to be
45% while the Shell DEPECH was 0.06%. No other significant levels of
solvent could be found by GC. A check by gravimetric moisture analyvsis
confirmed the moisture content. The high moisture content of the ABL DEPECH
was surprising as the material appeared to be moldable but not wet.

A check of the pH of the two DEPECH samples was made by placing
half gram samples in 50 cc of water. The pH of the slurries were 7.2 and
5.2 for the ABL and Shell material respectively. The higher pH of the
ABL material may or may not be significant.

The remainirg DEPECH from ABL Lot 983-12 was washed with two
gallons of dis:illed water then dried in a vacuum oven. Analysis shows no
degradation of the product as measured by NMR, GPC, and infrared scan
(Figures B-15 and B-1¢€).

C. FUNCTLONALITY DET..OMINATION OF ABL DEPECH

The funcrionality of ABL-manufactured DEPECH was established. In
addition, a iat of SYel: DEPECH was also carried through the testing. The
functionality of MRL lot 983-12 DEPFCH was 7 .47 while the value for Shell
lot 16P30151 DEPECH was 2.66.

To obtain these functionalities the hydroxyl content (in greq) and
the number average molecular weight (Mn) of each DEPECH sample werce measured.
The functionality was then caslculated by dividing the Mn figurc by the



hydroxyl content. The data for each mecasurcment and the functionalitics are
compiled in Table B-4. The hydroxyl content of ABL DEPECH was significantly
higher than the Shell matertal; 922 g/eq versus 839 g/eq. The Mn values were
2278 for ABL DEPECH while the Sheil material was 2231. Shell originally
obtained an Mn near 2200 for this lot. Moisture values are also included

1. Table B-4. The ABL DEPECH contained 0.3l percent water and Shell DEPECH
0.19 percent as measured by gas chromatography. The water analyses were

made both to correct calculations aud to assure that the moisture levels were
not so high as to effect the tests.

The methods used to obtain the data were for the most part the same
as used by Shell. The analysis for hydroxyl content did differ. Shell
employed a procedure based on reacting lithium aluminum hydride (L1AlHg)
with the active hydrogen of the hydroxyl group. This reaction results in
quantitative evolution of hydrogen gas which 1s measured with a gas burst.
Neither the reagent nor the gas burst set-up werc available here.

Rather than the LiAlH, approach, Hercules attempted the tolusnesulfonlyl
isocyanate (TSNCO) method which worked successfully with PCDE.  Two varia-
tions of the TSNCO procedure were investigated;, one employing ao indrared
(1IR) determination of isocyanate consumed, the other a titrimetric measure
of TSNCO reacted with hydroxyl. Both approaches gave very low hydroxyl
content fipures. This was probably due to hydrolytic breakup of the DEPECH
catalyzed by small amounts of acid in the TSNCO reagent. Vinyl ethers such
as DEPECH are very susceptible to this reaction whereas with PCDE hydrolysis
1s not such a problem.

A direct IR measurement was tinally selected tor determining the
hydroxyl content. A dichloroethane (DCE) solution of DEPECH was prepared
and ¢canned between 3500 and 3800 c¢m™l. The absorbance at 3590 cw~l was
mensured naing 3R00 em~l as the haseline. Known concentrations of diethylene
glycol 1n DCE were used for calibraticon. Both samples and standards we.e
dried over molecular sieve prior to analysis.

The Mn of DEPECH was determined by vapor phase oscometry (VPO)
in a manner similar to the Shell method. Samples were dissolved in DTE
by warming and then measured shortly after cooling. The higher conercra-
tion samples were found to gel if allowed to sit too long. Although the
gel could be broken by shaking, the results were erratic. The VPO vas
calibrated against a polystyrene standard of Mn = 2100. Shell used a lower
molecular weight compound for calibration but the close agreement petween
labs on the Shell DEPECH indicated that either standard was suitahle.

The Mn = polymers can be obtained much more rapidly by gel permeation
chromatograph (GPC) than by VPO. However, VPO data is necessary to cali-
brate the GPC for DEPECH. In the case that DEPECH analyses might be requared
in the future, Hercules alsc ran GPC scans of both the ABL and Shell
materials. The GPU column set used for these runs is now "partially" cali-
brated in that the VPO data provided us two absulute Ho data poinls.
Interestingly, the GPC column set previously had been calibrated against
a series of known“ﬁn polystyrene standards. Base¢d on the polystyrene
calibration, the Mn of both Shell aud ABL DEPECH was 3735. Thus, while




polystyrenc standards are suitable for calibration of the VPO for DEPECH
analysis, they ar - not acceptable for GPC analysis of DEPECH.

D. CONCLUSTON

DEPECH supplied by Hercules ABL 1s comparable to Shell DEPECH and can
be used to make good PBEP/PCDE if it is properly dried. The question of
higher pH should be investigated. It 1s not known 1f it 1s necessary to
reduce the pH of the DEPECH to a low level.

The GPC chromatograms of all threec samples (Figure B-11, B-12, and
B-16) are essentially the same. A small amount of higher molecular weight
material can be seen in the Shell sample at about 20-23 counts. The "dried”
ABL sample shows a very slight indication of a little higher molecular
weight specle too. However, the molecular weights of the bulk polymer are

identical for each specimen. (The upper output line in each chromatogram
should be ignored.)
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’ TABLE B-2, N_JF, IMPURITIES

| 2° 4
\
Nz 02 cO NO NF3 NZFZ C02 NZO
Run 68 & 69 1.98 0 0.05 11 0.04 0.53 0.01 0.29
y
Analysis taken August 1976
| B-8
}
1




TABLE B-3.

clL, wt. %
+ .
Na , wt. %

Molecular Weight
VPO
GPC
Aw
An
P

Solubility Temp.

10% solution (Acetone)
30 minutes

(a) Reported by Shell

ABL DEPECH
983=6 983-8
0.24 0.29
0.12 0.093
85.6 70.7
74 .2 81.2
1.15 1.15
< 70° < 10°

B-9

DEPECH ANALYSIS

SHELL DEPECH

Lot 11410-84

0.40 (a)

1760 (a)
93.9
72.6
1.3

< 70°




TABLE B-4. DEPECH ANALYSES

pEPE_C_H_ Source

Test ABL (983-12) Shell (16P30151)
Hydroxyl Content, g/eq 922 839
Molecular Weigh® (Mn) 2278 2231
Functionality 2.47 2.66
Water Content, % 0.31

0.19
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DEPECH PRODUCTION REPORT FROM ABL
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HERCULES INCORPORATED

ALLEGANY BALLISTICS LABORATORY P O BOX 210 * CUMBERLAND. MARYLAND 21502

TELEPHONE RIDGELEY WEST VIRGINIA AREA CODE 304-728-4300

March 2, 1977

FINAL CONTRACT REPORT

Investigator: N, F. Stanley

Work Period: Sep. enber 20, 1976 - February 28, 1977
Mill Order: ROO- 8

Report No.: A09690-790-01-006

DEPECH PRODUCTION

This is the final report issued under A09690 for Air Force Contract
F04611-75-C-0024.

Objective N

The objective of this work was to define and exawmine methods for
producing DEPECH (detydrochlorinated polyepichlorohydrin) of satisfactory
quality for PCDE production at HI/Bacchus.

Summary

Laboratory- and pilot-scale equipment were set up and operated to
produce PECH prepolymer, PECH, and DEPECH for gsource qualification test-
ing at Hercules/Bacchus. No significant processing problems were apparent
in the prepolymer and PECH syntheses steps, but DEPECH handling (precipi-
tation/leaching, filtration, and drying) requires further development.

i L

Preliminary process evalu:ition results are presented {n this report.
Prodnct evaluation results will be reported by Hercules/Bacchus.

- Twenty-five pounds of DEPZCH were ahipped to Bacchus for product
evaluation. No significant conclusions can be made until the product
evaluation is completed. Despite some problems in DEPECH handling, tha
Shell-developed process appears to be feasible for DEPECH production if
the quality 1is satisfactory.

T ST
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Introduction

Shell Development Company (SDC) has been supplying DEPECH for PCDF
synthesis and evaluation by HI/Bacchus. However, Shell is no longer
interested in the small production of this polymer. Under Air Force
contract, Hercules/ABL has examined the process and supplled 25 pounds
of DEPECH for source qualification testing at Bacchus. The limited work
scope (6 months) included laboratory- and pilot-scale process examination
to facilitate both product &and process verification.

Based on the reported SDC results and preliminary labnratory-scale
testing by Hercules, a small pilot plant was operated to pioduce DEPECH
for the source qualification. Detailed SDC pilot plant resuits are giveu
‘a SDC's Technical Report AFML-TR~74-153, July, 1974, Major unit opera-
tions in the process are the chemical reaction steps, solvert recovery,
solids precipitation, separation, and drying as shown in Figure C-1.

The Shell-developed process is based on the following chamistry, .

R"

(i

CH CH2C1
STEP 1 CHn

il
0

XC(Z =CH Glycerol > R'}o-Ch CH, 0-CH3 JH CH30 -LCHZCH 0 <+R'"
CH,C1 BF3 CATALYST |
CH2C 1 o CHZC ljo

EPICHI.OROHYDRIN (ECH) POLYEPICHLOROHYDRIN (PECH)

C:3
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R"
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=CH2

—H—0C

EP 2

2

pecy YaMey g —f(hq cu21- 0-Cli, CH CHp-0 CH, m-o R"
CHy | CHop

PNLY (2,3-FPOXYPROPANE), (DEPECH)

Irn the Shell process step 1 consists of coordinating gaseous BF3 with
glycerol to prepare a stepolymer by partially reacting ECH with the acti-
vated glycerol before combining the prepolymcr with additional ECH to
produce PECH, The PECH 1s then dehydrochlorinated with sodium methylate,
precipitatec in wate.:, centrifuged, and dried.

Discussion of Results

1. Process Description

The Shell process was examined initially in laboratory equipment in
preparation for pilot-scale g_oduction of tho polymer. The laboratory
effort was directed primarily toward verifying the materials handling
features reported by Shell., Polymerization and dehydrochlorination process-
ing methods developed by Shell are summarized briefly below,

The PECH was prepared by polymerizing epichlorohydrin (ECH) in methylene
chloride solution in the presence of rctivated prepolymer acting as an
initiator complex. In this work, the complex consisted of glycerin, ECH,
and boron trifluoride gas as the catalyst source rather than the BFjy
etherate used by Shell in their early work. Por the prepolymer preparation,
the BF3 gas was sparged into a glycerin/MeCl; mixture, ECH was added as

shown in Table C-1, and the initiator complex subsequently combined with ECH
to produce PECH.

Polymerization of ECH to PECH consisted of dissolving prepolymer
mixture in methylene chloride and i1dding ECH slowly while maintaining a
10°C. reaction tempera .re. Following the reaction, the mixture was held
at low temperature overnight to complete the reaction and then sparged
with ammonia to quench the reaction, The aolvent was then stripped from
the product in a thin film evaporator.

c-4
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Dehydrochlorination to produce DEPECH consisted of slowly combining
the PECH with sodium methylate, DMSO, and THF and refluxing for 4 hours
following the combination. The PECH was added as a 50/50 mixture of
PECH/THF to produce the final mixture shown in Table C-1.

In summary, the three reaction steps presented no particular process-
ing problems and evaporation of methylene chloride from the PECH inter-
mediate, although slow, was satisfactory in a Rodney Hunt thin film
evaporator. The major pilot-scale processing difficulties arose in the
DEPECH handling steps following the dehydrochlorination reaction. Signifi-
cant details concerning DEPECH handling are included in the pilot plant
test discussion. Laboratory-scale handling of DEPECH presented no problems
except in the initial test.

2. Laboratory-Scale Tests

The initial work consisted of assembling and operating standard
laboratory equipment for preliminary examination of the Shell process. The
equipment tested was a S5-liter, 4-neck, batch reflux reactor for the pre-
polymer, PECH, and DEPECH synthesis steps and a 12-liter sec-up for the
precipitation step.

Prepolymer, PECH, and DEPECH were prepared from the recipe shown in
Table C-1, as specified in the Shell reports.

There were nc important materials handling problems apparent in the
prepolymer and PECH steps, but the DEPECH step was more difficult. The
initial evaluation (IR and molecular weight) showed satisfactory results
for the PECH synthesis, but the DEPECH product did not precipitate as a
solid. The result was interpreted as inadequate dehydrochlorination
attributed to low grade sodium methylate used in the reaction. Subseguent

testing with fresh sodium methylate, however, produced qualitatively
satisfactory product.

Since there were no significant materials handling problems, it was

decided to go ahead with the pilot-scale tests based on minimal product
characterization of the laboratory-scale product.

Essentially, preliminary product characteriszaction test difficulties
at ABL suggested that the characterization should be conducted later at
Hercules/Bacchus. The limited ABL analyses consisted of molecular weight
determinations and comparative infrared (IR) analyses., Molecular weight
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determinations showed an average of about 2000 + 107 for the early samples
of PECH. The IR spectra are given in Figures -2 and C-3 to show the
similarity of Hercules/ABL samples with the Shell product supplied by
Bacchus.

3. Pilot Plant

The Hercules/ABL PECH/DEPECH pilot plant was similar to Shell's pilot
plant (Figure C-4), but the plant did not include the THF recovery capability.
The plant was installed and operated to demonstrate and assess processing
features described by SDC and to provide 20 pounds of DEPECH to Hercules/
Bacchus for source qualification, Although THF recovery 1s required for a
production process, solvent recovery is not needed for small pilot-scale
production of DEPECH.

The pilot facility included the following major pieces of equipment:

Capacity
1. Pfaudler Reactor, glass-lined 30-gallon
2. Thin film Evaporator (Rodney Hunt® 1 ft.z
3. Pfaudler Reactor, stainless steel 100~gallon
4. Batch Filter, Ceramic 7 fe.2
5. DeVine Tray Dryer, vacuum 4 ft.z/tray
6, Barrel Dryer, vacuum J-fr, diameter

A major effort in the pilot plant program was installation and modifi-
cation of a Rodney Hunt thin f{lm evaporator (TFE) required for solvent
removal from the PECH. The other equipment listed was avallable at ABL
and was operated satisfactorily for batch prepolymer, PECH, and DEPECH
syntheses at the 10- to 20-pound scale. A rotating barrel dryer (Item 6)
was added to the original pilot plant capability because tray drying of
DEPECH was accomplished with difficulty.

Operation of the plant to produce PECH consisted of purging the
reactor with nitrogen, manually charging the methylene chlori{de and pre-
polymer mixture, preconditioning and holding the reactor contents at
10°C, + 5°C. while slowly feeding ECH (about 25 cc/minute in run 983-10)

c-6
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over a 4-6 hour period. The low temperature was maintained for 16 hours
to complete the reaction. There were minimal vapor losses via the reflux
condenser (¥ 0.5 gallon MeCly estimated). Following the reaction, ammonia
was sparged via a dip tube for 30-45 minutes to stop the reaction.

It is noteworthy that even with such a slow feeding rate, there was
one reaction temperature excursion to about 27°C, for 2-3 minutes,
attributed to an induction time effect.

Product was then pumped directly to the thin film evaporator (TFE)
operated at ~ 1400 rpm, 10 mm Hg (absolute), and 90 C. TFE through-put
was 40 cc/minute to give a bottom product essentially solventsfree {i.e.,
no further weight loss overnight at 5 mmHg (absolute) and 95 C.]

Operation of the reactor for DEPECH production consisted of again
purging with nitrogen, charging THF, DMSO, and NaOCH3j, heating to reflux
temperature (~ 60°C.), and pumping a 50/50 PECH/THF mixture into the
mildly refluxing reactor at about 200 cc/m.nute. The reaction exotherm
nearly produced a mild reflux but periodic heating was required to main-

tain the reflux condition. Following the PECH/THF addition, the reaction
was held at reflux for 4 hours.

Transfer of the DEPECH reaction product mixture from the 30-gallon
(glass~1lined) reactor to the 100-gallon reactor utilized as the precipita-
tion/leachirg vessel was accomplighed with some difficulty because the two
reactors were not in close physical proximity. In a more efficie.t opera-

tion, DEPECH slurry wculd simply be pumped to a precipitation/leaching
vessel. (Refer to Table C-2.)

Raw material specifications, defined by SDC, are included as Table C-3.
All of the liquids were sieve dried (Linde 4A) prior to use to ensure a
minimal moisture level in the reactions.

4, Procegs Analysis

gl Pilotescale production of DEPECH vie the Shell-developed process is
3 considered satisfactory despite DEPECH recovery problems gsgsociated with
§" the precipitation/leaching, filtratiou, washing, end drying steps. As
£ already discussed, the reaction steps are relatively simple and process
E control is largely a matter of equipment capabiliry. Regardless of

4 operating scal=, the simple sequence of three batch reaction steps requires
charging ingredients to the reactor, maintaining reaction conditions and
t emptying and cleaning the reactor following each step
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Labor requirements are reasonably high for tiie prescut pilot
capability, but additional temperature control features could be added to
the plant to minimize operating labor, {f desirable. One particular equip-
ment feature required is additional cooling capacity for the low temperature
PECH reaction step. Addition rate of ECH to the reactor is essentially
determined by reactor cooling capacity. Inadequate capacity requires a
very slow ECH addition to maintain the low temperature.

