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- ABSTRACT | T

This report (Volume 1I) completes the technical, operating and economic
studies for a 3-year pilot plant demonstration of the urea/ammonium nitrate
(U/AN) route to guanidine nitrate (GN) as an intermediate for manufacture cf
nitroguanidine (NQ). Volume I covered the laboratory and pilot plant program
through 1971-72; this Volume II summarizes the 1973 effort, including plant :
modifications, production of 10 tors of specification GN, ecunomic comparison %
of the U/AN and British Aqueous Fusiou (BAF) processes for GN, and layaway of
the GN pilot plant.

As summarized in Volume I, catalyst lifetime problems due to impurities
in the feed AN were encountered in the first production efforts, and these
were satisfactorily resolved in early 1973, The pilot plant subsequently
operated well, and an economic catalyst lifetime was shown in the reactors i
which are basically production prototypes in design and size. oo

Following limited equipment and line modifications, the GN pilot plant was
operated as a totally integrated unit for nearly three months, Actual cumula-
tive operations time was 62 days, resulting in 6,456 total reactor hours. About
10 tons of 95.9% average purity GN from the 1973 campaign and 827 1b GN (95%)
made in 1972 were shipped to Cyanamid of Canada and converted to nitroguanidine. .
The NQ product met all military specifications. §
{

plus a single aqueous crystallization step was demonstrated, The plant, em-

ploying prototype production equipment and exact models of production reactors,

ran well. About 30 to 40 system turnovers were experienced with no evidence

of impurities buildup in the recycle stream. System upsets and process varia-

tions were encountered, and the process demonstrated its stability by accepting

changes without any serious adverse effects. :

The concept of the U/AN process for manufacturing GN via a melt reactor g
i

Houdry CP-532 gilica bead catalyst was used throughout the run. A mini- g
mum mileage of 188 1b GN/1b catalyst was obtained, a reasonable value for pro- S
ductfion plant operastion. Some of the packed bed tubular reactors becsme plugged ;
from a buildup of ammelide in the system. This problem can be minimizéd in a i
plant by specifying suitable process equipment and cptimizing the feed AN/U .
ratio, Good guanidine nitrate yields baged on urea and ammonium nitrate were ;
demonstrated: wurea = 79.5% (2-mole stoichiometry); ammonium nitrate = 105.5%. '
Expected yields in a production plant are > 907 and > 95%, respectively. Data
showed that nitrates are conserved in the reactor and that high concentration
urea feed results in urea losses other than those expected from hydrolysis.
The economic analysis used congervative yield values, :

A comparative economic analysis showed that the U/AN-GN process has defi-
4» nite cost advantages over the BAF route for a total GN-NQ facility. Results
A» from this program are sufficient to yield a confident plant design. The U/AN
; process can be recommended for commercialfzation.
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FOREWORD

Thia program was conducted by Hercules Incorporated, Kenvil, New Jersey,
under contract DAAA 21-71-C-0193 with Picatinny Arsenal. The Contract Project
Officer for this contract at Picatinny Arsenal was Mr. C. H. Nichols. The
Hercules Incorporated Program Manager was Mr. N. W. Steele (Kenvil). #Hercnles/
Kenvil principal investigators were Messrs. J. A. Doyle and M. G. Whippen.
Technical assistance wes supplied by the following Corporate Home Office (Wil-
mington, Delawere) personnel: Dr. J. A, Gorton, Mr. A. R. Bookout and
Mr. D. M. Clarke, Engineering Lepartment; and Dr. R. S. Voris, Systems Group.
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I. DIGEST

ES

A. OBJECTIVE AND BACKGROUND

The objectives of this program {(Contract DAAA21-71-0-0193) were to develop
basic design data and to produce a quantity of guanidine nitrate (GN) of suit-
able quality for conversion to nitroguanidine at the Welland Cyanamid of Canada
plant. The process for producing GN is based on the catalytic reaction of am-
monium nitrate and urea at about 190°C according to the following equation:

NH
]

2 NH, CO NHy + NH; NO3 Catalyst  Niy C NH, HNO3 + 2NHy + COp
190°C

(Urea) (Ammonium (Guanidine
Nitrate) Nitrate)

The original patent (U.S. 2,783,286)(1) for the above chemical route to GN was
issued to L. G. Boatright and J. S. Mackay, American Cyanamid Company on Feb-
ruary 26, 1957.

This program was designed for four separate phases ranging from laboratory
process confirmation/kinetic studies through pilot plant GN production and cul-
minating in battery limits process design criteria. Program results frowm Octo-
ber 1970 through January 1973 wers presented in a Final Report - Volume 1'(2)
dated August 1973. This Volume II completes the summary of pilot plant and eco-
nomic studies through September 1973.

B. SUMMARY OF VOLUME I

Laboratory and pilot plant experiments confirmed the soundnesg of the pro-
cess as described in the literature, Mathematical models and computer programs
developed on the basis of laboratory kinetic and process variable data proved
to be capable of predicting the behavior of packed bed tubular reactors. A
semi-continuous pilot plant with a nominal capacity of 50 1lb GN/hr was con-
structed on the basis of laboratory data and subsequently operated as an inte-
grated unit. The plant, containing eight parallel 4-inch-diameter tubular react-
tors, employed production plant prototype equipment. About one ton of 96+% pur-
ity GN was produced using a single, aqueous crystallization step for product
recovery. This material was capable of being converted to nitroguanidine com-
parable to NQ produced in the Cyanamid production facilities. Total pruduction
was not met because of catalyst poisoning which was traced to phosphates and
perhaps borates in commercial grade ammonium nitrate. When commercial additive-
free AN and urea were used with Houdry CP-532 macroporous silica besds (the only
known suitable catalyst for the packed bed reactors) in a 4-inch-diameter pro-
duction plant model reactor, a minimum mileage of 38 1b GN per 1b catalyst was
obtained. Accompanying this mileage were a urea conversion of 83% and a urea-
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to-GN yield (based on 2-mole stoichiometry) of 95%. A winimum mileage of 65 gm
GN per gm catalyst was demonstrated in a l-inch-diameter downflow reactor.
Unreacted AN and ures were not recycled for either of these experiments. These
resulis represented a significant technological asdvancement for the manufacture
of GN via the urea/smmonium nitrate process, but did not provide en adequate
engineering base for reliab’e, economic production design.

A propossl was submitted to Picatinny Arsenal to continue the program,
with some changes in the scope of work, through the third quarter of 1973.
The executed contract modification covered additional pilot plant operations,
an economic study to compare the relative nitroguanidine manufacturing costs
via both the British Aqueous Fusion and urea/ammonjum nitrate guanidine nitrate
processes snd layaway of the pilot plant.

C. SUMMARY OF VOLUME Il
1. Modifications

The pilot plant was modified to effect smoother operations and to
minimize operating downtime. Examples of changes included routing of 150 psig
plant steam to the pilot plant, installation of larger diameter and better
steam traced melt process lines, installation of individual feed flow control-
lers on each reactor, relocation of some equipment for improved and safer oper-
ations, etc,

2. Production

The pilot plant was operated from May 21 until August 10, 1973 (except
for a scheduled two-week plant shutdown) as an integral unit employing fresh
makeup plus recycle ammonium nitrate and urea as feed for the reactors. The
number of reactors on stream at snv one time varied from one to eight. 7lotal
cunulative reactor time was 6,456 lours, resulting in the production of 19,240 1b
of on-grade guanidine nitrate., This material, plus 827 1b of GN produced during
the 1972 campaign, was shipped tc Cyanamid of Canada and subsequently converted
to nitroguanidine which met all military specifications. Average chemical analy-
sis of GN produced during the 1973 pilot plant campaign and shipped to Cyanamid
is shown below. The minimum target GN content of production material for pro-
ducing nitroguanidine is included. Higher GN assays are desirable to minimize
sulfuric acid purging in the NQ plant,

Average Analysis of Targer GN
1973 GN to Cyanamid, % Product Analysis
Guanidine Nitrate 95.9 > 94,0
Ammonium Nitrate 2,4 < 4,0
Urea 0.4 < 1.0
Water Insolubles 9.5 < 1.25
Water 0.8 < 2.0

N
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3. Catalyst Performance

Reactor R-200 was the first reactor placed in service and consequently
was the reactor with the greatest number of cumulative operating hours. During
its period of performance, the other operating reactors were removed temporarily
from service two times to determine that the catalyzt in R-Z00 was still active.
Reactor R-200, stopped and started on seven occasions, was in service for a
total of 1,026 hours. On the basis of productivity calculations, using reactor
feed plus product analysis and a nitrate conservation calculation technique, &
mileage of 188 1b GN per 1lb catalyst was demonstrated. Average productivity
of the pilot plant reactors during this 1,026~hour operating period was about
4.5 1b GN/hr/reactor tube at 190°C, about 22 1b feed/hr, and total recycle.
Ultimate mileage of the Houdry CP-532 silica bead catalyst was not determined;
however, a conservative value of 200 1b GN/1b catalyst was used in the economic
study. Commercial, additive-free ammonium nitrate and urea were used for pilot
plant feed stock.

Some attrition of the Houdry CP-532 silica bead catalyst was noted when
it was inspected after 37 days of cumulative operating time. About 10% (2.5 1b)
of the catalyst was gone. This represents a catalyst consumption rate of about
0.6 1b catalyst per 1000 1b GN produced. If the catalyst depleted to about 60%
. - original depth, the urea conversion would be about 80% of the value for a

ful. -oadad reactor based on mathematical model predictions. Using this criterion

s the minimum acceptable urea conversion level, a single reactor tube could con-
ceivably produce about 17,000 1b of GN before charging new catalyst.

Houdry CP-532 silica bead catalyst is presently a pilot plant material.
Air Products and Chemicals, Inc.,, will either produce the catalyst or supply a
design for a government plant to produce catalyst. A review of Air DProducts
proprietary data does not indicate any major problems regarding the manufacture
of this catalyst.

4, Process Yields

Productivity during the 1973 pilot plant operations, calculated on the
basis of recovered product and total reactor operating hours, averaged about
3 1b of GN per reactor hour. Day-to-day calculations of reactor productivity
based on 8 nitrate conservation technique, showed an overall aversge value of
4 to 4.5 1b GN/hour/reactor. The difference in the two values was due to ob-
served process losses. It was shown th1it ammonium nitrate did not decompose
in the reactor, that 1% of the reactor product melt was entrained in the
NH3 - CO; gas stream, and that spproximately 1-1/2% of the AN in the evaporator
feed stream was volatilized in the recycle evaporator. By comparing the pre-
dicted and actual quantities of NHy and €Oy found in the off-gas scrubber outlets,
it was shown that 2 nominal one mo?e of ammonium carbamate is produced for each
mole of guanidine nitrate, Analyses cf plotted calculated results showed that
a reactor urea yield of 100% (based on a 2-mole stoichiometry) is reasonable
at an AN/U feed molar ratio of about 1.5. At high urea concentrations (AN/U £1),
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total urea losses sre greater than those predicted from hydrolysis. At AN/U
ratios greater than 1.5, urea hydrolysis efficiency decreases, indicating &
yield advintage in operating the reactors with high AN feed,

A two-day material balance was made over the entire pilot plant with
a teactor feed AN/Y molar ratio approximsting 1.5. Process materials resulting
from leaks were returned to the system. Accountability of urea, smmonium nitrate
and guanidine nitrate was accomplished by direct weighing, tank levels and
numerous anslyses, Extraneous material losses and ures equivalents were calcu-
lated on the basis of data presented above. Results of the material halance are
as follows:

Total weight closure 100.7%
Ammonium nitrate weight balance 103.0
Ures weight balance 108.4
GN yield based on urea (2-mole ratio) 79.6
GN yield based on AN 105.5

The GN-from-ures yield loss can be attributed to hydrolysis from water in feed
(ca 18%) and insolubles formation (ca 2%). Por production plant desfgn purposes,
urea and AN yields of 90% and >95%, respectively, can be used.

5. Operations

Reactors were brought on stream sequentially, and within one month all
eight reactors were operating. The plant operated very well mechanically with
recycle of unreacted AN and urea. Analytical closures of the evaporator bottoms
Tecycle stream were consistent throaghout the total pilot plant operation,
indicating that the recycle operation does not produce impurities, A shutdown
of the eight reactors was required because of the inability to sustain individ-
ual reactor feed rates. Post examination of the elbows and catalyst retention
screens at the tops of the reactors revealed heavy deposits of inselubles
(ammelide), This condition was the direct result of having taken the solid
bowl centrifuge (used for insolubles removal) out of service temporarily, thus
permitting ammelide to build up in the system, This condition, perhaps the
most serious upset condition that could be experienced, produced scaling in
the recycle equipment and transfer lines, The performance of the recycle
evaporator was adversely affected by this upset., Continuous removal of water
insolubles from the system {s important,

During the above shutdown, catalyst was changed in three reactors,
On startup, seven of the eizht reactors resumed operation, Following a scheduled
two-week shutdown, only three of the previously six functioning reactors could
be placed in service, At the very end of the campaign, only one reactor was
functioning. The primary reason for reactor bed plugging has been attributed
to ammelide, In a production plant with feed pumps developing higher discharge
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pressures than the pilot plant feed pump, the problem of feeding partially
resiricted reactor tubes would nut be as serfous. The problem of reactor bed
plugging would be minimized by employing reliable insolubles removal equipment
and by optimizing the AN/U feed molar ratio.

The pilot plant was subjected to other upset conditions and process
variables such as AN/U feed ratio, water in feed, inadvertent diversicn of
reactor product from system, varying solids content of reactor quench stream,
loss of reactor tubes, startup of reactor tubes, etc, Daily calculations of
reactor productivity showed normal variations and major swings., The major
productivity swings could be explained by a process variable change or an
upset, It is interesting to note that there was not a gradual decline of
productivity as a function of time, indicative that the catalyst activity
was not decaying. Analysis of the data showed that the U/AN process for
manufacturing GN is a stable operation that can accept natural process upsets
and variations without deleterious effects on long-term oprrations or product
quality.

Guanidine nitrate recovery via water quenching of the reactor product,
removal of the ingolubles, and single aqueous crystallization followed by a
centrifuge operation was totally satisfactory., If all of the operations are
performed properly, the resulting GN product will be of good quality and will
be essentially independent of reactor operating conditions.

6, Corwosion

Corrosion coupons of different types of aluminum and stainless steel
installed in three separate areas in the pilot plant showed that aluminum
exhibits significant corrosion characteristics, whereas stainless steel was
unaffected., Some of the aluminum corrosior could have been attributed to the
short term presence of sodium carbonate wash solutions employed for removing
ammelide from the system, Visual inspection of the all-stainless steel pilot
plant equipment did not reveal any corrosion,

7. Pilot Plant Layaway

Following completion of operations, the plilot plant was placed in a
layaway condition by removing catalyst from all reactors, cleaning all equip-
ment, painting pump frames, etec,, tagging all equipment for proper identifica-
tion, and locking all doors, Repairs and permanent inatallation of iines,
pumps, etc, would he required to continue operations. The equipment can,
however, be transported to snother location. A 1000-1b lot of Houdry CP-532
silica beads, recently procured by Picatlnny Arsenal, is also stored in the
piiot plant building.
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8. Reactor 0ff-Gas Disposition

An analysis was performed to determine the best of several alternatives
for utilization of the ammonia and carbon dioxide off-gases from the U/AN
process for manufacturing guanidine nitrate. Options centered around utiliza-
tion of one or both of the off-gas components for producing feedstock or selling
the off-gases and purchasing AN and urea, The case selected for use in the
economic study, and approved by the Army, was as follows: Separate the NHi and
CO9 in the off-gas, vent the COy to the atmosphere and liquefy the ammonia, and
provide seven days storage for internal use or for sale.

9., Economic Study

An economic analysis study was performed to compare the total cost,
nonrecurring and recurring, for the manufacture of nitroguanidine (NQ) via
two alternatives:

(a) “Utilizing GN manufacture via the British Aqueous Fusion
Process {BAF), and

(b) Utilizing GN manufacture by the urea/ammonium nitrate
(U/AN) process,

i The analysis showed that the U/AN - GN process is more econcmical :
than the BAF - GN process, Over an economic life of ten years, the difference
at 100% operating rate is $11,000,000 to $13,000,000 or 13.5% to 15,6% (based
on U/AN - GN costs).

D. CONCLUSIONS AND RECOMMENDATIONS

The U/AN procass concept for manufacturing guanidine nitrate has been i
demonstrated on a pilot-plant scale, The integrated pilot planc, employing ;
a single aqueocus GN crystallization step and recycle of unreacted AN and |
urea, was operated for a cumulative period of sbout 62 days, This represents
about 30 to 40 system turnovers with no evidence of impurities buildup or
catalyst activity decay, Data gencrated during this operating period are
sufficient for a confident production plaut design. Quality of GN product :
was repeatedly good, emphasizing that the wet work-up end of the process, if !
operated properly, is independent of the number of reactors on-stream or §
specific reactor conditions, The overall process i{s stable and can accept !
normal process upsets and/or variations, A buildup of ammelide in the system, i
resulting from unreliable process equipment, has detrimental effects throughout i
the system, g

Guanidine nitrate shipped to Cyanamid of Canada (10 tons) was successfully
converted to nitroguanidine meeting all military specificationa, There iz no




reason to believe that NQ resulting from U/AN - GN cannot be used as a direct
replacement for NQ now being incorporated into cannon propellants.

A catalyst mileage of about 200-1b GN per lb catalyst was demonstrated
with physically superior Houdry CP-532 macroporous silica beads. An improved
mileage is reasonable, Problems were encountered with catalyst bed plugging,
This problem has been attributed to buildup of ammelide in the system., Proper
selection of removal equipment and optimization of the reactor feed AN/U molar
ratio would minimize the problem, Some catalyst attrition was evident, but the
magnitude was not great., Houdry silica bead catalyst can be made available for
a praduction plaat.

Satisfactory ures and ammonium nitrate yiclds for a production plant
design were demonstrated, Data showed that nitrates are conserved in the
reactor, High AN/U molar ratios (e.g., 21.5) in the feed favor improved urea
to GN yieids, At low AN/U ratios (e.g., <1,0), ures yields are decreased and
the two-mole urea stoichiomet:ry is no longer valid.

Production prototype equipment was satisfactorily demonstrated for all
of the basic unit operations except for drying GN, Laboratory data obtained
from a Wyssmont Turbo Tray dryer will enable the selection of a suitable GN
dryer, The pilot plant reactor configurations were identical to those
envisioned for a production plant. Specifications of processing equipment for
a production plani should not present any problems,

The U/AN - GN process {s chemically and oparationally simple, The U/AN -
GN process utilizes readily available raw materials and does not produce any
undesirable by-products.

Results of an economic analysis for the manufacture of nitroguanidine
atilizing GN made by the U/AN and BAF processes show that the U/AN process
has s si<nificant 10-year 1ifec span cost advantage.

