AAVG5046

DDG FILE coPy;

AFRPL-TR-78-38
AMINE FUELS VIA THE UREA PROCESS

TecHNicAL REPORT

IIT RESEARCH INSTITUTE
10 WEST 35TH STREET
CHICAGO, ILLINOIS 60616

AUTHORS: DR. ALLAN GRAY
MR. EDWARD FOCHTMAN

MAY 1978

APPROVED FOR PUBLIC RELEASE;
DISTRIBUTION UNLIMITED

Prepared for:

AIR FORCE ROCKET PROPULSION LABORATORY
DIRECTOR OF SCIENCE AND TECHNOLOGY

AIR FORCE SYSTEMS COMMAND
EDWARDS AFB, CALIFORNIA 93523

49 02 26 2

\,

P
» =

e

2 ar
FEB 28 1979



p—— e

s e
e e i

e o ro-

NOTICFS

When U.S, Government drawings, specifications, or other data are used for
any purpose other than a definitely related government procurement opera-
tion, the Government thereby incurs no responsibility nor any obligation
wvhatsoever, and the fact that the Government may have formulated, furnished,
or in any way supplied the said drawings, specifications or other data, is
not to be regarded by implication or otherwise, or in any manner licensing
the holder or any other person or corporation;, or conveying any rights or
permission to manufacture, use, or sell any patented invention that may in
any way be related thereto,

FOREWORD

This report was submitted by IIT Research Institute, 10 West 35th Street,
Chicago, Illinois 60616 under Contract F04611-76~C- 0044, Job Order No,
624A00QU with the Air Force Rocket Propulsion Laboratory, Edwards AFB,
California 93523.

This report has been reviewed by the information office/X0J and is release-
able to the National Technical Inforuwation Service (NTIS). At NTIS it will
be available to the general public, including foreign nations. This
technical report hus been reviewed and is approved for putlication; it is
unclassified and suitable for general public release.

/«m// A

FORREST FORBES, Project Manager
Chief, Liquid Propellant Systems

FOR THE COMMANDER

Ebuwad I

E. E. STEIN, Deputy Chief
Liquid Rocket Division

.....

YAANRDUNCES
JUSTIFICATION...o




LUNCLASSIFIED

( SICURITW_SMFICATION OF THIS PAGE (When Deie Bntered) .
R, , REPORT DOCUMENTATION PAGE BEFORE COMPLITING FORM
r g B 2, GOVTY ACCEASt 0.} 3. J : TALOG NUMBER
, - TecAhICd/ \
- 4. TITLE (and Subtitle) o hd S ?s-o- PERIOD COVERED
L, s epart.
s & /| JINE FUELS VIA THE URER PROCESS J B e o sen 77
? 8. 1 . [4.]
3 ‘; 7. au WO, #_ | & CONTRACT OR G ""2!"7
o JOJ] Aianjeray /2] Faas11-76-c- ety —
o \_;dwarq/Fochtman :
. 8. PERFORMING ORGANIZATION NAME AND ADDRESS 10, ::22R.‘.U‘O:RLK!zﬁrTT'NPlJRAIOil!!RCJ. TASK
v . B
10 Wost 35eh Street. - A L
Chicago IL 60616 t 6ZAASQQU
1), CONTROLLING OFFICE NAME AND ADDRESS 12, REPORT DATE ~
Afr Force Rocket Propulsion Laboratory (AFSC)
Edwards AFB CA 93523  LKCP 11 NUMBEROF Paces
T4 MOHITGRING AGENCY NAME & ADDRESS(I] ¢ Hasent leom Centrolling Office) | 18, SECURITY CLASS. (of this report)
| "\“__”_‘H’____A ‘————-" 7 - ;
‘ @ M 3/ 73 :2“? F/ UNCLASSIFIED
: el /2 8a, ?g’t‘:éﬁ&ncrﬂomﬁowuanomo

6. DISTRIBUTION STATEMENT (of thie Report,

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED.

-
~

. DISTRIBUTION STATEMENT (of the wbefract sntered In Block 20, it dilferent from Report)

8. SUPPLEMINTARY NOTES

e, KEY WORDS (Continuc on reverse side if necesesary and identily by block number)
‘

{ ) Amine Fuels
L UDMH

r MMH
: . Urea Process

T /liTlAcT (Continue on reverse aide if necessary end identily by block number)

The distinct possibility that hydrazine fuels would not be available in the
quantities required by Air Force and NASA during the late 1970's and early
1980's motivated the Air Force to support research on alteenative processes
which would have the potential of minimum environmental impact. This is a
report of the study of the production of MMH (monomethyl hydrazine) and UDMH
(unsymmetrical dimethyl hydrazine) via the urea process. Primary effort of |
the program was devoted to the study of the chemistry of the reactions. —--—Tzﬁﬂrv‘w/

DD ,5n'ss 1473  coirion oF 1 wov e8 13 oBsOLETE UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Daty Entered)

275 350 7(3 02 26 2243

T Te— o ————s

- .

——— -
o mR e Ty v e T vg




- e

e AT

[ UNCLASSIFIED

RITY CLASSIFICATION OF THIS PAGE(When Date Rntered)

Engineering design data were developed for several of the unit processes and
have permitted a preliminary process design and economic evaluation. Additional
engineering data will be required to design a pilot plant .

Prime emphasis was placed on the production of MMH. Best yield of monomethyl
urea from urea was 80% on a pilot plant batch. Best yield of MMH from MMU was
about 45% (although higher yields could be obtalned with great}y increased
caustic concentrationsg. The overall yield, based on urea, was 36%.

Limited laboratory studies indicated the yield of dimethyl ur\ was 95%
and the yleld of UDMH was 39%.

The process for formation, separation, and purification of MMH mnd UDMH
follows the processes reported in the literature and appears conventional. A
major concern is the production of salt (NaCl + Na2C03g since some 18-24 1bs
could be produced per pound of MMH product.

The urea process appears to have good potential for the production of UDMH
and 1imited potential for the production of MMH.

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Dats Entered)




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
by IITRI between April 1976 and September 1977 under Contract No.
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.
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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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