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PREFACE

This is a report of the research and development study of the process
for the production of hydrazine fuels from urea. The work was conducted
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F04611-76-C-0044~ 43

Dr. Alian Gray, Scientific Advisor, supervised the chemistry studies
and Mr. Edward Fochtman, Engineering Advisor, supervised the engineering
studies. Dr. Jack Veal, Research Chemist, joined the program in
November 1576 and developed the hydrazine analytical techniques.

The Air Force Project Officer was Captain Steven Wax; he was reassigned
in June 1977 and Mr. Forrest Forbes served as Project Officer for the
remainder of the effort.

The staff at the Space and Missile System Organization, notably
Mr. Sherwin Lewis, Dr. H. Takimoto, and Major James Kephart, maintained a
high level of interest in the program and assisted the Air Force Project
Officer.

Data generated during this program are recorded in the following I1ITRI
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AMINE FUELS VIA THE UREA PROCESS

1.  INTRODUCTION

1.1 General Background

The following three storable amine fuels are used for liquid propulsion
in rocket engines: '

Monomethyl hydrazine (MMH)
Unsymmetrical dimethyl hydrazine (UDMH)
Anhydrous hydrazine (HZ).

As of December, 1975, there were sources for all of these fuels, how-
ever, environmentally unacceptable wastes/by-products and limited plant
capacity, combined with proprietary production methods, made the supply
tenuous. The Air Force decided to develop a chemical synthesis method
which could be applied to a moderate scale production facility to produce
the fuels in an environmentally acceptable manner in the event that
current suppliers could not meet Air Force and NASA needs. The plant was
to be designed for a 1,000,000 1b/yr production capacity of MMH and of UDMH.

A promising chemical route to all three fuels is the urea process which
had been successful on the plant scale ¥or hydrazine and had been demon-
strated on the laboratory scale for MMH and UDMH. When attempted on the
plant scale, however, results for MMH and UDMH production were inconclusive,.

A contract to determine the economical feasibility of producing MMH
and UDMH via the urea process on the pilot plant scale was awarded to
IITRI on April 19, 1976. This {s a report of that investigation, conducted
from April 19, 1976 to September 19, 1977. The 6rogram involved a l1itera-
ture review, experimental evaluation of several chemical routes for the
broduction of the urea, preliminary economic evaluations, and more exten-
sive laboratory and pilot plant verification of the selected process.

A summary of the various chemical routes and'expefimentaI results are
presented here; more detailis are available in the bi-weekly program
reports,

o e s e
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1.2 Alternate Processes for Urea Production

The first step 1n the urea process involves the production of the mono-
methyl or the dimethyl urea which is then converted into the corresponding
hydrazine.

The alternate process for the production of monomethylurea (MMU) and
the unsymmetrical dimethylurea (UDMU) are discussed in the following.
Efforts of the program were concentrated on the MMU-MMH process.

1.2.1 Phosgene {COC1,) Process

Phosgene (P), DMA, and NH; have been reacted in a toluene solvent to
form DMU with about an 85% yield:

0
(1) ©€0C1, + 2(CH3)NH + (CHs),NCCT + (CHs)oNH,CH
p DMA cMCC* DMAC
0
(2) (CHa)zNHzc] + COCIZ + (CH;)QNCC] + 2HCY
DMAC p cMee
0
"
(3) (CH4),NCC1 + 2NHs -+ (CHs),NCNH, + NHLCI
cMee DMU

Although this process is of interest, the shipping and handling of
phosgene presents both technical and policy problems. [In view of these
probiems, it was decided to concentrate efforts on those chemical processes
which did not involve hazardous starting materials. No laboratory work on
this process was conducted during the program.

*suspected carcinogen

. P P N M AL 7 B KNy
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1.2.2 Urethane Process

The synthesis of substituted ureas might be accomplished by the reac-
tion of an amine with urethane. The proposed reaction would be:

0 0
CHyNH, + CHyCH,0-CNH, + CHNHC-NH, + CH,CH,OH

The reaction was investigated in the iaboratory using a selution of
37.7 ml aqueous methylamine (0.5 mole), 40 m1 H,0, 83.0 m1 of 6.08 N HCI
and 45.0 g (0.5 mole) of urethane. The mixture was refluxed for 2 hours
at atmospheric pressure (100-105°C). Little or no reaction occurred under
these conditions. Use of excess methylamine and nup to 3 hours reaction
time did not improve matters. No further work was conducted on the process.

1.2.3 C(Cyanate Process

Reaction of an amine with sodium cyanate will give the urea:

HC1 0 :
CH,NH, + NaCNO H;b CH;NH-C-NH, + NaCl
Such a process would offer several advantages and was investigated in
the laboratory using 0.5 moles MMA + 0.5 Moles NaCNO + .5 Moles HC1. The
reaction could be conducted at concentrations which would give 90+% yield
of methylurea and methylurea concentrations of 10 wt%. The reaction was
verified in a 23 gal pilot batch.

MMU from this reaction was reacted with NaOC1 to give overall yields
that ranged from 50 to 75%.

Only one U.S. commercial source of supply for the sodium cyanate was
located; the Diamond Shamrock Corporation. "Off shore" sources that sold
through U.S. representatives were located. Practically the total produc-
tion of the Diamond Shamrock Plant is used internally and their facilities
would have to be expanded (almost doubled) to provide for the needs of the
Afir Force Fuels Program.
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Cost of the sodium cyanate was quoted at about $.44/1b for 90+%
material. Slightly lower costs were quoted for less pure material. The
major impurity is sodium carbonatc.

A preiiminary economic anaiysis indicated 1ittle, {f any, cost advan-
tage over the urea process which has lTower yield but less expensive raw
materials.

In view of the tine requirements of the Air Force Fuels Program and
the need to greatly increase current sodium cyanate plant capacity coupled
with marginal, if any, advantages of the process, the IITRI program team
recommended that the process be shelved in favor of the urea process.

1.2.4 Anhydrous Urea Process

MU can be prepared by the reaction of urea (U) with MMA under anhy-
drous conditions.

0 H HO
L1} LI |}
NH,CNH, + CH3N-H ~+ CH3N-C-NH, + NH,

u MMA MMU

This process was investigated in the laboratory using a 2-1iter stain-
less steel stirred reactor. A charge of 120 g (2 moles) of urea and 125 g
(4 moles) of MMA were reacted at approximately 110°C. Cooling was applied
as necessary.

During this period HPLC (high pressure liquid chromatographic) analysis
techniques were under development and exact yield figures were not available;
however, estimated yields were above 70% and could have reached 90%. There
was an indication of SDMU (symmetrical dimethylurea) formation.

Since the MMU must be dissolved in water for the next step, there
would be very little advantage in using an anhydrous high pressure
(400-500 psig) process 1f an aqueous process would yield the same result.

S
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1.2.5 Aqueous Urea Process

This process 15 essentially the same as the anhydrous urea process
except that it 1s conducted 1n water and at a lTower pressure. This became
the process of choice and was studied most extensively in the laboratory
and pilot plant verification runs. The process is shown in Figure 1.

Yields of 70-75% MMU and up to 98% UDMIJ, based on urea, were obtained,

The production of MMU by this process was verified in the pilot plant
and the product further processed to produce specification grade MMH.

1.3 Preliminary Eccnomic Anhlysis

During the screening of the various reaction routes, :n attempt was
made to develop an economic ranking of each MMH process. The lack of well
detined process flow diagrams, yield data, by-product formation, etc.,
made the analysis very preliminary in nature and simply a gauge of major
cost factors. The analysis indicated no significant difference in the
estimated cost of MMH produced by the cyanate and the cost of MMH pro-

. duced by the urea process.
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Figure 1. MMH via the Urea Process.

R £ N T T e U AT H Y sl et R



~ T e

B

BASIS OF THE STUDY

The following factors served as guidelines for the study:

1.

The process to be developed should be suitable for production
of both MMH and UDMH; production of Hz was of secondary
importance.

The full-scale plant should produce one million pounds per
year of MMH and one million pounds per year of UDMH. Assuming
a 2-week changeover from MMH to UDMH, and a 5-day 3-shift
operating schedule, production should be 400 tbs/hr.

The process should be safe and present no unusuai health or
environmental impacts.

A11 by-products and waste streams should be fully treated to
eliminate hazards to health or the environment.