On the technical and economic grounds, the U/AN process for manufacturing
guanidine nitrate can be recommended for commercialization.

by
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II, TECHNICAL ASSESSMENT

From the results of this program, it is concluded that the U/AN - GN
process is an acceptable, proven operation, The reasons for this overall
asgsessment are presented below,

During Phase I of this program, the 1955 work of Mackay (Pittsburgh Coke
& Chemical Co,) was confirmed in one-iiter batch reactor experiments, The
extensive kinetic data were utilized to develop mathematical models for
predicting the performance of both tubular and stirred tank packed bed reactors,
Stirred tank reactors appeared marginally better than tubular reactors from the
standpoint of conversion and yield, However, they did present problems in
regard to practical and economic design and unknown hazards characteristics.
Various catalysts were shown to be useful in the batch reaction of urea (U)
and ammonium nitrate (AN) to yield gLanidine nitrate (GN). The most promising
were the Mobil Sorbeads, Grace 59 silica gel, and Houdry CP-532 macroporous
silica beads. Houdry beads were subsequently determined to be the only one of
the three candidate catalysts suitable for a packed bed reactor application.
Analysis of off-gas (NH3 and C02) from the batch reaction showed it to be
equivalent to ammonium carbamate as predicted., Studies yielded a simple
process where the reactor product melt is diluted with water to isolate
ammelide which 18 then removeu by centrifugation. The clear filtrate is
cooled, crystallized and centrifuged to yield high-quality guanidine nitrate,

A 2-inch-diameter, continuous, packed bed reactor was built and operated
to determine whether the transition from batch to continuous operations offered
problems, Operations were performed only on a one shift per day basis, but the
results were promising enocugh to justify proceeding to design and construction
of a pilot plant,

A 50 1b guanidine nitrate per hour pilot plant was designed, built and
operated at Hercules/Kenvil, N.J., to demonstrate reactor scale-up from 2-inch
to 4~inch diameter, catalyst mileage, product work-up, and mother liquor recycle
as well as to fproduce GN for a large-scale conversion to nitroguanidine at the
Cyanamid of Canada Wellarnd plant, The pilot plant was also operated to dem-
onstrate prototype equipment for a large-scale manufacturing plant., Laboratory
conversions of pilot plant GN to nitroguanidine at Welland were successful,
Hazards analysis and sensitivity test results showed that in-process material
would not transit from a deflagration to a detonation and that the overall
process, if properly designed, was relatively safe. Certain anhydrous com-
positions will detonate if subjected to a sufficient external scurce ghock
stimuld,

For the most part, the objectives of the pilot piant program were achieved.
Scale-tr? to the 4-inch-diameter tube was achieved with results in accord with
those predicted from the msthematical mcdel, Problems were encountered with
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physical breakdown of catalyst, but this problem would be minimized under
proper operating conditions. After a disappointing operational campaign in
1972, marked by unreliable steam availability and rapid catalyst activity
decay, a one-inch diameter reactor program was initiated. This program
demonstrated thaz catalyst poisoning was caused by phosphates in the ammonium
nitrate (AN), With reagent-grade AN, and 1% water in tha reactor feed, a
good mileage (65 gm GN/gm catalyst) was demonstrated with Houdry silica
beads. A follow-up run in a single 4-inch-diameter reactor without recycle
confirmed that a gcod catalyst mileage could be obtained with a demonstrated
ainimum mileage of 38 1b GN per lb of catalyst, The GN yield on the hasis of
urea consumed was 957,

A second pilot plant campaign was performed In 1973, following equipment
modifications and receipt of commercial, additive-free, uncoated ar~wonium
nitrate, This particular grade of AN, supplied by Hercules Incorporated/Donora,
meets reagent gracz specifications. This campaign demonstrated the fundamental
soundness of the recycle operation, the soundness of the process equipment
(with the exception of the dryer‘, a minimum Houdry silica bead catalyst mileage
for design purposes of 200 1b GN per lb catalyst, and the ability of the process
to produce uniformly high quality GN. Shipments of GN product (95 + % purity)
to Cyanamid of Canada totaled 10 tons. Nitroguanidine prepared from this GN
met all military specifications, Separate laboratory studies on GN drying
ylelded sufficient information to permit specification of a GN dryer.

The chemical and operating simplicity of the U/AN process is attractive.
The 1J/AN process does not require an operation for manufacturing a raw
material, and recycling of unreacted AN and urea is a simple matter of water
evaporation. Reactor off-gas disposition is independent of the plant opera-
tion. The U/AN process is envisioned as being easy to stop and start and
can probably be operated easily at reduced rates.

The acceptable catalyst for the U/AN process is at present made only by
Air Products and Chemicals Incorporated. A review of proprietary information
supplied by Air Products to the U. S. Govermment shows that the catalyst
manufacturing operation is fundamentally simple and does not present any
serious operating problems. A suitable means for disposing of by-product
salts (ammonium nitrate and sodium sulfate) must be provided. The unique
feature of the operation is a bead-forming machine invented by Air Products
and used extensively for produzing cracking catalysts since 1941. Air
Products and the U. 3. Govermment have signed an intent for a possible cata-
lyst manufacturing facility at Sunflower Army Ammunition Plant (scheduled sice
of nitroguanidine facility) in the event that Air Products does not have
production facilities. Related patents are as follows: U. S. patent
2,665,258, Bead Forming Process, January 5, 1954; and Canadian patent
646,409, Catalyst on Silica Support, August 7, 1962,
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The minimum catalyst mileage of 2G0 1b GN per 1lb catalyst demonstrated
in the pilot plant will likely be exceeded in a production plant. It is also
possible that a cheaper catalyst will be found in the future which {8 a common
experience for new processes.

The equipment used for the GN manufacture by the U/AN process is simple,
conventional chemical plant equipment, and essentially of standard design.
There is iittle risk of process failure inasmuch as plant prototypes of
equipment were demonstrated in the Kenvil pilot plant., Furthermore, Kenvil
pilot plant data suggest that the nominal 852 value used in the economic
study for the yield of GN from urea (based on the 2-mole urea stoichiocmetry)
can be improved on a production scale.

Based on pilot plant data, it is firmly believed that a production plant
can be operated to produce GN at the design rate and yield levels. In a
time-of-war atmosphere, a fertilizer manufacturer could set up quickly to
make GN by the U/AN process,

"It i3 concluded that the U/AN process is viable. The U/AN process is
economically attractive in both operating and capital costs.
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III. INTRODUCTION

A. HISTORICAL BACKGROUND

Nitroguanidine is an important component of triple-base cannon
propellants. It is cool burning and high in nitrogen content. These
properties are of particular importance since they lead to fommulations
yielding a flashless exhaust and reduce erosion. Guanidine nitrate (GN),
the intermediate from which nitroguanidine (NQ) is manufactured, is
converted to nitroguanidine by sulfuric acid dehydration or "nitration"
of GN, a process that is well understood from an engineering standpoint.

Presently, all nitroguanidine used by the 1. S. military is
manuiactured in Canada by the Welland Process. However, the technology
on which this process is based has bcen surpassed by several new
processes. The lack of a domestic source of nitroguanidine has been a
continuing concern of the Army Munitions Command (now Armament Command).
Because of this concern, construction plans were prepared in the mid-
1950's for building a facility at Pryor, Oklahoma, for prouductien of
guanidine nitrate based on a modified Welland process. These plans were
not completed. ’

About twenty chemical routes exist for the production of guanidine
nitrate, but most of these are quite expensive and impractical for
commercial consideration since they involve uncommon and expensive rew
materials and require technically difficult processing conditions.

Four of the possible routes, however, have shown sufficient ecouomic
promise either to have been studied extensively on pilot scale or to

have been commercialized. One route is represented by Welland ("Dicy")
process and is currently the source of supply to the United States via
Cyanamid of Canada. The British Aqueous Fusion (BLAF) process, a more
efficient version of the Welland process, ig used by the British to
produce nitroguanidine (NQ). Hercules Incorporated is now completing

a final design employing advanced processing techrology for the U. S.
Government for production of NQ by the BAF process. This design includes
safety site plans at the Sunflower Armmy Ammunition Plant. Both the Water-
bury (ammonium thiocyanate) and the Roberts fusiom processes have been
studied extensively in pilot plants, but the need for and the feasibility
of commercializing them have not materialized.

All four of the above processes have disadvantages, either because
they are not economical or because they pose technical or waste disposal
problems. For these reasons, there is interest in a fifth process.

This process for manufacturing guanidine nitrate is based on the reaction
of molten urea and molten ammonium nitrate on silica catalyst. The
process was patented by L. C. Boatright and J. S. Mackay, American
Cyanamid, on February 26, 1957 (Patent 1. S. 2,783,276).(1) The basic
chemistry of the process is as follows:
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2 NH CO NHy + NHg NO3 cz;:fZSt NH) C NHp HNO3 + 2NH3  + Cu2
Ures Ammonfum Nitrate Guanidine Nitrate Ammonia Carbon

Dioxide

Subsequent patents were issued to J. S. Mackay, Pittsburgh Coke and
Chemical Company (Pateat U. S. 2,949,484, August 16, 1960) (3) for
increased yields, etc., and to E. Roberts and T. Martin, Minister of
Aviation in Her Majesty's Govertment (Patent U. S. 3,043,878, July 10,
1962) (4) fo- the eutectic crystallizction of guanidine nitrate. This
process (BMR) consists of contacting an equimolar mixture of urea and
ammonium nitrate with silica gel at an elevated temperature (ca. 190°C)
to form a melt rich in guanidine nitrate and an off-gas containing
carbon dioxide and ammonia. The GN is recovered by crystallization and
the resuiting mother liquor is evaporated for recycle of the unrz2acted
urea and ammonium nitrate plus guanidine nitrate. The Boatright~Mackay
and BMR processes offer distinct advantages over the BAF process in
terms of cheaper raw materials, less water usage, fewer and simpler
unit operations, and production of minimum quantities of by-products.

B. PROGRAM SUMMARY THROUGH JANUARY 1973

In response to Picatinny Arsenal Solicitation No. DAAA-21-70-Q-021i,
Hercules Incorporated proposed to undertake a process engineering design
for the manufacture of guanidine nitrate (GN). Hercules Incorporsated
was subsequently awarded a 23-month contract effective October 1970.

The approach used was based on the Boatright-Mackay-Roberts (BMR) process
nnted above. The original program consisted of four distinct phases
listed below:

Phase I - Laboratory, Engineering, Economic and Technology Study
Phagse II - Pilot Plant Design

Phase III - Guanidine Nitrate Pilot Plant Construction ind Operation
Phase IV = Guanidine Nitrate Production Plant Battery Limit Process

Design Criteria

Following successful completion of the laboratory and pilot plaat
construction phases, technical problems were encountered in the operating
phase. The problem basically involved catalyst poisoning. The catalyst
poisoning problem was resolved in an extension of Phase III, and an
acceptable catalyst mileage was demonstrated. This technical breakthrcugh
was the basis for program continuation from February 4, 1973, unttl
October 1, 1973 {Contract Modifica*r'-a No, P-0013). The results obtained
during the initial portion of th. pr.gram (October 1970 to January 1973)
have been presented in detail in Final Report - Volume I, August 1973.(2)
To serve as a background for the results presented in this report, Volume I
results are summarized below.
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‘ Laboratory investigations related to determicatfon of kinetic data
N and mathematical models, hazards analysis, aad installation/operation
of a pilot plant were completed. Investigations verified previous
literature as related to the basic reaction mechanism. The resulting
data were employed to develop kinetic expressions and, subsequently,
mathematical models for predicting type, size, and performmance of
catalytic reactors. Various catalysts were evaluated leading to the
selection of three types for pilot plant use. Limited experimental
data from a 2-inch-diameter up-flow reactor verified the soundness of
_ the tubular reactor mathematical model. Hazards analysis of the U/AN
process, based on selected pilot plant equipment, showed that none of
the individual process materlals or streams would transit from a de-
flagration to an explosion., Through a fault-tree analysis, it was
shown that the prccess is basically safe. Preliminary economic cost
analyses showed that the U/AN process has definite cost advantages.
Recovery of guanidipne nitrate from the reaction melt, completed in a
single aqueous step, was simpler than the Roberts-Martin dual eutectic-
: aqueous crystallization system.

A pilot plant was designed and constructed at Hercules/Keavil based
on the results of the laboratory and bench-scale investigatioas. A
schematic of the urea/ammonium nitrate/silica process for manufacturing
guanidine nitrate is presented in Figure lA. The pilot plant contained
eight parallel tubular reactors 4-inch diameter by 12 foot tall, backed
up Ly the necessary support equipment and unit operations for a totally
integrated plant. The reactors were sized to duplicate those envisioned
H for a production plant (on the basis of heat transfer, safety and pre-
dicted performance); most of the remaining pieces cf equipment were
production prototypes. Design capacity of the pilot plant was 50-1b
of guanidine nitrate per hour.

Operation of the pilot plant demonstrated the process concept and
verified the predicted productivity using Houdry CP-532 macroporous silica
bead catalyst. Two other catalysts, noted below, also were employed.
Mechanically, the plant ran well and produced about one ton of GN with
96+7% purity over a period of about three months. A representative sample
of the product was converted to nitroguanidine (NQ) at Cyanamid of Canada.

‘ The resulting NQ was equivalent to that from a control cample of Cyanamid's
3 normal production GN, Production of the contractual 40,500 lb of GN was
not realized because of technical problems. Two major problems were encoun- .
l tered: (1) loss of reactor productivity and (2) catalyst decrepitation.
The results of a continuing program to resolve these two problems are sum-
marized below.

The primary reason for catalyst deactivation was traced to a crystal
habit modifier (primarily phosphate) that is normally added to prilled
ammonium nitrate to prevent prill breakage. Via a logic diagram and
utilizing a l-inch-diameter downflow reactor, a combination of reagent
grade AN prills (no additives) and Olin commercial urea prills was found
to be satisfactory. A literature review generally reinforced the

13
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k,‘f cooclusion that impurities in the AN were the key problem to catalyst
deactivation. Evaluation of the three silica gel-type catalyst
candidates in a tubular reactor showed that Grace 59 silica gel
poisoned most rapidly. Houdry CP-532 silica beads poisoned at a lower
rate. Mobil Sorbeads showed the least effect but broke down
physically., Testing of Grace 59 silica gel in a l-inch-diameter
reactor employing a reagent grade AN/commercial urea feed mixture
containing 1 wt. % water resulted in catalyst poisoning in about
60 hours of operation (15 gm GN/gm catalyst mileage) and decrepitation
of the catalyst. Efimilar conditions employing Houdry CP-532 silica
beads did not result in physical breakdown of the beads. A minimum
mileage of 65 gm GN/gm catalyst was demonstrated when the experiment
was voluntarily terminated after 335 hours of continuous operation.
Continued testing of Houdry beads in one of the pilot plant 4-iach-
diameter reactors with reagent grade AN, commexrcial urea and 1 wt. 2
water showed a minimum mileage of 38 1b GN/1b catalyst in 115 hours
of operation. Maximum mileage was not demonstrated. In this experi-
ment without recycle, the GN yield based on urea consumed was 95%
(based o1 2-mole stoichiometry) and the productivity rate was the same
as predicted from the packed-bed, tubular-reactor mathematical model.
The above results confirmed that Houdry CP-532 silica bead catalyst
was the only known catalyst suitable for packed bed reactors to
manufacture guanidine nitrate via the U/AN route, consistent with
high conversion and yield.

C. OBJECTIVES OF FOLLOW-ON PROGRAM (FEBRUARY-SEPTEMBER 1973)

Throughout the course of this program, the advantages of the
U/AN/silica process for producing guanidine pitrate had been recognized,
i.e., simplicity of operations, availability of raw materials, good
conversions and yields, safety, good quality product, etc. Results
obtajined during the latter phases of the original program, following
resolution of the catalyst poisoning program, instilled confidence in
the future of the U/AN process. A proposal was then submitted to
Picatinny Arsenal for continuation of the program. The follow-on
program, outlined below, was authorized and completed ducing the third
quarter of 1973. This report presents in detail the results of this
program continuation.

Proposed and Contracted Follow-On Program

1. Modify the pilot plant in preparation for a demonstration of
Houdry CP-532 silica bead catalyst activity with recycled AN and urea
and a guanidine nitrate production run. Proposed modifications and
additions were the result of recent investigations and experience
gained in operation of the pilot plant. Examples of changes were
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complete revisions of melt transfer lines and tank elevations to
minimize line plugging, installation of a feed control system on each
reactor, supply of high-pressure plant steam to the pilot plant to
reduce the load on the on-site electric boilers, improved crystallizer
vacuum system, relocation of water {nsolubles centrifuge, etc.

2. Overate the pilot plant as an integral unit as outlined in the
original Phase III of the program to obtain design data, to determine
the effects of process variables, and to produce a quantity of guanidine
nitrate for conversion to nitroguanidine at Cyanamid of Canada facilities.
The quantity of guanidine anitrate produced would be detemmined by
limitations of time, cost and catalyst availability.

3. Place the pilot plant in a lavawvay condition for either future
operations or dismantling at a future date. The preparedcess program

would consist of the following major items: a) removal of catalyst from
reactors, b) inspection of reactors and other equipment for corrosion
and scale, c) removal of all in-process materials from the system,

d) cleaning all equipment with sodium carbonate solution, e) removal

of water from all equipment jackets, lines, etc,, f) painting motor and
equipment frames, and g) tagging equipment as to condition, status,
purchase order numbers, etc.

4, Perform an economic study for manufacturing nitroguanidine via
both the urea/ammonium nitrate and British Aqueous Fusion processes.
Prior to an overall economic analysis comparison, it was proposed that
an analysis be made to determine the most suitahble means for utilizing
U/AN reactor off-gases (NH3 and CO3). The evaluation would include,
in addition to costs, the best utilization of NH3 and CO2 to make the
most desirable products either for in-house use or for sale foreign to
the process. After selecting the best off-gas disposal system, an
overall economic study would be performed to pemmit a logical and
timely decision between the BAF and U/AN processes as an intemmediate
in the manufacture of nitroguanidine. The manufacturing costs would
be developed in the format reported for the BAF process to NQ uader a
separate PDCM contract (Corps of Engineers DACA45-71-C-0121). Invest-
meat costs for the total U/AN-to-NQ facility would be developed in
the formmat reported for the BAF process in the P-15 estimate for an AMC
proiect (COE DACA45-72-C-0015). Costs would be updated to mid-1973
and projected to mid-1975.
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IV, DISCUSSION

A. GUANIDINE NITRATE PILOT PLANT MODIFICATIONS

The guanidine nitrate pilot plant equipment was designed and installed
in an existing buiiding (Bldg. 2204) at Hercules/Kenvil. At the time of
construction, it was believed that the system could he operated relatively
free of mechanical problems. There were, however, areas of uncertainty due
to limited space and restrictions imposed nn the design in selecting a steam
generating system, Operation of the pilot plant as an integral unit for about
three months in 1972 defined a number of both required and desired design
changes before proceeding with another sustained run, The proposed changes
were based on improving operating continuity, minimizing operating downtinme,
minimizing introduction of water to the reactor feed (via steam sparging),
improved reactor feed rate control, safety, etc, Modifications were made in
certain areas of the pilot plant from February 15 through May 15, 1973, The
major changes and/or improvements are summarized =low. The pilot plant flow
diagram has been altered to reflect some of the changes and is presented in
Figure 1,

1. Urea/Ammonium Nitrate Melt System

The original AN/U melt and transfer system was unsatisfactory in
that it was difficult and time-consuming t> transfer hot material from the
melters to the virgin and recycle feed tanks., Some improvements were made
during the 1972 operational campaign by installing a degasaing chamber on

the suction side of the transfer pump. Subsequently, the degassing chember - - et

was removed and the pump was modified to {mprove its performance, i.e,, speed
increased from 1750 rpm to 3500 rpm, impeller diameter decreased from 4-7/8
inch to 4 inch, and installation of a permanent vent line on the pump casing,
Suction lines were changed from 1/2 inch to 1 inch diameter and the heat
transfer steam tracings were improved., These changes resulted in excellent
pump performance,

2, AN/U Melt Lines and Proportioning Pump

Ammonium nitrate/urea (AN/U) melt lines must be maintained hot and
with no cold spots., The originel pilot plant lines were 0,5-inch diameter
and, in several instances, located close to the floor which was sometimes
cool and damp. Thcse conditions resulted in numerous instances of plugged
lines, causing downtime and introduction of water to the system (via line
steaming), Considerable improvement in the operation was achieved through
the following changes: 4~inch elevation of all melt and feed tanks, as well
as the Hills-McCanna blend pump; installation of one-inch diameter lines from
melt tanks, feed tanks and evaporator bottom; and installation of improved
steam tracing and line insulation, The Hills-McCanna pump was overhauled,
and the stroke proportion control system was modified for manual setting of
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the recycle to virgin feed ratio, The intermediate virgin feced makeup tank
(T-102) for the recycle system (T-104) was eliminated. The above line
modifications minimized plugging as a result of solidified AN/U melts.