As reported by Shell, substantial reflux condenser capacity is required
for the dehydrochlorination st2p due to the apparent induction time before
the reaction exotherm (142 BTU/pound PECH) commences. Apparently, some
minimum PECH concentration is required for initiation of the reaction.

The induction e2ffect is obvious in the temperature/time profiles for the
three batches of DEPECH piroduced.

DEPECH solids handling is difficult. The DEPECH reaction product is
a soiution of the DEPECH in THF/DMSO/methanol with suspended insoluble
salts of NaOCH;3 and NaCi. DEPECH recovery steps developed by Shell con-
sist of adding the mixture to a mildly agitated tank of water (20 pounds
Hp0/pound DEPECH) to precipitate the DEPECH and then filtering and
washing the filter cake. The precipitation/leaching, filtration and wash-
ing stnps were performed with difficulty largely because the DZPECH solids,
initially soft and tacky, harden as solvent is leached from the precipi-
tate. The precipitation/leaching step, in particular, requires further
development. In cne ABL run (Figure C-5), the physical form of the DEPECH
was significantly improved by operating at a higher precipitation/leach
temperature. The nearly spherical product obtained in run 983-)1 shown

in che figure {s considered to be much superior from a materfals handling
viewpoint,

In the AEL testu, filter cake was displacement washed three times to
remove absorbed or occluded salts and residual solvent, but chloride
content and other DEPECH properties were not measured. Hercules/Bacchus
anaglyses are required to assess the ABL washing technique.

Since DEPECH drying was so difficult and the yield in run 983-12 vas
higher than anticipated, it {s speculated that some of the gbsorbed or
occluded salts may have remained with the DEPECH and contributed to the
drying problem.

Although the effort in this brief program was mainly directed toward
producing DEPECH for the asource qualification testing at Hercules/Bacchus,
a preliminary operating cost appraisal 1s included to identify the
important cost elements for planning purposes.

Cc-8
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Cost estimating is basically an art, based on both empirical and
factual relationships. One purpose of cost estimating is to permit
economic evaluatinn of manufacturing processes at various stages of
development, There are various types of cost estimates differing in
detail and accuracy, depending on the amount of information available
concerning the particular process. New processes, such as the DEPECH
process, generally lack the detailed information needed to prepare a cost
estimate of high accuracy (i.e., +10%), nor is it generally in the
interest of time or money to prepare such an estimate.

The primary basis for economic evaluation of a manufacturing process
is the development of a flow sheet for the process. Such a diagram
includes material and energy balances for the process and enables deter-
mination of equipment capacities, requirements, utility consumptfion, etc.
In this preliminary process aralysis, only the direct and indirect
operating costs of producing DEPECH were projected to show that DEPECH
cost will be almost totally defined by production scale.

Raw material costs are given in Table C-4. The costs reflect mid 1976
pric2s when ECH and NaOCH3 appeared to be escalating rapidly., As evident
in the table, glycerin and BF3 costs are small and were excluded. The THF
cost was also excluded from the summation because its recovery would be
esgential for a production process. The $2.12 total ingredient cost with-
out the THF could rise to around $2.75/pound DEPECH (allowing about 10¢/
pound for THF recovery and minimal solvent losses to the process).

The basis of the raw material estimate is stoichiometric conversion
of ECH to PECH and 84% of stoichiomutric conversion of PECH to DEPECH
based on oune pilot-scale run (run 983-113. Stoichiometric conversion of
PECH to DEPECH is 257/366.4 = 0,7 Round DEPECH  Ag already noted, THF

recovery is essential for process SE%Hgmgggﬂd was excluded from the
analysis.

Generally, operating costs would be projected in terms of direct labor,
supervision at 12.5% of operating labor, maintenance as a fraction of fixed
capital/year, etc. as shown in Table C-5. For this simplified analysis,
however, the total operat’ng cost wus simply estimated based on a
representative composite .dercules/ABL) figure of $25/hour to illustrate
production-scale dependence of the operating cost estimate. The figure
should be accurate ~o within 15% or so and is escalating at about 7%/year.

The primary basis for the direct labur estimate is 55 man-hours/batch
of DEPECH in the existing pilot plant. Ti.e labor breakdown is five mane
hours for prepolymer, 20 man-hours Zor PECH, and 30 nun<hours for DEPECH
preparation. This amounts to 2.75 man-kours/pound DEPECH (~ $70/pound)
at the 20-pound scale. Increasing the batch size t» 50 pounds would

c-9
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probably increase the labor to 65 man-hours or so for a direct labor
cost of 1.3 man-hours/pound DEPECH. Even at the 50-pound scale, DWPECH
would be expensive due to the high labor requirements.

If the process were scaled to 1,000-pound batches, however, labor
requirements for material handling and minimal reactor operation might
only double to give a resultant direct labor figure of 0.13 man-hours/
pound DEPECH, or about $3.25/pound plus the $2,75/pound for raw materials.
Thue, an optimistic price for DEPECH might be ~ $6.00/pound (based on
1976 raw materials and current labor rates), plus amortization of the
fixed operating cost required for larger scale equipment.

Recommendations

It is recommended that the DEPECH product be evaluated by Hercules/
Bacchus before additional process development is considered. If the
product is chemically satisfactory, process improvement studies are
recommended for the DEPECH handling operations. In particular, DEPECH
precipitation/leaching, filtration, and drying steps require improvement
for production of the polymer.

Personnel

Mr. J, C, Farber is the Bacchus program manager, and Mr. T. C. Rissgell
is the ABL program manager for this irvestigation, Mr. N, F. Stanley is

the principal investigator.

N. F. Stanley

NFS: 1lr
Attachments

Aoproved by Mr. T. C. Risseli




TABLE C-1, REACTANT PROPORTIONS FOR LABORATORY-SCALE
DEPECH SYNTHESIS

Step 1 - Prepol r Preparation (2 moles ECH/mole

Ingredient Lb/Lb ECH Weight (Gms)
Glycerin 0.5 ' 357
BF, 0.0462 33
MeCl, 1.546 1104
ECH 1.0 714.3

Step 2 - PECH Prepgration (42 moles ECH/mole G

Ingredient Lb/Lb ilixture keight (Gms)

Prepolymer Mixture 1.0 75
MeCl, 4,434 33
ECH 6.93 520
Step 3 - DEPECH Preparation
Ingredient Lb/Lb PECH Weight (Cms)
PECH 1 300
THF 3 900
DMSO 0.19 57
: NaOCH, 0.87 261
3
1
c-11
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TABLE C-2. REACTANT PROPORTIONS

1. Prepolymer Preparation =~ Laboratory-Scale (983-2 and 983-9

Ingredient Lb/Lb Mixture Weight (Gms)
Glycerin 0.5 357
BF, 0.041 29-33
MeCl, 1.546 1104
ECH 1.0 7143
2. PECH Preparation - Pilot-Scale
: 983-10 9837
Ingredient Lb/Lb Mixture Weight (Lbs,)  Weighe (Lbg
: Prepolymer Mixture 1.0 3.00 4.80
R MeCl, 4,436 13.30 21.28
; ECH 6.93 20.79 33.27
H 3. DEPECH Preparation - Pilot-Scale
£ 983-8 983-11 983-12
Ingredient  Lb/Lb PECH  Weight (Lbs.)  Weight (Lbs Weight (Lbg,)
PECH 1 10.0 17.25 10.0
THF 3 30,0 51.75 30.0
DMSO 0.19 1.9 3.27 1.9
NaOCH, 0.87 8,7 15,00 8.7
Total 50,6 87.27 50.6

13
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TABLE C-3, RAW MATERIAL SPECIFICATIONS

Ammonia

Asgay
251

Assay
Dimethylsulfoxide

Assay

Water
ECH

Assay

Sodium Methylate
Assay

Sodium Hydroxide
Sodium Carbonate

Tetiahydrofuran

Specific Gravity 20 4°C.

Water

Peroxide (as THF hydroperoxide)

th ne Cnloride

Nonvolatile Residue

Acidity
Water

Glycerin

Specific Gravity 60/60°F.

Acidicy
Chloride
Ash
Water

c-13

987%

99% W

99%
<3000 ppm

99%

95% W
<1.8% W
<0.4% W

0.886-0, 889
<300 ppm
<150 ppm

<10 ppm
<5 ppm
<100 ppm

1.264

<0.001 eq/100g
<5 ppm

<0.C1% (sulfste)
<800 ppm



TABLE C-4, RAW MATERIAL COSTS (1976)

Ingredient $/Lb Lb/Lb DEPECH $/Lb DEPECH

DMSO 0.52 0.323 0.17
ECH 0.471 1.70 0.80
MeCly 0.20 1.156 0.23
THF 0.71 5.1 (3.62)
NaOCHg 0.621 1.479 _0,92

$2.12

NOTES: (1) ECH and NaOCHy costs are escalating significantly.

(2) Glycerin and BFy costs are relatively trivial and
were excluded.

g
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TABLE C-5, GENERAL FORMAT FOR COST ANALYSIS

1 Direct Operating Cost

Raw Materials

Steam

Utilities

Operating Labor
Supervision
Maintenance
Maintenance Material

TOTAL D.O. COST

11 Indivect Operating Cost

Aralyt_.cal Support
Plant (Area) Overhead
Labor Overhead
G&A/Fringe Benefits
G&A Baeic

TOTAL 1.0, COST

I11 Fixed Operating Cost
(Depreciation & Interest)

Iv Total Cost ~ I + 11 + IIl
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BF,
ECH

DMsO

[l

HeCly
NaOCH,

THF

GLOSSARY

Boron trifluoride
Epichlorohydrin
Dimethyl sulfoxide
Glycerin

Methylene chloride
Sod.um methylate

Tetrahydrofuran
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Figure C-5. DEPECH Photomicrographs (100X)
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\,(Under Air Force Contract F33615-68-C-1568, Shell Developmeni Company
developed and evaluated a process for making PCDE, progressing through the
intermediate steps of PECH, DEPECH, and PBEP. Hercules Incorporated, under
Shell Contract SDNO 84723, for Air Force Contract F33615-72-C-1446, success-
fully demonstrated the PBEP and ICDE processes at rates of 6 lb/hr and

pe provided other data pertinent to designing a large scale PCDE manufacturing
plant. S
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Study was made of twc methods for increasing the molecular weight and
functionality of PCDE by 1mproving the qualities in the PECH. The flrst
method was to euhject '‘standard" PECH to treatment that would retain only
the higher molecular weight fraction. The second method used was to vary
the PECH process to increase the molecular weight and functionality. The
latter approach, a low temperature process, was chosen as the best method
for making improved product,

As of August 1976, the twd PCDE production contracts have been completed.
A total of 1450 lb of PCDE have Yeen shipped; 992 1b under F04611-73-C-0051
and 458 1lb under F04611-75-C-0024 In addition to the specification material
shipped, 63.3 1b of poor quality E (Runs 14 and 20) were shipped to Naval
Weapons Center, China Lake, Californ\a. Also, approximately 90 lb of
material contalining N-fluorazoxy contagminant were destroygg.éy
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APPENDIX D

SHIPPINC CLASSIFICATION OF PCDE
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AT, . o
S : DEPARTMENT OF THE NAVY
NAVAL ORDNANCLE SYSTEMS COMMAND
NAVAL PLANT BRANCH REPRESENTATIVE OFFICE
HERCULLES, INCORPORATED
POST OFFICE DOX 157
MAGNA, UTAH 84043

IN REPLY REFER TO

SPLB-64:BLB:rh - -

4610

S0 TR R Y
Ser ‘{l{-l)

N6 10T
From: Naval Plant Branch Representative Office, Mapna, Utah
To: Manager, Salety, Hercules Incorporated, Bacchus Works, Magna, Utah
(Mr. J. F. Cross)

Subj: DPCDE (35%); classification of

Ref: (1) HL ltr MLISC/L1A/0-2311 of 17 May 1974 (same subject)
(b) Title 49 CFR parts 170-189

1. Reference (a) recommends that 357 PCDE in Mcthylene Cloride be
assigned a classification of "Propellant Explosives (liquid), Class B".

. 2. After witnessing Lhe tests and reoviewing the test data on PCDE
(produced by lleveules Inc.) in a 357 PCBE 65% methylene solution, a
tentative classification of Class B explosives is assigned.

3. The subject material should be described for shipment as "Propellant
Explosives (iiquid), Class B".

4. Packaging for shipment must be in accordance with reference (b)
- Section 173.93(c¢) or Burcaa of Explosives approved container BAL72L.

L, /)
[ /‘f (e ,«'.’Q'/ 2ls
B. L. BINGHAM
Transportation Officer
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Hereules Incorporatea
’ Bacchus Works
Magna, Utah
May 13, 1974
Ref. No. C4/5/74-182
cer B, Bingham
' J. Crogg
J. Thacher
R. L., Keefe
J. Farber
S, Nedlson
J. Duppell
TO: J. Rhoads
FROM: G5, Lalicy Ly /W, . Bath
(J// Jleill o 040 1
- i -
- Reference to your request tor lHazards Analysis-DOT Hazard Classification,
: dated 4-8-74, Tests Have boen compleiced, results are summarized cn the
7 attached form,
GHL/WDB/ jg
|
‘ H
: i
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SOCIATION OF '

PAVILELRUICSANNT [RUANTILLROZN DS

OPERATIONS AND MAINTENANCE DEPARTMENT - BUREAU OF EXPLOSIVES
AMERICAN RAILROADS BUILDING - WASHINGTON, D.C. 20036 . 202/293-4048

R R MANION
Vice-President

R. M. GRAZIANO
Director

KA

Cintel )
15-145 ' A -

SELIT=1RM P
January 9, W\ 15 />
y v s Ly V,»{.\

//.\\‘/

Ao, R
Mr. J. I7, Cross, Ngr, -5Saftety S T Y
Hercules Incorporated ' ( P '
1'. 0. Box 98 b
Magna, Utah 84044 ' "
Dear Mr. Cross: ' NO o

Nty T
Reference my letter of December 1Y, 1873 and your letter of August
28, 1973, concerning "PCDE'",
Be advised that the packaging in S-gallon containeirs (DOT 171)
overpacked in DCT 15A wooden boxes detailed in your letter of 8-28-73

is approved pursuant to Scction 173.93(c)(4) of the DOT Regulations,

Any incident involving this material and/or packaging must be
reported to the Burcau of Ixplosives,

If we may be of turther service, pleage advise,

Very truly yourg,

¢
RN M, Graziano

cc: C. W, Schultz

D)
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_~l" OPERATIONS AND MAINTENANCE DEPARTMENT . BUREAU OF EXPLOSIVES
AMERICAN RAILROADS BUILDING - WASHINGTON, D.C. 20036 . 202/293-4048
R, A MANION :
< Vice-Presdent :BA 1 721
R M. GRAZIANO 15-145

v‘v °l

ASSOCIATION OF

" ANVIERIGARN] [REILL Q@”@

" Duector SLF"'DC

Deccember 19, 1973

Mr. J. F. Cross, Mgr.-Safety
Hercules Incorporated

P.O. Box 98

Magna, Utah 84044

Dear Mr. Cross:

.'l’hn material deseribed in vour letter of August 28, 1973 _
and our attached laboratory report No, (s) 63011, September 18, 1973
is ‘properly described as Propellant Explosive {l.iquid), CHss B

in agcordance with Section 172,56 and classified as
Class B Explosive . in accordance with Section 173, 88(f) of

the DOT Hazardous Materials Regulations.

Required packaging, marking and labeling for surface transportation
(rail and highway) may be found in Sections as follows:

A. Packaging - Scction 173.93
B. Marking - Scction 173.93(f)
C. Labeling -~ Section 173,405

Section 173.86 requires that, except for shipments of sample
quantities, a written notification of the classification and approval
adcompaniced by a supporting laboratory report or equivalent data must
be filed with the Department of Transportation before any new cxplosive

device is offered for shipment.

If we may be of further service, please advise.

L Very truly y07
A ,
“Q ﬁ# )

A . W 2
4“‘ “ﬁ" ‘ ' R. I\%a%

“ “)"“¢ﬂ‘, Director

o e e am

Attachment - Invoice BEL 001248 & BEL 001251
ce: C. W, Schultz, Chief Chemist

D-6
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RARITAN CENTER - BUILDING 817 - EDISON, NEW JERSEY 08847 - 201/225-1618

ASSOCIATION OF

FAMIERIGAIN [FAVILIROAVDSS

OPERATIONS AND MAINTENANCE DEPARTMENT . RUREAU OF EXPLOSIVES

e e

CHEMICAL LABORATORY REPORT

R. M. GRAZIAND
O:rector and Chiel Ingpector Fie Number

C W SCHULTZ Laboratory Numper 63011

Chee!f Chemnist N
Laboratory Date ___bﬂzpl_m"b‘?r__l 81_ 19_7,3

Propellant Explosives (I.iquid), Class B
9, 0% PCDE in Mcethvlencechloride
Hercules Incorporated

A sample of material identified as 9. 9% PCDE in methylenechloride
was reccived from Hercules Ineo of Magna, titah,

The material was a orange color, clear liquid containing 9. 9%
PCDE.