G LIS T3 L e M, T 8 i1




3. PPOCESS DESCRIPTION AND TECHNICAL FEASIBILITY STUDY

3.1 Introduction

In September 1976 the IITRI staff recommended to the Air Force that
all further efforts on the program be devoted to the development of the
aqueous urea process. The basis for this recommendation were:

1. MMU yields were good

2. Raw material costs were low

3. The reaction was easfly controlled
4

Raw materials were readily available 1n quantities
required

5. Equipment and processing costs were considered to

be reasonable,

Subsequent work involved selection of the optimum conditions for pro-
duction of MMU, the evaluation of optimum conditions for reacting I'MU with
NaOCl, and the develvpment of the MMH recovery and purification process.
Laboratory studies were followed by verification of the process using
25-40 gal batches of starting materials and the production of 1iter
samples of MMH for Air Force evaluation.

In the following section we have presented an overview of the MMH
process, This is followed by sections in which :'e have described each
step in the process starting with the literature references, then the
laboratory work, and finally the verification runs. This is followed by
a description of the proposed process, process flow sheets, material and
energy balances, and appendices describing equipment and analytical
procedures. ‘

In the conversion of MMU and UDMU to MMH and UDMH, large quantities
of salt (NaCl) are produced. This salt could be disposed of by various
means; however, it may be best to electrolyze the salt to produce NaOCl,
NaOH, and HC1, which can be recycled to the process. The electrolysis
of this salt is a commercially available process and is not described 1in
detail here.

Data regarding waste streams and purification of plant discharges
are discussed where avatlable.

R T
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3.2 Overview of the Urea:MMH Process

Primary emphasis during the program was focused on MMH. Parallel
laboratory work for the production of UDMH indicates that better yields
will be obtained and that the recovery and purification process will be
easier,

The overall process flow diagram for the production of MMH by the
urea process is shown in Figure 1. The process involves three major
steps:

1. Reaction of aqueous urea and MMA to form MMU
2. Reaction of MMU solution with NaOCl1 to form MMH
3. Recovery and purification of MMH.

Each of these steps and the associated unit processes are discussed
in the following sections.

3.3 Production of MMU

3.3.1 Introduction

MMU is readily produced by the reaction, either anhydrous or in an
aqueous solvent, of MMA and urea. Both MMA and urea are commercially
available chemicals, but MMU is available only thrcugh specialty chemical
sources,

The overall yield for this reaction has been determined. However,
the exact mechanism and rates for the intermediate products are not known,

The overall reaction is:

: TRL:
" ] ]

NH2=-C-NH2 + CHy=N-H <+ CHyN-C-NH, + NH; (l)
1] MMA MMU

Shaw and Bordeaux have investigated the decomposition of urea in
aqueous solution. Their results indicated that urea decomposes by the
reaction:

T
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NHz-C-NH; -+ HNeCsO + NH, (2)

The reaction was shown to be first order with respect to urea over a
wide concentration range, with faster rate at higher temperature. They
studied a temperature range from 60 to 90°C. Shaw and Grushkin studied
the kinetic behavior of methylurea. It was postulated that there were
two parailel reactions for methylurea decomposition:

';'9 " CHyNHz + NHy + (€O
CHa-N-C-NH, HNCO + CHyNH, @)

The conclusions of these studies were that (1) the decomposition of
urea proceeds at a faster rate than the dissociation of methylurea and
(2) both reactions were temperature sensitive.

Based on the understanding of the decomposition of urea and methyl-
urea it is reasonable to postulate the aqueous urea reaction with MMA
will be as follows:

" kl
NHp=C-NH, + NH=C=0 + NH, (4)
U
ks 0
KN=(=0 + CHyNH, -+ CHyNH-C-NH, (5)
MMA MMU
0 CH,NH, + NHy + €O,

(1] k
CH 3NH=C~NH, 1;"4 (6)
s "CHsNHz + NH=C=0

9 ks 9 9
CHsNH-C-NH, + NH=C=0 -+ CHyNH-C-NH-C-NH, (7)
ke 9
CHsN=C=0 + CH3NH, + CHsNH-C-NH-CHs + NH, (8)
SDMU
10
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For this application reactions (4) and (5) are the desirable reactions,

whereas reactions (6), (7), and (8) are undesirable.

If an excess of MMA is used it will effectively consume all the cyanate

(NH=C=0) produced by the decomposition of urea. As a result 1t will assist
reactions (4) and (5) and, at the same time, will suppress reactions (6)
and (7). Excess MMA will increase the production of SDMU (reaction 8).

For these reasons it was necessary to find the optimum mole ratio of
MMA/Urea, i.e., the ratio that would produce the most MMU with 1ittle or

no SDMU.

The rate equation for the decomposition of urea can be written in the
form

where CA is the unreacted urea remaining in th.e reactor. Equation 9 can
be solved for CA:

CA = CAo exp (-k;t) (10)
In (I-XA) = Kkt (11)

It appears that the urea-amine reaction is a first order reaction.
Data from reactions No. 21 and No. 31 are shown in Figure 2. After
120 minutes of reaction time there does not appear to be sufficient MMA to
react with the cyanate and the cyanate/ammonia reaction which forms the
urea is a strongly competitive reaction at these concentrations. Increas-
ing the MMA concentration tends to increase the formation of SDMU,

3.3.2 Laboratory Studies

Both an anhydrous system and an aqueous reaction system were investi-
gated in the laboratory. However, the lower pressure and the ease of
control made the aqueous system more attractive.

Initial laboratory studies were conducted in a closed stirred reactor.
It was difficult, however, to withdraw samples during the course of the
reaction and a series of six sealed tubes were used in place of the single

11
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reactor. These tubes were rotated end-for-end in an oil bath and could be
removed for analysis as the reaction progressed.

Results of early laboratory runs are given in Table 1. Analysis of
this product mixture was done by HPLC and generally resulted in a material
balance, based upon urea, of 80-85%. The unaccounted for material probably
was a result of the analytical technique. During the fnvestigation it was
found that the HPLC column had to be thoroughly washed after each use to
obtain satisfactory separation of peaks and accurate results.

Yields of 60-65% MMU could be obtained with a MMA:U mole ratio of 1:1.
At this ratio 10 to 25% of the urea was left unreacted. Increasing the
time of reaction decreased the unreacted urea but increased the formation
of SDMU. Since SDMU might later form symmetrical dimethyl hydrazine (SDMH)
1t was considered an undesirable by-product. Increasing the MMA:U ratio
also increased SDMU formation and had little effect on the amount of
unreacted urea.

A review of the results indicated that a system close to the optimum
would have:

i. U:MMA mole ratio of 1:1
2. Reaction temperature of 120°C
3. Reaction time of 60 min,

Such a reaction was conducted in the laboratory (Reaction #36,
12/22/76) prior to conducting the pilot scale reaction. Analysis of the
60-minute sample indicated a yield of 65.5% MMU, with 24.5% of the urea
unreacted. The SDMU was less than 1.5% of the product.

3.3.3 Pilot Studies of MNU Reaction

A pilot plant reaction, based upon laboratory reaction #36, was con-
ducted to obtain materfal for the verification of the process.

A 50 gal, 316 SS reactor with internal steam coils and » variable
speed agitator was used.

13
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The operating procedures were as follows. Exactly 81.0 1b of tap water
was charged into the reactor, the reactor was sealed, and the agitator
started. Exactly 44.7 1b of anhydrous MMA was charged into the reactor.
After the MMA had rapidly dissolved in the water, as indicated by the low
gas pressure in the reactor, the reactor was opened and 86.4 1b of solid
urea was charged and the reactor was sealed. It required about one hour to
completely dissolve the urea in the MMA aqueous solutfon. The solution was
heated with 45 psig steam through an internal heating coil, It took 45 min
to heat the solution to 118°C. The solution was maintained between 117 and
120°C for exactly one hour. The reaction was quenched by cooling to room
temperature (20°C). Samples were taken for MMU, urea, and SDMU analysis at
45 and 60 min, Since the mixture was at 118°C and under pressure tne samples
were withdrawn through a single tube heat exchanger. Although the heat
exchanger was flushed each time before sampling, it appeared that some MMU
crystallized on the heat exchanger surfaces ind was not washed out by the
flushing. This resulted in non-representative (MMU too high) samples.

These samples were discarded.