3. Resctor Feed System

Control of composition snd mass rate to the reactors is important
from the standpoint of both productivity and process design data. The
system, as operated during the 1972 campaign, consisted of a densitometer
for controlling the feed composition and one integral differential pressure
controller plus valve system for controlling the total feed rate to all
reactors. This syster was unsatisfactory for both composition control and
control of feed to the individual reactors. Consequently, the entire system
was modified by eliminating the densitometer (relying upon independent
adjustment of the two Hills~-McCanna pump heads) and installation of a dif~
ferential pressure cell, a controller, and a control valve for each of the
eight teactors. Associated piping was also replaced.

4, Water Inscluules Recovery

The solid bowl centrifuge (S-300) employed for removing water
insolubles from the aqueous quenched reactor product was initially installed

"at an elevation of about 6 feet for gravity feed of the effluent to the

crystallizer feed tank (T-106). This installation proved to be unsatisfactory
for bowl removal and cleaning and perfodic vibration of the total reactor feed
system, The centrifuge was relocated, on a separate stand, to a lower eleva-
tion, The effluent was gravity diaschazged to a collection tank (T-102),
equipped with a float level switch, and then pumped to T-106, Operations

and safety were improved,

5. Guanidine Nitrate Crystallization

Crystallization of guanidine nitrate (GN) from an aqueous solution
had not been a particular problem, However, some downtime had been experienced
because of decreased evaporative cooling rate as a result of poor vacuum and
plugging of the single crystallizer-feed polishing filter, Modifications
consisted of the following items: i{nstallation of a third vacuum pump,
fabrication and installation cf a dry ice trap for collecting entrained
condensables, locating and fixing vacuum line leaks and installation of a
second polishing filter,

6, Guanidine Nitrate Recovery

The DeLaval basket centrifuge (S-600) for recovering GN crystals from
the crystallizer slurry had been virtually trouble-free, To facilitate mate-
rials handling, the bottom solids discharge was equipped with a chute to
direct wet GN directly to a pre-positioned cloth bag, Previously, wet GN was
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collected in a tub and then manually transferred to bags. This process
isprovement resulted in more time foc the operator to monitor operations,

7. G Drying

The Strong-Scott rotary dryer installed originally in the pilot
plant for drying GN proved to be unsatisfactory. There vas ingufficient
time to evaluate, design, procure and install a substitute dryer for starte-up
of the pilot plant in May. Therefore, the dryer and feeder system was
zemoved from the GN process building. Drying vas accomplished by spreading
partially fillasd cloth bags of GN (filled directly from the ceantrifuge) onto
drying trays in a forced afir dry house,

8. Steam Supply and Alarms

The electric Ebcor boilers would produce sufficient steam to operate
the pilot plaaut; however, they were very susceptible to demand load changes,
To minimize plant downtime and upset conditions resulting from the lack of
steam, 150-psig steam was brought into the pilot plant from the main plant
boilers. This action consisted of installing several steam-reducing stations
in the main plant steam line and a complete revamping of the GN pilot plant
steam system, In addition %o the above, the Ebcor electric bollers were
completely refurbished, Electric low pressure alarms were installed in the
primary steam cupply and air lines to warn operators of potential problems,
Subsequent operation of the pilot plant justified these changes.

9, Steam Condensate Utilization

Steam condensate from the pilot plant was used as feed water to the
electric Loilers, Since ca%alyst decay problems had been traced to the
presence of contaminants (particularly phosphate) in ammonium nitrate, the
possibility of catalyst poisoning by introducing minerals via service water
for reactor product quenching was questioned. To minimize this effect, a
pump system was installed to utilize steam condensate for reactor product
quenching and GN centrifuge cake washing.

B, GUANIDINE NITRATE SHIPMENTS AND SAMPLE CONVERSION

A total of 20,067 1b of guanidine nitrate was shipped to Cyanamid of
Canada for conversion to nitroguanidine, This included & 10-1lb increment
for laboratory conversion and analysis, The material was sent as two partial
shipments, The first partial shipment, made on August 8, 1973, consisted of
16,352 1b (GBL H~2096152), The second and final partial shipment, made on
August 23, 1973, consisted of 3,715 1b (GBL H-2096603), Of this latter
amount, 827 1b was material produced during the 1972 opernting period,

20




rm—
e —— et -
et = e e o e T T 5 P o} o £ e T AR S SR -~ e s
RO sy, AR TS AT A TS SRR s s s s o - -
- ] ‘ + . 1 - 1 . M - { .
. Bl IR oS —— L. wate R
-~ (.5) s [oom e JOT TR T T el ol | waien & Jolnd
o WY SRS T J oo B M oo ~!
4 - Wt falsl Spiaidasmntnen Sup R Sulaiu SV I : e yred srseim menmlo i d o
L) - [ Sppgn: pasiun §4 PRURRES b Tof Lo Bl onded 1“ ol
[ Y T ] P PR
2 e S aAes oo LA ey
*]  SRUaN SEVIREN 3,3 o] M _Caeir]

-
: -
w - S Tews
4 -1 Dlmgg gy
W T vertetie e enee - Ve ® o8 oS et e 5

o . . Prosefie)
¥ of YU e T
3 o0 o
Y - - 5 " o
H e :

e v e W AT W IR s

-»
.
= ritse. W Ur. @tam. € uieds 993§
OV L e versan ‘i -8
S e W
TRPGAY Aas B MEWLES VAT VSRR VTR - 1
- O

-
Ca j e LN
!!..lﬂt.ﬁvlshwnﬂt.-.!!




arl

L4 ’:ﬂ. e ot 4
AoLven

W TLOCH
2 FIMGE KWL ’ﬁ

P A S,
SFVARORYTOM

<
T T

ey TIoN

" 709

lalac d

PO 7O
CRYSPNLUIERR FEXD Jvwver »rog

4
- 8-400

SIUNIR. BV CN
CaN TWM.' - (PCLIC

e - 1&7&11/«6%‘
BV C

LEGEND
AR w— T CED [ INES
CEE Pl — - JHCKETED LINES
- FLECTRONIC LINES
~ins 7 M LvES
— — sraam raar
8 —~ sriam

BATON OReR
Avg aeres
LA AV A RETRFBEY) 27
i GG Wﬁr.:iw_:w; @
1) . — | = (401 683 = | — —
KEd E] YRk e — | — —
o2 e NV S 7Y MES T —
- mand® SVt Sounlt Sl v sl
— — | M0 595 85s] — (880 —
- ) e R B e L BT =
— — — o | e— — —
X AN R 2 TR Y] —
P Ty 7014072 0] ] —
5 T A e

—— e

TG Col)

oo

wedision

N

gf

U

scroent

W

WA




LA 2R

U

A

o)

-
lmi [ 1
nne
Vv .
moec roRg
VLT A~ T
. rasyrwe ”q“m rerus
Rt AR HIRE nm., '}
L} < [ ] L] DT A
[ ] L oo
l rae r Jowibs
LN o222,
L TRMaLAs S
SNTRR DTN
- AE At et quvent
L ]

A-800

U AL
rnryrﬁulzm'
& CAERATION
» mrs 7 Mrr»
2 aareres e d

1D-:"

147"

o108 A48
T

bl 224

»
;

120 | 24 7

»)
it
[N
N

)
5

it

N
e

!
Y
oL

I
!
(

N

[ etaptd
7 ST eree
L g

vy
I
.
L2 waree
srcnan Nuy
”
e
@ t Q | i
—
% T MEerw 477 STOMNYS
b 4
.900 2 W LY
B0L1D SOWL
coNymmUGE
Apus
HITYOR St USES rawx | , nore
-
! »~ras
'Mﬂ: "l‘m
24 PROVISION SO
— s, ,ave.
"y
n/oa
cavIYwiLszHve
Vot e i 4

revomamen 10

NOTES
o= ALL VALVED , UNLESS MOTED, AR BALL TYPE AND AQE
ME SIZE A% LINE .
2- ALL PROCESS LINES ARE 5CM 40-304 5.9,
A~ THE \NOKCATED PROCEDS LINES ARE TRQACED
WITH Ya' ALUMINUNM TUBI NG .
4- CORAOMON TEST SAMNRES WERE LOCATED /N THE
=O.\.owwc1 TAMKS (Lauio :»mssg R- 700,? )
07, ALTERNATE MaTER) ! ST LICTIONS
5&1 TWO ADE EALH OF ALU MINUM A
STAINLES S STEEL. IN ADDITION TUBE &2
WAS COMSTRUETED OF 316 STAINLESS STEEL.
8- GAQKE‘Y MATERIAL FOR FLANGES WELE OF A DOES:
ASBEATOS TYPE (GAQLOCK OO ORIM*GD.)
G~ BYPROODUCT STREAMS, Nu%/ATLR AND WET
1 NSO BLES wWEQE DS O & 5PECYIVELV
5\ A\ SROUND SPALY,AND BURNIHG, AOTH O

7- TYZ Ponx S AeQE RECOIDED ON A 24- BOIN
Y NELL SIRD CWART JECORDER . T| oomts
Nr.ae NOICATED ONA 48 POINT {NDICATING
POTENT.OMETER ,

8- TABLE ON LEFT SASED ON 100 Y MATEQIAL BALANCE .

FIGURE |

it N

»

?

ORAPHAC SCALES

)

T
|

]
K

eandd
ol
e

»

accous CLATWTATION

1 e

WAL AR
i Tt

I

9997 W |00/6P5
LY LI A 1Y PLANT F_{NV/L

N ITUDY  Pumse I
(@) NOPINML SOTNR CAIRCI IV
18] CONTINUOUS OPERATION £YCEFT]
CHYITRLLIZRTION & COMNTRIPUGRTION
PROCERS FLOW DINGRRI

DRAWHG WUNEER

080 [ 2209 (11001 [swe 3
~_I t T raw ]

L T

g




P o T i e G 8 S S 7 0 e e g A S

{

£y ,,v'r-'m ﬁvm‘w-.u,u.'-f(‘ W Bt i, gl s i ut Al Sl T

An additional 878 1b of off-grade guanidine nitrate was forwarded to
Picatinny Arsenal on August 28, 1973 (GBL H-2096025), This material was
produced during the 1972 period and was considered off-grade because
efither the insolubles or the ammonium nitrate content was too high, If
the level of insolubles was greater than 1,257 or the level of ammonium
nitrate was greater than 4,07, the material was rejected for shipment to
Cyanamid of Canada., It should be noted that none of the 1973 material had
to be rejected for these reasonms. :

The average laboratory analysis of the material shipped to Cyanamid of
Canada was as follows:

Guanidine nitrate 95.9%
Ammonium nitrate 2,47%
Urea 0.4%
Insolubles 0.5%
Water 0.8%

100.07%

On the basis of the analyses performed on the many batches of guanidine
nitrate produced and envisioned production plant operations, the GN product
produced in a production plant should at least meet the following analyses.
Higher GN contents are preferred.

T Guanidine nitrate >94 ,0%

Ammonium nitrate <4,0%
Urea <1.0%
Insolubles <1.25%
Water <2.07%

An effective way of determining the approximate composition of a sample
of guanidine nitrate is to determine its melting point. The melting point of
1007 guanidine nitrate reported in the literature is 214°C. If a significant
amount of ammonium nitrate i3 present, the measured melting point will decrease,
A plot of melting point versus ammonium nitrate in GN is shown in Figure 2.
There was scatter in the data, probably due to the presence of insolubles and
urea and, in some instancas, not completely dry material, However, if a
melting point were 2208°C, it was assumed, pending complete analytical results,
that the recovery end of the process was in control,

A lot of GN was defined as the amount of material which filled a dry-
house bay, After the bay was filled, the GN was dried and later removed as
a lot unit. This amounted to between 2065 and 2888 1lb as shown in Table 1,
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GUANIDINE NITRATE SHIPMENT LOTS - SUMMARY 3'
g
Lot WE;‘(E;HTT AN U GN INSOL H20 ?
o, (bs) oz 2 2 _% % M COMMENTS z
1 | 2,065 0.75 0.10 98,65 0.0 0.5 214 3
2 | 2,142 2.03 0.78 95.31 0.57 1.31 209
3 2,434 2.74 0.63 96,09 0.29 0.25 207
4 2,489 295 0.0 94.80 0.37 1.88 210 :
5 2,686 2.18 0.33 96.49 0.35 0.65 213 : é
6 2,10 3.67 0.92 94.3 0.66 0.39 210 é
7 2,406 2,06 0.0 96.63 0.43 0.87 209 %
8 2,888 3,06 0.42 94.95 0.90 0.67 - g
1972 827 1.30 0.07 97.93 0.73 - = Results on dry basis %
off 878 - - - - - -
Grade . :
Picatinny i
Total 20,067* - - - - - = Exclusive of 0ff-Grade %

Lot Shipped to Picatinny j

* Includes 10 pounds shipped for laboratory work.

7
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A lot represented about 18 to 20 crystallizer batches of about 120 lb each,
The batch weights varied considerably during the operating period depending
upon the operating conditions; however, during normal steady operating
conditions the batches ran about 160 lb with an occasional one reaching 210
1b.

The initial 16,352-1b shipment consisted of Lots 1 through 7 and the
10-1b laboratory increment, The final or 3715-1b shipment consisted of
Lot 8 (2888 1b) from the 1973 campaign and the 827 1b manufactured in 1972,

Tables 2 through 11 give pertinent information regarding the various
lots. This information includes laboratory analysis and identifies the
batches represented in each drum.

The 10-1b sample of guanidine nitrate from crystallizer batch number
222 {1973) was satisfactorily converted to nitroguanidine at Cyanamid of
Canada under Hercules Purchase Order No., 980-12727-08. The product was
essentially identical to a control sample utilizing Cyanamid production GN.
A Cyanamid technical report, dated September 11, 1973, is presented in Table
12. The test procedure, analytical results and conclusions are included,

The ten tons of guanidine nitrate shipped to the Cyanamid Welland plant
was converted to nitroguanidine in their production facilities under a
separate Picatinny Arsenal contract. Loeses were encountered, resulting
in a net yield of about 9400 lb of NQ, The Picatinny Arsenal Project Officer
noted that the product met all military specifications,
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TABLE 2

GN FROM 1973 CAMPAIGN SHIPPED TO CYANAMID

B G i AR

LT 1
NET NET
DRUM WEIGHT DRUM WEIGHT
_MNo. 1b oz  CONTRIBUTING BATCHES 80, 1b oz  CONTRIBUTING BATCHES
-1 52 3 126, 127 21 52 13 115, 115
2 47 10 127, 127 22 39 3 114, 114
3 48 13 128, 129 23 55 11 114, 114
4 49 0 126, 126 24 55 8 114, 113
5 46 3 128, 128 25 54 8 113, 113
6 €6 10 126, 125, 125 26 54 10 111, 113
! 7 54 14 125, 125 27 51 0 111, 111
: 8 53 2 124, 124 28 57 3 112, 112
9 56 0 124, 123 29 48 10 112, 112
10 56 10 123, 122, 122 30 65 0 110, 110, 107
11 43 13 121, 121 31 53 3 107, 107
12 56 3 121, 121 32 53 6 106, 106
13 62 6 119, 119 33 56 0 106, 106
14 58 6 118, 118, 119 34 52 13 105, 105
15 54 13 119, 118 35 53 13 105, 105
16 54 10 118, 118 36 44 0 104, 104
17 51 11 117, 117 - 37 57 3 104, 104
18 48 10 116, 116 38 54 10 101, 101
19 55 0 117, 116 39 43 6 101, 101
20 54 10 115, 115
1. Net weight of Lot 1 = 2,065 1b
2, Analysis:
, Analytical Analyses Normalized to 1007
, Closure u AN GN Insol _HLO
a. Composite sample 99.3% 0.10 0.75 98.65 - 0.50
b. Calculated from - 0.29 1.36 97.48 0,17 0.50

individual batch analysis

NI ME S AT A M s P e 5 onr s
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TABLE 3

GN FROM 1973 CAMPAIGN SHIPPED TO CYANAMID

1oT 2
NET NET
DRUM WEIGHT DRUM _WEIGHT
_N. 1b oz  CONTRIBUTING BATCHES NO. 1b oz  CONTRIBUTING BATCHES
1 61 10 153, 153 22 41 13 153, 151
2 57 10 153, 15 23 53 10 147, 141
3 52 10 151, 151 26 46 6 147, 149, 148
4 sS4 14 153, 151 25 47 10 141, 141
5 57 0 154, 154 26 S1 3 138, 137
6 56 14 154, 154 27 57 3 148, 138, 138
7 56 0 154, 147 28 55 3 - 139, 139
8 51 13 150, 150 29 55 8 144, 144, 144
9 51 10 147, 147 30 46 3 137, 137
10 51 2 150, 150 31 4 6 144
11 50 6 147, 149 32 49 11 142, 142
12 53 13 146, 146, 150 33 58 6 143, l44
13 49 0 148, 145 ' 3 55 0 142, 142
14 51 146 149, 149 35 53 5 141, 143
15 53 8 146, 145 36 55 13 143, 143
16 51 13 149, 149 37 51 5 140, 136
17 53 0 146, 145 38 58 13 143, 136,140
18 45 0 145, 148 39 54 13 136, 135
19 53 8 145, 145 4 56 3 134, 135, 140
20 49 5 148, 148 41 45 0 133, 139, 132, 130
21 51 10 146, 146
1. Net weight of Lot 2 = 2,142 1b
2. Analysis: Analytical Analyses Normalized to 1007
Closure U AN GN Insol H20
a. Composite sample 101.8% 0.78 2.03 95.31 0.57 1.31
b. Calculated from - 1.23 4.01 92.93 0.54 1.31

individual batch analysis
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TABLE 4

GN FROM 1973 CAMPAIGN SHIPPED TO CYANAMID

NET

DRUM WEIGHT

£

BN N S b e e e e et e e e
N 2 O W 0 v o0 0 & W= O

lb oz  CONTRIBUTING BATCHES

52 10 169,
54 10 170,
52 5 170,
50 14 169,
52 3 169,
52 14 168,
52 14 166,
50 3 166,
5 0 163,
54 3 163,
56 6 163,
79 10 152,
54 5 162,
43 4 170,
52 10 170,
55 10 167,
62 14 167,
57 0 167,
58 14 166,
55 5 155,
58 2 155,
56 3 155,