A portion of the sample was maintained at 767 C for 48 hours,
under an Air reflex Condenser, 1t did not ignite or decompose. Mcethylene-
chloride was evaporated showing 90% loss of weight.

Portions of the sample as received and when absorbed in cotton
were initiated with Number 8 electric blasting caps, In all of thesc tests
the materials were contained in waxed paper cylinders 3" in diameter,

Material tested Test Result

10.grams of absorbent cotton plus 250 ml of liquid No cxplosion

10 grams of absorbent cotton plus 175, ml of liquid "

10 grams of absorbent cotton plus 150 ml of liquid
10 grams of absorbent cotton plus 100 ml of liquid "

200 ml of head liquid "

A portion of thc matcrial was placed on a bed of kerosenc soaked
sawdust, which was ignited. When the fire reached the test portion it
burned rapidly without explosion.

Small portions of the liquid, both as received and absorbed in
filter paper were subjected to 10" drops in the Burcau of Explosives
Impact Apparatus (Liquid modification), Six trials were made with
paper and six without. In none of the trials was therc any sign of explosion
or decomposition. '

Material represented by this sample is properly described as
propellant explosive (liquid), Class B and classcd as (Class B LIixplosive
under the DOT Rcgulations.

D-7 C. W. Schultz
Chief CChemist
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HERCULES INCORPORATED

INDUSTRIAL. SYSTEMS DEPARTMENT . SYSTEMS GROUP
P.O, BOX 98, MAGNA, UTAH 84044 « TELEPHONE: 2907-5911

| May 18, 1973 ‘

Ref: MISC/14/0-2004

Mr. Stanley Fastenau

Burcau of Explosives . .
Association of American Railroads g
Washington, D, C. 200306

Dear‘Mr. Fastenau:

We have been shipping a liquid explosive known as PCDE (35%) in methylene
chloride in one gallon quantity L7E containers per special BE permit

No. 588. This material is properly classed as Class B cxplosives and is
marked as propellant cxplosives (liquid) Class B for shipping purposes.

Burcau of Explosive special permit No, 388 was originally issued to She:
Devélopment Company in 1966 and updated in 1969 to ship PBEP and PCDE ir
onc gallon and 1.25 gallon DOT specification 17E, 24 gauge drums lined w.
phenolic base resin (Code R-801 or R-819) and provided with all polyethy-
~ lene gaskets. One such drum is to’ be overpacked in a DOT specification' 15-A
wooden box. The space between the drum and the box is to be filled with
incombustible packing material (Vermiculite) and be of such quantity that
any spillage of the solution will be absorbed.

The question has arisen as to whether or not lHercules should apply for a BE
special permit to ship PCDE, bascd on a new sct’ of sensitivity tests run on
“material manufactured at Bacchus; or can we legally continue shipping this
material on BE special permit No. 5887

liercules {Bacchus) is presently wmanufacturing and shipping small amounts of
PCDE on a contract with Edwards Air Force Base., The contract specifically
spells out the use of the special permit No. 588 to ship this PCDE.

Pledase advisc us of your opinion on this matter at your earliest convenience.

e

L ' ' © Yours very truly,_'
: ?/ Pl
J /¥, Cross
‘./Mﬁnaber of bafety - .
J¥C/EWGivens /slv | .
cc: J. C. Farber ;!

B. L. Bingham
- Safety File
’ D-8 |

T

v

B

R R T T

ot e R i R

SRS Faat KRy

PR

N et 35 .
T At 4 R e

T B i o



HERCULES INCORPORATED

(bate)
PCDE ANALYS1S REPORT

LOT:

ITEM DETERMINATION
1 Nitrogen, percent weight

2 Fluorine, percent weight

3 Hydroxyl equivalent per 100 gms
3.1 By chemical reactivity method
3.2 By effective gellation method
4 Molecular weight by VPO
S Hydroxyl functionality
5.1 By chemical reactivity method
5.2 By effective gellation method
6 Thermal stability, 110° C
7 Solids content, weight percent

8 Moisture, ppm
S Acetone, weight percent

10 Infrared scan

*
ANALYSIS CERTIFIED BY

ANALYSIS

Attached

Dxr. R. J. DuBols,
R&D Laboratory Supervisor

D-9

*
For product shipment only
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HEHCULES INCORPORATED

(hate)
PCDE ANALYSIS REI'ORT

3.1

3.2

5.1

5.2

10

DETERMINATION ANALYSTS

Nitrogen, percent weight

Fluorine, percent welight

Hydroxyl equivalent per 100 gms

By chewical reactivity method

By effective gellation method

Mylecular weight by VPO

Hydroxyl functionality

By chemical reactivity method

By effective gellation method

Thermal stability, 110° ¢

Solids content, weight percent

Moisture, ppm

Acetone, weight percent

Infrared scan Attached

|
1
" 1
ANALYSIS CERTIFIED BY i
5
1
| Dr. R. J. DuBois, ]

R&D Laboratory Supervisor

* E-2
} For product shipment only
[SI—— === e il - ;2 ==




lLaboratory Procedure
Determination of Water in PBEP and PCDE

SCorE

A pas chromatographic method for the determination of water in methylene
chloride solutions of PBEP or PCDE has been developed. To avold interferences
from decomposition a "low temperature inlet or on-column injection' technique

is ewployed.
SAFETY

1.ab coats, safety shoes and safety glasses will be required as a minimum,
The Laboratory Procedure for working with fluorinated compounds, Bacchus
Laboratory Manual, Scction XI, Method 1, will be followed for all sample
handling and disposal.

REAGENTS
(1) Dioxane - rcagent grade.

(2) Molecular sieves -5A, Union Carbide Company.

APPARATUS

(1) Gas Chromatograph = FM 720 or an instrument capable of using on-
column injection.

Instrumental Conditions:

Column - 2' x 1/4" SS Porapak Q.
Temp. =~ 100°C.

Current =~ 130 ma,

Detector - 250°C.

Inlet - 110°C.

Chart Speed - 30"/hr.

Flow - 60 cc/min.

HERCULES INCORPORATED
Bacchus Works
Magna, Utah

Initiated By: L. W. Haas Revision:
Approved: R. J. DuBois
Approved:
Approved:
Approved:
. E-3 Page 1 of 2
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Laboratory Procedure
Water in PBEP and PCDE

APPARATUS (Cont'd)

(2) Volumetric Flasks = 25 cc volumetric flask with ground glass
stopper, dried at 110°C and stored in a dessicator., Prior to use, the flasks
are blown out with dry nitrogen,

PROCEDURE
(1) Standardization

Weigh to the nearest 0.1 wmg, 50 mg of water into a tared dry 25 ml
volumetric flask. Make up to volume with dioxane previously dried with mole
sieves overnight., Inject 15 pl aliquots into the chrowatograph, setting the
attenuator Lo insurc the water pcak remains on scale. Also run a 15 gl solvent
blank. Measure the peak area using triangulation. After each run increase
the column temperature to 150°C to remove the solvent.

(2) Sample run,

Inject 40 pl aliquots of the "as received" sample into the chromatograph,
setting the attenuator to insure the water peak remains on scale., Mecasure the
peak arca using triangulation. After cach run increase the column temperature
to 150°C to remove the solvent. Determine the density of the sample solution
at 25°C.

CALCULATION

The response factor (F) for water is calculated using the following relation-
ship:

2 __SxV
Forelem” = S A®)

V = volume sample injected in Ml.

S = weight of water added in mg.

A = areca of water peak in standard in cm?,
B = area of water peak in blank in em?2,

vhere:

The concentration of water present in PBEP or PCDE is calculated as follows:

F x (A) x 100
VxD

7.“20 =

where: A = area of water peak in sample in cmz.

V = volume of sample injected in Hl.
D = specific gravity of PCDE solution in mg/ml,

Page 2 of 2
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HERCULES INCORPORATED
Bacchus Works
Magna, Utah
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The concentration of water present in PBEP or PCDE is calculated as follows:
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ARE A: Ruilding 6115, Room 0
T/.5X;
TiTI.E: Infrared Analysis of YCDE-PLEP Solutions

PROCLDURE 110, - 208=2003  _ RevissoN__ 0

IYPE 1

Tetal number of peges is 11 __.

lBercules Incorporated
Industrial Systems Depaxtment
SysLewms Group
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11,

111,

Laboratory lrocedure
Atrca - IMullding 8115, Room 6
I'rocedure No, 2R-4093

Infrared Analysis of PCDE-PREP Solutions

Sumnary

A, Scope - This procedure covers the infrared analyeis

of PBil' or FCDI solulions,

L. Principle - Infrarved annlysis provides information on
rcaction stoichiometry and a firsL indication
of product purity.

C. Limitalions and Interferences - None,

Reagents

1, Moleculary sicvcé, 3A, any vendor.

2. Acctone, technical grade, any v;ndor.

Apparatus

1. Infrared spectrometer, Perkin-Elmer 237 or equivalent,
2, NaCl windows, any source.

3. Eyedroppers, any source.

General Proccdure

IR Scans PCDE-PBEP )

Sample Prcparation

A)]l samples are typically received iné4aa polyethylene bottlen,

PCUE may arrive in a two phase system (water wash/PCDE solution). The
aqueous phase may be deeanted from the PCDE solution or the PCDE solution

tay be removed from under the aqucous phase with the aid of & medicine
dxupper.,

E-8




1. Dry RaCl plates at 100Y ¢ for at least once hour (overnipht if
posuible),

2. Place ~ 20 wml of solution in smwall polyethylene vial, Dry
with ~ 1/3 volume of 3A wolecular sicves., Allou to dry with

€

swirling -~ 5 minutes,

W
0

Assunmlr 3 10% solutions, place 15-20 drops of solution on a

varm salt plate,

o

o
Place salt plate in oven at 1007 C fer 10-15 winutes or untid
acetone is completely removed, (This can be cliccked by scanning
through 20220-1500 cinm).)  The ebzence of a shoulder on Lhe

N
,C = 0 band (see scan No, 1) indicetes no acctone is present., If

: acetone is present, veturn the sample to the oven until the band
’ at 1750 cm™ " is well rounded, (Sce scan No. 2.) When no acetone
is evident in the IR scan, procced to scan,

IR Scan

1, Place sample in sample holder,

2. Adjust 100% control to 75% at 4000 cm .

[N

Adjust sample thickness to get 25-30% rcading at 2950,

(Do not change 100% adjust to adjust percent transmittance
at 2950 cm-l, To adjust sample thickncss, either remove
or redictribute material on the salt plate with a wooden spatula,

4, T~turn cacrriage to 4000 cm-l and rccord acan'nt fast specd,




+ e 4

™

Scan Analywis
A, To check for conversion of I'BED to PCDLE

The band at ~ 1420 cm-l (Scan Re, 2) is indicative of the primary
difluoramine group (-CH ,=iF ). During convevsion to I'Chi, this group
is LT]H‘f“ll(d to a nllrllc, -C:sM, which absorhs at 2260 Lm'l Abscice
of a band or any hint of a band at 1420 cw~l (sce Sean No. 3) indicates
that the IBLI has succensfully been converted to PCLE,

B, To check for conversion of DETLCH to PEED

Unconverted DEPECH will show up in the infrared scan at 10650 (‘Hl-l
(See Scan Ko. 4,) This band has been assigred to the double bond of
DEPECH (CC~¢() which has not been totally converted,
C. N-fluerazoxy checl

. -1 . .

A band in the spectrum at 1520 cm is indicative of an N-{luorazoxy
moicty, %

. =N = NF., This presumably 1s due to K0 in the difluoramination

process. KO wost likely would be formed from hydrolysis of N2F4 during
reaction,

-o-n 3450-3650 cm” !
-CH 2930-3050 ¢m
SO 2260 cm-1
/ C=0 1740 cm~ 1
gcetgne Cc=0 1720 em™} Should not be there
c=( 1655 cm} DEPECH only
7\
,LZ -1
=N=NF 1520 cm NO present iu reactor
PChE -NFZ (teriary) 1460 cm:: i
1380 cm_y
PBEP NF2 (primary) 1425 cm_y
1360 cm
. Approved By

JJ_.L,_

vBois

J /') (M’

G. M, Daurclle

Initfated By Dennis T, Saucr Safety Department
‘{Qy‘l /JW'CW
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Laboratory Proceduyre - Tentative R&D USE ONLY

Nitrogen Content of PBET and PCDE

SCOVE

This method 18 to be usced for deteyrmining the nitrogen content
of PBEY and PCDE using a C,H,N Analyzer. This method consists of
combusting the sample at 1000°C in an inert atmosphere and reducing
the nitrogen containing functional groups to nitrogen, The nitrogen
is scparated from the other gasses using a Porapak Q column, which
has been calibrated using acetanilide as a standard.

SAFETY

Lab coats, safety shocs and safety glasses will be required as
a minimem.  The Laboratory Procedure for working with fluorinated
compounds, BRacchus Lahoratory Manual, Section XI, Method I, will be
followed for all sample handling and disposal.

REACENTS

(1) Acctanilide -~ National Burecau of Standards 141A, Contains
10.3637 N,

APTARATUS
(1) C,H,N Analyzer:
Instrumental Conditions:

Combustion furnace temp. - 1000°C
Reduction furnace temp., - 570°C
Column - 4' x 1/4" SS Porapak Q
Column temp. - 60°C

Column flow = 25 cc/min,

Splitter flow - 200 cc/min.
Filament voltage - 7 vqlts

HERCULES INCORPORATED
Bacchus Vorls
Magna, Utah

Initiated by: . / Revision:

Approved: Date:

Approved: Approved:

E-11
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laboratory Proccedure - Tentative

APPARATIS - Con't.

(2) BRalance - Cahn gram clectrobalance,
(3) Aluninum sample boats - Hewlott Packard Co. Cat, # 5080-5045,

PROCEDUIL

Accurately weigh ocut four to seven milligram ncat PBEP or PCDE
to the ncarcest 0,001 mg into a tared aluminum boat., Place the boat
containing the sample into the push rod. Insert the rod into the
cold zone of the furnace and allow the system to be purged with helium,
When ecquilibrium is obtaincd inscrt the push rod into the combustion
furnace for g static burn period of 20 scconds., Set the attenuator
to ensure that the nitrogen peak remains on scale. Measure the pceak
area using triangulation.

- ———

Using the saime procedure described for the sample determine the
response factor for nitrogen using four to seven milligrams acctanilide
weighed to the nearest 0.001 mg.

CALCULATION i
(1) Standardization using acetanilide.
The response factor(F) in terms of mg/cm? is calculated ]

using the following equation:

F = Sx .10363 :
Agt

Where: § = wt, of acetanilide in mg,
Age = area of N, peak in cm? of acetanilide.

(2) Samples.

The nitrogen content of PBEP or PCDE is calculated using the
following equation:

W =« ExAg x 100
W

Where: A = area of N, peak of sample in cm®,
W = weight of sample in mg.

OPRD. AL T ML L:r v

E-12
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Laboratory Procedure - Tentative R&D USE ONLY

?‘-é
o FLUORINE CONTENT OF PBEP AND PCDE
|
f
SCOPE . F
1
This method 1s to be used for determining the fluorine content .
of PBEP and PCDE. The perfluoramine groups of PBEP and PCDE are base \
hydrolyzed to fluoride ion in an alcohol solution of the sample. The .
alcohol is evaporated on & steam bath which also assures couplete :
conversion to fluoride ion. The fluoride is diluted to a known volume '
in a manner which provides a resultant pH of 8.3 and a constant ionic
strength of 0.1000 1. The solutions are then subjected to a standard
addition titration with 0.1000 M NaF (having an ionic strength of
_ 0.1000 M alsc) using a fluoride ion-calomel elcctrode pair in conjunction
: with a precision pH meter. At least five incremental additicens of the
‘ titrant are made and the resultant solution potentials are rccorded
to a tenth of a millivolt. The data are trcated via the Gran's plot
concept.
SATETY
Lab coats, safety shoes and safety glasses will be required as
: a minimum. The Laboratory Procedurc for working with fluorinated
! compounds, Bacchus Lahoratory Manual, Section XI, Method I will be :
: followed for all sample handling and disposal. ;
3
REAGENTS «
(1) Sodium fluoride, 99.3% Baker Analyzed Reagent. Dry at 105°C [
for two hours before use. !
1
(2) Sodium fluoride, 0.1000 M, Dissolve 4.1991 g in a liter of i
distilled water. i
I
(3) Constant Ionic Strength -pH Buffer. Prepare a solution i
0.807 M in sodium bicarbonate by dissolving 67.89 g of the material :
» in distilled water and diluting it to one liter. b
! b
(4) Sodium hydroxide, 50% ‘E
(5) Nitric acid, concentrated, . |
(6) Alcohol, reagent, specially denatured.
RERGULES INCORPORATED
Bacchus Works
&(h gna, Utah
Init1iated b Revision-
Rt Approved: ﬂ S oA Date:
) Approved: Approved:
E-13 Page 1 of 3
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Laboratory Procedurce - Type 1

APPARATUS

(1) Trluoride Ion Electrode, Orion Model 9409 or equivalent, Orion
Rescarch Inc., Cambridge, Mass,

(2) Calomel recference electrode, salurated.