Overall samples and analysis indicated MMU yields of approximately 80%
and a mass balance of 91.5%. '

Conditions for the Urea + MMA pilot plant reaction were as follews:

Charge: water 81.0 1b
urea B6.4 1b 1.44 1b-moles
MMA 44,7 1b 1.44 lb-moles

Total 212.1 1b

Reaction: Time 60 min
Temp 118°C
Product: Total weight 212.1 1b

Total volume 24.6 gal
Specific gravity 1.023

Urea Analysis: MMU 80%* (approx. 40.2 wt¥)
MMA .
SDMU 2.2%
Urea 9.3%
Total 91.5%

*Based upon urea charged.
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3.4 Stripping of NHy; and MMA from Aqueous MMU

3.4.1 Introduction

Early laboratory studies indicated that the MMA and NH, must be stripped
from the MMU solution to a mole ratio of 0.02 NHy/1.0 MMU to maximize the
yleld of monomethyl hydrazine during the bleach reaction.

Although this had been done In laboratory studies without difficulty,
there was some question as to the effectiveness of the stripping operation
during one of the commercial attempts to produce MHMH.

Removal of NHs to below 0.02 mole NHs/mole MMU would require stripping
to:

(0.02) (31) (40 wtx MMU) = 0.184 wt% NH, or 1840 ppm
Although it was convenient to use nitrogen gas for laboratory stripping
of the NH; the usual plant practice would utflize reduced pressure with

steam. It is important that the pH of the solution be maintained above
11.4 for the release of the ammonia.

3.4.2 Laboratory Stripping of NH,

A 10 plate sieve plate column 1 in. diameter was used for the study of
the stripping process. Results of two runs are given in Table 3-2. These
data indicate that the NH, concentration can be reduced from 23,000 ppm to
50 ppm in a 10 plate column operating at 270 mm Hg (a) and a feed of
pH = 11.5. Plate efficiencies of 25-35% were obtained; these agree with
1iterature values.

The laburatory work indicated the primary factor in the removal of NH,
was the control of pH and that the process could be conducted without
difficulty.

16
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Table 3-2

AMMONIA STRIPPING OF SYNTHETIC MIXTURE

Equipment:

Solution

ppm, as NHs
Feed Rate, ml/min

Head Pressure, mm Hg abs.

1%, still pot

1°C, head

Net Steam, g/min
Internal Steam, g/min
Overhead/Vapor

a, 55-65°%C
Theoretical Plates
Plate Efficiency, % !
Viscosity, H.0 60°C. cp
0'Connell Factor,ay?
Plate Efficiency, %
pH Feed

PH, bottoms

NH;, ppm in bottoms

ten-plate, glass Oldershaw. 30 mm 0.D. » 30 mm plate spacing

NH,OH NH,C1 + NaOH
6,500 23,000
7.2 7.2
167 270 (slow increase)
66 64
56 56
0.51 ~ 0.5
0.93 ~ 0.9
8.8 (use 9) v 9
26.5 B 26.5
3.5 v 4
33 30
0.5 0.5
13 13
25 25
11.29 11.5
8.41 : 8.38
31 52

ipeters and Timmerhaus, Plant Design and Economics for Chemical Engineers,
2nd Ed., McGraw-Hill, p. 632, 1968.

“Perry's Handbook, 3rd Ed., p. 172.
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3.4.3 Pilot Stripping of NH, and MMA from MMU

The MMU solution produced in the 50 gal reactor was stripped of NH; and
‘unreacted MMA in a batch operation in the same reactor. Temperature of the

solution was maintained at 65°C by drawing a vacuum and heating. Vigorous
agitation was provided by mechanical agitation and a nitrogen bleed. It
required about 10 hr to strip the solution'to approximately 130 ppm NH,.
During the time 144 gm of NaOH were added to maintain the pH above 11.0

ANALYSIS OF THE STRIPPED MMU SOLUTION

Solution weight 157.6 1b
Sp. gr. 1.117
Yolume 16.9 gal
Condensate 26.0 1b
Vapors (NH;, MMA, H0) not determined
Analysis (hplc)
Urea 0.9 = .1 m moles/ml, 0.127 1b - moles
MMU 0.69 * .2 m moles/ml, 0.943 1b - moles
SDMU 0.2 ¢+ .02 m moles/ml, 0.028 1b - moles
Yield
MMU . 0.943

Urea charged 1.44 65.4% MMU

%4%%1 = 8.8% Urea

228 . 1.9% somy

" Unreacted MMA: This could have been as high as 1.44 - .943 = .50 1b
moles or 15.4 1b in 212.1 1b soln; 7.26 wt%.

Material Balance: The above analysfis indicates a material balance
based on urea as:

Input " 1.44 b moles

Output
Urea 0.127 1b moles

MMU .943 1b moles
SOMU  .028 1b moles

1.098 1b moles

18
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Balance
1R = 76.3%
By hplc analysis the total solids in solutfon were 51.2 wt%, however,
by evaporation the total solids in the solution v re 63.8 wt¥. Thus it
appeared that the hplc analysis did not detect aii materials in the solu-
tion. By evaporation the materfal balance based on urea wa:c 95%.

3.5 Formation of MMH

3.5.1 Introduction

Ureas can be oxidized with sodium hypochlorite tc form the corresp~.d-
ing hydrazine:

HO H
[ S 1] ‘
CH3=N-C~NH, + NaOCl1 + 2NaOH -+ CHy-N-NH; + NaCl + Na,COs + H,0

Kobe and McKetta have described the urea process used in Germany before
and during World War II to produce hydrazine. Variations of this process
were used by 0lin Mathieson Chemical Corporation and by Fairmont Chemical
Company in the U.S. In general the process involved reacting a 43 wt%
solution of urea with a sodium hypochlorite solution. The hypochlorite
solution was made by chlorination of 30% NaOH to an availabﬁe chlorine
content of about 15%. This leaves 170-130 g NaOH per 1iter. The hypo-
chlorite solution reacts rapidly with the ures with considerable frothing
as nitrogen is evolved. The nitrogen apparent1y {s the result of a reac-
tion of hypochlorite, chlorourea or chloramine, and hydrazine.

It has been reported that metal ions, especially iron, decrease the
yleld of hydrazine from urea. Glue or gelatin at levels up to 0.5 g/liter
was added to complex the {ron and improve yields.

Lum and Mador patented a process for production of MMH from MMU by
reaction of MMU + NaOCl1 1n an alkaline solution. They ciaimed a 70-73%
yleld of MMH from MMU. However, they used a molar ratio of NaOH:MMU of
8:1.
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The removal of a carbon atom by reaction of the urea with carbonyl-
forming metals was patented by Passino, but his process presented additional
problems because of the toxic nature of the intermediates.

Since the bleach reaction for the formation of MMH is a key step in the
process 1t was necessary to investigate reaction conditions in the labora-
tory experiments tollowed by a series of statistically designed laboratory
reactions,

The process involved the reaction of MMU at 0 to 5°C in a NaOH solution
with NaOC1 (an exothermic reaction) to form the chlorourea. This is a rapid
reaction and is completed in 3-5 min or less. The mixture is then heated to
90-100°C for 60-90 min to form the MMH.

3.5.2 Exploratory Laboratory Studies

The reaction of MMU and NaOCl1 to form MMH is a two-step process which
involves a fairly large number of variables. While it would be preferable
to study each reaction separately, the lack of a suitable analytical tech-
nique makes it necessary to evaluate the effect of the varfables on the
overall yield.

Preliminary laboratory work established the range of reactant concen-
trations, temperatures, and time which gave reasonable ylelds. From these
results a statistical matrix was developed and used to evaluate selected
reaction conditions.

A series of exploratory bleach reactions were conducted and results
are present in Table 3-3.%

During these runs the NaOC! did not appear to react with MMU at 0°C
until the NaOH was added. After addition of NaOH to the MMU + NaOCl the
disappearance of titratable hypochlorite is rapid.

*Analysis of the MMH product was by glc, direct injection of the sample on

the column. This glc technique requires frequent replacement of the column or
provision for removal of the solids that accumulate in the vaporization

zone. This effect was not fully appreciated in the initial studies and
certain of the yield figures are not accurate. A refined analytical tech-
nique, which was subsequently developed, did, however, confirm the bulk of
the data.
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The best reaction procedure was:

1. Mix NaOCl1 + NaOH at 0°C

2. Add NaOCl1 + NaOH to MMU solution at 0°C
3. Heat to 90°C

4. React for 60 min.

3.5.3 Statistical Study of MMH Formation

From the results of the reactions 1isted in Table 3-3, reasonabie levels
of the 1ndepéﬁdent variables were developed. After a detailed consideration
of the reaction parameters and the statistical analysis procedures a test
matrix of reactions was determined. This matrix and the run conditions are
given below.