Net weight of Lot 3
Analysis:

a. Composite sample
b. Calculated from

individual batch analysis

170
168
169, 170
170
169
169

166
166
163
163
152, 152
152, 152
162
168
169
167
167
167
166, 166
155
155
161

= 2,434 1b

LOT 3
NET

DRIM WEIGHT

-Xo. 1b oz
23 53 5
24 55 8
25 59 0
26 55 0
27 59 8
28 54 3
29 63 3
30 51 0
31 51 10
32 55 0
a3 535 6
34 54 10
35 54 14
36 49 10
37 57 3
38 54 0
39 55 5
40 55 10
41 61 3
42 60 10
43 53
44 58

CONTRIBUTING BATCHES

161, 161
161, 161
157, 157
157, 157
162, 162, 157
162, 162
158, 158
158, 158
158, 155, 156
156, 156
156, 156
156, 159
159, 159
159, 159
165, 165
165, 165
165, 164
164, 164
164, 164
160, 160
163, 160
160, 160

Analyses Normalized to 1007%

Analytical

Closure

100.67%

Y

AY

GN Insol 2

H,0

0.63 2.74 96.09 0.29 0.25
- C0.40 2,43 96.60 0.32 0.25
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TABLE 5
CN FROM 1973 CAMPAIGN SHIPPED TO CYANAMID

10T 4
NET NET
DRUM WEIGHT DRUM _WEIGHT
_N, 1b oz CONTRIBUTING BATCHES _NO, 1b oz  CONTRIBUTING BATCHES

1 S0 6 187, 187 25 53 11 177,177
2 53 0 185, 186 26 54 3 174, 172
3 48 5 186, 185 27 51 6 172, 172
4 51 13 182, 182 28 55 6 174, 124
5 s1 8 179, 11 29 50 13 1%, 124
6 48 14 172, 172 30 52 8 178, 178
7 % 14 179, 179 3L 51 6 174, 176
8 52 10 176, 177 32 51 6 179,179
9 4 6 177, 177 33 53 8 180, 180
10 54 176, 176 % 52 6 181, 181
11 52 13 176, 168 35 51 6 182, 182
12 54 168, 168 3 49 5 185, 187
13 43 178, 177 37 32 14 186, 186
14 9 0 172, 172 38 42 2 174, 174
15 55 13 178, 178 3 52 6 184, 186
16 51 182, 181 4 52 10 175, 175
17 S0 6 174, 174 41 42 13 181, 181
18 st 13 186, 184 42 51 3 184, 184
19 46 14 185, 185 43 53 11 180, 180
20 52 14 187, 187 4 41 11 184, 184
21 5s 10 176, 176 45 51 6 175, 180
22 55 13 171, 168 46 42 0 183, 183
23 55 8 171, i1 47 53 2 183, 183
24 56 11 171, 171 48 4 3 175, 175
49 51 3 184, 184

1. Net weight of Lot & = 2,489 1b

2, Analysis: :
Analytical Analysis Normalized to 100%
Closure 1Y AN GN  Insol 127
a. Composite sample 105.06% 0.00 2.95 94.80 0,37 1.88
b. Calculated from - 0.23 2.45 95.07 0,37 1.88

individual batch analysis
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TABLE 6

LOT 5

a. Composite sample

b. Calculated from
individual batch analysis

~Closure

NET
DRWM _WEIGHT

_NO. 1lb oz CONTRIBUTING BATCHES . 1b
8 47 8 199, 192, 200 24 77
2 52 3 198, 198 25 82
3 54 0 198, 198 26 81
4 52 10 196, 198 27 46
5 46 3 197, 197 28 53
6 66 11 203, 203, 203 29 45
7 49 5 196, 204 30 53
8 53 10 203, 203 31 52
9 53 10 204, 204 32 57
10 63 2 196, 201 33 51
11 54 6 204, 204 34 52
12 55 6 195, 195 35 67
13 54 0 203, 203 36 53
14 61 6 192, 194, 194 37 56
15 56 2 201, 192 38 57
16 54 11 191, 191 39 55
17 55 11 196, 197 40 53
18 79 3 191, 191, 191 41 46
19 53 10 195, 195 42 78
20 21 5 193, 193, 193 43 71
21 53 3 194, 195 44 46
22 78 5 192, 192, 192 45 55
23 68 6 194, 194, 194 46 55
1. Net weight of Lot 5 = 2,686 lb
2. Anlysis:
Analytical

oz

o ® W O W W

10

13
11
13
10

[+

11

© W W v O W W

GN FROM 1973 CAMPAIGN SHIPPED TO CYANAMID

CONTRIBUTING BATCHES

190, 192,
199, 201,
190, 190,

207, 207
205, 205

207, 206

200, 192
200, 200

205, 201
207, 207

195, 200

206, 206,

199, 192
192, 201

206, 205

188, 188
199, 200

189, 188

189, 189,
193, 193,

190, 190
188, 188
196, 197

192
199
18¢

206

189
193

Analysis Normalized to 1002

Y

AN

GN  Imsol

100.84% 0.33 2.18 96.49 0.35
- 0.14 2.42 97.54 0.54

H,0

0.65
0.65
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TAKLE 7

GR FROM 1973 CAMPAIGN SHIPPED TO CYANAMID

LOT 6
RET MET
DRUM WEIGKT DRUM WEIGHT
O, 1b oz CONTRIBUTING BATCHES . 1b oz CONTRIBUTING BATCHES
1 53 0 210, 210 22 47 0 211, 211
2 51 10 210, 210 23 4 13 208, 208
3 47 2 217, 225 24 54 13 218, 218
.6 52 3 217, 209 25 L7 8 216, 217
5 52 14 215, 215 26 57 0 223, 223
6 41 10 227, 221 27 52 5 220, 220
7 51 11 212, 212, 213 28 54 0 226, 226
8 52 10 213, 212 29 52 5 220, 220
9 51 3 208, 209 30 47 2 225, 226
10 51 0 209, 209 31 53 13 221, 225
11 51 6 213, 210 32 52 5 218, 217
12 50 2 208, 208 a3 59 6 220, 227
13 52 10 211, 212 34 60 0 215, 215, 216
14 48 0 227, 226 35 47 5 219, 218, 215
15 52 8 215, 214 36 55 2 214, 223
16 55 3 215, 216 37 51 6 214, 223, 214
17 55 8 216, 216 38 44 3 223, 227
18 52 3 218, 219 39 52 8 217, 216
19 51 3 219, 219 40 53 11 227, 217
20 51 13 219, 219 41 53 8 225, 225
21 52 13 226, 226
1. Net weight of Lot 6 = 2,120 1b
2. Analysis: Analytical Analysis Normalized to 100%
Closure i) AN GN  Insol. 32
a., Composite sample 100.89% 0.92 3.67 94.36 0.66 0.39
b. Calculated from - 0.57 2.67 95.74 0.6%2 0.39
individual batch analysis
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= TABLE 8 |
i) GN FROM 1973 CAMPAIGN SHIPPED TO CYANAMID
ot 7 :
NET NET
DRUM WEIGHT | DRWM _WEIGHT
_N0., 1b oz  CONTRIBUTING BATCHES _No. 1b oz  CONTRIBUTING BATCHES
1 S& 6 244, 245 26 60 2 23, 239
2 S6 & 244, 243 25 S3 3 221,221
3 55 0 243, 245 26 53 10 239, 239 ;
4 53 6 224, 224 27 43 0 238, 238
5 43 8 222, 222 28 56 11 231, 230. 230
6 39 0 224, 247 29 56 13 240, 234
7 55 10 222, 224 30 58 3 234, 234 éﬁ
8 52 3 245, 244, 237 31 52 13 247, 241 i
9 51 5 2640, 241 32 55 2 244, 245
10 & 16 229, 229 33 41 5 262, 247 :
11 s4 3 233, 233 % 57 14 260, 241 :
12 57 13 233, 233 35 56 3 240, 241 |
13 55 0 245, 239 36 45 8 244, 243 ;
14 53 10 238, 240 37 51 6 224, 222
15 50 13 236, 236 38 49 8 246, 246
16 57 10 238, 234, 240 39 53 10 242, 243
17 52 10 238, 238 40 53 13 246, 243
18 42 236, 236 41 55 0 246, 242
19 Al 3 228, 228 42 56 6 222, 261 |
20 53 5 - 221, 221 43 s2 10 232, 232 ‘
21 54 14 228, 239 4 53 10 228, 251
22 52 11 231, 231 45 54 3 235, 235 . |
23 56 3 229, 241, 241 46 54 13 232, 232 §
1. Net we/ight of Lot 7 = L,406 1b ’
2. Analysis: Analytical Anqlysis Normalized to 100% ;
= Closure U AN GN  Insol H30 j
i } a. Composite sample - 0.0 2.06 96.63 0.43 0.87
b. Calculated from - 0.39 2.77 95.68 0.29 0.87 i
individual batch analysis I ;
I
§i
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TABLX 9

GN FROM 1973 CAMPALIGN SHIPPED TO CYANAMID

e Al e ki i+ bt

10T 8
NET NET
DRUM WXIGHT DRUM  WEIGHT
NO, 1b CON(RIBUTING BATCHES NO., 1b CONTRIBUTING BATCHES
1 54.6 272, 273 31 55.56 280, 280
2 51.0 271, 272 32 53.3 279, 280
3 40.9 270, 271 33 56.2 263, 263
4 45.3 270, 271 34 53.2 279, 279
5 53.6 270, 271 35 57.7 263, 264
6 51.7 269, 271 36 54.3 253, 254
7 63.1 268, 269 37 55.2 261, 262
8 54.0 268, 269 38 53.1 254, 255
9 39.1 268, 266 39 3.3 260, 262
10 55.1 267, 266 40 53.3 261, 261
11 42.3 267, 267 41 54.8 257, 258
12 54.8 264, 266 42 38.9 257, 258
13 36.5 264, 264 43 52.5 249, 255
14 54.0 264, 276 44 54.5 248, 253
15 56.0 276, 276 - 45 49.9 253, 248
16 47.7 277, 277 46 53.3 252, 252
17 53.3 275, 277 47 55.6 248, 248
18 56.1 274, 274 48 41.5 254, 248
19 54.1 275, 275 49 52.1 249, 249
20 54.7 274, 274 50 32.0 253, 255
21 40.1 271, 273 51 32.9 248, 252
22 36.6 272, 275 52 39.3 252, 256
23 46.2 271, 273 53 42.5 250, 256
24 53.2 272, 271 54 53.1 250, 250
25 48.1 267, 273 s 45.7 251, 251
26 65.7 278 56 51.0 251, 250
27 35.0 266, 271 57 - 272.3 - 251
28 35.9 278, 278 58 45.8 237, 237
29 55.5 264, 264 59 43.0 237, 232
30 41.8 279, 280 60 21.6 235
1. New weight of Lot 8 = 2,888 1b
2. Analysis: Analytical Analysis Normalized to 100%

Closure U AN GN Insol _F_Z_Z_‘_)
a. Composite sample 101.12% 0.42 3.06 94.95 0.90 0.6/

b, Calculated from - 0.19 2.18 96.96 0.67 0.67

individual batch analysis
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TABLE 12

LABORATORY CONVERSION OF AN/U GUANIDINE NITRATE

s~ az:72 |

AT CYANAM:J OF CANADA

September 11, 1973

CONVERSION OF HERCULES (U/AN) GUANIDINE NITRATE TO
NITROGUANIUINE——~LABORATCRY SCALE TESTS

|_MANAGER - TEOHNICM, DEPARTMENY
TECHMMICAL FILE
agouesteo ov J, LDoyle, Hercules

inc., Kervil, N.J.

FOR

oATE

September 11, 1973

#oRR JONE BY

0. C. Biggar

REFCOTED WY

. O, BiXgett
noTE s00R
RescoEuce 578

PROJECTY REOUEST NO.

Hercules P.0. 980 12727 08

INTALTUCTION:

Hercules Inc. requested laboratory scale conversion tests of a sample of their
¢.aridine nitrate to nitro guanidine and a similar test using CCL guanidine nitrate for

somparison purposes.

SITMVARY:

nitrate.

. The laboratory work was completed using both CCL and Hercules Inc. guanidine

o the chemical analysis of each product was satisfactory and met specification Type II,

lass I, MIL-N-4G4A AMdt 3, EO U45L90-5, 7 Dec. 1G66. Total volatiles were slightly

of{ specitfication for both tests due to inadequate drying in the laboratory oven
tut this is rot significant.

3. Tarticle size specifications were not met.

This was expected prior to the test

program because of tne different crystallization method used in the laboratory.

~rrry

CONTLUJSION:

The laboratery work confirms that nitroguanidine can te made from Hercules
{i/AN) guanidine nitrate and meet the required chemical specifications.

DESCRIPIION OF LABCRATORY PRCCEDURES

S$i{x hundred and thirty-one (631) grams of guanidine nitrate was added to a
stainless steel beaker containing fourteen hundred and thirty two (1,432) grams of
concertrated sulfuric acid. Temperature of the acid was maintained at 38-42°C during
the addition by adjusting temperature cf the surrounding water bath. Continuous
agitation was provided and addition time was approximately one-quarter hour. A 10 gram
sample of the syrup was removed to confirm acid strength was in the range of 65 ¢ 1%.

After a half hour, the syrup was diluted with water to approximately 18% HzS0,

to precipitate the nitroguanidine.

Temperature was maintained at approximately 40°C

during the dilution. The slurry was then cooled to €10°C prior to separation of the

solids on a laboratory basket centrifuge.
a:lfate content to about 0.25%.

The cake was washed with water to reduce the

35
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TABLE 12 (CONTINUED)

Conversion of Hercules (U/AN) Guanidine
Nitrate to Njtroguanidine - Lab Scale Tests (Continued) Page 2

Descriytion of Lab Procedures (Continued)

The wet crude cake from the centrifuge was slurried in water and heated by an
imer.i.n steam coil tc the boiling point to dissolve the nitroguanidine solids. The
PH ¥ the hrt ‘solution was meagsured and sufficient 10% soda ash solution added to
reucralize the acidity of the crude cake. The hot solution was then poured down an
t-ciired trough (Jacketed with cold brine at approximately 0°C) to provide rapid
crystallization of the nitroguanidine solution. The material on the trough was transe
ferred t¢ ... centrifuge, washed with water and prepared for drying.

Drying was done in a forced air Brabender type oven in two stages, 25 minutes
at 35°C, and 20 to 30 minutee at 110°C. The latter time was varied to achieve essentially
constant weight at this temperature. The dried product was then ready for chemical
analysis.

The above procedures were followed for both the CCL and kercules (U/AN)
Zuasiiine nitrate samples in order to compare reaction characteristics of the two
materials. The only difference noted was in the nitration stage where same additicnal
gas evolutiun was noted with the Hercules U/AN material. However, the amount was very
small.

L. 5147'5—/

S. C. Blodgett
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TABLE 12 (CONTINUED)

Conversion of Hercules (U/AN) Guanidine
Nitrate to Nitroguanidine - Lab Scale Tests (Continued) Page U

TABLE Ii

GUANIDIPE NITRATE ANALYSES

GUANIDINE NITRATE

ccL Hercules (U/AN)
Analysis Analysis Analysis by
by CCL by CCL Hercules
% Purity (G.N.) 9.5 95.4 95.6
4 AN 7.7 3.0 2.3

% Urea 0.3

% Melamine 1.2 c.2 % Insol. 0.6
% Total Volatiles 1.5 1.1 % Hx0 1.4
% Ash 0.02 0.004

Temperature rise (°C) 25 2

Chlorides (ppm) 7 9 | | 7 4

Iron (ppm) 20 10
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C. OPERATIONS

1. Raw Materials and Catalyst

Ammonium nitrate (AN) and the urea (U) are the two material ingred-
ients used in this process to manufacture guanidine nitrate (GN). For the
1972 pilot plant campaign, a large quantity of urea was purchased from the
Olin Corporation and subsequent laboratory testing revealed that this mater=~
ial was not the cause of catalyst poisoning. Approximately 70,000 1b of
urea remained from the previous operation and was utilized for the 1973
campaign., The certificate of analysis for this material is shown in Table 14,
Laboratory and bench~scale experiments, reported in detail in Final Report =~
Volume I, confirmed that the crystal habit modifier (particularly diammonium
phosphate), present in the Hercules MCW ammonium nitrate poisoned silica-gel
type catalysts, It was concluded that reagent grade AN would be required to
assure success of GN pilot plant operations.

J. T. Baker Chemicals Co., Phillipsburg, New Jersey, was contacted
for a large supply of reagent grade AN, They sell the material in maximum
container sizes of 25 1lb and at a high price. The AN that Baker Chemicals
markets is purchased in drum quantities from the Hercules Donoro, Pa. plant,
and subsequently repackaged. Their experience in handling AN prills without
either crystal habit modifiers or coating agents had been good. Therefore,
arrangements were made to procure 53,000 1b of reagent grade AN from the
Hercules Donora plant. The prills were lcaded in drums directly from the
conveyor system used to deliver prills from the screener to the cocating
blender. The AN was delivered to Kenvil in 100-, 300- and 400-1b drums,
stored in a heated building, and then manually transferred to polyethylene-
lired Kraft paper bags (50 1b/bag). The material was bagged in the middle
of May; by August 10, 1973, there were some large lumps but they could be
broken easily. The analysis of ammonium nitrate used for the 1973 pilot
plant campaign is shown in Table 15,

, _It had been stated in Volume I of this Final Report that the only
known sujtable catalyst for packed bed reactors was Houdry CP-532 macro-
porous silicas beads manufactured by Air Products and Chemicals, Inc. This
conclusion was based primarily on the good activity of this product and its
resistance to decrepitation. Approximately 275 1b of Houdry beads were on
hand from previous operations; this amount was sufficient to load about
eleven reactors; i.,e., one complete pilot plant charge plus material for
three additional reactor changes. 1Inquiries were made regarding the purchase
of an additional quantity of Houdry beads, It was discovered that the cata-
lyst manufacturing pilot plant had been dismantled and there was no available
stock of catalyst. Air Products and Chemicals, Inc., personnel estimated that
a modified pilot plant installation would cost approximately $50,000. They
proposed to the government a set-up charge to help offset the cost of a
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ANALYTICAL RESULTS FOR INDUSTRIAL GRADE PRILLED UREA

SUNOLIN CHEMICAL COMPANY

TABLE 14

CLAYMONT, DELAWARE 19703

Mr. Fred fremd
Hercules, Inc.
Kenvil, N.J. 07847

This is to certify the anal
industrial grade, on March

March 2, 1972

G00-080-026 3~

CERTIFICATE OF ANALYSIS

.24 % Moisture
.94 % Biuret

‘4605
0.1
150

% Ny

ppm Fe

ppm free NH3
ppm Ash
turbidity

pH

APHA Color

% on 6 mesh

% thru 6 mesn on 8 mesh
% on 20 mesh

% thru 20 mesh

//“ ( /, )/
/ e ./I‘, yran .

( A o

0. L. Norder
Chief Chemis+

ysis of a truck shipment of prilled urea,
I, 1972 to Hercules, Inc., Kenvil, N.J.