(3) Research Model pi Meter, Corning Model 12 or cquivalent,
capable of reading to 0,1 mv.

(4) Gran's Plot paper, 10% volume corrected, Orivn Research Inc.,
Cat. #f 90-00-90 or computer facility, capable of performing a relative
least squaves evaluation of the Gran's plot data.

PROCEDURE

Accurately weigh neat PBED or PCDE samples, containing three to
five millimoles of fluorine into 250 ul poivethylene buakers. add
ten milliliters of reagent alcohol and stir the samples into solution,
taking carc not to splash the samples on the walls of the beaker.,
Add exactly 1.00 ml of SO% sodium hydroxicde by pipette buret and continue
to stir while the samples heat up, hydrolyzing the perfluoramine.
Cover the samples with a watch glass and continue stirring ten minutes
or so. DPlace the samples on a boiling stcam bath, remove the watch
glasses, washing them with alcohol, and evaporate the solvent to dryness
or near dryness, When the residues appear dry (white) remove the
beakers and add about 100 ml of distilled water. Adjust the pH of the
solution to 8.0 to 8.5 with nitric acid, Add 100 ml of the 0.807 M
buffer and dilute the contents of the flask to one liter with distilled
water. (At this point the samples will be at a pH of 8.3 and the
total ionic strength will closely approximate 0.1000 M),

Prepare standard runs by accurately weighing 100 to 200 mg recagent
grade sodium fluoride into polycthylene beakers and process these in
a manner identical to the samples above.

Empty the liter dilutions into two liter beakers without washing,
but taking care to drain the contents well, Add a stir bar and immerse
the fluoride ion calomel electrode pair into the stirring solution.
Record the initial millivolt reading using the expanded scale of the
instrument. Add incrementally 10,00, 20.00, 30.00, 40.00, and 50.00
wl of 0.1000 M godium fluoride and record the potential responses
to each addition to the nearest 0,1 wv,

Plot the data from the standard run on Gran's plot paper and determine
the fniti{al concentration of fluoride present in the sample. An alternative
and preferred treatment of this data can be obtained by programming the
Gran's plot into a computer such as an IBY 370, utilizing & relative
least squares program for reductionm of the data.

E-14 Page 2 of 3




Laboratory Procedurc - Type I

NOTES

Adjust all data for the purity of sodium fluoride reported on the
label.

CALCULATION
The fluorine content of PBEP and PCDE 1is calculated in the following

manner:

9F = M x 18.998 x 1000
W

Where: M = the molar concentration of fluoride determined
by the Gran's Plot tecchnique.

W = the weight of the sample in grams.

E-15 !
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Laboratory Procedure - Tentative R&D USL ONLY

Removal of Solvent From PREP and PCDE

sScore

Prior to the analysis of PBEP and PCDE {t {s nccecssary to remove
the solvent in which the materials were prepared,

PROCEDURT,

1) A sample of PBEP and PCDE solution containing approximately
two grams of the desired product is placed in a 50 cec round bottomed
flask along with a one inch Teflon covered magnetic stirring bar.

2) Remove the solvent from the sample using a Rinco evaporator with
the sample immersed in a 50-60° water bath.

3) After sufficient solvent has been removed such that a vacuum
of onc to two Torr may be applied without causing the product to foam
out of the flask, relcase the vacuum and add about 30 cc of dry cthylene

dichloride.

4) Rotate the flask in warm water until the polymer has redissolved.

5) Remove the solvent as previously described then repeat the
process for two additjonal aliquots of ethylene dichloride.

6) For final complete solvent removal the heated rotating flask
is gsubjected to a vacuum of 0.1-0.2 Torr for two hours.

SAFETY

Provisions have been made to shield the entire operation with
plexiglass shields. Lab coats, safety shoes and safety glasses will
be required as u« minimum. The Laboratory Procedure for w~rking with
fluorinated compounds, Bacchus Laboratory Manual, Section XI, Method I
will be followed for all sample handling and disposal,.

HERCULES INCORPORATED
Bacchus Works
Magna, Utah

Initiated by: Revision:
Approved: Date:
Approved: Approved:
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Laboratory Procedure « Type III R&D USE ONLY

Effective Tunctionality

SCOPE

Functionality 1s normally defined as the ratio of the molecular weight to
the ecquivalent weight of a compound., Functionalities described in this manner
are often quite meaningless in that they contain monofunctional or nonfunctional
impuritics vhich do not enter into the binder network, These impurities do,
however, effect the GPC or VPO results,

Now if only those chains which contain functional groups capable of reacting
with an alcohol and taking part in the formation of a binder network are considered,
vwhat 1is known as an "effective" functionality is obtained,

Fxperimentally, the isocyanate/hydroxyl (NCO/OI) equivalents ratio at
incipient gelation is determined and the 'effective" functionality (fe) calculated
according to the following equation:

(NCO)/(OH) = 2/fe

This equation predicts that a triisocyanate will gel when 2/3 of its
functions are rcacted when mixed with a diol,

Reagents and Apparatus

1) Glass Vials - 3 dram, snap cap vials, dried at 110°C and stored in
a desiccator,

2) PGA - difunctional Ruccoflex S1011-115,
3) Cyclohexanone - reagent grade,

4) TIron(IlI) acetylacetonate (Fe (AAA)j3) - reagent grade, 5% in dimethyl
phthalate.

5) Dimethyl phthalate - reagent grade,

HERCULES INCORPORATED
Bacchus Works
Magna, Utah

Initiated: .. W, Haas gfw‘dggz Revision: 2
Approved: zg:gz g 2 Zé] O Date: 21 December 1976
R&D Sdperintendent '
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. : Laboratory Procedure - Type 1T1
F§' : Effective Functionality

| Standards and Solutions

| 1) PGA standard - Accuratcly we'’gh 24.5 grams PGA and 25,5 g cyclohexanonc
‘ and mix,

2) N-100 solution ~ Usc thc 7% “MCO value oltained for the particular lot

to be tested and determine the grams of N-100 per NCO equivalent (equivalent
weipht (cq. wt.) ).

EqQ. Wt. = ,z“-:-C_(.) x 100

From this, prcparc the N-100 solution as follows:

a) N-100, g = EQ Nt iom'

b) Cyclohexanone, g = (100 g - g N-100)
Mix well,

{
i ; Procedure

1) 1Into each glass vial accurately weigh exactly 5.00 g of the PCGA
solution (3 vials should suffice),

2) 1Into cach individual vial accurately weigh 2,40, 2,60, 2,80 g of
the N-100 solution,

3) Add 5 drops of Fe(AAA)3 catalyst, shake and put into a 120°F oven
overnight to gel.

4) Determine the point at which the sample gels, A gel occurred if the
! sample does not flow upon turning the vial upside dowm,

& 5) Establish the exact gel point by prcparing four wore vials with 5.00 g
S PGA solution and accurately weighing in N-100 solutions at 50 mg intervals
- between the gel sample and the one below it which did not gel.
Example: If gel occurred at 2,6 g N-100, weigh out for the
second set 2,450, 2,500, and 2,550 g of N-100 solution.
Calculation
- Calculate "effective' functionality as follows:
LN . 2
e fe = A
| 3
Where: A = grams of N-100 solution used iu step 5 to effect gel,
E-18
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UoP 2R-PC31
Revision 2

L. SCOPE
1.1 This document describes the procedure for synthesizing and preliminary

purification of PBEP in a liquid phase flow reactor system.

2. REQUIREMENTS

2.1 Personnel working in this operation are responsible for knowing and
foliowing this procedure,

2.2 This procedure may be redlined with approvals by building supervision and
Safety.

2.3 No person will conduct a live run unless he has conducted at least two
inert runs with nitrogen and solvent, or a live run within the previous 90-day
period.,

2.4 Handle volatile solvents per GOP 2-G20-55.

2.5 Dispose of waste matevrial per GOP 2-Gl15-10.

2.6 Observe building and personnel limits specified in GOP 2R-TVOl.

2.7 All applicable safety rules specified in GOP 2R-TVOl shall be adhered to.

3.  APPLICABLE DOUUMENTS

GOP 2-G20-55 Handling and Use of Volatile Solvents

GOP 2-G15-10 Waste Disposal

GOP 2R-TVO1 Building Jl.imits, Safety Rules, and Building
and Equipment Inspection

GOP 25-12 TVOPA, PBEP, and PCDE Spill Cleanup

Operating Orders Bound Shift Log Book

4. MATERIALS AND EQUYPMENT

4.1 MATERIALS DESCRIPTION

Acetone NR

Methylene Chloride NR

TA Triacetin

Ethylene Glycol Approved for use in pilot plant

High Pressure Nitrogen Nitrogen gas in cylinders, full pressure
2200 psi.

Low Pressure Nitrogen Liquid nitrogen available as gas at 125-150
psig, furnished in bulk storage tank

Methanol NR

Wood Pulp NR

E-20
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MATERIALS (Cont 'd)

Cloth
Wipes
Olefin
N2Fa

Halocarbon 18CS/100
or Fluorolube MO-10B

EQUIPMENT

Reaction System

Respirator

Slum Pot

lon exhcnage feed pump
hose

Pinch Clamps

Liquid explosive sample
bottles

Sample Carrier
Product bottles

Jug

Trays

Transfer Boxes
Beaker
Funnel
Shoes
Strap

Glasses

UOP 2R-PC31
Revision 2

DESCRIPTION

Clean, untreated

Reticulon, Industrial Wipes
DEPECH

NR

Pcsitive displacement pump oil

DESCRIPTION

Defined on process flow sheet
083-2354-11001-5BU as modified

Vapor type, air line, or mask with type
N cartridge

Clean, seamles» aluminum container

3/8" OD x 1/16" wall, Nordell Rubber
Hose clamp

Polypropylene sample bottles, 4 oz,

Drawing 08H00094
5-gallon polyethylene

1-,2-,5- and 7-gal!lon polyethylene
translucent, heavy wall

Plastic or aluminum, approximately
1-1/2 fc x 2 ft x 6 inches deep

Wood with polyethylene foam liner
Polyethylene, 1000 cc¢
Polyethylene, 3 in., to 6 in.
Safety, non-conductive

Shoe, conductive

Safety, prescription or plain lenses

Plastic pi-pump and polyethylene pipette or
syrirge and air bulb

Liquid exploasive aampler

E-21
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4,2 EQUIPMENT (Cont 'd) DESCRIPTION

Gloves Neoprene

Hard Hat With face shield

Hand truck two-wheel tlat bed with sides

Scale Dial, 0-75 pounds
5. SAPETY
5.1 Eye protection shall be worn when within the confines of the pilot plant,
including all areas of TV100, TV200, and PC300 sections.
5.2 Avoid exposure to and inhalation of acetone or NjF, .
5.3 During transfer of acetone from drum to solvent vessel, the hose is to

be positioned to allow the acetone to run down the side of the vessel. The
acetone should not be allowed to fail free when filling the vessel due to possible
static electricity buildup., During acetone transfer, all personnel in the solvent
room or area will wear a face shield. Acetone drums will be grounded during
acetone transfer.

5.4 N2F, i8 & highly toxic gas, and personnel exposure to even low concent-
ration of ézFa should be limited. Anyone working in an area where a faint odor of
NoF, exists should leave the area if the situation cannot be corrected within 30
minutes. If the odor becomes pungent, the area should be evacuated immediately.
Also, 1t should be remecmbered that continuea exposure to N7F; has been reported

to deaden the olfactory nerve, so {t is important to have a fresh observer
occasionally check an area where NzFA may be present even though personnel working
in the area cannot detect any odor. The operator can do this by going to a

fresh air area for a few minutes and then return. J to the suspected area. N,F,

is a strong oxidizer acd should not be allowed to contact hydrocarbon greases or
solvents or other reducing chemicals. Moisture and all gases except dry nitrogen
or dry helium must be excluded fron the system. For this reason, all equipment
used with NpF, must be degreased prior to use., The reactions of NyF, with other
materials may be catalyzed by the presence of air (oxygen). Therefore, air should
be rigorously excluded from systems containing NjF,, and these systems should be
maintained in a lcak-free condition. All NpF, valves must be operated by remote
means .

5.5 Once the doors to the reactor bay to the PC-300 reactor area have been
closed, do not open them until the entry shutdown has bcen performed. The
control room door to the PC-300 area is not considered closed until]l the latch
has been secured.

5.6 Before opersting an NpF, valve, be sure that(l) all personnel are in the
control room, and (2) building compressed air is on before any remote valves
are operated. Do not approach the N;F, storage area if the red light is turned
on.

5.7 Before opening the NyF, manifold, be sure that the remote control valves
nearest the storage tanks (MPC-211 and MPC-212) are closed.
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rF 5.8 PBEP sclutions will be treated as explosive material since 1if a spill
!; _ occurs or sufficient solvent evaporated, an explosive hazard could exist.

i Undiluted PBEP is highly sensitive.

5.9 Once the reaction has started, the solvent must continue flowing until
either the reactors are cleared of explosive materfal (3 gallons of solvent), or
the temperature of both reactors is below 50° C.

WARNING

Failure to keep solvent flowing may result in an
explosion within the reactor.

5.10 All bottles containing PBEP are to be placed in rtrays during operations
where spill may occur, Place P3EP bottles in aluminum or plastic trays duvring
storage.

5.11 All PBEP processing waste {s to be placed in TA wet pulp in explosive
waste container and disposed of as liquid explosive per GOP 2-G15-10,

5.12 PBET solution will never be permitted in any area of building 2354 other
than the reactor bay and purification bay.

5.13 Before process gas is allowed to flow through valves MPC-314 or -315, the
heaters of the fluoride traps shall be locked in "off" position. The key shall
be held by the supervisor.

m T w——

5.14 Because NoF4 is a strong oxidizer, N2F, - acetone vapor mixtures can
spontaneously detonate with (1) improper purging of air from the system, (2)
improper passivation of the system, or (3) out-of-control high reboiler conditions.
Therefore, the process must be vigorouely adhered to during (1) the N, purging
operations, (2) the N;F, passivation operations, and (3) high temperature alarm
testing.

6. OPERATIONS

6.1 PRELIMINARY OTERATIONS AND CHECK-OFFS

6.1.1 All operating personnel will perform at least one simulated emergency
shutdown before start-up or at the beginning of each shift 1f operations are
] continuous.

6.1.2 Verify instrument alr is on.

6.1.3 Make sure there are 1-1/2 bottles of high pressure nirrogen and sufticient
liquid nitrogen to supply low pressure nitrogen gas.

6.1.4 Make sure electricity is on at the panel board enc lights are on in the
reaction area. '

6.1.5 Pumps P-301 and P-302 will have previously been set to deliver the
required feed rates.

, (f) 6.1.6 1lf air has been in system:




V0P 2R-PC31
Revision 2

6.1.6.1 If air has been introduced either to the compressor or the reactor
system, purge the reactor and compressor system as follows, otherwise, go to
Step 6.1.7.

M

6.1.6.2 Isolate 200 gas feed gystem from the compressor system by closing feed
valves MPC-314 and -315, as well as the manifold selector valves if the TV-200
section 18 down. Close MPC-334.

6.1.6.3 Place collection vessels T-303A & B under drain valves MPC-318 and
MPC-319, Use T-303A (MPC-318) for product and T-303B (MPC-319) for scrap
collection. At the same time, visually check tubing in pump P-303 to be sure it
is in good condition.

6.1.6.4 Drain valves MPC-317 and MPC-319 should be open.

6.1.6.5 Switch compressor K-301 speed contrcl PRC-305 to manual. Then adjust
PRC-305. Set point to 6 to 9 psi on air loader,

6.1.0.6 Switch Compressor K-302 flow controller FRC-307 to manual and open
control valve FRC-307D.

6.1.6.7 Adjust reactor back pressure controller PRC-303 to a low level (below
25 psig).

6.1.6.8 Purge the compressor suction lines.

-
L et

6.1.6.8.1 Pressurize the suction lines to 16 to 20 psig with nitrogen feed
P through MPC-306. Close MPC-306.

B 6.1.6.8.2 Turn on Compressors K-301 and K-302. Open discharge valve MPC-311
¢ and evacuate the suction lines to 1 to I psig.