The variables of interest were reaction temperature, reaction time,
and reactant concentrations. The matrix fs given below:

=k _ =1 0 t K
X 0.25 0.5 0.75 1.0 1.25
X2 1.2 2.0 2.8 3.6 4.4
Xs 0.75 1.0 1.25 1.5 1.65
Xy 70 80 90 100 110

where X, is the MMU concentration, X, the NaOH concentration, Xy the NaOCl
concentration ail in moles per liter, while X, is the reaction temperature,
°C.

Results of runs made according to this matrix are given In Table 3-4.
It appears that:

a. the reaction is substantially complete at 60 min

b. reaction temperature of 70-100°C s satisfactory

c. the most significant variables are the amounts of NaOCl and
NaOH relative to MMU. Best results (in yield of MMH, not
concentration) are obtained with 2 moles of NaOCl and 4 moles
of NaOH per mole of MMU - '

d. runs TM-3 and TM-3D show good reproducibility.
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The best conditions for the reaction are close to the conditions given
for run TM-2; these are 1isted in Table 3-5. Approximately 50% excess of
NaOCl s used under these conditions.

A preliminary evaluation of the overall urea process was made by labora-
tory preparation of MMH from commercially available urea and MMA. Two runs
of this type. are reported in Table 3-6.

*.5,4 Pilot Batch Bleach Reaction

3.5.4.1 Introduction

The program intended to use the MMU solution prepared in the pilot
batches for the production of MMH by reaction with NaOC1. Before reacting
the pflot batch of MMU an aliquot was taken and reacted with NaOCl1 in the
laboratory. MMH yield of this laboratory reaction was low. Several
laboratory reactions were conducted to define optimum conditions, however,
in all cases the MMH yield was lower than expected. It was decided to
crystallize the MMU and use this purified material for the production of MMH,

3.5.4.2 Use of "As Prepared" MMU Solution

The MMU produced in the pilot plant contained some unreacted urea and
some unknowns. This solution was used to study the optimization of the
bleach reaction condftions by a matrix of reaction conditions. Results of
these reactions are given in Table 3-7.

Yield of MMH from the laboratory runs (aliquots) using MMU solution
prepared in the pilot plant were low, f.e., 35-40% as compared to the
ylelds of about 60-75% obtained during laboratory runs with pure MU
starting materfal. The highest yleld was obtained from Run 2 and was 40%
based on the MMU in the solution as determined by hplc analysis. The yield
was only 26% based upon the urea charged to the MMU reactor.

As a result of these tests it was decided to crystallize the MW from
the solution and use this purified MMU for the bleach reactfon.
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Table 3-5

"OPTIMIZED" REACTION CCNDITIONS FOR MMH FORMATION

Best Reactant Ratios and Concentrations

g-moles/1iter

MMU 1.0
NaOH 3.6
NaOC1 1.5

Bast Yields and Concentrations

Using the above procedure and reactants
the yield and concentration should be:

52% MMH based upon MMU
2.4 wt¥ MMH

.29




Table 3-6
LABORATORY PREPARATION OF MMH FROM COMMERCIAL UREA & MONOMETHYLAMINE -

Date
MMU Preparation

Reaction time, min

~ Reaction temp., %
-~ '‘Reaction pressure, psi

Urea, g-moles
MMA, g-moles
Total volume, ml
Yield, % on urea
MmUY

]

SDMU

MMH Preparation

Date

Reaction time,
Reaction temp.,
MMU, g-moles
NaOH, g-moles
NaOC1, g-moles
Yield, % on urea
MMH

Overall yield, %

%

Run #25
8/12/76

120
12
140
2.0
2.0
230

60.8
29.6

9/10/76
82

1.22
1.22
1.0

J9

62
46

30

Run #28
8/31/75

180
125
140
2.0
2.0
234

74
10
8

I,
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3.5.4.3 Use of MMU Crystallized from Pi{lot Batch

The pure MMU provided by crystaliization from the reaction mixture was
evaluated by a series of bleach reactions on a laboratory scale. Results
are given in Table 3-8 and indicate a maximum yield of MMH based upon MMU
of 39-40%. This was caonsiderably below the 60-75% obtained with neat MMU,
but time Timitations did not permit investigating the reasons for the lower
yield.

3.5.4.4 Puyrification of Pilot-Produced MM

The pilot plant MMU solution was cooled to 19°F and the crystals formed
reroved by filtration. Attempts to dry the crystals at 125°F were not
successful. The crystals dissolved in the approximately 5% water present
and made removal of water very difficult.

A series of evaporation/crystallizations were conducted by evaporation

of water at atmospheric pressure in a thin film evaporator and crystalliza-

tion by cooling the liquid in a refrigerated room. Typical results of the
evaporation crystallization are shown in Figure 3.

3.5.4.5 Pilot Scale MMH Production

The bleach reaction was conducted in the pilot plant using TM-2T reac-
tion conditions: MMU 1.03 moles/1iter, NaOH 3.70 moles/1iter, and NaQCl
1.54 moles/1iter. Reaction temperature was 81°C, reaction time 90 min.

-This_reaction is discussed in detail! below.

The MMU solution was made by dissolving 44.65 1b MMU crystals feed in
distilled water to make a 40% by weight solutior.. The total diluted weight
was 111.5 1b (50.58 kg), volume was 12.34 gal (46.7 1iters), and specific
gravity was 1.083. The hplc analysis of this solution indicated that urea
was 17.3 mg/ml, MMU was 357 mg/ml, and SDMU was 4.48 mg/ml.

To make up the 35 gal (132.5 1iters) required for the bleach reaction
required 62.3 1b (28.26 kg) of MMU solution, 96.1 1b (43.59 kg) of 45% by
weight of NaOH, and 155.4 1b (70.49 kg) of NaOC1 (11% C1 by weight). The
NaOC1 used was 1.55 moles/liter, which was 0.11 moles/1iter more than TM-2T
requirement because of the presence of urea and‘SDMU in the MMU solution.

e e 5,
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Original MMU Solution
130 1b

v

Cool to 19°F | . 18.7 ib dry MMU
Wash W y
i arer Filter 1.0 1b water
Evaporate e 14.7 1b water
Cool to 19°F
Wash Water — Filter = 20.4 1b wet MMU cake
 J
Evaparate b 21 1b water
1 9°
CooFi!I::el}' F —® 12 1b wet MMU cake

Figure 3 EVAPORATION/CRYSTALLIZATION OF PILOT
PLANT PRODUCED MMU
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The MMU solution was charged into a 50 gal reactor which was equipped
with a pump-around and heat exchanger. Methanol/dry ice was used as the
coolant and was kept at -20 to -30°F. After the MMU solution in the reactor
was cooled to -12°C, the cooled pre-mixed NaOC1 snd NaOH was pumped into the
circulation line just upstream of the pump. A thermometer in the effluent
of this pump was closely watched and the temperature of the solution was
maintained below 7°C by controlling the feed rate. It took 2.5 hours to
complete the additi-1 of NaOH/NaOCl. The reaction mixture was milk-white
during the course of addition. After a 20 min waiting period, the reaction
mixture was heated to 88°C in 35 min with steam. During heating, the reaction
mixture degassed and caused a foam. After degassing, the reaction went
smoothly and the solution color changed from milk-white to 1ight yellow. The
reaction mixture was kept at 82-88°C for 90 mir and then quenched by cooling.
Three samples were taken from MMH analysis at 30, 60, and 90 min intervals.

The analysis results are given in Table 3-9_and the—erersTT material
balance of the bleach reaction is given in Table 3-10.

The pilot bleach reaction had a yield of MMH of 41.1% as compared to
laboratory run TM-2T (11/12/76) of 56.2%. This is a significant (27%) loss
in yfeld. The reason for this lower yield was not determined, but it should
be noted that the laboratory studies were conducted in glassware, while the
pilot reactions were conducted in 316 ss (with gelatin added).