T T o At S SN 7 1,9

Tartruong: Anga Coot 302 798.6801
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TABLE 15

ANALYSIS OF REAGENT GRADE AMMONIUM NITRATE
PURCHASED FOR 1973 GN PILOT PLANT OPERATIONS

HERCULES INCORPORATED
DONORA WORKS
DONORA, PENNSYLVAN1A

CHEMICAL ANAYLSIS - PRILLED AMMONIUM NITHALF

Specifications
Characteristics Maximum Found
Insoluble Matter J,005% 0.003
Residue after Ignition 0.010% 0.002
pH of a 5% Solution 4,5-6.0 at 25°C 5.00
Chloride (Cl) 0.0005% 0.0001
Nitrite (mz) 0.0005% N.D.
Phosphate (P0,) 0.0005% €0.0001
Sulfate (30,) 0.002% 0.0013
Heavy Metals (as Pb) 0.00052 =~ 7 N.D.
Iron (Fe) 0.0002% €0.0001
Moisture - -
Ammonium Nitrate - -
AMMONIIM NITRATE (NHQMZ‘3) FORMULA YT, 80,04
REAGENT CHEMICALS SPECIFICATIONS
Comments:

/S/ John Fanala Date: 4/26/73
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pilot plant and a guarantee to supply 1000 1b of Houdry CP-532 beads within
4-1/2 months of a negotiated contract. A description of this arrangement
and the projected catalyst costs are presented in Table 16, Picatinny
Arsenal subsequently issued a contract to Air Products and Chemicals, Inc.,
on May 4, 1973, with full understanding that the Kenvil pilot plant program,
barring major problems, would be complete before the receipt of new catalyst,
This action, however, assured the government of small-scale facilities for
manufacturing Houdry beads through 1974, Perhaps of more importance, the
contract contains an intent to negotiate construction of a captive catalyst
manufacturing facility in the event that Air Products and Chemicals, Inc.,
does not wish to pursue manufacture of this particular catalyst in the
future. The details of this option are not presented in this report.
Catalyst manufacture was completed during October 1973.

The Houdry besds on hand were tray dried in a 130°F forced air oven
for 72 hours, screened and then charged to the eight pilot plant tubular
reactors. Steam was admitted to the jackets of the first bank of four
reactors (R-200, 201, 202 and 203) initially and then to the second bank
(R-204, 205, 206, and 207) when they were brought on stream, The reactors
were not permitted to cool down until the mid-July total Kenvil plant shut-
down.

2. Chronology of Operations

Pilot plant operations were started on May 21, 1973, on a three-
ghift, seven=day per week basis. Easch shift was staffed with three operators
and a shift supervisor. Two technicians were assigned to performing routine
chemical analysis for process control, Two engineers were responsible for
data correlation, maintenance, troubleshooting, directing pilot plant
operations, etc. Consulting services were obtained periodically from the
Corporate Engineering Department,

The GN pilot plant was operated continuously from May 21 until
August 10, 1973, except for a planned 2-week shutdown and limited unscheduled
downtimes due to mechanical problems. There was a 5-1/2 day period when all
eight reactors were on stream and the plant was operating on a total recycle
basis. During this period, operations were very smooth with the plant
operating in complete balance, discounting material losses. As an overall
assessment, the pilot plant functioned much better than during the 1972 period
of performance., Resolution of the catalyst poisoning problem, increasged
personnel staffing, and better understanding of the process chemistry and unit
operations enabled the process engineers to control the system, A chronology
of plant operations is presented in Figure 3. Operations are summarized in
the following paragraphs:
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TABLE 16

PRODUCTION AND COSTS OF HOUDRY CP-532 BEAdS

A Phodiets and Clomicats

CHEMICALS GROUP
Five Executive Mail, Swedesford Road, Wayne, Pa. 19087

W. J. Cross, Jr., Ganeral Manager

HOUDRY DIVISION , R. G. Craig, Mkt. Mgr.

Tel: (215) 687-6150
Twx: 510-668-2034

December 21, 1972

Commanding Officer
Picatinny Arsenal
Dover, New Jersey 07801

Attention: SMUIPA-IT-C
e 3. wachtell

Gentlemen:

This confirms the telephone conversation that you,
Mr, Nichols, and myself had on VWecdnesday, December 20, with
regard to our supplying macroporous silica beads in the coming
months.,

As a result of our recent meeting on December 8, we in
Air Products have reviewed the probable investment and manu-
facturing costs to produce the product in quantities up to
250,000 pounds per year on the assumption that you would be
the sole customer. At the same time, you will recall that
our former price schedules were based on projections of higher
quantities to be produced.

As you are also aware, 1t 1s necessary for us to reinstall
our pllot plant equipment as well as make some substantial
improvements to 1t 2% 2 significant cozt to ourselves, If this
is done, however, it appears that we might have enough capacity
to handle your potential requirements. Of course, a lot depends
on the catalyst life vhen in use. Accordingly, we made the fol-
lowing proposal to yourselves: .

1, For the immediate need of an additional 1,000
- pounds of catalyst for pilot plant work, we
propose a charge of $10,000 for set-up costs
plus $2.25 per pound selling price, f.o.b.
Paulsboro, NJ. We indicated that should your .
3
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TABLE 16 (CONT.) : T

Picatinny Arsenal V4
Page 2
December 21, 1972

“

process become commercial and you undertake to
buy commercial quantities from us at a later
date, we would work out a refunding arrange-
ment for the $10,000 set-up charge in the form
of a credit against the catalyst purchased.

Insofar as timing is concerned, it will take
90 days to acquire the needed equipment that
we propose to add to the pllot unit, aad we
feel it reasonable to allow another 30 days
beyond this for completion of installation.

- The actual production of the 1,000 pounds,

once we are operating, should take only a

very short time, perhaps no more then a week.
Your Mr. Caggiano asked in one telephcne con-
versation what the timing would be on 200 pounds,
Actually, what we would do 1n such a case, would

b tY ta&e the first 200 pounids completed from

the 1,000 pounds; thus, if you wanted 200 pounds
completed from the 1,000 pounds ahead of the
balance, we would gain a few days but not a
great amount of time.

Looking ahead to a situation in which you will
be purchasing commercial quantities of catalyst
and again on the assumption that you would prove
to be the only customer that we would have for
the material, we estimate the following prices
for the product:

Pounds Purchased Dollars Per
Per Year Pound
25,000 5.00
50, 000 : 4,00
250, 000 2.50

For intermedlats levels of prroduction, you can

estimate prices by drawing a curve through the

above three points., I am sure you appreclate

that these figures are estimates at this time

and not firm quotations, Also the situation '
could change if we are successful in developing

additional markets for the beads. Should our

annual sales exceed 250,000, then the price for

quantitles in the 25,000 pound range would

ocbviously be lower, .

cotmintd
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TABLE 16 (CONT.)
Picatinny Arsenal
Page 3
December 21, 1872

Regarding the question of our assuring you of a supply
of the material, I indicated upon receipt of your order for
a 1,000 pounds under the terms of thls proposal, we would i
initiate installation of the pilot plant equipment. Further- :
more, we agree to maintain the equipment in operable condition
t1ll the end of 1974. This date will provide you ample time
to make a decision on your commercial facllity and indicate
£0 us whether we will have to provide additional production
capacity beyond the Initial pilot plant stage,

I further indicated that we have discussed this proposal
together with owr potential financial commitments with our
Proflt Center's General Manager, who has given his agreement
to this plan of action, At the same time, I am sure you are
aware that for substantial expenditures for new equipment
we always have to seek formal approval from our Board of
Directors, .Since we have provided in the above estimated
"eosts ‘to make'this what we belfeve'a viable project, “we fore-
see no proclen in this regard.

I hope that this letter summarizes all of the informa-
tion that bears on your situation and which will permit you
to make an early decision from your end. Certainly, we are
most interested in working with you, and we yant to cooperate
with you in every way possible., If there are more questions,
please do get in touch with us.

Your/ y/ruly,
j L RN &-——s,

son
talyst Sales

Gwﬁ:mef

ece: M, O, Nichols, Pleztinny Arsenal
Mr. Norman Steel, Hercules, Kenvil, NJ
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Melt was introduced to one reactor (R-200) on May 21 at a nominal
reaction temperature of 190°C., Within one day, a second reactor (R-201)
was inltiated but it was shut down within 3=1/2 days becasuse of a leak in
the top flange. Operation of R=200 was continued. R-201 was drained, and
the gasket was replaced. Repeated atteumpts to resume flow of feed to R-201
vere unsuccessful until June 22, Recycle of AN, U and GN to the reactor
feed system vas begun three days after startup, Other reactors were brought
on stresm sequentially, and by June 5 (16 elapsed days), four reactors were
functioning., The first pilot plant shutdown (29 hours) occurred on June 6
and was caused by s plugged reactor off-gas line and reactor feed pump
problems. PFour days later, with four reactors functioning (three in one
bank and one in the other), it was noted that the recovered GN production
rate had decreased (inconsistent with the calculated productivity) and
that the make~up of virgin AN and U had increased. Since there had not
been any problems with off-gas line plugging, it was theorized initially
that recycling AN and U had introduced an unexpected process variable., A
check of the off-gas scrubber water revealed a density of about 1.2 gm/cc,
considerably higher than the < 1.0 gm/cc value for ammonia water. Analysis
revealed the presence of all three reactor product components in the NHy=-
Hy0 stream. The missing GN mystery was solved; 75% of the total reactor
product welt stresm was being diverted to the NH,-H,0 storage tank. Only
three hours vere required to clear the reactor product melt line and improve
the steam tracing. Operations were resumed on June 11, with four reactors,
and by June 22, eight reactors were operating. During this time, minor
problems were encountered; however, it was a period of smooth operation.
Minor problems consisted of steam leaks, plugged vent lines, varying AN/U
feed ratio, evaporator bottleneck, etc.

After 5-1/2 weeks of essentially continuous operation, overating
problems started to mount; e.g., malfunctioning Hill-McCanna proportioning
pump, occasional low discharge pressure on the reactor feed pump, and
decreasing feed rates to all reactors, /[fter three days of troubleshooting,
the plant was shut down and the reactors were drained. Low pressure steam
was maintained on the reactor jackets. The top discharge elbows on the
eight reactors were removed, revealing heavy deposits of water insolubles
(ammelide) plus reactor melt in the elbows and gas liquid separators. The
catalyst retention screens were essentially plugged. The catalyst level
in R-200, on stream for about 37 days, had decreased about 10 inches (ca.
7.5% of total depth). Catalyst fines were noted in the gas-liquid separator
and in the aqueous quench tank (T-105), confirming the attrition of Houdry
beads. R-200 was subsequently topped with 2.5 1b of fresh catalyst, While
the plant was down, the remaining available catalyst was utilized to recharge
reactors R-201, R-202 and R-203, The original catalyst in these reactors
drained freely from the individual tubes,
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The solid bowl centrifuge (S-300) used for separating insolubles
from the reactor quench stream had been inoperable for nine days before
the forced shutdown as a result of a bad howl spindle. This resulted in a
gradual build-up of insolubles in the reactor feed stream (via the recycle
system) which finally surpassed its solubility level in both the fged and
reactor product streams. Consequently, ammelide deposited in the tops of
the reactors, gas-liquid separators, evaporator tubes, all melt process
lines, Hill-McCanna pump checks and the reactor feed pump. Hot sodium
carbonate solution flushing of equipment (exclusive of reactors) and lines
removed most of the insolubles. The magnitude of this problem can be appre-
ciated by noting the increase in the reactor product melt insolubles level;
{.e., from a normal level of less than 1 wt, % to 2.5 wt. 7%, based on GN.
Insolubles in the evaporator bottoms stream went from nil to 0.4 wt. %.
This incident and its results stress the importance of removing insolubles
from the system before crystallization of GN, It has been demonstrated
that the GN cake will remove only a portion of the ammelide in the system,
particularly at high levels, Therefore, it is imperative that insolubles
be removed separately from the system and/or maintained at a low level of
production by altering processing conditions, e.g., low urea feed concen=-
tration or low reactor temperature., It is now believed that the principal
cause for reactor bed plugging was due to the pregsence of melt and water
insolubles. There are perhaps other contributing factors such as catalyst
attrition.

Figure 3A shows quantities of ammelide in the total U/AN/system
and ammelide removed from the system under stable operating conditions.
The values shown are approximations based on typical analysis. In Volume
I of this Final Report, it was reported that the solubility of awmmelide in
reactor melt was > 0.2 wt.% but < 0.8 wt.%4. Figure 3A shows that about
0.9 1b ammelide is formed per 500 1b of melt (0.2 wt.%Z). Below saturation
levels, the reactor melt is clear. Following dilution with water (80°C),
about 0.5 1b of ammelide is removed from the solution via the solid bowl
centrifuge, leaving a clear crystallizer feed solution. Further cooling
and some concentration in the crystallizer result in removal of another
0.4 1b ammelide with the guanidine nitrate cake. As a result, 0.1 1b of
ammelide from the original onme pound leaving the reactors is recycled to
the reactors with the recycle and make~up feed stream., If the solid bowl
centrifuge were by-passed, some additional ammelide would be removed with
the GN cake, but the major portion of ammelide normally collected in the
centrifuge would be recycled to the reactors. If one aesumes that the
ammelide content of the GN product remains constant, then after about
four system turn-arounds, the reactor melt ammelide concentration would
be about 0,67, presumably the upper solubility limit, Continued recycle
without any ammelide purge would exceed the solubility and, consequently,
start deposition of ammelide in the catalyst bed.
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Generate
0.9 Lb Ammelide
Feed Melt In Reactor Reactor Melt
0.1 Ammelide 1.0 Lb Ammelide
500 1b Melt 0.27. Ammelide
190°C
REACTOR
130°C
Clear Solution
(Saturated With
Amme lide)
Water
e«. r- U/AN Make-Up Water
EVAPORATOR
AND DIXNU;ION posemesdpe Amme 1ide, .5 Lb
FEED TANX SOLID BOWL

Mr——j Clear Aqueous

Solution @ 80°C

CRYSTALLIZER (Saturated With
AND e . Amme 1ide)
CENTRIFUGE

Mother Liquors
Containing 0,1 Lb
Amme 11 de

10°-20%C 100 1b GN Containing

0.4 1b lide 0.47 Ammelfide

AMMELIDE BALANCE:

Amme lide Generated in Reactor 0.9 1b Amme lide Removed in 0.5 1b
Solid Bowl

—_ Amme lide Removed With GN 0.4 1b

Ammelide Generated 0.9 1b Amme 1ide Removed 0.9 1b

NOTE: Assuming reactor melt to be saturated at outlet conditions - then by-passing
solid bowl will probably result in higher ammelide content in mother liquors.
This would result in sol.ds deposition in the reactor catalyst bed due to
exceeding the solubility limit of ammelide in the reactor melt,

Figure 3-A. Example of Ammelide Balance Under Stable Operations

49

i

i
{
:




e e L e g e Gk e T e RS 3 L O P TIRLE L TSP A SIEE RATEE

[T Y

PR |

Following the 3-day shutdown to clear up the insolubles problem, feed
wvas introduced to the reactors and within 3 days (July 7), seven reactors were
operating. Feed to R-204 could not be sustained. On July 11, flow of feed to
R-200 stopped, and on July 14 feed to the remaining reactors was stopped volun-
tarily for a scheduled 2-week shutdown. The reactors were flushed twice with
reactor feed melt with 100 psig steam pressure in the jackets (below reaction
temperature), drained, and then permitted to cool down.

Following the 2-week shutdown, all reactors were heated but the feed
rate could be sustained to only three (R-202, 206, and 207) of the previously
functional six reactors. Feed to R-207 was erratic, and after nine days (August
8) flow stopped. Operation of the remaining two reactors continued until August
10, 1973, when pilot plant operations were voluntarily stopped. DNuring the final
stages of pilot plant operations, considerable effort was expended in running

FRCR
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material balances and determining th: source of yield losses. These results are

discussed in a separate section of the report.

The remaining in-process inventory was worked through the system to
recover the available guanidine nitrate. Residual mother liquors and unused
melts were discarded. Catalyst was removed, with the aid of a high-pressure
water jet, from all reactors. The complete layaway of the pilot plant is de-
scribed in a later section.

The operating time for each reactor is shown graphically in Figure 4.
Total on-gtream reactor tube time was 6,460 hours. Assuming a conservative
4 1b GN/hr/tube productivity (Figure 5), the total calculated GN production
was 25,800 1b. The total accounted for or recovered GN was 19,300 1b (100%
GN, dry basis), leaving an unaccounted for quantity of 6500 lb. An attempt
was made to account for the missing material based on analytical results,
observations, measured rates and assumptions. The results are shown in Table
17. These types of losses are to be expected in a pilot plant and would be
minimal in a production plant. About one~third of the estimated losses re-
sulted from the GN centrifuge operation during the charging portion of the
cycle. It was purposely elected not to return this material to the crystal-
lizer feed tank on a routine basis. This material was returmed to the tank
during the 1972 operations, and the procedure resulted in both crystallizer
feed filter plugging and centrifuge cloth blinding, One solution would have
been to adjust the quench water rate to dissolve these "slops," but this
would have upset the total process and was not justified. A production plant,
and perhaps a modified pilot plant, would have GN repulping provisions as well
as a rework system for line purges, spills, etc.

The pilot plant was operated as an integrated system with recycle for

a total time of about 62 days. 'In-the-barrel' production totaled about 20,000

1b of dry product with a nominal 95 wt.7 guanidine nitrate content. A small
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TABLE 17
GUANIDINE NITRATE ACCOUNTABILITY TABULATION
Basis: a) 100% guanidine nitrate, dry basis ;
b) Total reactor-tube hours (see Figure 4) - 6,460 hours j;
¢) Total guanidine nitrate produced (4.0 1lb/hr/tube) - 25,800 ib |

d) '"In-the-barrel” guanidine nitrate - 19,300 1lb

e) Unrecovered guanidine nitrate - 6,500 1b

Accountability of Unrecovered Guanidine Nitrate ' :3

e i} A
'

Estimated E
Pounds i
Loss from evaporator feed pump leak 620 %
Loss from solid bowl cleaning 630 %
Loss from cleaning polishing filters 180 %
Loss from crystallizer hang-up flush-outs 380 z
Loss from centrifuge cleanings 180 |
Loss from centrifuge charging slecps 2,015
-~ Loss from two evaporator feed tank dumps 135
Loss from reactor tube drainings 250

Loss from four-day period with product from 4 reacter T-112 1,150

Other losses including (1) start-up, (2) leaks, and 960
(3) samples

st d 5 e Sk i bbb

Total 6,500 i
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portion of GN produced was not considered acceptable for shipment to Cyanamid
of Canada. Shipments and lot analyses are discussed in a separate section.

3. Catalyst Performance

Prior to tne operations discussed in this report, the following minimum
catalyst mileages had been demonstrated:

a) l-inch diameter reactor, no recycle - 68 gm GN/gm catalyst
b) 4-inch diameter reactor, no recycle - 38 1b GN/1b catalyst
% Houdry CP-532 macroporous silica beads

These values represented significant improvements over any previously
demonstrated catalyst mileage for the U/AN process for manufacturing guanidine
nitrate. Preliminary cost estimates indicated that the catalyst mileage should
be at least 200 1b GN/1b catalyst from the standpoint of both catalyst replace-
ment cost and operating logistics. One of the objectives of the 1973 operationms
was to demonstrate this minimum mileage level with the pilot plant operating on
a recycle basis. This level of catalyst mileage would represent about a 6-week
reactor turn-around in a production plant which is practical from an operating
standpoint.