6.1.6.8.3 Repeat the pressurization and evacuation steps five more times.
6.1.6.9 Purge the reactors.
6.1.6.9.1 Place Controller PRC-305 on automatic and carefully pressurize the

suction lines to full nitrogen pressure through MPC-306. Leave MPC-306 open.
Set PRC-305 air loading at 70 + 5 psig.

6.1.6.9.2 Adjust reactor back pressure valve PRC-303 to 100 psig.

6.1.6.9.3 Place K-302 on automatic at 12 + 3 SCFH. Continue to purge for at
least two minutes after the reactor system reaches 100 psig.

6.1.6.9.4 Place Compressor Controllers PRC-305 and FRC-307 on manual control.
Then reduce PRC-303 setting to below 25 psig and bleed off nitrogen.

6.1.6.9.5 Repeat Steps 6.1.6.9.2 through 6.1.6.9.4 five more times. It is
not necessary to place controllers PRC-305 and FRC-307 on automatic control for
the cycling operations.

0 6.1.6.10 Shut down compressors.

6.1.6.10.1 Verify Compressor Controllers PRC-305 and FRC-307 are still on manual
control. Verify reactor bulk pressure setting is still set below 25 psip back
pressure,
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6.1.6.10.2 Slowly reduce K-301 speed controller FRC-305 pressure to 30 psig
setting.

6.1.6.10,3 Adjust K-302 flow controller setting as required to hold 30 psig
suction pressure,

6.1.6.10.4 Close MPC-306.

6.1.6,10.5 When suction pressure drops to "0 psig or below, shut off compressors
K-301 and K-302.

6.1.6.11 Raise pressure setting on PRC-303 to 400 - 500 psi to close valve.

6.1.6.12 Dispose of any liquid and explosive scrap and close drain valves
MPC-317 and MPC-321 from C-302 and vent trap V-303.

6.1.7 If TVOPA or other contaminant has been in system

6.1.7.1 Verify that tubing in pinch valves and P-303 is acceptable for PBEP
operations. Replace tubing if necessary.

6.1.7.2 Verify the R-30l reactor pressure drop monitoring system has been
disconnected from (1) the R-301 inlet mixer, and (2) R-301 outlet line.

6.1.7.3 Verify that the 3/8 tempered water system is connected to E-301
(absorber) and E-306 (Freon chiller) exchangers. Also, verify that the spectacle
flange will permit brine flow through the by-pass line. (The closed side of the
flange {s out).

6.1.7.4 Drain tanks T-301, T-302, and T-302A. Pump 1l to 2 gallons of

methanol from T-301 into reactors. Flush out all four tanks with several small
washes of acetone.

NOTE: When filling tanks with acetone, position fill
hose so acetone runs down side of tank to minimize static
electricity buildup.

6.1.7.5 Partially fill tanks T-301, T-302, and T-302A with acetone.

6.1.7.6 Pump 6 gallons of acetone through system. Pump at least one gallon
out of T-302A and at least two gallons each from tanks T-30l and T-302.

6.1.7.7 Recalibrate pumps P-3Cl and P-302 while pumping acetone in Step 6.1.7.6.
6.1.8 Verify reactor system has been pumped full of solvent by appearance of
solvent at seal leg between colums C-30l and C-302. System checkout can be

continued while fiiling reactor system.

6.1.9 Start up hot water circulation system by following steps:

6.1.9.1 Ensure that adequate water (70% + 5 %) level is in hot water drum
V-306, Add water if necessary with level indicator contrcller LIC-306.

6.1.9.2 Bring water to required temperature by opening steam valve TRC-303;
use automatic controller. Set back pressure valves BPV-304 and BPC-305 as
required by instructions in Operating Log Book.
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6.1.9.3 Turn on hot water pump P-304. Open ma—r-al valves to provide steam

to TRC-302D. Open TRC-302D on manual in. ri-men ntrol and then switch ta
automatic control, or use automatic con. .

6.1.10 Mixing Olefin

6.1.10.1 Verify that tank T-302 temperature is below 45° C.
6.1.10.2 Purge tank T-302 with Nj.

6.1.10.2.1 Set purge N; system pressure at 6 psig.

6.1.10.2.2 Pressure and vent tank T-302 three times. Vent tank through rupture
disk by-pass valve.

6.1,10.2.3 Leave a small N2 bleed going after purging tank (0.1 setting on
purge rotometer), Also leave rupture disk by-pass valve open.

6.1,10.3 Verify that tank T-302 pressure has been relieved, Then carefully
unbolt and open 4-inch port.

6.1.10.4 Verify that all valves under Tank T-302 are closed and that filter
housings are full of acetone.

6.1.10.5 Fill Tank T-302 with acetone to specified level. Record volumes on
transfer log.

NOTE: When filling tanks with acetone, position fill
hose so acetone runs down side of tank to minimize static
electricity buildup.

6.1,10.6 Start agitator in Tank T-302. 4

6.1.10.7 Add specified amount of olefin to Tank T-302. Record weight on
transfer log.

6.1.10.8 Close and bolt 4-inch port.

6.1,10.9 Close rupture disk by-pass valve.

6.1.10.10 Adjust purge N system pressure to 20 psig.

6.1.10.11 Using the 3/8-inch tempered water system and steam, heat the

acetone in tank T-302 to 75° C. The tempered water from Tank T-302 should go to
the drain.

6:1:10.12 Maintain a 75°C. acetone temperature in Tank T-302 for 90 minutes.

6.1,10.13 Using 3/8-inch tempered water system, cool acetone in tank T-302
to specified temperature. Send cool water to drain line,

6.1.10,14 Realign the tempered water systems as follows:
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6.1.10.14.1 Set the 3/8 tempered water system to maintatn T-302 temperature
as specified in the operating orders (nommally between 55 and 65° C).

6.1.10.14.2 Start the 1/4" tempered water syatem to heat the traced lines and
to exchangers E-306 and E-301. Send water back to the recirculation system.

6.1.11 Prepare other tanks as follows:

6.1.11.1 Fill Tank T-301 to level specified in operating orders. Record
volumes on transfer log.

NOTE: When filling tanks with acetone, position fill
hose so acetone runs down side of tank ro minimize sratic
electricity buildup.

6.1.12 Fill shutdown Tank T-302A with acetone. Record volumes on transfer log.
Observe note after Step 6.1.11,1.

6.1.13 Observe feed tank level records LRA-301 and LRA-302 to be sure they
are operating.

NOTE: Alarms are activated automatically at 13%
low level.

6.1.14 Ensure that suction lines from pumps P-301 and P-302 are full of

solvent by closing discharge vilves, opening circulation valves, starting pumps,
and operating them until lines are filled, Pump out of Tank T-301 for both
pumps .

6.1.15 Turn on water to back flash preventor column when it is installed,

CAUTION: 200 process gas lines to back flash preventor
column should be disconnected and plugged.

6.1.16 Valve Checks
6.1.16,1 Fill in hand valve check-off sheet.
6.1.16.2 Verify that following MPC valves are closed.

(a) MPC-314 - 200 gas manifold

(b) MPC-315 - 200 gas manifold

(¢) MPC-3Gl - Compressor suction

(d) MPC-310 - Compressor vent valve

(e) MPC-311 - Compressoxr discharge

(f) MPC-312 - Reactor N back pressure

(g) MPC-306 - N~ to compressors

(h) MPC-330 through MPC-340 and MPC-342 - N,F, recovery system

6.1.16.3 Verify that following MPC valves are open,
(a) MPC-308 - Feed rate bomd

6.1.16.4 Verify that nitrogen flow valves for FI-304, FI-305 and FI-306 are
open and flow rates are set as specified.
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6.1.16.5 Close the following control valves:

FPC-303
PRC-306
LRC-303
FRC-305
PRC-304
PRC-301
FRC-307

6.1.16.6 Set regulator on high pressure nitrogen at 600-650 psi unless
otherwise specified. Set one bhottle to regulate about 25 psi below other bottle.

6.1.16.7 Set MPC-307 to flow through the recovery system.

6.1.17 Leak-check following items of equipment for a minimum of 15 minutes.
(It is possible to perform the leak check during an overnight shutdown).

6.1.17.1 Leak-check process lines from 200 gas manifold through compressor to
compressor discharge valves MPC-311. 1If 200 gas was left in system on shutdown,
perform leak-check with 200 gas. Otherwise use nitrogen from feed valve

MPC-206 to pre-pressurize system to 30 psig. Do not operate Compressor K-301.
Do not waste 200 gas.

6.1.17.2 Pressurize rerovery system to 15 psig, as follows:
6.1.17.2.1 Aligu valves as follows:

Open MPC-332
Open PRC-304D
Open PRC-306D

Verify that the following valves are closed:

LRC-303D
MPC-333
MPC-335
MPC-334
FRC-305D

6.1.17.2.2 Carefully pressurize recovery system to 15 + 3 psig through reactor
back pressure valve PRC-303D, Then close PRC-303D,

6.1.17.3 Leak -check reactor system at desired operating pressure between
compressor discharge valve MPC-311 and back pressure valve PRC-303. Use sulvent
from P-301 to establish back pressure or admit nitrogen through back pressure
valve MPC-312, then close.

6.1.17.4 1f no pressure drop is observed in any part of systém for 15 minute

period, proceed. If leaks ave indicated, consult with supervisor; further
procedure will be made at his direction.

6.2 ctart Up

6.2.1 Perforn the following checklist before starting:
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(a) Solvent present in line from T-301 through solvent pump
P-301 into first stage reactor R-301.

(b) Pump oil in both P-301 and P-302.

(c) The compressor line from TV-200 gas manifold to
compressor discharge valve pressurized with from 2 to
15 psig of nitrogen.

(d) The olefin line contains solvent from olefin feed tank
T-302 through pump P-302 check valve near reactor R-301.
Also, that the olefin feed line has been heated to 40 to
45° c.

(e) The reactor system pressurized and pressure recorder controller
PRC-303 set at reactor back pressure given in operating order book.

(f) The reactor hot water system operating at temperatures given
in operating order book.

(g) The hand valve check-off list has been completed.

(h) N, is flowing to C-301, C-302, and vent bottle.

(1) Process gas vent lines from 300 section are connected.

1 Callection jugs T-303A and B are empty and in position in
trays. Never remove one of the jugs without replacing it
with a clean vessel.

(k) The brine system is on and circulating through the 300 section.

6.2.2 Recovery Column Startup

6.2,2,1 Align control valves as follows:
LRC-303D - closed
FRC-305D - closed
PRC-306D - closed
PRC-304D - open

6.2,2,2 Align MPC valves as follows:

MPC-331 - open MPC-337 - closed
MPC-332 - open MPC-338 - closed
MPC-333 - closed MPC-339 - rlosed
MPC-334 - closed MPC-340 - closed
MPC-335 - open MPC-341 - for system flow
MPC-336 - closed MPC-342 - closed

6.2.2,3 Purge column with N,.
6.2.2.3.1 Purge through rotometer FI-305 at a 50% setting.
6.2,2.3.2 After five minutes, close MPC-335 and observe pressure rise on

PRC-304. Record pressire at which high pressure alarm souds and then open
MPC-335 again. £.29
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NOTE: If alarm does not sound below 25 psig,
terminate alarm test and notify supervisor.

6.2.2.3.3 Close MPC-335 and pressurize system to 20 psig and then open MPC-335
and vent system to 5 psig.

6.2.2.3.4 Repeat Step 6.2.2,3,3. five times,

6.2.2.3.5 Close valves opened in Steps 6.2,2.1 and 6.2.2.2, Open MPC-342.
6.2.2.4 Fill system with acetone,

6.2.2.4.1 Set PRC-306 on a 4 psig air loading on manual control.

6.2.2.4.2 Set LRC-303 on a 207% scale setting on automatic control,
6.2.2.4.3 Verify that brine valves to E-310, and C-301 are open.

6.2.,2.4.4 Verify that valve MPC-332 is closed.

6.2.2,4.,5 Pump acetone through system using pump P-301.

6.2.2,4.6 Set rotometer FI=310 to give an E-302 product outlet temperature ot
100° F.

6.2.2.4.7 Verify that water to E-309 is turned on,
6.2.2.4.8 When level in the column (C-304) is sufficient for LRC-303 to
start controlling, carefully close control valve LRC-303D and observe level rise

on LRC-303. Record level at which alarm sounds.

NOTE: 1If the alarm does not sound below the 50%
level, terminate the test and notify supervisor.

6.2.2.4.9 Slowly open contrnl valve LRC-303D with LRC-303 on automatic control
and allow column to return to specified level,

6.2.2,5 Start heating the column.
6.2.2.5.1 Place FRC-303 on manual control and open control valve FRC-303D.

6.2.2.5.2 Open MPC-330 and slowly open hand valve in hot water line and record
temperature at which tempered water alarm sounds.

NOTE: If the alarm does not sound below 200° F,
terminate test and notify supervisor.

6.2,2.5.3 Set reboiler tempered water temperature at 180° F.

6.2.2.5.4 Slowly adjust rotometer FI-310 to increase E-302 product outlet
temperature to 140° F,

6.2,2,5.5 Record temperature at which column high temperature alarm sounds.
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NOTE: 1If alarm docs not sound below 70° F. notify
supervisor.

When reboiler temperaturc reaches 140° F. and alarm test is completed.

start P-302 using bypass line from shutdown tank,

6.2.2.5.7

Then slowly reduce E-302 product outlet temperature to 70° F. by

ad justing F1-310,

6.2.2.5.8

With FRC-303 still on manual control, adjust central valve FRC-303D

to maintain specified reboiler temperature.

6.2.2.5.9

When column lines out, put TRC-304 on automatic control and FRC-303

on automatic cascade control.

6.2.3 Reactor Startup

6.2.3.1

6.2.3.1.1

Start Compressors.

Verify that temperature ou the traced line through compressor heads

to the absorber is between 105 and 125° F,

6.2.3.1.2

6.2.3.1.3
6.2.3.1.4

6.2.3.1.5
pregssure is

6.2.3.1.6

6.2.3.1.7

Align MPC valves as follows:

MPC-301 - closed
MPC-306 - closed
MPC-308 - open

MPC-310 - closed
MPC-311 - closed
MPC-332 - open

MPC-333 - closed
MPC-334 - closed
MPC-335 - open

MPC-336 ~ closed
MPC-337 - closed

Verify that FRC-305 is closed,
Verify that PRC-301 is closed and then open MPC-306 and MPC-301.

5lowly open PRC-301 on automatic cOntrol until a 5 psig suction
achieved.

Set FRC-307 on automatic control with control valve FRC-307D closed.

Set PRC-305 at 9 psi air loading on gutomatic control and start

compressor K-301.

6.2.3.1.8

6.2.3.1.9

when PRC-305 indicates 50 psig, start compressor K-302.

When PR -303 indicates a K-302 discharge pressure higher than

reactor pressure, open MPC-311.

6.2.3.1.10

Adjust FRC-307 to specified startup flow rate. Adjust PRC-305 to

a 70 paig setting.

6.2.3.1,11

Make a final check of 300 bay and lock 300 bay door.
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6.2,3,1.12 Turn on red operaiing light.
6.2.3.1,13 Have the 200 operator open valves from specified 200 gas feed cylinders.

6.2.3.1.14 Close MPC-306 and when pressure on PR-301 is slightly lower than
NoF, pressure, open either MPC-314 or MPC-315 as specified. Record the time.

6.2.3.1.15 After N;F, has been flowing for 15 minutes, slowly adjust FRC-307
to specified startup rate.

6.2.3.1.16 After specified startup NoF, flow rate has been achieved, run a
feed rate bomb test using procedure 6.3.9.

6.2.3.2 Switch pump P-302 to DEPECH feed.

6.2.3.2,1 Three minutes after specified NjyF, startup flow rate has been
achieved, switch P-302 to DEPECH feed. Record the time.

6.2.3.2,2 Verify calibration of P-302.
6.2.3.2.3 Verify calibration of P-301.

6.2.3.2.4 When PBEP appears in plastic line under column C-302, close
MPC-319 and open MPC-318,

6.2.3.2.5 Slum material in plastic jug under MPC-319,
6.2.3,3 Start Gas Chromatograph.

6.2.3.3.1 Verify helium gas is flowing and that the cylinder contains sufficient
gas for the run.

6.2.3.3,2 Verify that celibration gas cylinder contains sufficient gas for rum.
6.2.3.3.3 Turn on power and timer switches,

CAUTION: Power without helium flow may burn out
detector elements,

6.2,3.3.4 Obtain a readout nn calibration gas.

6.2.3,3.5 When satisfied, stop analyzer at 90-100% cycle by turning off
timer switch,

6.2.3,3.6 When ready for a reading, open MPC-336,

6.2.3,3.7 Then close calibration gas valve end open NyF, sample valve from
300 section on the west wall of 200 bLay hood. Open MPC-336.

6.2.3.4 When GC printouts indicate that acetune content cf e :cle NyF, is
below specified maximum limit, start NyF, recirculation.

6.2.3,4.1 Place FRC-305 on manual control and open control valve FPC-305D to
indicated bleed rate.