3.6 Recovery of MMH from Bleach Reaction Solution

3.6.1 Recovény Methods

The reaction mixture from the bleach reaction contains about 2 wt% MMH,
about 0.2% hydrazine hydrate, and several volatile contaminants. The solu-
tion contains one mole of NaCl for every mole of NaOC1 used as well as some
NaOH and Na.CQ;.

MMH must be recovered from this dilute salt-containing solution; chis
process represents one of the major energy-intensive steps in the production
of the hydrazine fuels.
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Table 3-9

ANALYSIS OF PILOT BLEACH
REACTION SAMPLES

(35 gal Batch)

) Analﬁsis, mﬂéml
Time, min,

30 16.75 1.78

60 22.26 2.70

90 21.92 2.90
36
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Table 3-10

MATERIAL BALANCE OF BLEACH REACTION

MMU = 10.10 kg
U = 0.49 kg
SDMU = 0.127 kg
NaOH (45%; = 43,59 kg
NaOC1 (11)%) = 70.49 kg
H20 . 17.54 kg

e . e
-

Feed wt. = 142.3 kg
Volume - 132.5 &

(Gelatin = 0.5 g/i)

Note: Based on charged MMU, MM yield was 41.1%
- Based on charged Urea, HZ yield was 127.3%

BLEACH REACTION
March 30, 1978

MH = 2.518 kg
HZ = 0.33 kq

37

Product wt. = 142.3 kg
Volume = 114,85 %
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Previous processes have relfed upon evaporii1on for the separation and
this course was followed during the study reported here. This technique
offers the hest possibility of producing a salt type by-product with minimum
loss of MMH or Hz.

3.6.2 Laboratory Evaporations

The product from the pilot plant bleach reaction was used fu~ a series
of laboratory evaporations to determine the best conditions for the pilot
plant batch.

The bleach reaction product was used in two laboratiory evaporations to
determine the operating conditions fci maximum v.covery of MMH. Table 3-11
shows the results of the laboratory ev:puvation at a slight vecuum (660 mm
Hg absolute). The results indicated a 54.2% recovery of MMH. The salt
slurry in the pot was very thick at the conclusion of the evaporation. The
amount of MM in the reboiler was reduced from 20,370 mg to 1489 mg by
avaporation of 577 ml of the 1000 m1 charge.

The material balance indicated 61.2% recovery of MMH, but over 100%
recovery of hydrazine. It appeared that some decomposition of MMH was
taking place. Most of the collected condensate samples had an ammonia
odor and analysis of these samples showed unidentified peaks.

A second laboratory evaporation was made at a higher vacuum. The
results are shown in Table :3-12. In addftion to operating at a higher
vacuum, the original bleach reactfon product, which contained suspended
salts at 5°C (40°F) was filtered before the evaporation. After collectior
of distillate equal to about 50% of the original chargye, the bottom product
was cooled and filtered to remove the pkecipitate. The fi1trate was further

‘distilled after the addition of two drops of anti-foaming agent. A total of

928 ml of distillate was collected from 1,195 ml of bleach reaction product.
Only a trace of MMH was detected in the last two samples of distillate. The
recovery of MMH was 93.2%; the material balance of MMH was 93.9%. The
analysis {ndicated only very small impurity peaks.
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Attempts to detail the recovery of hydrazinz was inconclusive, probably
due to contaminants that affected the analysis. In the first step of the
distillation 21.9% was recovered and the material balance was only 46.7%.

On the other hand, in the second step of distillatfon recovery was 72.6%
and the material balance was far beyond 100%. The overall recovery and
material balance for hydrazine appear to be very good.

These Taboratory evaporation studies indicate that evaporation of the
bleach reaction product at low pressure, 50-75 mm Hg, was preferred because:
(1) there vias better MMH recovery, (2) there was better Hz recovery and
(3) the g.c. analysis indicated fewer unidentified peaks.

3.6.3 Pilot Plant Evaporation

Based upon the information obtained from laboratory studies, the pilot
bleach reaction product was first cooled and filtered, then evaporated
using a thin-fi1m evaporator at high vacuum tc obtain 50-50 cut in volume.
The bottom product was cooled, the crystallized salt removed by filtration,
and the filtrate was evaporated under vacuum. The bottom product from the
second evaporation was cooled and filtered. Tables 3-13 through 3-17 show
the material balance and the analysis of each step of this operation.
Analysis of samples indicaied from 0.15 to 0.76 mg/m! SDMH in the reboiler.
These 1imited results suggest that the SOMH was not stable under the
evaporating conditions.

The results summarized in Table 3-18 show that of the 2346 g MMH
charged, only 20 g would be lost in tne filtrate from the third filtration.

There are several interesting results:

+ 1.85 kg of MMH in 79.6 & of distillate was recovered
+ 20.6 1b of salts were generated per 1b of MMH product
» Very little MMH remained in the salt cake

* The salt cake had a very low moisture content.

Highly accurate analysis of the product from the bleach reaction is
required to complete an accurate material balance for this portion of the
process. The MMH material balance was approached in two ways:
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Table 3-13

FISRT FILTRATION OF PILOT BLEACH REACTION MIXTURE

MMH = 2,846 kg
HZ = 0.320 Kg_

Hs0 = 4.28 kg

Fead wts. = 132.6 kg

BLEACH REACTION

MH =0
HZ = 0.084 kg

March 30, 1977 Cak
Dry
Filtrate 1 = 122.9 kg
MH = 2.47 kg
HZ = 0.337 kg
v

Note: Recovery of MMH during the filtration was 105%
Material balance of MMH was 105%
Recovery of HZ was 105%
Materiel balance of HZ was 132X
Filtration was rapid on glass cloth septum; 0.3 gal/ft?/min

Cake quite dry

42

e 1= 13.97 kg
Solid = 11.47 kg
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Table 3-14

FIRST EVAPORATION PILOT BLEACH REACTION MIXTURE

April 13, 1977

H:0 = 7.0 kg
MMH = 2.247 kg : MMH = 1.551 kg
HZ = 0,331 kg 1st EVAPORATION HZ = 0.077 kg
Feed Wt. = 123.6 kg April 13, 1977 Overhead wt. = 51.48 kg -
Volume = 101.43 2 Volume = 55.6 2

*This is calculated value.

Pressure; mmHga

Steam pressure; psig
Temperature of Liquid °C
Fead rate

Estimated time at temperature:

Bottom wt. = 77.11 kg
Volume = 56.9 2
*MMH = {0.721 kg)

*Hl = (0 222 kg?

50~55 mmHga

45

60-70
0.7 liter/min
1 minute
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Table 3-15

SECOND FILTRATION AFTER 51% OF BLEACH REACTION MIXTURE
HAD BEEN EVAPORATED

H20 = 3.0 kg .
*MitH = (0.657 kg) MMH = 0,046 kg
*H7 = (0.202 KQ) o 2nd FILTRATION HZ = 0.003 kg
Feed wt. = 70.13 kg April 15, 1977 Cake 2 = 20.4 kg
Volume = 51.9 & Dry solid = 18.8 kg

Filtrate wt. = 52.62 kg
Volume = 41.44 & |

M = 0.473 kg
HZ = 0.167 kg
v

*This is calculated value.
Filtration was rapid on glass cloth septum; 0.3 gal/ft?/min

Temperature: Ambient
Cake was fairly dry.

44
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Table 3-16

SECOND EVAPORATION

MMH = 0.47 kg

HZ = 0,167 kg
Feed wt. = 52.62 kg
- Volume = 41.44

2nd EVAPORATION
April 18, 1977

*This 1s calculated value.

Pressure, mmHga: 50

Steam pressure, psig: 45

Temp of liquid °C: 75-75-85
Feed rat &/m: 0.7

MMH

Overhead

ol
2

461 kg
= 22.91 kg

Volume = 24.0 2

Bottom wt. = 32.31 kg

Volume = 32.0 2
*MMH = (0.022 k
*HZ = (0.056 kg

Estimate time of liquid at temperature, 1 min

45
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Table 3-17
THIRD FILTRATION

M = (0.022 kg} | MM = 0.0002 kg
o S aee 3rd FILTRATION HZ ~ 0.0007 kg

Feed wt. = 32.21 kg April 18, 1977 Cake 3 = 8.26 kg
Volume = 23.0 & Dry solid = 7.80 kg

Filtrate wt. - 23.59 kg
Volume = 16.6 &
*MMH = 0.02 kg
*HZ = 0,056 kg

*This is calculated value. _
Filtration was rapid on glass cloth septun; 0.3 gal/ft?/min

Temperature: Ambient
Cake fairly dry
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(1) the total product in compared to the total product out and (2) the total
product in compared to the lcss of product in the salt cake. The first
method showed a 89.3% product recovery, the second method showed a 3.1% loss
of MMH in the salt cake or a 96.9% MMH recovery.