Reactor R-200 served as the basis for demonstrating catalyst mileage.
Twice during the period that R-200 was in operation (June 11 and July 6), feed
to the other reactors was terminated for about two hours to determine if the
catalyst in R-200 was still active. Analytical results indicated that the
catalyst, with recycled AN and U complementing virgin feed makeup, was as active
as at the beginning of operations. This reactor voluntarily stopped accepting
feed after 1030 hours of operation (actual time of introducing feed). Figure 5
was graphically integrated for the operating period from May 21 through Julw 11
(R-200 operating time) to determine the pounds of guanidine nitrate produced and
the resulting demonstrated catalyst mileage. The mileage obtained is considered
to be a minimum value since the catalyst bed became plugged rather than the cat-
alyst losing its activity. Productivity values plotted in Figure 5 are based on
reactor product analyses with more than one reactor on stream, but the values were
assigned to R-200 based on the above-mentioned activity check points. The calcu~
lated minimum mileage was 188 1b GN/1b catalyst. A conservative value of 200 1b
CN/1b catalyst can be assumed for plant design. Data for determining this mileage
are presented in Table 18.

Houdry silica bead attrition occurred as evidenced by the presence of
sand in the reactor quench tank and loss of catalyst beads in the reactor, par-
ticularly the 10~inch depletion in R-200., This depletion took place over a period
of 37 days and some of it may have been due to packing. If one assumes that the
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TABLE 18

ESTABLISHMENT OF HOUDRY CP-532 SILICA BEAD CATALYST MILEAGE

(REACTOR R-200)

GN "GN
Time Increment Hours 1b/hr 1b
p.m., 5/21 - 8:00 a.m., 5/24 61 5.0 305
a.m., 5/24 - 8:00 a.m., 5/25 24 4.4 106
a.m., 5/25 - 12:00 Noon, 5/27 52 5.0 260
Noon, 5/27 - 12:00 Noon, 5/31 96 3.5 336
Noon, 5/31 - 12:00 Noon, 6/3 84 5.0 420
Noon, 6/3 - 4:00 a.m., 6/6 52 4.2 218
a.m., 6/6 - 9:00 a.m., 6/7 . Down - -
a.m., 6/7 - 12:00 Noon, 6/9 51 4.7 240
Noon, 6/9 - 11:00 a.m., 6/11 47 4.0 188
a.am., 6/11 - 3:00 p.m., 6/11 Down - -
p.m., 6/11 - 12:00 Noon, 6/14 69 5.0 345
Noon, 6/14 - 12:00 Noon, 6/21 168 5.0 840 :
Noon, 6/21 = 9:00 a.m., 6/27 141 5.0 705 3
a.m., 6/27 - 4:00 a.m., 6/28 Down - - ;
a.m., 6/28 - 3:00 a.m., 6/29 23 4.5 104 ’
a.m., 6/29 - 2:00 a.m., 7/5 Down - -
a.m., 7/5 - 4:00 p.m., 7/11 158 4.0 632
1,026 4,699

Catalyst Mileage

4,699 1b/GN _ _ .
25 1b Catalyst 188 lb/GNZIb/Catalyst
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2.5 1b of makeup catalyst was due to attrition, then the attrition or usage rate
is about 0.6 1b catalyst/1000 1h GN produced in the reactor. On this basis, a
reactor could produce about 17,u00 lb of GN before requiring the addition of new
catalyst, This value ‘¢ based on a 407 catalyst depletion which should result
in about a 207 urea conversion decrease (based on computer predictions, included
in Volume I of the Finali Report, for a 4-inch-diameter reactor). (This is equiva-
lent to a mileage of 1750 if the bed 1s topped.)

4. Reactor Feed Systems

The pilot p.ant was originally installed with an in-line densitometer
to measure the density of reactor feed and, consequently, automatically reset
the individual stroke lengths of the Hills-McCanna pump to vary the ratio of
virgin to recycle material. This system was not totally satisfactory because of
the varying water and guanidine nitrate contents of the recycle stream. The
densitometer was removed from the system and the Hills-McCanna pump was manually
adjusted to control the feed AN/U molar ratio. Control of the AN/U ratio was not
as good as desired, but operators were able to command the system and bring the
ratio back to about the desired value. Pump settings were determined by the dif-
ference between actual and desired AN/U ratios plus the analyses of the recycle
and virgin streams. Inventory of recycle material was controlled through small
changes in the total reactor feed rate; i.e., higher feed rate for decreasing
inventory and lower feed rate for increasing inventory. Occasionally, the Hills~
McCanna pump would malfunction because of the presence of gases, dirt, etc., but
the problems were not insurmountable. The major mechanical problem was the re-
sult of ammelide buildup in the ball checks. The pump heads had to be removed
for physical cleaning of the balls and seats.

Feed rate to the reactor was initially controlled with a single-flow
recorder controller, depending upon pressure drop through the individual reactors
for even feed distribution. This system was not satisfactory. Consequently, a
flow indicator controller was installed on each reactor. This installation proved
satisfactory in that the ability of a reactor to sustain flow could be determined.
Since installation of a flow controller for each reactor tube in a production plant
will be prohibitive, the design of multi-tube reactors will have to be analyzed
thoroughly. One suggested method for flow distribution would be to use orifices
sized for a 20-30 psig pressure drop amd no more than 1007 flow in excess of the
design value,.

5. Gas-Liquid Separation and Reactor Product Quenching

The gas-liquid separators used in the pilot plant for separating reactor
off-gases (NH3 and COy) from the reactor melt functioned quite well. A small
amount of reactor product was entrained in the gases and, subsequently, found in
the water-scrubber effluent. Production plent gas-liquid separators equipped
with entrainment devices should not present any design problems.
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Quenching the hot reactor product melt with water presented no serious
problems; however, subsequent ammelide removal, GN recovery and evaporator prob-
lems were lessened by monitoring the quench stream density (and crystallization
point at times) and adjusting the water addition rate accordingly. A density of
about 1.24 gm/cc at ca. 70°C favored good operations. Some problems were en-
countered in pumping the 90°C aqueous quench material because of the presence
of NH, vapors and vapor pressure of the water. An increased pump suction head
would have minimized this problem. To minimize ammonia in the quench system, it
is imperative that the reactor product melt line contain a sufficiently designed :
liquid seal loop. :

I

6. Insolubles Removal

Water insolubles (ammelide) produced in the reactor as a urea polymeri-
zation product must be removed from the system before GN crystallization and
recovery. A laboratory model De Laval solid bowl centrifuge was employed for
this operation. Considerable mechanical problems were encountered with this
unit because of the 24-hour per day, seven-day week requirement. Consequently,
the centrifuge was inoperative on several occasions. The solid bowl centrifuge,
when operative, effectively removed insolubles from the system as evidenced by
the quantities of cakes removed, analyses of the cakes (Table 19), levels of in-
solubles in the recovered GN, and constant level of insolubles in the reactor
product melt. If the feed to the centrifuge was too high in total solids, there
was a tendency to kick out guanidine nitrate. In any evenit, it was necessary to
steam trace the curb of the centrifuge to prevent solids buildup in the overflow
annulus and discharge nozzle. A similar unit with a continuous plow arrangement
should be satisfactory for a production plant.

7. Mother Liquor Evaporation

The Whitlock air - -t falling-film evaporator employed for concentrating
GN centrifuge mother 1lir 2 commercial prototype unit. High-pressure plant
steam rather than steam .= 2 Ebcor electric bollers was supplied tc the
evaporator. Downtime resul 3 from lack of steam was 2ero, a considerable im-
provement over previous c, ~ons. The evaporator functioned well with the

unit operating at desiga c. .acity and normally producing a bottoms product with
less than 17 water. Operation of the evaporator did become erratic following

the buildup of ammelide in the system., Post-inspection of the unit disclosed a
film of insoluble material on all four tubes, Removal of such a film in a com=-
mercial unit would not be a serious problem. However, elimination of insolubles
in the feed stream would be desirable. Results of special tesis revealed the loss
of about 1 to 1-1/2% of the ammonium nitrate present in the feed in the exit air.
A suitable entrainment separator or scrubber would be desirable on a commercial
unit. Analyses of the evaporator bottoms are shown in Tatle 20. These data do
not indicate any buildup of unkrowns in the system. A programmed chemical purge
from the overall system is not required based on these results.
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DATE
(1973)

5/25
5/26
5/30
6/6
6/7
6/15
6/18
6/19
6/70
6/21
/1
7/2
717

7/10

7/11
7/12

7/12
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TABLE 19

SOLID BOWL CENTRIFUGE MATERIAL AMNALYSES

AN u eN  H20  INSOL TOTAL SOLIDS

IDME ®» @ @ (%) (%) (%)
5:00 a.m. 25.5 2.6 52.7 - 5.3 -
9:30 p.m. 12.6 7.0 43.8 - 13.5 -
4:30 a.m, 22.0 4.9  62.6 - 4.2 -
12:45 a.m. - - - 4.28 24.0 -
9:30 p.m. 21.7 - 58.1 17.0 9.49 -
7:30 a.m. 28,5 10.5 57.9 22.3  36.8 -
4:30 a.m. 20.8  7.67 36.1 24.0 13.4 -
4:00 a.m. 13.6 2.4 729 1i3.61 1.6 -
5:00 a.m. 25.7 2.2 19.77 35.9 - -
4:00 a.m. 21.3 3.6  45.2 - 20.4 -

- - - - - 92.14 90.0
8:00 a.m. 15.8 5.2  66.0 18.1 15.01 -
9:30 p.m; 26,3 7.83 19.2 - 2.83 -
3:30 a.m. - - - - 19.91 74.18
5:00 a.m. - - - - 23.06 74.46
9:30 a.m. - - - - 18.75 76.60

0.10

0.23

0.60
0.16

0.15
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TABLE 20

1973 EVAPORATOR BOTTIOMS ANALYSES

AN U GN 1,0 INSOL  CLOSURE
DATE TIME ) @ @ ™ @
5/25 3:30 p.m. 78.3 8.1 7.2 4.8 - 98.4
6/9 4:30 p.m. 60.7 10.8 27.9 0 - 99.4
6/10 1:10 p.m. 62.1 11.7 26.6 0 - 99.8
6/11 5:00 a.m. 65.1  1l4.1 21.6 2.04 - 103.2
6/11 8:30 p.m. 61.2 17.2 20.2 1.84 - 100.44
6/12 3:00 a.m. 62.9 14.7 20.7 - .05 98.35
6/13 8:45 a.m. . - - .51 - .
6/13 7:50 p.m. 66.8 16.8 12.3 .62 - 96.52
6/14  4:00 a.m. 65.1 17.9 13.3 2.18 - 98.48
6/15 3:00 a.m. 71.4 20,4 0.01 1.35 - 93.16
6/15 4:00 a.m. - - - 1.49 - -
6/16  4:00 a.m. 63.0 22.4 12.8 1.03 .002 99.2642
6/17  4:00 a.m. 64.3 21.1 13.8 - - -
6/18  4:00 a.m. 67.1 20.9 8.52 .77 - 97.29
6/19 4:00 a.m. 69.9 16.3 13.6 .96 N 100.76
6/20  4:00 a.m. 75.8 10.9 10.5 .75 - 97.95
6/21 4:00 a.m. 77.9 10.3 11.0 .77 - 99.77
6/22 4:00 a.m. 80.4 8.47 10.5 .39 . 99.76
6/23  4:00 a.m. 75.9 11.7 11.9 .56 . 100.06
6/24 3:50 a.m. 73.8 11.7 11.7 1.29 - 98.49
6/25 4:40 a.m. 73.4 12.2 14.4 .50 - 100.54
6/26  4:05 a.m. 76.2 10.0 12.6 .72 - 99,52
6/27 4:00 a.m. 61.1 16.0 23.4 .61 - 101.11
6/29 3:45 a.m. 68.6 16.7 9.33 1.41 40 96.08
7/1 3:30 a.m. 65.4 20.9 12.15 42 - 98.91
717 3:00 a.m. 67.3 18.2 10.9 1.52 - 97.92
7/8 3:00 a.m. - 17.0 - 2,79 - -
7/9 . 4:00 a.m. 63.6 11.8 10.3 3.88 . 94.78
7/10  4:00 a.m. 43.6 11.8 5.7 31.8 - 92.90
7/11  11:45 a.m. 63.4 20.2 13.8 .88 - © 98.28
7/12 %:00 a.m, - - - 3.6 - -
7/30  10:30 p.m. 81.0 7.65 7.04 2.22 - 97.91
8/1 11:30 a.m. 75.4 11.9 9.2 2.18 - 98.68
8/1 7:30 p.m. 69.0 17.5 11.1 0.73 - 98.33
8/3 4:00 a.m. 71.4 1.2 13.8 1.08 .45 97.93
8/3 8:00 p.m. 70.9  13.3 12.1 1.29 - 97.59
8/6 4:00 a.m. 69.8 17.2 8.93 1.01 - 96.94
8/7 4:00 a.m. 71.2 16.6 8.8 3.8 100.4
8/7 7:30 p.m. 69.6 19.2 8.79 0.76 - 98.35
3/8 4:00 a.m. 70.7 18.4 10.2 0.76 .13 100.19
8/9 3:30 p.m. 65.6 13.7 12.2 7.89 - .
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8. Guanidine Nitrate Crystallization

The vacuum crystallizer used in the pilot plant is a prototype com~
mercial unit. The size of the unit was selected on the basis of a batch
operation to produce 50 lb of guanidine nitrate per hour. The unit was also
designed for continuous operation although no attempt was made to demonstrate
this for crystallizing guanidine nitrate in the pilot plant.

The designed cycle time for the crystallizer was four hours. -Three
hours were allocated for charging and crystallizing, and one hour was allocated
for discharging the slurry to the centrifuge in four increments of 15 minutes
duration each.

Actual operation showed that charging the crystallizer required 20-25
minutes, crystallization took 1-1/2 to 2-1/2 hours, and charging the centrifuge
one hour, At no time were the crystallization and centrifuge operations unable
to keep up with the reactor-quench system,

There was no noticeable difference in the final product when the crys-
tallization time was 1-1/2 rather than 2-1/2 hours. Apparently any difference
in crystal size was small enough not to cause difficulty in handling the material
in the centrifuge. No difficulty was encountered in pumping the erystal slurry
through the pump-around-loop from which the centrifuge was fed. This unit opera-
tion can be successfully scaled up to plant size without difficulty.

Reduced pressure for evaporative cooling was created via three Stokes
mechanical vacuum pumps. Introduction of procedures to drain condensed water
from the oil reservoirs 2nd air purging o¢f the oil on a shift basis minimized
crystallizer downtime. Maintenance of the vacuum pumps and attainments of good
vacuum were augmented by a dry ice trap on the suction side of the vacuum pumps.
Only minor problems were encountered with the Edwards chiller.

A total of 180 crystallizer batches was processed. Operating data are
summarized in Table 21, Feed to the crystallizer averaged 647 total solids with
a range of 447 to 747.

9. Crystalline Guanidine Nitrate Recovery

The Delaval, 22-inch-diameter, link suspended centrifuge was the least
troublesome pilece of process equipment installed and operated in the pilot plant.
The hydraulic power system resulted in excellent speed control and rapid speed
change response. The original polypropylene filter cloth was still in use at the
end of the program.
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Normally, four slurry charges wer2 processed through the centrifuge
for each crystallizer batch. The number o+ charges sometimes varied, depending
upon the crystallizer feed GN concentration, etc. Total batch sizes approxi-
mated 160 1b or 807 of design. Batch sizes as large as 210 1b of wet GN resulted
from a single crystallizer charge. Operation of the centrifuge developed into an
art, particularly in regard to the rate of slurry charging. A too-rapid charging
rate would result in excessive liquid spillage from the bottom chute. Excessively
low charging rates would cause the centrifuge to vibrate due to an uneven cake
with a low angle beach slope. Several times during the program, it was necessary
to manually remove the residual 3/8-inch-thick cake because of low filtratiom
rates. Moisture contents of the GN plowed from the centrifuge averaged 7%. Some
individual batches contained as much as 15% water. Others were as low as 3% water.

The standard procedure for a centrifuge increment was as follows:

(a) Adjust basket speed to 700 rpm.

(b) Charge slurry to centrifuge as fast as possible without
spillage from the bottom chute.

(¢) 1Increase the basket speed to 1250 rpm and wring the cake
for 2 minutes.

(d) Wash GN cake with 1 gallon of water (established as
sufficient for nominal 95% GN product).

{(e) Wring cake for an additional 2 minutes.

(£) Reduce basket speed to 100 rpm and plow cake into canvas
bags. ;

Analytical data for each batch of GN produced are presented in Table 22,

Analyses were performed on wet CN. To assess the consistency of product quality,
the analyses were normalized to 100% and ca a dry basis.

10. Guanidine Nitrate Drying

Because of the difficuities encountered in processing products through
the Strong-Scott Solidaire indirect-heated dryer during the 1972 campaign, it
was decided that all guanidine nitrate produced in 1973 weculd be dried on trays
in a8 commercial smokeless dry housa.

The wet GN produce, normally containing 5% to 15% water, was plowed from
the centrifuge into 19 in. x 42 in, layflat duck cloth bags. A total of 30 1b was
charged to each bag. Each bag was closed with a string tie close to the neck so
the material could be distributed into a thin 3-inch layer. The bags were then
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laid on smokeless powder-type wooden drying trays. The trays were stacked in
criss-cross fashion in 10-high tiers. After the dry bay had been filled with
2200 1b to 2800 1lb in this manner, the doors to the bay were closed and the
temperature was brought up to 140 F with forced air. The bay was left on heat
for 3 days. After this period the heat was turned off, allowed to cool for
about 24 hours, and then samples were taken from each batch of GN in the bay
and composited into a sample representing a lot. Rach lot sample was analyzed
for AN, U, GN, insolubles, melting point and water. Analyses of the different
lots, presented in a previous section, showed that drying was very efficient.
For reference, each dry house bay measured 9 ft x 22 ft x 22 ft for a total
volume of 4356 cu. ft. With a blower capacity of 2500 gm, the number of air
changes (1007 fresh air) per minute was 0.57.

A Wolverine Jet Zone air dryer has been selected for drying wet GN in
the BAF production plant design. This decision was based on laboratory tests
performed at Kenvil on a jet zone module dryer. Thege results were presented
in Volume I of this Final Report. To supplement the decision, drying tests
were performed in a laboratory module of a Wyssmont Turbo Tray dryer at the
vendor's laboratory. The test report, presented in Table 22A, notes that
water-wet GN was dried readily to the desired moisture level of 1%. A maxi-
mum product temperature of 150°F was amployed with no evidence of sticking,
smearing or dusting. These results place confidence in selecting a GN dryer
for a production plant. A preliminary price estimate for a production drying
system is presented in Table 22B.

11, Monitoring of the Pilot Plant Operation

a. Reactor Performance

The methods discussed in the calculation section of this
report were employed on a day by day basis to monitor the pilot plant operation.
Table 23 presents calculated results based on daily feed (Table 24) and product
analyses (Table 25) and calculation methods using the nitrate conservation and
two-mole stoichiometry assumptions. These results were used as criteria to
improve the reactor operation. If the AN/U feed ratio was not stable and/or
was drifting to a urea-rich or very high ammonium nitrate-rich regime, changes
were made in the relative pump stroke lengths on the Hills-McCanna Blend pump.
If the production rate was lower than expected, the operation was adjusted to
correct for this by adjusting temperature, feed rate or water content in the
feed.

The major value of these calculations was that the catalyst
activity was being evaluated daily. If poisoning had occurred in this production
campaign, a definite decaying trend would have resulted. In Figure 5, GN pro-
ductivities per nour per tube are plotted versus time. Therc are positive and
negative swings in this curve, but the trend is not at all downward. In most
cases, the individual swings in this curve can be explained by a process upset,
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TABLE 22A

RESULTS OF WYSSMONT DRYING TESTS

wyssmont company, Inc.