6.2.3.4.2 Place PRC-301 on marual control maintaining same flow rate.
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6.2.3.4.3 Close MPC-335 and open MPC-334.

6.2,3.4.4 If a K-301 compressor suction pressurc change is indicated, manually
ad just PRC-301 to compensate. When suction pressure has stabilized, place
PRC-301 back on automatic contyol.

6.2.3.4.5 Then place FRC-305 on automatic control and adjust, as required,unti’
specified bleed rate has been achieved.

6.3 wWhile Running -

6.3.1 Adjust FRC-307 setting us required to maintain TV-200 gas feed rate
designated in operating orders.

6.3.2 Record items listed on operating log sheet at interval. specified or
during any sudden changes in system.

6.5.3 Observe pressure and behavior of system and if {'ow should stop for
any reason, immediately follow emergency shutdown procedure.

6.3.4 If reacticn temperature should suddenly rise, check suvlvent feed pump
P-301 to be sure it is pumping. If pump is operating properly, perform
emergency shutdown procedure at once. (If pump 1s not operating properly,
attempt to bring reaction under control by adjusting pump).

6.3.5 1f seal leg between column C-301 and C-302 does not run full, notify
supervisor. Do not shut down,.

6.3.6 If seal leg from column C-302 blows, reduce gas flow to strippers at
onuce to re-establish seal, Shut down if seal is not re-established within 3

minutes,

6.3.7 Maintain an adequate level in feed tanks T-301 and T-302. 1If tank level
is too low, level alarm will sound.

WARNING
Do not let pumps suck air; explosion could result.
6.3.8 To switzh from nearly empty gas feed vessel to full feed vessel:

0.3.8.1 Close valve(s) on nearly empty vessel (MPC-314 or MPC-315) and switch
TV-200 section valve as required,

6.3.8,2 Immediately open for a short time (about 3-10 seconds) the valves from
full vessel. Observe ac-ion of suction pressure controller PRC-301 so that
suction pressure i maintained nearly constant.

6.3.8.3 Continue to open and close valve MPC-314 (or MPC-315) until {full storage
pregaure is read on PR-302, then leave valve open.

6.3.9 At designated intervals, verify NoF, flow rate using calibrated feed
rate bomb V-301,

6.3.9.1 Leave MPC-308 open during normal operations.
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6.3.9.2 Close MPC-314 or MPC-315 as applicable. Also close MPC-334.
6.3.9.3 Time by using a stop watch and record pressures from PR-301.

6.3.9.4 Open MPC-334 and MPC-314 or MPC-315 for shoct intervals until suction
pressure is back under control,

6.3.9.5 Using the measured pressure drop over timed interval and charts,
determine feed rate and compare to rate indicated on FR-301.

6.3.9.6 Adjust FR-301 setting as 1 :quired to maintain specified feed rate.

6.4 Normal Shutdown Procedure

6.4.1 Shut down the reactor feed.

6.4.1.1 Switch pump P-302 from DEPECH feed to acetone feed through bypass line,
Wait 10 minutes,

6.4.1.2 Place FRC-303 on manual control and maintain same bleed rate.
6.4.1.3 Open MPC-335, close MPC-334, and close FRC-305.

6.4.1.4 Adjust FRC-307 controller to 12 + 3 SCFH setting and continue NjF,
flow for 45 minutes.

6.,4.1.5 Close MPC-314 or MPC-315 and careful'y rpen MPC-306.
6.4,1.6 Have 200 operator close storage bank valves.
6.4.1.7 Purge compressors with Ny for 30 minutes. Then close MPC-306.

6.4,1,8 When compressor suction pressure, as measured on PRC-301, is below 30
psig, stop K-30l.

6.4.1.9 When PRC-305 pressure is below 30 psig, stop K-302,
6.4.1.10 Close MPC-310 and MPC-332,
6.4.2 Shut down recovery column.

6.4,2,1 When color in plastic line under column C-302 starts to lighten up,
close MPC-318 and open MPC-319,

6.4.2.2 Continue to pump acetone until through.with Step 6.4.2.1.
6.4.2.3 Then close hand valve in hot water line to reboliler.
6.4.2.4 Flush the DP cells.

6.4,2,4,1 Open hand valve on flush line near pump P-301 discharge.
6.4.2,4,2 Open MPC-339 and flush for 5 minutes. Close MPC-339.

6.4.2.4,3 Open MPC-338 and flush for 5 minutes. Close MPC-338.
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6.4.2.4.4 If explosive has gotten into overhead system, tlush through MPC-340
for 5 minutes with MPC-333 open. Otherwilse, ignore this step.

6.4,2.5 Continue to pump acetone through column for 10 minutes. Then stop pumps
P-301 and P-302,

6.4.2.6 When reboiler tempezature drops below 45° C, close hand valve in cold
water line to reboiler. Close MPC-330.

€.4,2.7 Unlock 300 bay door,

NOTE: This step may be performed anytime after
Step 6.4.2.2.

6.4.2,8 Close hand valves in condenser ovcrhead brine system.
6.4.2.9 Close hand valves in E-309 cooler water system.

6.4,3 Flush the DEPECH System.

6.4.3,1 Start cooling down tank T-302.

6.4.3.2 Set pump P-302 to pump from bypass line from tank T-301 and pump to
tank-302., Start pump P-302.

6.4.3.3 When tank T-302 temperature is below 45°C., open port on top of tank.

CAUTION: Be sure tank pressure has been relieved
befcre unbclting cover.

6.4.3.4 Drain tank T-302 through drain line.

6.4.3.5 Flush acetone from tank T-302A back into tank T-302 through pump suction
line.

6.4.3.6 Close drain valves under tank T-302 and add 2 gallons of Methylene Chloride
to tank T-302,

6.4.3.7 Switch valves to feed acetone through DEPECH system from tank T-302A.

6.4,3.8 Switch pump P-302 suction back to DEPECH system. Continue to pump to
tank T-302,

6.4.3.9 Verify that tank T-302 sight glass is empty. I{f not, pump it out at
this time,

6.4.3.10 1Increase pump P-302 to full pumping rate. Wait 15 minutes.
6.46,3,11 Switch to clean DEPECH filter. Wait 15 minutes.

6.4.3.12 Flush tank T-302 sight glass for 5 minutes minimum.
6.4.3.13 Shut down pump P-302.

6.4.3.14 Close valves under tanks T-301 and T-302.

6.4.3,15 Clean tank T-302,
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6.4.3.15.1 Drain tank T-302 through drain line,

6.4.3.15.2 Rinse tank with 1 gallon of Mcthylene Chloride.
6.4.3.15.3 Rinse tank with 2 gallons of acetone.

6.4.3.16 Clean DEPECH filter housings.

6.4.3.17 Coul down reactors.

6.4.,3.17.1 Turn off hot water circulating pump P-304.

6.4.3.17.2 When reactor temperature is below 45° C., close hand valves to
F1-310.

6.4,3.18 Turn off tcmpered water systems.
6.4.3.19 Shut o1f brine cooling system to PC-300 unit.
CAUTION: Do not stop vrine flow to TV-V-104 and
V-105 unless they are empty. Loss of cooling to
V=104 and V-105 will cause DFU to decompose.
6.4.3.20 Shut down hot water circulating pump. Turn off nitrogen valves to the
stripper. Turn off nitrogen supply to TV-300 unit. Turn off recorders. Close

MPC-317, MPC-318, and MPC-319.

6.4.3.21 If this is an overnight shutdown, apply leak check per Paragraph
6.1.17. Record each pressure and bay temperature.

6.4.3.22 Turn off bay lights and operating warning lights.

6.5 300 Bay Entry Shutdown for Maintenance

6.5.1 1f shutdown is for entry into reactor bay for maintenance, follow normal
shutdown procedure with following exception:

6.5.1.2 Pump an additional 5 gallons of solvent through the reactors R-3101 and

6.5.2 Purge the compressor and TV-200 gas lines by the following procedure:

a. Open nitrogen feed valve MPC-306 to pressurize c. -.essor
system and turn on compressors K-301 and K-302.

: b. When compressor K-302 discharge reaches 200 psig, close
nitrogen feed valve MPC-306 and open vent valve MPC-310 to
TV-R-203.

¢. When suction pressure reaches one to two psig, repeat previous
two items five times, and then pressurize suction lines to

5 psig.

{—j d. Close MPC-310. Stop compressor K-301. Close MPC-306.
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6.5.3 Countinue with normal shutdown procedure.

6.6 Emergency Shutdown Procedure

6.5.1 £ reaction needs to be stopped quickly due to fire, explosion, plugging,

or some general emergency, follow this procedure immediately:

NOTE: Red markers are beside each of the following
stop buttons or valves.

a. Stop compressors K-301 and K-302.

b. Stop olefin feed pump P-302.

c. Close compressor discharge valve MPC-311.
d. Push emergency nitrogen purge button, if required,

e. Open emergency cooling water valve if required and
stop hot water circulation pump P-304.

WARNING

Extreme care should be used in considering this step.

Disruption of the hot water flow will probably cause the

olefin to gel in tank T-302 and in the feed lines.

f. Close compressor feed valve MPC-301,

NOTE: Do not turn off the solvent feed pump P-301 unless
the system 18 plugged or the main line has been ruptured.

g- Close MPC-332, MPC-330, and MPC-334.

6.6.2 If time permits, do the following, preferably in order listed:

a. Close all process gas block valves in TV-300 and TV-200 cections

including MPC-314 and MPC-315.

b. Close TRC-302 to stop steam flow to R-302.

¢. Move set point on TRC-301 to 50° C. to obtain maximum cooling

water flow, Note warning after Step 6.6.1.e.

6.6.3 If product material is spilled onto the £loor, turn on red warning light.

6.6.4 Switch product collection MPC-318 or MPC-319 to jug containing lowest

quantity of material.

i 6.6.5 Clear immediate area of all personnel, notify supervisor, and wait for
‘ further instructions.

; Q

! - 6.6.6 When 10 gallons of solvent have been pumped into reactor system, turn

off solvent pump P-301.
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6.6.7 In the event it is not possible to pump acetone through the reactors
in an emergency, the following steps are to be taken:

6.6.7.1 Notify the supervisor.

6.6.7.2 Pump acetone through MPC-339 (FRC-304A acetone flush valve) and
control the C-304 cleaning by using level control valve LRC-303D.

NOTE: 1If MPC-339 is not suitable for this flushout
at the time, the flushing could be carried out using
MPC-338 (LRC-303A acetone flush valve).

6.7 Disassembly or Tightening of Joints

6.7.1 Turn on red light and recduce building personnel to absolute minimum required.

6.7.2 No joint in the process line shall be disassembled or tightened unless the
supervisor is tanding by.

6.7.3 Before disassembly begins, a bay entry shutdown,in accordance with
Paragraph 6.6 of this procedure, will be performed. 1f it is not possible to

perform bay entry procedure 6.5 and clear the reactor system of all explosive
material, proceed to Step 6.8.

6.7.4 The individuals disassembling the joint shall wear the following as a
minimum:

a. Safety glasses.
b. Hard hat and face shield.
c. Blast protective gloves.

6€.7.5 The individuals working on disassembly shall be shielded by a 1l/4-inch
thick plexiglass shield or equivalent.

6.7.6 No more than two persons shall be in the reactor area during disassembly.
6.7.7 Proceed with disassembly or tightening.

6.8 Plugged reactor procedure

6.8.1 Attempt to clear both reactors R-30l and R-302 by pumping acetone through
the remote solvent purge valves located at the entrance and exit of reactor R-301.

6.8.1.1 I1f reactor R-302 is cleared but reactor R-301 is still plugged, pump
against the entry of reactor R-301 and close the remote purge valve., Digassemblec
the fitting between the purge valve at the reactor R-301 inlet and the check
valve {mmediately upstream of the valve per Steps 6.8.1. Then attempt to back
flush reactor K-301 by pumping acetone through the remote purge valve located at
the R-301 outlet. Collect any material collected from R-301 backflush operatiovn
and treat as exotic explosive waste,

6.8.1.2 1f reactor 1-301 or the feed line remain plugged, disassemble any
necessary fittings using remote operated hydraulic jacks.

END
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1. SCOPE

1.1 This document describes the procedure for synthesizing and preliminary
purification of PCDE in a liquid phase flow reactor system,

2. REQUIREMENTS

2.1 Personnel working in this operation are responsible for knowing and following
this procedure. This procedure can be redlined,

2.2  No person will conduct a live run unless he has conducted at least two inert
runs with solvent, or a live run within the previous 90-day period.

2.3 Handle volatile solvents per GOP 2-G20-55.

2.4 Dispose of waste material per GOP 2-Gl5-10.

2.5 Observe building and personnel limits specified in GOP 2R-PCOl.

2.6 All applicable safety rules specified in GOP 2R-PCOl shall be adhered to.

3. APPLICABLE DOCUMENTS

GOP 2-G20-35 ' Handling and Use of Volatile Solvents
GOP 2-Gl15-10 Waste Disposal
) GOP 2R-PCO1 Building Limits, Safety Rules, and
Building and Equipment Inspection
GOP 2-G25-12, Rev. 1 TVOPA/PBER/PCDE Spill Cleanup
Operating Grders ’ Bound Shift Log Book
4. MATERIALS AND EQUIPMENT
i 4.1 MATERIALS DESCRIPTION
: DMK Acetone
ﬁ Lime NR
L NaOH NR
H,S0 NR
TA Triacetin
Molecular Sieve See Appendix A
High pressure Nitrogen Nitrogen gas in cylinders, full
- (p) pressure 2200 psi
‘ Low pressure Nitrogen Liquid nitrogen available as gas at 125-150

psig, furnished in LS 156 cylinders or

equivalent
E-41
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MATERIALS (Cont 'd)

Wood Pulp

Cloth

MDC

™A

Halocarbon 18CS/100

or fluorolube MO-10B
or turbine 15

EQUIPMENT

i~e~rlonSystem

Respirators

Slum Pot:

lon exhcnage feed pump hose

Pinch Clamps
PCDE Sampler

Tubing

PCDE Sample Bottles

Sample Carrier

Sampling Assembly

Bottles

Jug

Trays

Transfer Boxes
Beaker
Funnel

Refrigerator
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DESCRIPTION

NR

Clean, untreated

Methylene Chloride
Trimethylamine

Positive displacement pump
oil

DESCRIPTION

Defined on flow sketch

Vapor type, air line, or mask with
Type N cartridge

Clean seamless aluminum container

Viton, 3/8 OD x 3/32 wall

Hose clamp

Plastic pi-pump and polyethylene pipette

Nordel, Viton, gum rubber, assorted sizes

Polyethylene sample bottles, 200 cc's

Drawing O8H00094

Rubber stopper fitted with a squeeze bulb
pressurizing plastic tube and discharge
plastic tube and with a venting bulb or
a third "venting' tube

5 gallon polyethylene with nylon harness

5 gallon, 7 gallon polyethylene, trans-
lucent, heavy wall

Plastic or aluminum, approximately 1-1/2 ft
x 2 ft x 6" deep .

Wood with polyethylene foam liner
Polyethylene, 1000 cc
Polyethylene, 3" to 6"

NR
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4.2 EQUIPMENT (Cont'd) DESCRIPTION
Shoes Safety, conductive
Glasses Safety, prescription or plain lenses
Gloves Neoprene
Hard Hat with face shield
Hand Truck 2 wheel flat bed with sides
Scale Dial, 100
5. SAFETY

5.1 Eye protection shall be worn within the confines of Building 2284 including
all areas of operation and storage.

5.2 Avo.d exposure to and inhalation of solvent or TMA.

5.3 Acetone is a volatile, flammable liquid, During any transfer it shall

be allowed to flow down the side of receiving vessel or discharge hose shall be
at bottom of receiving vessel. During operations hood safety doors will be
closed.

5.4 T™MA is a flammable, alkaline, colorless gas at room temperature and pressure.
It has a characteristic fishy odor in lower concentrations. In higher concentrations
(100-500 ppm) the fishy odor is no longer detectable and oder is more like ammonia.
It is readily liquified and is shipped in steel cylinders as a liquified gas under
its own vapor pressure. It is very soluble in water and in various organic solvents.
A threshold limit value of 10 ppm is suggested. Inhalation of higher concentrations
of TMA will produce moderate to severe irritation of upper respiratory tract and
lungs (suitable gas masks should, therefore, be provided for exposed workers).
Workers who are exposed continuously to trimethylamine (TMA) should wear eye
protective devices to prevent injury in case of spillage. Bronchitis and
conjunctivitis may result from exposure to vapors., Direct contact of TMA with

skin and mucous membranes may cause burns; dermatitis and conjunctivitis occur
occasionally after prolonged exposure to vapors but sensitization has not been
observed. Both liquid and vapor TMA are highly irritating to eyes, and Iinjury

to eyes may occur if proper care is not given at time of exposure, However, odor

i8 detectable at low concentrations to give adequate warning of {ts presence and

no bad effects have been observed on persons exposed for long periodsof low
concentrations,

5.5 During operations yellow light on top of Building 2284 will be turned on.

5.6 PBEP and PCDE solutions will be treated as explosive material since if a
spill occurs or sufficient solvent evaporated, an explosive hazard could exist.
Undiluted PBEP and PCDE iws highly sensitive.