A material balance for Hz indicates a recovery of 53-6B%. Accuracy of
the hydrazine analysis at these low concentrations may account for the
relatively poor material balance.

3.7 Azeotropic Distillation of MMH

3.7.1 Introduction

The MMH is recovered from the bleach reaction solution by evaporation
of water and MMH to give a concentration of 2 to 3% MMH in water. This
dilute solution 1s distilled and a high boiling-point azeotrope containing
about 42 wt% MMH in water is withdrawn from the reboiler. The azeotrope
is extractively distilled to obtain a specification grade product. A series
of disti1lations, shown in Figure 4, are required to recover 98.5% MMH.

The first fractionation column is called the MMH azeotropicdistillation
column, where the 2% MMH stream is separated intc relatively pure water
(>10 ppm of MMH) as the overhead stream and a bottom stream which approaches
the azeotropic composition of 42% MMH. A flash drum on the overhead stream
may be necessary to remove any 1ight ends, such as methanol. The water can
be returned to the process and the 1ight ends incinerated.

_The 42% MMH azeotrope mixture 1s then sent to the extractive distilla-
tion column, where NaOH s used to suppress the vapor pressure of the H:0
to allow separation of MMH and H,0. The bottom stream contains hydrazine
(Hz), which is produced from urea during the bieach reszction. This bottom
stream is sent to an evaporator to separate the witer. Hz, and MMH from the
NaOH, which can be used again for the extractive distillation operation.
Some Hz + MMH are collected with water from the caustic evaporator. The
vapor 11quid equilibria for the NaOH, water, and MMH in the rebofler of the
extractive distillation column was not determined.  One laboratory result
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EVAPORATOR

Bleed to Waste
50% NaOH

Figure 4. PROCESS FOR THE RECOVERY OF MMH FROM 2.5% SOLUTION
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indicated 3 wt% MMH in this stream, this 1s a significant quantity and must

be recovered. Further laboratory studies are required to define the 1imits
of operation.

There is some Hz in the vapors from the caustic evaporator and these
must be separated. The proposed process includes an extractive distillation

with caustic to give Hz + MMH followed by a binary distillation to separate
Hz + MMH.

The azeotropic distillatfon of the dilute aqueous MMH solution produced
by the evaporation represents a significant heat input to the process. This
stream enters the column at approximately 2.5 wt% MMH in water and must be
concentrated to approximately 42 wtX. The most useful design information
for such a separation is the vapor/liquid equilibria data. The literature
contains references to recovery of MMH by distillation but does not contain
the required design information. The data in a general sense is represented
in Figure 5.

Although this information 1s not sufficient for design, the curve and
accompanying text indicate:

» A 2% solution can be concentrated tp a high boiling azeotrope
of about 35-45 wt¥% MMH.

+ There is a definite pinch point at the azeotrope concentra-
tion and additfonal distillation plates will result in only
small increases in concentration.

Laboratory efforts were conducted to obtain further design data.

3.7.2 Preliminary Laboratory Studies

In order to confirm the azeotrope compositionwﬁnd determine one point
on the vapor/liquid equilibrium curve, a brief laboratory study was con-
ducted. A 10 plate 30 mm dia. Oldershaw column was used at a pressure of
~700 mm Hg (a). Nitrogen was introduced into the rebofler at A5% of the
vapor flow. Three tests at different reflux ratios were made using 42.5 wt%
MMH as a charge to the bottom. One test was made using a charge of 48 wt%.
Results are show in Table 3-19.
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MMH In Vapor, m.f.

X , MMH In Liquid m.f.

GENERAL FORM VAFOR/LIQUID EQUI-
LIBRIUM FOR MMH/WATER
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Table 3-1¢

DISTILLATION OF MMH AT LESS THAN
AZEOTROPIC CONCENTRATION
at 700 mmHg (a)

Reflux Ratio Temp °C wtd MMH
L/0 mrp‘—wa?m ReboiTer  Overhead
® 101 86 42,5 0
3 42.5 Trace ( 0.1)
1 42.5 3
» 48.0 1.1
® 102 88 . 48,0 12.5
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The results indicate that the azeotropic concentration of MMH in water
fs very close to 45 wt% at a pressure of 700 nm Hg (a).*

These data indicated there would be no difficulty in this first dis-
tillation. Since the pinch point in the distillation occurs at the bottom
of the column, there would be no difficulty approaching to within 5% of
the azeotrope in a 10 plate column at practical reflux ratios and the
column could be designed to give "purc” water overhead.

From these data a reflux ratio of 3/1 was tentatively selected for
preliminary design in order to maximize the purity of the overhead water.
The design resulted in a very large column with a high heat load. Further
work was indicated and is reported below.

+ The column should operate at the lowest possible reflux ratio
which will give column stability, in order to conserve heat
energy.

* Produce overhead water with 1ittle or no MMH; goal of
10 ppm was set.

» Produce a bottom concentration close to the 42 wt%
azeotrope concentration and not less than 35 wt¥.

With these goals in mind it was decided to measure the MMH-vater
vapor-1iquid equilibrium. These equilibria data permit the calculation of
the reflux ratio and the number -~ plates for any given feed and overhead
concentrations.

3.7.3 Vapor-Liquid Equilibrium for MMH-Water

A laboratory scale apparatus consisting of a:500 m1 round bottom flask,
a twu platesieve-tray column, and a total condenser was set up to measure
the MMH concentration of the vapor (overhead) and 11quid (reboiler) when the
system was 1n equilibrium and operating at total reflux. These measurements
were conducted at two pressures for different concentrations of MMH 1n water.
The resulting data and calculated separation factor and relative volatility
are presented in Table 3-20.

+

*Knight, 0.A. Jr., Hydrocarbon Processing & Petroleum Refiner 41, 179 (1962)
indicates the azeotrope concentration is 35% MMH at atmospheric pressure.
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A separation factor is calculated from the composition of the cverhead
and the reboiler. The relatively volatility can then be calculated based
upon the number of theoretical plates.

The problem then becomes one of determining an average o from the data
presented in Table 3-20 where 1/a varies from 1/12.4 to 1/2.39 for the
pressure of interest.

o can be determined graphically, as shown in Figure 6. Although there
is ronsiderable scatter of the data at low concentrations, the 1/a values
increase rapidly at low concentrations of MMH in the 1iquid phase. A value
of 1/a = B appears reasonable. (Note that a value of o = 1/8 to 1/15 would
not greatly influence column design.)

For the very low values of y the vapor-1iquid equilibrium curve can be
represented by a straight 1ine with a slope of 1/8.

= mole fraction of MMH in overhead

~1

mole fraction of MMH in reboiler

It
|

F .= separation factor

oo e -]
b-3) [ & ]

a = relative volatility

n = number of theoretical plates assuming a 75%
plate efficiency for the 2 plate column

a = 14 (.75) (2) = 2.5

n+1 = separation factor = F

[ 2.4 x10°¢ -1 |—1 - 2.08 x 1o'=-|
[_1 - 2.38 x 1o"_| l_ 2.08 x 10°° _j
F = 1/889
2.5 = F
« = 1/15.1
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Fig. 6 GRAPHICAL DETERMINATION OF RELATIVE

VOLATILITY, MMH/H,O0
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The vapor/11qdid equilibrium can then be calculated from:

ik
1- -
1+GE-1y

11
[ |

Column conditions for L/V = 1/2, L/D = 1/1 with a feed of 2.5 wt% MMH
concentration of 10 ppm are shown in Figure 7.

Using o = 1/8, an expanded vapor-1iquid curve can be drawn for L/D = 1/2
as shown fn Figure 8.