September 18, 1973

Hercules, Inc.
Kenvil, New Jersey 07847

Attentions Mr. J. Doyle

Re: Drying Guanidine Nitrate in the Wyssmont
Drying System
Our Ref. No. 73109

Gentlemen:

¥We are pleased to submit our test report for the tests per-
formed in cur laboratory on your Guanidine Nitrate material
on August 29 and 30, 1973.

You will note from the report that the material was readily
dried tc the desired moisture. These results show that the
TURBO-Dryer will produce a superior quality product.

. The final samples of all and intermediate samples of
Test No. 3 and 4 have been submitted to you for your
evaluations.

If you have any guestions, please contact us.
Very truly yours,

WYSSMONT COMPANY, INC.

_). '/___))t«t /_(.,
S. H. Shukla
SHS :pbo
Encls Test Report
cecs J.Gardner
H.Zack
Wilmington, Del.
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TABLE 22A (CONTINUED)
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WYTSMONT COMPANY, INC.
COMPANY : HERCULES INC.

MATERIAL: GUANIDINE NITRATE

TABLE 22A (CONTINUED)

-2~ TEST NO3 73109-1, 2, 3,

TEST DATE: 8-29, 30-73

4

OBSERVATIONS AND CONCLUSIONS

Four tests were run on the Guanidine Nitrate material. The first
test, 73109-1, was run on wmaterial that had been rewetted by the
customer. It was found that the moisture content of this material
{(21.2% wet basis) wa: almost double that of design feed moisture

(10% wet basis).

Because of this, the dried material from Test 73109-1 was rewetted
with distilled water to the proper moisture content (10% wet basis)
and was used as the feed for Test 73109-2,

It was decided that the rewetting, drying and rewetting of the
material might have affected the drying characteristics, so a
fresh dry sample was brought by the customer and rewetted vwith

distilled water to 10% wet basis.
Tegt 73109-3.

This sample was used for

The material used for Test 73109-4 was rewetted with distilled
water to 6% wet basis. This was done because the customer indicated
that some of the material during product;on might come to the TURBO-

Dryer at that moisture content.

All four tests were begun at an air temperature of 200°P. and
gradually lowered to keep the material temperature at 150°P.

maximum.

The material handled very well with no sticking, smearing

or dusting and was easily dried to the final moisture specification

in all of the tests.

Test 73109-3 using the freshly rewetted sample at 10X wet basis can

be used for design purposes.

‘The TURBO-Dryer is well suited for drying the Guanidine Nitrate.

* MOISTURE TES?

SAMPLES SUBMITTED TO CUSTOMZ2R

FEST WITNESSED BY:
Maasrs,M.Whippen,J.Doyle,H.2Zack
& J. Gardener of Hercules 8-29-73
Mr. M. Whippen 8-30-73

JJtpho
Encl: Drying Curve
Temperature Chart
cer  J.Gardner,H.Zack

Cenco 70 setting, 250 watt buldb -
By Wyssmont
Karl Pischer - By Hercules

73109-1 2 oz. Final 8-29-73

73109-2 2 oz. Final 8-29-73

73109-3 1 oz. Initial 8y, S5, S3, S4
2 oz. Pinal 8-5

73109-4 1 oz. Initial, S, 52, S3, 854
2 oz. FPinal 8-30-73

WYSSMONT COMPANY, INC.
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TABLE 22B

PRELIMINARY PRICE ESTIMATE FOR PRODUCTION GN DRYING SYSTEM

y - WYSSWMONT COMPANY, lne.

October 9, 1973
Hercules Inc.
Kenvil, Mew Jersey 07847

Attention: Mr. M, Steele

Re: Drying Guanidine Nitrate in the Wyssmont

Drying System
Our Ref. Wo. 73109

Gentlemen:

We are pleased to submit our preliminary price estimate to dry
Guanidine Mitrate in the Wyssmont drying system.

Our previous operating experience indicater that the TURRO-Dryer
will produce a high quality product dried under controlled condi- .
tions. The TURBO-Dryer offers many advantages cver other types

of dryers for this application. The close temperature control
feature of the TURBO-Dryer insures that the material is properly
dried without overneating or degradation. This is of particular
irportance for this heat sensitive material, The TUR3O-Dryer is
being successfully used to dry keat sensitive materials at_the
temperature required for your application and as low as 95°p,

In the TUPBO-Dryer small batches of the material are being
processed continucusly dut ssparately. The individual tray
segmert receives a charge of the material and this charge is
dried to the desired final moisture specification without mixing
with any other material charges. Thie has proven to be 2 major
adviatsge for drying calcium hypochleorite material.

The positive retention time feature and internal air recirculation
insure that all the material is uniformly dried to the desired
final moisture specification.

T™he internal TUNO-Pans recirculate the air in the TURBG-Dryer

over the material for intimate contact between the air and material.
As tha material tzansfers from shelf to shelf, the material on

each tray is mixed exposing new surfaces to the air stream. The
1o¢ exhaust air velocity and vertical comstruction of the TURBO-
Dryer keeps any fines carryover to a minimum.
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Hercules Inc. -2 - October 9, 1973
x.ﬂVilc NJ. Ref, No. 73109

The TURBO-Dryer operates continuously and automatically with-
out operator attention. Many chemical companies have indicated
that the TURBO-Dryer installation resulted in a labor saving of
one operator per shift as compared to the batch drying systenms
and other continuous drying systems previously installed.

The TURBO-Dryer has a successful history of extended periods of
operation without shutdown for maintenance.

We are listing the follcwing information for your requirements:

Material Guanidine Nitrate
Production 4500 1lbs/hr.
Initial Moisture 10% (wet basis)
Final Moisture 0.5 - 1%
TUMBO-Dryer Size Q-32

Diameter 15 f¢t.

Height 23 fe.
Horsepower Requirements:

TURRO-Fan 7% HP

Tray 1l HP
Steam required @ 39 psig 2070 lbs/hr.
2xhaust cfm @ 180 P, 4300 cfm
TURBO-Dryer Price * $240,000., - $250,000.

* The TURBO-Dryer price is based on type 304 stainless
steel material of construction for all parts and type
304L stainless steel material of construction for all
welded parts (where available).

In addition to the TURBO-Dryer we have included an external
heating system consisting of a fresh air fan, a steam heater,

a vertical manifold with dampered iniets to introduce the hot
drying medium into the dryer at several levels and interconnect-
ing ductwork with temperature control instrumentation. Also
included ig the direct contact exhaust air scrubber and exhaust
fan.

Please note that the TURBO-Dryer will be shipped in subassemblies
for esraction in the field by bolting only. Approximately 800
manhours are required for erection.

We have not included Class B tooling at this time, We will have
to review these specifications as it relates to our design. We
have however, included one-piece spun metal trays inatead of the
standard tray and ring construction for this size TURBO-Dryer.

We have net included any feeding and discharge equipment in this
estimate. If you have any questions, please contact us.

Very truly yours,

SHS:pbo HY?SFONT COMPANY, IRC.
cc: Messrs.J.A.Doyle,J.Gardner, J’/( «yA{ €
H.Zack, Wilmington,Del. . B. Shukla
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TABLE 24

RESULTS OF REACTOR FEED ANALYSIS

feactor Feed Analyses (%)

Date Closure Time U AN GN Ho0 Insol, Comment s
5/21  100.79 11:30 p.m. 24.0 76.2 0 0.59 - ANp/Up, = 2.4/1
5/22  98.11 3:30 a.m. 22.9 74.5 ¢ 0.71 - 2.4/1
5/22 102.59  7:30 am. 235.8 74.3 1.8  0.69 - 2.2/1
5/22  99.11 7:30 p.m. 29.3 68,7 0.5 0.61 - 1.76/1
5/23  99.26 7:30 a.m. 7.6 70,1 1.1 0.3 - 1.9/1
5/23 105.26 3:00 p.m. 28.1 75.8 0.8 0.5 - 2,02/1
5/23  98.15 11:30 p.m. 28.8 68.6 0 n.75 - 1.79/1
5/26  98.83 7:30 a.m. 26.5 71.6 0 0.73 - 2.02/1
5/26 98,47 11:30 p.m. 32.1 64.9 0 1,47 - 1.52/1
5/25 97.32 7:30 a.m. 31.8 6l1.6 3.4 0.72 - 1.46/1
5/25  97.20 11:30 p.m. 33.7 59,0 3.9  0.60 . 1.31/1
5/26  97.44 3:30 a.m. 31.6 61.6 3.8 0.4 - 1.46/1
5/27 96.85 7:20 a.m. 34.6 58.0 3.8  0.65 - 1.27/1
5/27  97.13 11:3) a.m. 33.3 60.1 3.0 0.73 - 1.36/;
5/28 97.10 3:30 am. 44.3 49.8 1.6 1.4 - 0.84/1
5/28 98,30 7:30 a.m. 44.1 49.6 3.0 1.6 - 0.84/1
5/28 100.60 11:30 a.m. 44,7 47.9 5.5 2.5 - 0.8/1
5/28  99.60 7:30 p.m. 44.6 42,1 8.4 4.5 0.71/1
5/29  97.27 9:30 a.m. 44.9 49.4 2.8 0.17 - 0.66/1
5/29  95.90 11:30 p.m. 41.8 514 1.5 1.2 - 0.92/1
5/30  98.01 7:30 a.m. 16.9 71.6 9.0 0,51 3.2/1
5/30  96.20 10:30 a.m. J7.9 69.4 8.9 - 2.91/1
. 5/30  95.83 11:30 p.m. 24.0 61.2 9.5 0.73 1.91/1
5/31  97.60 3:30 a.m. 27.2 58.8 10.2 1.4 1.62/1
3/31 95,33 7:30 a.m. 28.7 56.4 9.4  0.83 1.48/1
5/31  97.96 3:30 p.m. 33.3 55.4 8.4 0.8 - 1.25/1
5/31 99,00 11:30 p.m. 23.2 65.8 9.4 0.6 - 2.13/1
] 6/1 101,39 7:00 a.m. 28.2 60.2 12.3  0.69 - 1.60/i
1 /1 99,67 8:00 a.m. 16.3 70.5 12.1  0.77 - 3.24/1
A 6/1 97.15 7:30 p.m. 26.7 60.8 9.0  0.65 - 1.71/1
3 6/2 97.36 3:30 p.m. 26.1 60.4 8.0  0.46 - 1.61/1
i 6/3 96.54 7:30 a.m. 28.5 58.1 8.9 1.04 - 1.53/1
4 6/3 97.10 3:30 p.m. 30.2 59.9 8.6  1.17 - 1.49/1
3 6/3 99.12 11:30 p.m. 21.0 68.9 8.5 0.72 - 2.46/1
3 6 /6 99.85 7:30 a.m. 19.8 69.6 9.8  0.65 - 2.6/1
3 6/6 102,17 7:30 p.m. 23.6 62.C 156 0.7 - 1.97/1
6/5 102,73  3:30 a.m. 29.2 54,7 16.1  2./3 - 1.4/1
6/5 101,05 7:30 a.m. 27.8 58.1 13.8  1.35 - 1.57/1
6/5 103,60 3:30 p.m. 26.3 62.2 15.3 1.8 - 1.92/1
6/5 101.70 7:30 p.m. 23.9 66.1 10.2 1.5 - 2,08/1
6/5 102,70 11:30 p.m. 25.5 66.6 10.5 1.1 - 1.96/1
6/6  100.60 3:30 a.m. 25.6 65.3 8.3 1.6 - 1.93/1
6/7 - 11:30 a.m. 27.2 - - - - -
6/7 101.80 3:30 p.m. 23.8 63.4 13.0 1,86 - 2,0/1
6/7 100,62 7:30 p.m. 22.8 65.0 10.8  2.02 - 2.14/1
6/7 96.92 11:30 p.m. 23.7 62.3 9.0 1,92 - 1.97/1
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TABLE 24 (CCNT.)

Reactor Feed Analvses (%)

Closurc Time U AN ommants
90 28 3:30 a.m. 27.1 64.0 7.0 1. - AN /Un 1.77/1
180,50 7:30 a.m., 25.4 63.8 9.6 1.7 1.89/1
103.60 11:30 a.m, 27.6 66.4 S.6 - 1.81/1
97.20 7:30 a.m. 29.6 62.0 4.7 0.9 1.57/71
og 20 7:30 2.m, 37.6 55.6 5.b 0.6 1,10/1
101.30 4:00 pom, 30.8 61.5 8.8 1.0 1.50/1
101 .9¢ 7:30 p.m, 33.9 81.6 4.5 1.99 1.36/1
191.0 11:30 p.m. 29.8 63.9 6.4 0.9 1.61/1
101.5 3:30 a.m., 32.4 62.3 3.1 3.8 1,441
100.0 7:30 a.m. 33.8 64.1 0.6 1.5 1.42/1
103.5 3:30 p.m. 28.8 60.1 13.5 1.1 1.56/1
104.3 11:30 p.m. 34.2 57.0 8.8 4.3 1,25/1
101.7 7:30 a.m., 31.6 57.3 9.5 3.3 1.36/1
7.8 3:30 p.m. 30.4 56.3 8.9 2.2 1.39/1
89 .7 1:30 p.om. 33.1 538.0 7.0 1.6 1.31/1
99.8 7:30 a.m. 30.9 58.9 8.4 1.6 1.43/1
99.7 11:30 a.m. 37.1 54.6 7.0 1.0 1.11/1
101.8 7:30 pum. 34.5 58.3 $.3 3.7 1.27/1
98.9 3:30 a.m, 26.2 57.5 4,1 1.1 1.20/1
6.2 7:30 a,m. 30.9 57.0 8.3 - 1.38/1
$7.0 7:30 a.m, 32.6 57.7 6.7 - 1.33/1
98.91 3:30 a.m. 34.2 58.4 5.4 0.91 1.28/71
39,0 11:30 pom. 36.7 54,2 7.2 0.90 1,11/1
99.53 7:30 a.m., 35.5 56.7 6.6 0.73 1.20/1
100.54 11:30 a.m. 32.5 58.0 9.3 0.74 1.34/1
g97.76 7:30 pom. 29.7 57.3 10.0 0.7 1.45/1
101.07 3:30 a.m, 31.9 55.8 12.0 1.37 1.531/71 «
99 .05 3:30 pom. 24.9 60.6 11.9 1.65 1.83/1°
98.27 7:30 a.m., 26.1 64.8 6.2 1.17 1,86/1
83.5 11:30 p.m. 30.0 63.1 5.1 1.30 1.58/1
99 .43 3:30 a.m, 63.0 6.6 0.79 1.62/1
98.48 7:30 a.m, 63.6 6.6 0.58 1.65/1
97.5 11:30 p.m. - 64.9 2.5 - 1.62/1
9% .57 7:30 a.m. 60.2 11.4 0.67 1.,64/1
98 .85 11:30 p.m, 58.0 8.4 0.75 1.33/1
27.0 7:30 a.m, 59.9 5.3 1.30 1.47/1
98,23 11:30 p.m. 61.9 7.8 1.03 1.66/1
96 .98 7:30 a.m, 60.4 7.0 0.88 1.60/1
28,23 7:30 a.m, 61.6 6.4 0.83 1.57/1
96,71 11:30 p.m. 55.4 6.7 2,01 1.28/1
97.95 7:30 a.m. 66 .4 4] 0.85 2.16/1
99 .57 11:30 pom. 59.7 6.6 0.87 1.26/1
98.8 7:30 a.m. 56 .4 6.3 2.80 1.27/1
99.14 11:30 p.m. 55.1 8.9 1.94 1.23/1
95,44 3:30 a.m. 50.5 6.0 1.64 1.01/1
117 .4 7:30 a.m. 52.3 8.8 1.0 1.11/1
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TABLE 26 (CONT,)

Reactor Feed Analyses (7.)

Date Closure Time U AN GN Hp0 Insol, Comments
1n 99.45 7:30 a.m., 30,01 58,63 10,18 0.63 - ANy /Uy 1.47/1
mn 97.97 3:30 p.m. 38.2 52.7 5.5 1.57 - 1.03/1
7/6 98.99 11:30 a.m., 41.3 53,1 3.0 1.5 - 0.97/1
1/6 104,93 11:30 p.m, 37.5 54.1 9.1 4.23 - 1.08/1
177 101,59 7:30 a.m. 41.1 51.4 6.3 2.9 - 0.94/1
7/8 95,82 11:30 p.m. 20.5 63.6 7.0 4,72 - 2.12/1
19 95.86 3:30 a.m. 35.9 57.5 0 2.46 - 1,21/1
7/9 93.16 7:30 a.a., 32,3 57.9 0 2.96 - 1.35/1
1/10 97.41 7:30 a.m. 36.4 53.6 5.6 1.81 - 1.10/1
7/10 96.74 5:30 p.m, 3.4 55.6 4.8 1.9 - 1.21/1
7/11 97.43 7:30 a.n, 36.7 54.6 4.4 1.73 - 1.12/1
1/12 98.52 3.30 a.m, 47.2 45.6 4.6 1,32 - 0.72/1
7/12 99.8 3:30 p.m. 42.1 48,9 7.2 1.6 - 0.87/1
7/31 98.7 1:30 p.m. 32,1 63.9 2,1 0.6 - 1.49/1
7/31 100,19 3:30 p.m. 32.6 62.5 4,1 1.0 - 1.64/1
1/31 99.78 7:30 p.m. 35.0 61.6 2,48 0.7 - 1,32/1
7/31 96.41 11:3C p.m. 37.8 57.2 1.41 - 1.13/1
8/1 100,37 3:30 a.m, 42.3 55.2 1.93 0.94 - 0.98/1
8/1 99.37 7:30 a.m. 41.9 56.3 0.55 0.62 - 1.01/1
8/1 96.75 3:30 p.m., 33.0 59.8 3.1 0.85 - 2,57/1
8/2 98.86 3:30 a.m. 20.0 67.8 10,2 0.86 - 1.36/1
8/2 99.13 8:00 a.a. 22.1 69.7 6.7 0.63 - 2,36/1
8/2 97.60 3:30 p.m. 29.1 59.2 7.4 1.9 - 1.53/1
8/2 98,00 7:30 p.m, 29.2 58.6 9.0 1.2 - 1,51/1
8/3 99.34 3:00 a.m. 27.8 50.1 10,1 1.34 - 1.62/1
8/3 92,32 7:30 a.m. 25.7 55.4 9.9 1.32 - 1.61/1
8/4 97.96 11:30 a.m. 24.0 66.1 7.0 0.86 - 2,07/1
8/5 99.57 3:30 p.m. 26.4 63.6 %.8 1.77 - 1,95/1
8/6 99.7 7:30 p.m. 27.2 62.6 6.1 3.8 - 1.73/1
87 96.77 .7:30 a.m., 31.2 59.2 5.0 1,37 - 1.42/1
8/77 93.69 11:30 a.m. 28.2 61.6 2.8 1.09 - 1.64/1
8/7 99,29 7:30 p.m. 23.7 65.8 8.12 1.67 - 2,08/1
8/7 96,68 11:30 p,m. 26.0 63.5 5.1 2,08 - 1.83/1
8/8 98.94 7:30 a.m., 26.5 64,5 7.18 0.76 - 1.82/1
8/8 98,57 11:30 a.m. 25.4 65.7 6.6 0.87 - 1.94/1
8/8 97.19 7:30 p.a. 21.3 70,7 4,12 1.07 - 2,49/1
3nm 98.32 7:30 a.m. 18.7 72.1 6.10 1.42 - 2,89/1
8M 100.2 11:00 p.m, 27.3 67.8 4,3 1.8 - 1.86/1
8/10 99.4 7:30 a.m. 30.4 64.1 2,5 2.4 - 1,58/1
8/10 999 9:00 a.m. 32,4 63.8 2.3 1.4 - 1,48/1
8/10 100,2 10:00 a.m, 32,0 64.6 2.4 1.2 - 1,52/1
8/10 102.6 12:00 Noon 31.9 64.7 4.8 1.2 - 1.52/1
8/10 98.9 1:00 p.m. 32.8 64.2 0.3 1.6 - 1.42/%




TABLL 25

REACTOR MELT AMALYSES

INSOL

:
39

u“Mm
o

2g

TIME

:
3

o 2 QUNVNOVDMNMONANNHTO VAN DNN OO e e N 0 @O WNO
. -4 . 1022321221212212351211211 1211113
¢t L] e o o

L4
o 00000000000000000000000000000000000

N
o~
hLI AL I R R I B D BN DN B BN B AN BN DY BN BN B |
o

8.l.65681301600346005674986075&3090521819637

e » e o e e o ¢ o o @ . s e e o

321124624372083822118195182235261227885222
NANNNANNNNNNFANANNSNNNNNANCSNNITN TN NINOOONONOMOM

847310942948933241770363040513322643932563
. . - .