5.7 All bottles containing PBEP or PCDE are to be placed in trays during operations

where spill may occur, Place PBEP and PCDE bottles in aluminum or plastic trays
during storage.
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5.8 All PBEP or PCDE processing waste is to be placed in TA wet pulp in
explosive waste container and disposed of as liquid explosive per GOP 2-G15-10.

5.9 Process solvents attack all plastics. Inspect hoses and plastic containers
for evidence of damage.

6. OPERATIONS

6.1  PRELIMINARY OPERATIONS AND CHECK OFF
NOTE: As the hoods contain flammable materials {t
will be necessary to keep the hood doors closed
except to adjust pump rates, remove hose clamps, and
normal maintenance. The doors act as a flash shield.
The doors will be kept closed whenever any pump is
operating in the hood.

6.1,1 Verify that instrument air is on.

6.1.2 Make certain electricity is on at panel board and lights are on in reaction
room.

6.1.3 Ascertain that pumps P-401, P-403, P-404, and P-405 have been set to
deliver required feed rates.

6.1.4 Verify that columns C-403 and C-404 has been prepared in accordance with
Appendix A.

6.1.5 Check to make certain following valves and pinch clamps are in their.
proper position.

(a} Reactor drain line HC-404, HC-405, HC-406, HC-407 all closed

(b) Back pressure control valve BPC-401 closed at proper setting.

{(c) Drain lines HC-409, HC-410, HC-411, HC-412, HC-413, HC-414 all closed.
6.1.6 Prepare acid mixture in accordance with directions given in Appendix A.

6.1.7 Turn on cooling water to reactor R-401 at proper flow rate and
temperaturea as directed in operating log book.

6.2 START UP
6.2.1 Perform following checklist before starting:
(a) Valve and clamps set as noted in 6.1.5.
(b) Pump oil in both P-403 and P-404,
{(c) Cooling water to reactors on at proper rate and temperature.

(d) Check water level control system on feed to P-408 to make certain
float valve is working.
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(e) Make certain temperature recorder is turned on and operating.

(f) Make certain T-40l contains enough solvent to start run. Record
weight.

6.2.2 Start up pumps and flows in following manner,
6.2.2.1 Start P-403 feeding MDC.
6.2.2.2 Using FRC-401 bring flow of ™A to flow setting indicated in operating log.
6.2.2.3 Turn on acid pump P-404,
NOTE: Inspect tubing and pumps for any leaks.
6.2.2.4 Start pump P-404 and inspect system for leaks.

NOTE: Monitor temperature carefully during start up
to mcke certain feed is flowing properly.

6.3  RUNNING-REACTION

6.3.1 Allow product to collect in T-404 for approximately two hours. The watrr
phase will overflow into T-405 as needed.

6.3.2 Empty T-405 to waste tank in following manner.
6.3.2,1 Make certain T-406 has sufficient capacity to hold contents of T-405.
6.3.2.2 1Inspect T-405 for evidence of product phase. If there is no producE
phase or product phase is below pump suction outlet, proceed with next step. 1If
product phase is sufficient to be near or above pump suction, go to Step 6.3.2.6.
Do not pump to T-406.

6.3,2,3 Position clamps to route waste from T-405 to T-406.

6.3.2.4 Start P-407 and empty T-405,
6.2.3.5 Stop P-407. Go to Step 6.3.3.

6.3.2.6 Determine source of product stream and whether it is still entering
T-405.

6.3.2.7 Shut down using normal shutdown procedure if leak cannot be stopped.
6.3.2.8 Pump product phase to T-403 using following steps:
(a) Place P-407 discharge hose to pump to T-404.

(b) Start P-407. Pump until product phase has been pumped to T-404
then pump an additional 2 gallons of water.

NOTE: This clears pump of any product

(¢) Stop P-407,

(d) Replace P-407 discharge hose to T-406.
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6.3.2.9 Start up process again using start-up procedure. Begin extraction
start-up as instructed in log book,

6.3.3 At designated intervals make feed rate checks on feed solution P-401 speed,
solvent flow (T-401), and acid flow (T-402).

6.3.3.1 Use dip stick to measure content of T-402,
6.3.3.2 Record level of T-401 and T~402.

6.3.3.3 With time and level information calculate flow rates of feed solution
and acid flow.

.

6.3.3.4 Periodically check rotometers to make certain water flows are at proper
rates,

6.3.3,5 Periodically check rubber tubing for leaks and signs of deterioration.
6.4 EXTRACTION SYSTEM START-UP
NOTE: Sufficient material must have accumulated in
T-404 from reactor heod or feed material must have been
transferred into T-404 from another source (gee Section

6.15).

6.4.1 Turn on water to C-401 (FI-402) and C-402 (FI1-403) at settings specified
in operating log. Pump P-408 must be on.

NOTE: This water will overflow to T-405 making necessary
more frequent transfers of waste to T-406.

6.4.2 When water begins to overflow to T-405 from C-401, position clamps to
route P-405 discharge to extraction column C-401.

6.4,3 Start P-403,
6.4.4 Check P-406 discharge and suction lines to made sure lines are not clamped.

6€.4.5 Watch C-401 for evidence of product and when product phase has reached
desired level start P-406,

NOTE: Adjust pump rates on P-406 to maintain interface on
both C-401 and C-402.

6.4.6 Take care to maintain interface in C-401 and C-402 between limits
indicated on columns, This is done by controlling the pump rates of P-406.

6.5 NORMAL SHUTDOWN - REACTION

NOTE: Extraction section may still be operating.
6.5.1 Stop P-401,
6.5.2 Wait three minutes then turn off TMA flow using FRC-401.
6.5.3 Continue to pump solvent (P-402) for 5 more minutes.
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After pumping solvent (6.4.3) for 5 minutes, stop P-402.

Stop P-404,

If extraction step is not in operation stop P-408.

When extraction step is completed, perform a maintenance system flush (6.7).
NORMAL SHUTDOWN - EXTRACTION

NOTE: Normally the reaction step will be complete and
all product will be in either T-404 or T-403.

6.6.1 Monitor interface level on T-404 and note when interface {s at bottom
of T-404.
6.6.2 When product phase has been pumped from T-404, continue to pump until
approximately one gallon of aqueous phase has been pumped also.
6.6.3 Stop P-405 and stop water flow F1-402.
6.6.4 Stop P~406 when interfaces are at minimum contact marks.
6.6.5 Make certain T-405 will holld aqueous phase in T-404. 1If necessary pump
T-405 to T-406.
6.6.6 Pump contents of T-404 to T-406 as follows:
(a) Place P-407 pump suction in T-404,
(b) Start P-407,
6.6.7 When T-404 is empty, stop P-405.
6.6.8 Wait for several minutes to allow C-40l interface to stabilize.
6.6.9 Change pump head and tubing in pump P-404., Use 7015 head and viton tubing.

NOTE: Anytime MDC is to be pumped a 7015 head and viton
tubing must be used in P-404,

6.6.10 Add 1 gallon of MDC to T-404,

6.6.11 Start P-405 and pump MDC to C-401.

NOTE: Do not turn on water.

6.6,12 When MDC has been removed from T-404, stop P-405 and wait until interface
stabilizes again,

6.6.13 Start P-406 and pump product phase to C-402 and T-403.

6.6.14 1f necessary to recover additional product in C-401, repeat Steps 6.5.6
through 6.5.13.
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6.6.15 Drain the contents of T-403 into T-404 by opening clamp HC-417.
6.6.16 Close clamp HC-417 when T-403 {s drained,

NOTE: The product is now ready for settling prior
to drying step or recycle through extraction step.

6.6.17 1f recycle through extraction step is necessary, start up extraction step
per procedure, Step 6.3 making certain the proper pump head and tubing are used in
P-405,

6.6.18 If recycle is not necessary, allow product phase to settle for time
indicated by supervisor,

6.6.19 Empty T-405 to T-406.
6.7 DRYING
6.7.1 vunplete this portion of procedure only after approval of supervisor.
6.7.2 Set pump speed as indicated in operatlional log book.
6.7.3 Set clamps to route from T-404 to dry columns.

(a) Open HC-419

(b) Close HC-418
6.7.4 Make certain C-403 and C-404 have been prepared according to Appendix A.
6.7.5 Flace a product receiver in position. '
6.7.6 Place column discharge hose in T-407 and remove HC-413.
6.7.7 Close 1. d doors to hoods 2 and 3.
6.7.8 Start P-405.
6.7.9 Pump until interface on T-404 is just at tank bottom,

NOTE: Do not pump any aqueous phase into column.

6.7.10 Stop P-405.
6.7.11 Change P-405 suction and pump MDC from bucket.
6.7.12 Start P-405 and pump MDC until discharge for C-404 has cleared.
6.7.13 Stop P-405.
6.7.14 Carefully stir product in T-407 and sample.

6.7.15 Load out product from T-407 to product cans when directed by aupervision
using procedure in Appendix C.
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6.8 PROCESS FLUSH
6.8.1 Reactor System
6.8.1.1 Place a 5 gallon jug containing 3 gallons MDC or DMK in position T-304.
6.8.1.2 Place 7015 head and viton tubing on P-401 if MDC 1is used.
6.8.1.3 Pump flush solution through system to T-404.
v.8.1.4 Drain system to slum bag from HC-404, HC-405, HC-406 and HC-407.
6.8.2 Extraction System
6.8.2.1 Pour 5 gallons of MDC into T-404,
6.8.2,2 Set clamps as follows:
(a) Close HC-415
(b) Close HC-419
(c¢) Open HC-416
(d) Open HC-418
- 6.8.2.3 Set P-405 pump rate at maximum flow.
o 6.8.2.4 Start P-405.
6.8.2.5 When level of MDC in C-40l is within 1 or 2 inches of top,start P-406
setting pump rate to hold MDC level within 1 fnch of the top of C-401. Clamp C-402 4
discharge to D-406 so C-402 will fill.
6.8.2. 6 when C-402 is filled stop P-405.
6.8.2. 7 Pump from C-401 to C-402 to T-403 until C-401 and C-402 are empty.
6.8.2. 8 Stop P-406.

6.8,2. 9 Slum contents of T-403 directly to a prepared slum pot using drain
to T-404 and opening HC-417,

6.9 EMERGENCY SHUTDOWN

6.9.1 If reaction needs to be stopped quickly due to fire, explosion, ;
plugging, or some general emergency, follow this proccdure immediately.

(a) Turn off pumps P-401, P-403, P-404, P-408, P-405,
P-406, and P-407.

(db) Stop ™A flow FRC=-401.

E-49 :

e e e ettt e —— = e~ e - R

L T —
e e e T RN T T A R AR T TS R R R e e e D




gty g

A e,

uoP 2R-PC60O
Revision 1

6.9.2 1f time permits, do following:
(a) Tutn off reactor cooling water system.
(b) Close T™A cylinder valve.
(c) Close water rotometer valve to FI-401.

6.9.3 Clear immediate area of all personnel, notify supervisor, and wait for
further instructions.

6.10 DISASSEMBLY OR TIGHTENING OF METAL JOINTS

6.10.1 Turn on building warning light and reduce building personnel to absolute
minimum required.

6.10.2 No joint in process line shall be disassembled or tightened, unless
supervisor is standing by.

6.10.3 Before disassembly begins, a system flush with Paragraph 6.8 of this
procedure will be performed.

6.10.4 The individuals disassembling the joint will wear the following protective
gear as a minimum.

(a) Safety glasses.
(b} Hard hat and face shieid.
(c) Blast protective gloves.

6.10.5 The individuals working on disassembly shall be shielded by a 1/4 inch
thick Plexiglas shield, or equivalent,

6.10.6 No more than two persons shall be in reactor room during disassembly.
6.10.7 Proceed with disassembly or tightening.

6.11 WASTE DISPOSAL

6.11.1 1Inspect the bottom of T-406 for evidence of product phase.

6.11.2 Remove product phase by draining or by using long stem sample pump.
Collect product in 5 gallon drums.

6.11.3 Start T-406 agitator, M-401.

6.11.4 Very slowly add 1# of lime per 100 gallons of waste.

6.11.5 Place pH meter probes into liquid phase and measure pH.

6.1..6 Slowly add 50% NaOH to T-406 until pH of soclution exceeds 11.0.

NOTE: Use rubber gloves and face mask in handling NaOH.
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6.11.7 stir for 20 minutes,.

6.11.8 Slowly add “2304 to T-406 until the pH is between 5.5 and 6.5.
6.11.9 Stir for 10 minctes to make certain pH has stabilized.

6.11.10 Drain T-406 to waste pond.

6.11.11 Stop agi“dtor when tank is emptied.

6.12 PROCESS LINE PLUG REMNVAL

6.12,1 1Isolate *he position of the plug using various drain positlnas.

6.12.2  Pump back through the appropriate drain valves using one of the purips
in hood and a tempc-vy line hookup.

NOTE: Obtain sup:rvicors approval hefore 13y pumping
is started.

6.12.3 If plug cannot be broke: loose, remcve the section of line whick is
plugged making cerrain that an, part of the liuc discomnected or cut has been
flushed.

NOTE: Use normal disa.:~ah.y; crocedure .10,

6.13  CLEANUP OF PRODUCT

NOTE: PCDE product ntay veed furvher treatment
using amberlyst.

6.13.1 Collect all product to be cleaned {n i-404.

6.13.2 Using Appendix A, clean C-402 and refill with amberlyst resin instead
of mole sieves,

6.13.3 Using procedure for drying (6.7), pass product through amberlyst column.
6.13.4 Flush line from T-404 to C-402 with MDC using procedure 6.8,

6.13.5 Refill C-402 with molecular sieves using procedure outlined in
Appendix A.

6.14 PRODUCT CONCENTRATION
NOTE: Product can be PCDE or PBEP in containers through
which the product level can be seen, The product must
be in methylene chloride.

6.14.1 Start hood fan.

6.146.2 Place product jug in position in hood #3.

6.14.3 Mark product jug with & piece of tape at final liquid level desired as
instructed by supervisor,
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6.14.4 Open air needle valve on dry air supply line and allow entrapped moisture
to purge to hood floor.

6.14.5 1Insert sparge hose in container of product.
6.14.6 Tape hose in position to keep hose end near bottom of product container.
6.14.7 Adjust needle valve on dry air line to give desired agitation in container.

NOTE: Product solution should be agitating but
not splashing.

6.14.8 Continue agitating (concentrating) until liquid reaches the desired level,

6.14.9 PRemove sparge hose being careful to wipe with cloth dampened with
methylere chloride,

6.14.1¢ _ample product,if required,then remove from hood.

6.14.1" rinse sparge hose with methylene chloride, wipe dry and store in plastic
bag tapeu around top.

6.15 SPECIAL T-404 FILL
NOTE: This procedure is used for filling T-404 in
order to process material through the extraction system

without using the reaction system.

6.15.1 Disconnect P-401 from Hood #1 and place in Hood #3. The power connection
will be made outside of hood using an extension cord. .

6.15.2 Route a 5/8" Nordel rubber hose from Hood #3 to T-404 in Hood #3 through
holes provided in front side of hood.

6.15,3 Connect P-401 discharge to the Nordel tubing.

6.15.4 Place 5 gallon drum containing solution to be pumped in place in Hood #3.
6.15.5 Put P-401 suction into 5 gallon drum.

6.15.6 Close Hood #3 down.

6.15.7 Start P-401 and empty 5 gallon drum.

6.15.8 Ruemove drum from Hood #3,

6.15.9 Repeat Steps €,15.4 through 6.15.8 until T-404 is full or all material
has been transferred.

NOTE: If T-404 will not hold all material to be transferred
start extraction system and repeat Steps 6.15.4 through
6.15.8 during extraction operation.

E-52




B b

e R L

it

TR A T e

mm~ "

UOP 2R-PC60
Revision 1

6.15.10 When all material has been trunsferred place 5 gallon drum containing
2 gallons acetone and repeat Steps 6.15.5 through 6.15.8,

6.15.11 Remove P-401 and put in place ir Hood #1.

6.15.12 Remove Nordel tubing and store in plastic bag in utility room,

END
.
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AFPENDTIX A
CHANGING MOLECULAR SIEVE COLUMN PC-C-402

Pump MDC thiough C-402 using the following steps {f column has not
been previously flushed with MDC.

Pour 3-4 gallons MDC into T-404.

Position switch to open MUC~402 and close MPC-401.

Place a 5 gallon container in position T-407 to catch MDC.
Remove HC-413.

Start P-405 and collect MDC in T-407,

Clamp the hose connecting C-402 top and Lottom.

Drain the line from P-405 into a jug by removing HC-412., Replace
HC+412 when drained.

Disconnect C-402 leaving the hose clamps on.