The desired product (vapor yD) has 10 opmor 4 x 1075 m.f. >f MMH. A
reflux ratio of L/D = 1/Z is assumed and the relative volatility of 1/8 is
used. The Tiquid in equilibrium with yy is x; with 16 x 107% m.f. MMH.
The theoretical plates can be stepped off graphically as illustrated in
Figures 8, S and 10. The approximate compositions are:

m.f. x 1078

Plate . X
Top 4 32
2 18 150
3 76 600
4 310 2200
5 1200 9200

Since the feed is .01 MMH it could be fed to the 5th or 6th plate.
3.7.4 Verification of MMH Azeotropic Distillation

The MMH recovered from the bleach reaction solution by a series of fil-
tratfons and evaporations was 2.7% by weight in water solution. A 2 inch
sieve-tray fractionation column was set up (20 plates above and 10 plates
below the feed) to concentrate the feed solution to azeotropic composition.

Because of the limited capacity of this column it took more than 150
hours of continuous operation to obtain about 2.4 kg of the "azeotropic"
composition mixture (34% MMH). Two different reflux ratios were investigated

s -



' 1 ] 0 ppm -
l‘- —® 4 x 10°¢ m.f.
= 2(93.75) L |=93.75 D = 93.75 1b H0

2.5 wt% MMi*
7

97 .5 wt% Water

40 wt% MMH
H.0 =3.75 1b
NMH 2.5 1b

* 0.008% m.f., use .01 m.f.

Figure 7. AZEOTROPIC COLUMN DESIGN CONDITIONS
Based on 100 Ib feed
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L/D=1/2
a-i/8
1 i
0 8 6 24 32 40 48
X X 1078, mt.
Fig. g EXPANDED VAPOR/LIQUID EQUILIBRIUM CURVE

FOR MMH/ WATER
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during the course of the continuous distillation, and various overtiead
samples were taken for MMH analysis. These data are presented in Table 3-21.

The data were somewhat inconsistent and the results did not entirely
agree with calculated overhead MMH concentiatfons based on equilibrium data.
It is possible that:

(1) The feed and overhead take-off pumps were not stahle enough
to keep the feed and withdrawal rates constant at all times.

(2) The 2 in sieve-tray cqumns used for the study was unstable;
at times some of the plates above the -feed either contained
no 1iquid or were flooded.

The azeotropic fractionation would be improved by using more stable
feed and product pumps and/or a larger distillation column.

3.8 Extractive Distillation of MMH

3.8.1 Introduction

The bottoms of the azeotropic distillation column are a constant
boiling mixture with about 42% wt MMH. The specification grade MMH is
recovered from this mixture by extractive distillation using caustic to
suppress the vapor pressure of the water. This extractive distillation
was fnvestigated with a 1 in. diameter glass column and the same laboratory
column was later used to prepare specification grade MMH from the pilot
plant batch.

3.8.2 Laborato}y Batch Distillatfon with Purchased MMH

Laboratory studies of the extractive distillation were conducted to
determine the concentration of NaOH necessary to minimize the carry-over
of MMH in the sti11 bottoms.

Test conditions for the extractive distillation with purchased MMH are
shown in Figure 11. Results of the laboratory studies are given in
Table 3-22 and indicate that the concentration of MMH in the still bottoms

decreases to less than 3 wt¥ when the NaOH concentration 1s 25 wt% of tha

62 |

A

s g s p——————— .

i T i DA
}"“" y':"./‘:‘."'»r RS | i o




OPERATING DURING VERIFICATION RUN

Table 3-21
PERFORMANCE OF 2" DIAMETER AZEQTROPIC FRACTIONATION

Feed 8011-up
Pressure, Reboiler Rate Rate, Reflux Ratio, Overhead MMiH{ Conc.
_molg(a)  Temp, °C  ml/min  ml/min L/D* ppm
_ B4G 96 4.1 8.0 1.5 290
640 96 4.7 8.0 1.5 259
640 96 2.5 8.0 1.0 54
640 96 5.0 8.0 1.22 231
640 96 0. 8.0 1.5 134
640 96 4.7 8.0 1.6 135
640 96 5.5 8.0 0.78 150
640 96 4.8 8.0 1.35 180
640 96 5.5 8.0 1.0 225
*L = Liquid returned to column,
D = Liquid product
63
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0.H. Analysis

H,0
.2 q NaOH
6.57 g H20 T
E

v=2.84g
H,0 equiv.

: -
2.6 ml/min 2.5 mi/min = 2.18 g MMH

L=2.6 gMHL/D-1.04
1.02 g H,0 Equiv,

L = 10.0 g H,0 Eq.

x MH NOTE:

6/1/77 1330
6/1/77 1400
: 6/1/77 1500
| 6/1/77 1530

Figure 11.

99.67
99,78
99.84
00.61

MH= 68¢g
—pH 0 =545 g
NaOH - 2.2 ¢

For decscription of distillation
colmun conditions MMH has been
expressed in terms of water
equivalents as follows:

g-MMH x'%g. = g-water equivalents

MMH EXTRACTIVE DISTILLATION COLUMN RESULTS
(Purchased MMH)
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!t Table 3-22
LABORATORY EXTRACTIVE DISTILLATION OF MMH
~ Wt % MMH Wt %
Run Feed QOverhead Bottoms NaOF in Feed* L7V
6 45.1 62.6 12,6 : 10 2.0
7 41.0 62.0 140 - - 10 1.5
8 33.3 52.7 <3.0 25 1.25
*Based upon total water content
4
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total water in feed. Although this is a relatively low MMH concentration,
it is a very significant Toss and suggested the use of a higher caustic
concentration.

[t should be noted that this column has a relatively low heat require-
ment and therefore the reflux ratio does not greatly affect the overall
heat requirements of the plant.

3.8.3 Laboratory Distillation with Pilot MMH Batch

A 20 plate Oldershaw Column (30 mm/I.D.) with the feed on the 1llth
plate from the top was operated continuously under the conditions of -
Figure 11. The column was put on l1ine using a simulated feed made up with
MMH obtained from Aldrich Chemical Co. The column operated for several
hours, producing 140 g of overhead (OH) with compositions better than 99.5%
MMH. This corresponds to a final product recovery of 76%. (The other 25%
in the bottoms was recovered in a subsequent distiTléfion.)

During subsequent batch distillations it was found that the charge (both

simulated and from the pilot plant) foamed and frothed to varying degrees

on being brought to a boil. The pilot plant charge which had been mixed
with the alkali and stored for 7 days foamed so vigorously that foam started
up the column and the still pot had to be quenched. The simulated charge
showed less frothing. In commercial practice where hold-up times are much
smaller and severe foaming without flooding or plugging can be handled,

this effect should be minimized.

In view of the foaming difficulties when operating this small labora-
tory column on a continuous basis it was decided to use batch distillation
to produce the MMH required for a verification of the process. In these
batch distillations the reboiler was charged with 200-300 g of MMH in water
plus solid NaCH to give a feed composition the same as in Figure 11. The
overhead was collected in several fractions, which contained 1ess than 1.5%
water and were considered specification grade MMH. Subsequent fractions
contained increasing amounts of water. These Tater fractions (wet) were
used as a part of the charge to the sti1l in subsequent distillations.
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Examination of the data in Table 3-23 indicates a 50-60% MMH recovery
and a 95% total material balance for these batch distiilations. The MMH
loss was due to the discard of sti11 bottoms containing less than 35 wt®
MMH. This large loss would not occur in a continuous column; however, some
MMH and Hz may remain in the still bottoms and would have to be recovered.
The process design provides for this recovery. ’

3.8.4 Analysis of Pilot-Produced MMH

The four batches of MMH produced by the above extractive distiilation
procedure were analyzed at IITRI using the gas chromatographic techniques
specified in MIL-P-27404A, 20 May 1969. Samples were submitted to
Edwards Air Force Base and were analyzed in their laboratories. Results
are given in Table 3-24. According to Edwards Air Furce Base analysis,
Batch A contained 0.4% water; Batch C had 2.4% water,

3.8.5 Hydrazine Recovery

In the proposed urea process, about 10% of the charged urea remains
as urea after the amine reaction. It was proposed to leave this unreacted
urea fn soiution and to let it form hydrazine during the bleach reaciion.
The hydrazine would be carried with the MMH to the extractive distillation
where hydrazine hydrate (HH) would be removed with the 25% caustic from
the still bottoms. The HH would come over with the water vapor during the
caustic reconstitutiorn step.

3.9 Waste Treatment

3.9.1 Sources of Wastes

The primary wastes generated in the urea process are:

« Water (overhead) in the azeotropic distillation of crude
MMH solution

+ Salts from filtration during concentration of the crude
MMH or UDMH product

+ Mater from the caustic reconstitution process

+ Miscellaneous volatile by-product and gaseous products
from decomposition.
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Table 3-23

BATCH EXTRACTIVE DISTILLATION OF PILOT MMH BATCH

CHARGE

MMH, g
Water, g
NaOH, g (Pellets)

RECOVERED OVERHEAD
Specification grade MMH

MMH, ¢
Water, g
Wet MMH
MMH, g
Water, g

MMH RECOVERY
Specification grade MMH, g
Wet MMH, g

Total, g
% of Charge

OVERALL MATERIAL BALANCE

Charge, ¢
Overhead, g
Bottoms, g

% Accounted For

Run A

—————

290.6
263.2
107.5

142.5

51.2
63.8

142.5
51.2

193.2
67%

662.0

115.0

323.5
90%

63

B c D
222.8 1”7 271.7
288 459 420
135 121 151

94.3 35.4 160
0 0 0
§6.3 51.6 0
65.2 47.5 0
94.3 35.4 160
56.8 51.6 -
151.1 8.0 -
68% 51% -
746 630 849
216.3 132.5 160
216.3 132.5 680
101% 89% 99%
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Table 3-24

ANALYSIS OF MMH PRODUCED IN VERIFICATION STUDIES

I1ITRI Analysis, wt?
MM

Batch WHH H20
A 99.2 .2

B 98.9 5

c 99.0 .4

D 99.3 2
69

EAFB Analysis, wt
MMH Hp0

99.9
97.6
97.0
98.3

biv i
4

]'5
2.4
1.1
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A1l waste products must be treated to insure no environmental impact.
Exploratory laboratory experiments were conducted to determine the extent
of this problem.

3.9.2 Carbon Adsorption of Hydrazine

Exploratory studies of adsorption of Hz, MMH, and UDMH on two typec of
carbon were conducted. The samples, however, appar-ntly underwent change
between the time of sampling and the time of analysis sc results were incon-
clusive.

Carbon adsorption studies were also conducted by Verzino (June 1976) of
the Aerospace Corporation. Three carbens, Filtrasorb 400, Nuchar WY-W, and
Witco 235 were used. Solutions containing 1000 ppm UDMH were treated with
40 g/% of the carbon. Treated samples contained 30-40 ppm UDMH, equivalent
to 95% removal. Carbon capacity was approximately 0.0002 g UDMH/g carbon i
at the 30 ppm final concentration.

Verzino conducted a second set of experiments in August 1976 using 20 i
ppm of UDMH and treating with 20 g carbon/liter reduced the UDMH concen-
tration to below 0.001 ppm. ’ |

While these results indicate carbon does adsorb the hydrazines, the
adsorption capacity 1s very low. Further investigations of the adsorption
capacity of activated carbon are required before the potential of this
means of treating wastewater can be assessed.

3.9.3 Oxidation Treatment of Hydrazine d

Hoke has indicated that hydrazines in wastewater can be oxidized by
atmospheric oxygen as well as by sodium hypochlorite. Coughling has
reported that activated carbon serves as a catalyst in the oxidation of a
Yarge number of organics. Emel (a reference cbtained after completion of
the laboratory work) indicates that alumina acts as a catalyst for ozone
oxidation.

Initial attempts to oxidize Hz, MMH, and UDMH with ozone resulted in ‘
significant reductions of these compounds. In the case of UDMH, however, i
considerable nitroso dimethylamine was formed.
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Experiments by Verzino to test the activated carbon/air oxtdation of
UDMH were encouraging and indicate this approach should be further inves-
tigated.

3.9.4 Solid Waste Treatment

According to the material balance for the proposed process, some 18 1b
of dry salts or 26 1b of wet salt cake are generated per 1b of MMH produced.

The salts consist of NaCl, Na,CO, and NaOH. The salts must be free (probably

less than 0.4 ppm) of hydrazine before disposal. Composition of the salt
obtatned during the verification studies i1s given in Table 3-25. The wet
cake has approximately 5% water and 3000 ppm hydrazine. This water could
be evaporated in a salt dryer and condensed to give hydrazine-containing
water which could be returned to the system.

3.10 UDMH Process
3.10.1 Introduction

During this study efforts were concentrated on the development of the
urea process for the production of MMH and only limited efforts were
expended in the study of the UDMH process. The laboratory work indicated
good yields and few processing problems. No attempt was made to verify
the laboratory results on & large scale.

3.10.2 Production of UDMU

UOMU was produced by the reaction of ureaz and DMA in an aqueous sclu-
tion at 118°C (Table 3-26). A 25% excess of DMA was used and a yield of
UDMU of 87%, based an urea, was obtained with a 240 min reaction time.
Data from a second run is shown in Table 3-27. In this run a 50% arcess
of DMA was used and the yield, based on urea, was 98% at 240 min reaction
tima.

These two reactions indicaie that good yields can be obtained without
difficulty.
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Table 3-25

HYDRAZINE CONCENTRATION IN WET SALT CAKE

Total MMH HZ
Cake Weight,kg Weight,kg Weight kg
1 ‘ 13.97 0 .084
2 20.4 .046 .003
3 8.26 .002 .0007
Total 42.63 .048 .0877
Concentration = W = 3200 ppm
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3.10.3 Production of UDMH

UDMH was produced in the laboratory by the procedure used by Vickburg
Chemical Company and described by Wax. They reported a 95% yield of UDMH.

The Vickburg procedure is given below:

(a)

(b)
(c)

(d)

(e)

19.9 g DMU (.2227 moles DMU: .0052 NH,C1) 1s dissolved in
160 m1 H,0 and 35.3 g 50% caustic (.4450 moles).

The DMU/caustic solution is cooled to -10°C with stirring.

142 g of 11.1% NaOC1 (.223 moles) at -10°C is added rapidly
to the cold DMU solution.

:The reaction mixture is allowed to sit in an ice/methanol

bath for 10 minutes at which time 35.3 g 50% caustic are
added and the solution brought rapidly to distil]ation
temperature. '

Approximately 70 g o% distillate ére caught in a cold
trap and weighed accurately.

They stated that it was essential that the UDMH be distilled rapidly
to insure good yields.

This procedure was duplicated and results of the experiment are given
in Table 3-28. A UDMH yield of 99% was obtained.

On the basis of these 1aboratory~experiments, it appears that UDMH can
be produced by the urea process without difficulty.

75

Bl i e o M $e



L . e

Table 3-28
UDMH BLEACH REACTION

Reaction No. 4

Concentratisn, moles/1:
UDMU
NH4C1
NaOH (total)
NaoC1

Temp Oc, initial

Reaction time, min
Volume, ml, reaction mixture

Distillate
Yield, mg/ml  UDMH
Hydrazine
Yield UDMH,% ’
76

Distillation )

0.677
0.016
2.74
1.08

-10
98

30

186
47

-159,2

0.2
99



4. PRELIMINARY PROCESS DESIGN

4,1 Introduction

During the laboratory studies a continuing effort was made to develop
the process design for the full scale plant. These efforts served to high-
light areas of particular concern as to costs, yfelds, and waste production
which were then studied in the laboratory effort. The time frame of the
work did not permit an in-depth study of every aspect of the process;
however, the concurrent development of the desfgn and laboratory effort
insured a maximum of useful results for the effort expended. Results of
this design effort are reported here.

The process design was based upon a production rate of 400 1bs MMH/hr
using urea and monomethylamine. At this point in the overall development
there are many unanswered questions regarding the best modes of operation,
the exact size of equipment, some of the materials of construction, waste
treatment, and build-up of impurities in recycle streams which will influ-
ence the design of the plant. The information available 1s sufficient to
delineate the process steps, to develop approximate equipment sizes and
costs, to prepare the first mass and enerqgy balances, and to prepare early
cost estimates.

For convenience the process is considered in three sections:

(1) MMU Production
(2) MMH Production
(3) MMH Purification

Each section 1s presented separately. Specifications for major equip-
ment are given in the Appendix.

4.2 MMU Production

Section (1), MMU Production, is shown in Figure 12.

Urea pellets are delivered by truck and a 10-day supply held in a silo
(101). Urea is dissolvad in water in a batch operation. The urea 1s fed
through a weigh feeder (102) to an intermediate hopper (103) and into a
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