Remove the column from the unistrut brackets.

Unload column as follows:

Open top flange on C-402 and empty molecular sieves into slum pot bag.
Tag and dispose of molecular sieves per GOP 2-G15-10 as exotic waste.
load column as follows: (Load only if it is tobe used within 24 hours).
Pour molecular sieves into column until full (~ 15 pounds).

NOTE: 1If 13x sieves are used they must be carefully
prevetted with MDC,

Replace screen support and screen and tap flange and tighten bolts to
75 ft.lbs.

Tighten botton. flange bolts also.
Replace column.
Connect hose to top and bottom of column and remove hose clamps,

Pour 2 gallons of MDC into T-404.

E-54




WH- ;

g e iy

Lk

10. Position switch to open MPC-402 and close MPC-401,
11. Place a jug in T-407 position.
12. Pump MDC through column into T-407.

E-55

R i e e P




APPENDIX B
ACID MAKEUP

NOTE: Whenever handling H SO, , wear rubber auit and
face mask and Neoprene gloves.

CAUTION: Add acid very slowly to prevent over heating
and spattering.

Check level in T-402 and determine gallons of acid in tank.

Add sufficient water to bring liquid level to at least 40
gallon level,

Determine water added,

For every gallon of water added, slowly add the amount of
96 percent HZSOQ designated in operating iog book,

Stir with stirring rod for approximately 5 minutes.
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APPENDIX C LOP-2R-PC60

PCDE PRODUCT LOADOUT 22 May 1974

NOTE: Use Masterflex pump with type 7015 head and
viton tubing. Make certain pump is in plastic tray
and tubing is in good shape for pumping.

Prepare mole sieves by soaking 13x sieves in MDC. Keep
wet until used,

Tare 5 gallon shipping cans and mark tare weight on can.
Place can in tray on scale and put funnel into opening.
Place pump suction tubing into product tank.
Place pump discharge tube into can opening.

Hold pump discharge tubiny and turn on pump. Held tubing
while pumping.

Fill can to 50 pounds net product.
Add 300 cc mole sieves to can.
Replace can lid and torque to 120 ft.lbs.

Repeat for each can. Record can No. and weight in log book.

E-57




L ol b

()

UNIT OPERATING PROCEDURE

PROGAAM

RESEARCH AND DEVELOPMENT

AREA

PILOT PLANT

TASK

PC-400 PCDE MANUFACTURE

LK

PCDE_SYNTHESIS -

PC-400 SECTION BUILDING 2334

PROCEDURE NO. REV.LTR.
UQP 2R-PC4l H 2
YOTYAL MO. PAGES

8

TYPE"
HERCULES INCORPORATED
CHEMICAL PROPULSION DIVISION
AR
UNCO#\T% e
L\Ji )
“FTINY
BACCHUS WORKS - PLANT 1
APPROVED BY
“““'7“ ] lQAYI
Research & Development / "E :) M /&;%j 77
si1oy ne C‘C—-— oaTe
»
Safety Degariment . . /4 /g 79/
Sxh TURTE 1813
181G M Da e
Cognizant Engineer ,/;775/
E-58 EFFECTIVITY: 23 September 1974

OWe1000/300 t4=00)




UOP 2R~PC41
Revision 2
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‘F 1.  SCOPE

1.1 This document describes the procedure for synthesizing PCDE in Building 2354
per the following sections:

(a) 6.1 Preparations
(b) 6.2 Reaction
(c) 6.3 Cleaning and Disassembly
(d) 6.4 Test for Explosive
(e) 6.5 Acid Makeup
(f) 6.6 Emergency Shut Down
2. REQUIREMENTS
2.1 Personnel working in this operation are responsible for knowing and

following this procedure.

2.2 No person will conduct a live run unless he has conducted at least two inert
runs with inert materials and solvent, or a live run within the previous 90-day
period.

2.3 Handle volatile solvents per GOP 2-G20-55.
2.4 Dispose of waste material per GOP 2-Gl15-10,
2.5 Observe building and personnel 1?mits specified in GOP 2R-TVCl.
r 2.6 All applicable safety rules specified in GOP 2R-TVOl shall be adhered to.
‘ 2.7 This procedure may be redlined.

3. APPLICABLE DOCUMENTS

GOP 2-G20-55 Handling and Use of Volatile Solvents
]

GOP 2-Gl5-10 Waste Disposal

GOP 2R-TVO1 Building Limits and Safety Rules

GOP G-25~-12 Fluoro Chemical Spill Cleanup

Operating Orders Bound, Shift Log Book

4. MATERIALS AND EQUIPMENT

4.1 MATERIALS : DESCRIPTION
DMK Acetone
MDC Methylene Chloride

TA Triacetin
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4.1

4.2

MATERIALS (Cont'd)

Low Pressure Nitrogen

Wood Pulp

Cloth

HyS0,

PBEP

T™MA

TVOPA detector
EQUIPMENT

Reaction System
Respirator

Slum Pot

Feed pump P-303 Hose

Circulating Pump
Hose, P-401

Pinch Clamps

Liquid explosive
sampler

Liquid explosive scaple

bottles
S8ample Carriez

Product container

Jug

Trays

Transfer Boxes
Beaksr

Washing waste drum

UOP 2R-PC41
Revision 2

DESCRIPTION

Liquid nitrogen available as gas at 125-150
psig, furnished in bulk storage tank

NR
Clean, untreated

Reagent Grade

NR

NR

Bottles, 1,2, and 2
DESCRIPTION

Defined on process flow sheet, sketches
PC-400-10 and PC-400-11

Vapor type, air line, or mask with type N
cartidge '

Clean, seamless aluminum container

3/8" OD x 1/16" wall, Viton

Viton, TAT Pump Co.

Hose clamp

Polyethlene pipette or ayringe and air bulb

Polypropylene sample vials, 4 ot.
Drawing 08H00094
5-gallon polyethylene bottle, grey

1-2,2-, and 7-gallon polyethylene translucent,
heavy wall

Plastic or aluminum, approximately
1-1/2 ft x 2 ft x 6 inches deep

Wood with polyethylene foam liner
Polyethylene, 1000 cc

35 gal, hi density, polyethylene, closed head
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4.2

EQUIPMENT (Cont'd)

Funnel
Refrigerator
Shoes

Strap
Glasses
Safety Suit
Gloves

Hard Hat
Hand truck
Scale

Scale

5. SAFETY

5.1

UCP 2R-PC41
Revision 2

DESCRiPTION

Polyethylene, 3 in. to 6 in.
NR

Safety, non-conductive

Shoe, conductive

Safety, prescription or plain lenses
Two piece rubberized suit
Neoprene

with face shield

two-wheel flat bed w.th sides
Dial, 0-75 pounds

Over-under 300 1lbs.

Eye protection shall be worn when within the confines of the pilot plant,

including all areas of TV~100, TV-200, PC-300, and PC-400 sections.

5.2

5.3

possible etatic electricity buildup.

5.4

Avoid oxposure to and inhalation of solvents or TMA.

During transfer of solvent and solutions, the hose is to be positioned to
allow the

solvent and solutions to run down the sfde zf the vessel, The solvent
and solutfons should not be allowed to fall free when filling the vessel due to

TMA is a flammable, alkaline colorless gas at room temperature and pressure.

It has a characterisric fishy odor in lower concentrations. In higher concentrz ions
(100-500 ppw) the fishy odor is no longer detectable and the odor is more like
It is readily liquified and i{s shipped in steel cylinders as a liquified

smmonia.
gans under its own vapor pressure.
organic solvents.

It {8 very snluble in water and ip variocus
A threshold limit value of 10 ppm {s suggested. Inhalation

of higher concentrations of TMA will produce moderate to severe irritation of the upper

respiratory tract
provided for exposed workers).

and the lungs (suitable g as masks should, therefore, be
Workere who are exposed continuously to trime

ethylamine should wear eye protective devices to prevent injury in case of spillage.

Bronchitis and conjunctivitis

may result from exposure to the vapors. Direct

contact of TMA with skin and mucous membranes may cause burng; dermatitis and

conjunctivitis

occur occasionally after prolonged exposure to vapors, but
sensitization has not been observed.

Both the l1iquid and vapor TMA are highly

irritating to the eyes, and injury to the eyes may occur if proper care is not

\ given at the time of exposure.

However, the odor is detectable at low concentrations
to give adequate warning of its preeence and no bad effects have been observed on

persons exposed for long pericds to low concentrations.
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5.5 Once the doors to the reactor bay to the PC-400 reactor areca have been
closed, do not open them until the entry shutdown has been performed.

5.6 During operations the yellow light on top of the pilot plant will be turned on.
5.7 PBEP and PCDE solutions will be treated as explosive material since if a

spill occurs or sufficient solvent evaporated, an explosive hazard could exist.
Undiluted PBEP ai PCDE are highly sensit. . e.

5.8 All bottles containing PBEP or PCDE are to be placed in trays during
aperations where spill may oscur. Place PBEP and PCDE bottles in aluminum or plastic
trays during storage. This requirement does not apply to 55-gal polyethylene drum,

5.9 All PBEP and PCDE processing waste 1s to be placed {n wood pulp in
explosive waste container and disposed of as liquid explosive per COP 2-Gl5-10.

5.10 PBEP or PCLUE solution will never be permitted in any area of Building 2354
other than the reactor bay and purification bay.

5.11 Process solvents attack all plastics. Inspect hoses and plastic containers
for evidence of damage.

5.12 Sulfuric acid is a corrosive and dehydrating agent. During dilution with water
it gets hot. Spattering and/or boiling may result. Avoid sulfuric acid contact

with eyes, skin or clothing. If contact occurs, immediately flush with copious
amounts of water for at least 15 minutes and call extension "2114" for medical aid.

6. OPERATIONS

6.1 PREPARATIONS

6.1.1 TMA Cylinders Hook-Up and Makeup

6.1.1.1 P. ce a TMA cylinder next to TMA acetone feed drum,

6.1.1.2 While wearing face shield and neoprenc gloves, remove the cylinder
cap and the valve cap. Connect the TMA solution tubing to the TMA cylinder. Do
not open cylinder at this time.

6.1.1.3 VWeigh the acetone TMA feed tank and d:terwine the amount of acetone in
the tank.

6.1.1.4 Add dry ice to plastic bucket to cool the coil thru which TMA will
be added to the acetone and add approximately one quart acetone to dry ice in bucket.

6.1.1.5 Set scale to read the proper weight for TMA acetone mixture as provided
by supervisor.

6.1.1.6 Make certain acetone TMA tank ig vented to hood.

6.1.1.7 Slowly open cylinder valve and then open bull valve and allow TMA to
bubble into acetone. Continue until proper weight of TMA has been added, then close
TMA valve and cylinder valve.

6.1.2 Reactor Room Preparation
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6.1.2.1 Rate check pump P-303 by pumping acetone from 5S5-gallon drum on 75 pound
scale to a second 5-gallon drum. Set pump rate as directed by supervisor.

6.1.2.2 Ensure that vent fan is on.
6.1.2.3 Start cooling water flowing through mixer jacket.
6.1.2.4 Set back pressure on PCDE Grove valve.

NOTE: This must be done before the PBEP reaction
has started in 2N0 bay.

6.1.2.5 Place pinch clamp to divert reactor system discharge to desired wash
drum,

6.2 REACTION

6.2.1 Start Up
NOTE: Before startinz PCDE step, the PBEP unit should be
started. Allow enough time to make certain the PBEP process
has leveled nut and enough PBEP has accumulated to start.

6.2.1.1 Start dilute acid pump P-402.

6.2.1.2 Start TMA acetone pump, P-401,.

6.2.1.3 Vwait for the approved time as defined in following note, then start
PBEP feed, P-303 and MDC, P-403.

NOTE: On initial start up or with an empty line from
TMA-acetone tank, wait for at least three (3) minutes
before starting PBEP and MDC, otherwise wait for two
minutes before starting P-303 and P-403.

6.2.1.4 Observe the temperatures of the mixer and pre-cooler outlet (respectively,
points 9 and 6 on TI 301/302/303) for reactiom and/or unusual heating. Record
at timed intervals.

6.2.1.5 Observe the system back pressure. If pressure exceeds‘éo"psi, shut down
immediately .

6.2,2 Shut Down

6.2.2.1 Temporary shut down for PBEP drum change or switch wash drum.
6.2.2.1.1 Stop P-303.

6.2.2.1.2 Wait one minute then stop P-401, P-4C2, and P-403,
6,2,2.1.3 Open  PC-400 bay door and enter.

6.2.2.1.4 Charte P-303 suction line to full PBEP drum. Catch any drops with
clean cloth.
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6.2.2.1.5 If needed switch pinch valve and use second ash drum. F
6.2.2,1.6 Shut door and return to control room. ¢
6.2.2.2 Normal shutdown.

|
6.2.2.2.1 Stop P-303. ‘;
6.2.2.2.2 Wait two minutes then enter PC-400 bay and nlace 2-303 pump
suction in a bucket containing acetone reutnr to control »oom,
6.2.2,2.3 Start P-303 and pump for five minutes,
6.2.2.2,4 Stop P-401, P-402 and P-404,
6.2.2,2.5 Wait five minutes then stop P-303.
6.2.2,2.6 Enter PC-400 bay and place P-303 suction in tray. Remove
acetone bucket from bay.
6.3 CLEANING AND DISASSEMBLY
6.3.1 Flush process tubing with DMK -ad/o. 0f Ly placing E-303
suction in bucket containing solvent and pumping into .. gallon wash drum,
6.3.2 Wet and wipe clean the extern:l surface of any fitting to be disassembled.
6.3.3 Before disassembly of compression fittings at the TMA check valves and

downstream of that point, the system will be flushed with at least two volumes
of DMK and/or MDC.

6.3.4 A face shield and gloves will be worn and the operation must be observed
by supervisor.

6.3.5 All tubing sectiont, when removed, will be immediately cleaned with
DMK and/or MDC.

6.4 TEST POR EXPLOSIVE

6 4.1 When cleaning is complete or there is otherwise need to test for

presence of explosive, the TVOPA detector will be used.

6.4.2 Test freshness of detecter by putting a drop of solution 3 (cyanide)
on @ methencl dampened towel or cloth., Add a drop of solution 1 and wait about

30 seconds., Add a drop of solution 2. If a red color does not develop, discard
detector solutiona and obtain fresh material from chemical laboratory.

6.6.3 To teat a suspected area, blot it with a methanol dampened cloth or towel.
Move to the control room. Add geveral scattered drops of solution 1 (yellow)

to the towel or cloth, Wait about 30 seccnds, Add a drop of solution 2 (green)

over each drop of solution 1. A red color indicates the presence of TVOPA, PCDE,

or PBEP,

6.5 ACID MAKEUP

6.5.1 Use safety equipment including goggles, face shield and rubberized suit.
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6.5.2 For every 100 lbs. of water to be added to acid drum add 2 1lbs. Hy80, .
6.5.3 Add water to drum,using hose. Do not fill drum more than 4 inches below
top of drun.
6.5.4 After adding water then add the calculated amount of H,80, from 9 1b. acid
bottles,
CAUTION: Add the acid slowly to avoid spattering.
6.5.5 Stir the acid with piece of 3/4" stainless steel tubing provided.

6.6 EMERGENCY SHUT DOWN

6.6.1 Stop P-303,
6.6.2 Stop P-401, P-402, and P-403,
6.6.3 In the event 2 leak or plug occurs in the reactor srea, shut down per

6.6.1 and 6.6.2,

6.6.4 Wait at least 10 minutes then with the supervisor in attendance enter
reactor bay and decontaminate any spill outside the steel drum and wash tank.

6.6.5 First add MDC to the spill, then blot with clean cloth. Wear gloves
and also face shield where practical and safe.

6.6.6 Wet down spill with MDC and bloct.

6.6.7 Perform test for explosive 6.4. 1If positive, repeat 6.6.6.

6.6.8 1f spill {8 in steel drum, remove water by dipping or siphoning. Slum,

then remove spill by method 6.6.5 and $.6.6. 1

6.6.9 If plug occurs, remove clamp from rubber hose at end of distribution tube
and add a long hose to a bucket., Replace PBEP drum on 75 pound scale with drum
containing solvent. Leave bay and pump solvent through reactor with P-303.

6.6.10 If solvent cannot be pumped, removc hose at pump and remove all solution
possible from line by gravity.

6.6.11 From cont ol room pasas nitrogen at 1 to 5 psi through TMA line backwards
thru PBEP feed line to clean the feed line.

6.6.12 Stop water and disconnect water lines and TMA line at check valve. Seal
the ends of the reaciion system with bags, then remove it from the wall.

6.6.13 Remove as much material as possible from the system by gravity.

6.6.14 Using 1/4 inch miniwum acrilic shielding and stapled gloves,disussemble
the tuhing. Start at the joint between the reactor and distributor. Wet the
joints with Preon containing TA. Next disconnect the PBEP feed line at the mix
7' Parts can now be inspected and sent to the decontamination oven as required.