- . -
91127 75615234635 33591652965525980336122

2779239252&4130243232929592485497695210329

<

6765908998704602199120900451091028059087779

e NNAOATNN NI N v i vl ol el 4 ol vl =t

® o 9 8 & o e e 5 & 4 & % 8 & T & 8 e & * 8 e e & e * o o 3 @ ¢« o e o & @ . o
EEE 88 HE8dd e HEdeg e 880 ddgH0eE8dEEgEEeE €E e gEERHEAEER
# & 6 e ¢ ® e ® © 8 ® ®© ® 6 o ® s & e @ O ® & 8 ° & ¥ e ® & 6 ¢ & * & & & e .0 » =
A gt g AU OSSO S Y S s WO A AT Y AT
QO Q (= [~ &=} Q Q (=] [oReNo] © « (=24

ARRARARERARRRRRARRIARAARRARRRIRSAIRIIIRRIIRRIAR
0 a6 ee 39 w6 e ss se s es ee ae ©s ©9 26 se 04 e ee es ss se se sv = se = e e se ..
-y -l -4 -t 4 L ] L) -t -] -4 -4

10

0.

36.8

59.5

50“

3:30 p.m.

101.7

95




L4

P O oo OGM %2“3236700046678804600 N MO NN &N
[=] ks Ralkel NN F =M NNMNMNNAFINANNNNNNNN-MN NN N NN LA IRC Y R
w onc\..-ooocco.oooot.o-ouco-c-cooo-..oot-oooonooo
m o000 0000000000 ODOOODOODODODOOO 000000000000

29

-.-.-u..-o...-.--OQ----...-.-..n-.—.-.

H20
(%)

22976&468423669051463306071371600638051695881820
' 3 .O.QN-I.O.LLQNLLQN .3.2.&%%7.&% .L.L&.LZ.L.L N N A T e L > VA €0
o

GN
%)

v e

857658393378891550917349679903334946938763531121
e o s s e ¢ 8 o & o o 8 ¢ o o e & 6 © 6 o & » e 6 * o & ° & s e & e & v

- - ~
g . e o e ® e o & o o
- g O WO O O NINANANASIANNIANNIINGI I ITITANBHNANNINNNHNNNNNNG ST TS
2 Q
f ~
<
B ~
& oD e ® ®» 8 ® 6 6 ® ® 6 @ @ o » ® @ 4 & ® B 8 B ® S o + s e 4 e & & & 6 O € e ¢ e & 5 & s+ s o 2 o
w. u 588244680313374578877567334989708771199007325558
5 P et =t 1 ON gt vk el pod ot ol pmd el et ped e ot peef ed el el et L] 4 -l [ | t pd o] et el et
LA
k!
WJ.. * . L ] * hd * L4 * * Ld e * o * L3 [ L4 L4 L3 . L4 L4 L4 * * . A A 4 * * L3 . L4 e L * L L L L4 . . L] - * . .
a e e s s idadacsgnadagaanssaaced dEagdAad e E e EE EEAEREREEEEGE
L) * L ] . L . - * L) . . L d L) * L L] . L d L 1 ] - . . . . L] * Ll . L] L * L L4 - L] . . . L] L4 i d L . L] L] *
m,. pp‘llllppp‘.Pplpll‘pl‘lppltlIPCPC.PCP‘PGCPRP.P.I!
£ MAMAMMAAAOMAAMMAMMMMAMOHOAAHOTANMMNAOAHIMONANOMMOOOOOOHNNMNOO
N T - % e 0 S¢ s s 20 os * 08 09 o9 s 98 sx e s en 9% oo L] e ® 88 00 99 S5 05 S8 €0 S0 9 40 gu SO ST S5 BT 4 4 S8 &» -
mm P S I A A o R e e o e s T e R N B N e B R N e R o B A B e B T B
3. -t -4 -t -t -t ol -t -t -~ - -t -t — -t -t
© NFOANMN O N FOPWNOMD 33 N DN N g NN D 00N
Bt IO RO A D BNND ARANO N ODARNDS NN AROODOONQAD AN BD N DN QNN
I |72} o~ -4 (=N -]
v 0%0%00009900%990999990%0999%%99%0%99099999999999
. 4 rd et =t ot put v el 4 - - vt i =y -t o=t -t o=t ot -3
0111122223334[465677788899001112233455667899
778891111111111111111111111111222222222222222222
////////////’////l’////v',///ll,/////////////;,//// )
N 666666666666666666666666666666666666656666666666 o




DATE
71

7/6
/6

CLOSURE

89.58
94.7
96 .88
97.76
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96.15
96.27
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b. Product Melt Disposition

On June 11, it was discovered that the melt product drain
line on one of the gas liquid separators was plugged and that the melt from
this separator has been leaving that separator via the gas line for 2 or 3
days. At the time, this was baffling since all previous melt flow diversion
in the gas line incidents resulted in plugged gas lines and a resultant signal
of a prcblem (gas backup). During this period of operation, four tubes (R-200,
R-202, R-203 and R-204) were in operation. The plugged nozzle was in the left
bank separator which serviced R-200 through R~203, This meant that during the
plugged nozzle time period, three-fourths of the product made left the system
via the off-gas systam. To prevent recurrence of this event, additional readings
and controls were instituted.

Product rate was measured once per shift after this event.
Deviation from the expected melt rate (based on feed rate and number of active
tubes) would indicate the diversion of product melt in another direction or a
plugged product line. Table 26 shows the raw product rate data for the re-
mainder of the operation.

c. Scrubber and Quenching Efficiency

In addition to measuring the product melt rate, hydrometer
readings of the smmonia water and the Guenched reactor product melt were taken
periodically after the above incident. The ammonia-water density would fortify
an improper melt flow conclusion. In additiom to this, during the hydrometer
sampling, if no ammonia smell was detected, & gas line plug was indicated; if
a reduced ammonia-water flow wes evidenced, a plugged scrubber line was suggested.

Proper control of the water to melt flow ratio to the quench
tank is important (1) to ensure complete solution of the soluble porticn of the
melt and (2) to achieve the proper concentration of feed to the crystallizer so
that a meximum GN crystallizer yleld is obtained, Excess water would reduce the
GN recovered per crystallizer batch and also increase the evaporator load. 1o
obtain a quick reading on the quench solution concentration, its density aiso
was periodically measured, (See Table 26). It was found that s quench solution
having a specific gravity of 1.24 at 70° to 80°C satisfied :he solution and maxi-
mmm GN crystaliizer yield requirements.

d. Evaporator rations

Improper evaporator operation cveates process problems either
in the form of a shortage of recycla feed or in a "wet' recycle feed. There was
& shortage of recycle fazd when the evaporator-crystallizer system was not "balanced"
with the feed system. This condition arose during the pilot plant operation when
{1) the feed rate was changed (additiom or loss of reactor tubes), (2) major process
losses occurred (e.g., plugged G/L separator period referred to above), or (3)
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s TABLE 26

MISCELLANEOUS PROCESS CONTROL DATA

Reactor Melt
Aqueous Quench Tank Product Rate Ammonja Water Drum
9 Date Time Sp, Grav. Temp,, °C No. of Tubes lb/hr Sp. Grav, Temp., °C
E 6/11 7:30 pom, 1.202 70 4 90 1.000
r 6/11 11:30 p.m, 1.220 70 4 93 1.010
] 6/12 5:30 a.m. 1,225 70 4 102 1.C00
6/12 11:30 a.m. 1.232 64 4 90 1.002
6/12 7:30 p.m. 1.200 72 € 130 1.0c0
6/13 3:30 a.m. 1.201 ‘70 6 120 1.000
3 6/13  7:30 a.m. 6 135
6/13  9:00 a.m. 1.184 69
] 6/13 10:30 a.m, 1.202 73 1.000
! 6/13 1:30 a.m. 1.232 77
6/13 7:30 p.m, 1.250 75 6 125.25 1.010
1 6/13  11:30 p.m. 1.255 75 6 117 1.000 .-
3 6/14 3:30 a,m. 1.250 72 6 135 1.005 ‘ 47
1 6/14 11:30 a.m. 1.250 71 6 129 1.000 64
{ 6/14 6:30 p.m, 1.247 75 6 135 1.006 50
: 6/15 12:30 a.m. 1.250 73
7 6/15 3:30 a.m. 1.255 70 6 114 1.002 66
6/15 11:30 a.m. 1.222 68 7 192 1.001 67
6/15 12:30 p.m. 7 16?
i 6/15 11:30 p.m. 7 123(1)
§ 6/16 1:30 a.m. 1.260 75
¢ 6/16 3:30 a.m. 1.255 65 7 126 1.000 65
: 6/16 4:30 a.m. 1.250 72 R -
6/i16  7:30 a.m. 1.250 72 1,010 50
: 6/16  11:30 a.m. 1.260 74 7 127.12 1,010
: 6/16 6:30 a,m. 1.252 75 7 132 1.003 54
: 6/16 9:30 p.m. 7 128.25
¥ 6/16 11:30 p.m. 7 114.75
§ 6/17 3:30 a.m, 1.250 73 7 121.5 1.010 45
i 6/17 5:30 a.m. 1.255 75
- § 6/17 11:30 a.m. 1.242 73 7 144
¢ 6/17 7:30 p.m. 1.232 72 6 116.25 1.005 50
# 6/18 3:30 a.m. 1.230 74 7 108 1,000 58
. 6/18 11:30 a.m. 1.220 73 7 92,75 1,000 45
e 6/18 8:30 p.m, 1.224 76 7 117.75 1.030 45
A 6/19 3:30 a.m, 1,238 75 7 121.5 1.012 67
| Ry
g Rates decreased on reactors.
¥
,&* -
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TABLE 26 (CONTINUED)

Agueous Quench Tank

1.226
1,212

1.232
1.244
1.231
1.240
1.240
1.232
1.255

1.240
1.235
1.220
1.260
1.240

1.235
1,222

1,198

1.230
1.230
1,235
1.236
1.224
1,220
1,224
1,222
1,150
1.226
1,220

76
69

Reactor Melt
Product Rate
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78
98.653
85.5

8

102
115.5
109.5

97.3

110
121.87

132
87
137.75

114

112.5

97.5

115.5
75
123
126

135.87
114
120

121.25

72
110.22
122

_Ammonia Water Drum
Sp, Grav, Temp,, °C No, of Tubes 1b/hr Sp, Grav, Temp., °C

1.004
1.010
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. 3:"} TABLE 26 (CONTINUED)
’ Reactor Melt .
~ Aqueous Quench Tank Product Rate Ammonia Water Drum
Date Time Sp. Grav. Temp., °C No. of Tubes _lb/hr Sp. Grav. _Temp., °C
6/26 7:30 p.m. 1.232 73 8 129,75 1.003 56
B 6/27 4:30 a.m, 1.234 66 8 110.25 1.006 56
3 6/27  7:30 p.m, 1.220 Y 7 93 1.004 66
¥ 6/28 8:30 p.m. 1.240 70 8 91.5 1.006 50
% 6/29 4:30 a.m, 1.202 63 8 110,37 1.006 46
i 6/29 8:30 a.m. 1.200 64 1.006 45
e 6/29 11:30 a.m. 8 66
H 6/29 1:30 p.m. 1.200 65 8 75 1.008 45
i 6/30 6:30 p.m. 1.220 64 5 78 1.005 46
i 6/3C 3:30 a.m. 1.224 63 5 63
s 6/30 15:30 a.m. 1,200 69 4 57 1.002 42
: 6/30 6:30 p.nm. 1.278 69
6/30 7:30 p.m, 4 54,75 1.003 43
6/30 8:30 p.m. 1.270 70
6/30 9:30 p.m, 1,248 66
71 3:30 a.m. 1,251 60 3 36.75
mn 6:30 a.m. 3 42 1.000 55
7/1 8:30 a.m. 1.225 60
7/1 11:30 a.m. 3 28
71 3:30 a.m, 1.240 63 1.010 40
7/1  7:30 p.m. 1.280 ' 54 2 10 oz 1.002 36
71 9:30 p.m. 1.222 74
7/5 7:30 a.m, 2 34,25
7/5 9:30 a.m. 1,160
7/5 11:30 a.m, 1.240 86 2 19.5 1.008 47
7/5 7:30 p.m, 1.270 78 4 33.6 0.99 67
7/5 8:30 p.m. 8 75.0
7/6 12:30 a.m, 1.275 81
7/6 3:30 a.m, 4 84
7/6 6:30 a.m, 1.270 81 1,005 60
7/6 11:30 a.m, 1.268 80 1 24,5 1.001 40
7/ 4:3C p.m, 8 115.25
7/6 5:30 p.m. 1,230 69
7/8 7:30 p.m. 1,238 73
7/6 8:30 p.m, 1.210 65
7/6 9:30 p.=, 8 143,62
1
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Date
/7
177
1
mn
1
177

7/8
7/8
7/8
7/8
7/8
7/8
7/8

7/9
79
7/9
7/9
7/9
7/9
7/9
7/10
7/10
7/10
7/10
7/11
7/11
7/11
7/11

7/12
7/12
7/12
7/13
7/13
7/14

7/14
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Time

12:30 a.m,
2:30 a.m.
5:30 a.a.

12:30 p.m.
7:30 p.m,

9:30 p.m.

1:30 a.m,
2:30 a.m,
5:30 a.m.
10:30 a.m,
11:30 a.m.
12:30 p.m.
7:30 p.m.
2:00 a.m,
6:30 a.m.
10:00 a.m,
7:30 p.m.
12:30 a.m.
5:30 a.m.
11:00 a.m.
8:30 p.m.

3:30 a.m.
12:30 p.m.
7:30 p.m,
3:30 a.m,
8:30 a.m,
3:30 a.m.

10:30 a.m,

TABLE 26 (CONTINUED)

Aqueous Quench Tank

Reactor Melt

Product Rate

Ammonia Water Drum

Sp, Grav, Temp,, °C No, of Tubes 1lb/hr Sp. Grav., Temp,, °C

1.220

1,210
1.200
1.200
1.22

1.220

1,200
1.200

1.196
1.160

1.170
1.230
1.242

1.224
1,240
1.200
1.200
1.216
1.226
1,200
1,235
1,234
1.220

1.232
1.242
1.220
1,214
1.237
1.380

1.244

68

65
65
70
66
65

71
78

75
73

68
74
68

NN~ -~ ~

N~

A

141

<
153

138

123

136 1b-
12 oz
171

168

144
147

145
135
134

162
120 Ib-

115 1b-
120 1b-

111

78
123 1b-

12 oz
122 1b-

4 oz

B

1.010

1.020
1.000
1,020

1.020
1.025

1.010
1,010

1.010
1.010
1.010
1,010
1.000
1.000
1,012
1.014
1.006

1.012
1.006
1.010
1,004
1.016
1.016

1.000

60
50
65
65
53
50
55

35
58

49
50
66
67
60
57
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TABLE 26 (CONTINUED)

Reactor Melt .
Aqueous Quench Tank Product Rate Ammonia Water Drum
te Timne Sp, Grav, Temp,, °C MNo. of Tubes 1b/Hr Sp. Grav, Temp,, °C
8/1 12:36 a.m. 1.250 70 1,006 55
8/1 3:30 a.m. 3 27
an 7:30 a.m. 1,280 78 1.000 60
8/1 12:30 p.m. 1,250 60 3 63 1.006 58
8/1 7:30 p.m. 1.200 69 3 39 1.006 52
8/2 1:30 a.m. 1,200 69 3 32-4 1.012 42
8/2 10:30 a.m. 1.225 75 2 27 0.995 63
8/2 7:30 p.m. 1.204 72 3 63 0.397 30
8/3 9:30 a.m., 1,130 72 3 51 1,010 48
8/3 7:30 p.m. 1,238 i 74 3 45 1.010 46
8/4 4:30 a.m. 1,220 68 3 48 - 1,006 45
8/4 10:30 ».m, 1.231 74 3 45 1.003 43
8/4 8:3¢° 1,220 72 3 79-8 1.009 44
8/5 4:3 1.260 70 3 72 1.006 60
8/5 11:30. _. 1.242 77 3 45 1,003 49
8/5 8:30 p.m. 1.262 78 3 82-8 1.006 49
8/6 2:30 a.m. 1.268 82 3 70-3 1.009 -
8/6 11:30 a.m. 1,260 80 3 63 1.003 -
8/6 8:30 p.m. 1,250 80 3 72 1.010 -
8/7 2:30 a.m. 1.266 80 3 67-3 1.012 -
8/7 12:30 p.m. 1.250 81 3 81 1.019 -
8/7 9:00 a.m. 1,210 75 3 51 1.605 -
8/8 5:30 a.m. 1.236 77 3 54 1.006 -
8/8 11:30 a.m. 1.224 78 3 54 1.003 -
8/8 5:30 p.m. 1,240 76 3 57 1.005 46
8/8 11:00 p.m. 1.225 74 3 48 1.006 42
8/9 3:30 a.m. 1.220 74 3 33 1.009 -
8/9 8:30 a.m. 3 60
8/9 1:30 p.m, 1.240 81 1.005
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crystallizer vacuum problems created an evaporator feed shortage. To achieve
a 'balanced" pilot plant recycle operation, it was necessary to occasionally
add artificial "recycle" (fresh makeup of the AN/U ratio or actual racycle),
slowing down the reactor and/or evaporator feed rates, or eliminate fresh
feed makeup. The last procedure was necessary if there were an excess system
inventory or if the system became urea-rich., During periods of smooth opera-
tion, a "balanced" pilot plant operatior was frequently demonstrated by con-
trolling the blended feed and evaporator feed tank levels at constant levels
and by controlling the weight of fresh makeup added to the system to balance
the products (GN and insolubles) and losses. The evaporator feed tank level
fluctuated constantly because of the batch addition and continuous d:pletion,
but its level swings between batch additions should not change.

"Wet" evaporator bottoms is a process problem because this
water is ultimately fed into the reactor and its effect is increased urea
hydrolysis and lower productivity and urea yield. It wss found that by main-
taining 2 minimum evaporator bottoms temperature of 295° F, a satisfactory
minimum water level (ca. 1%) in the evaporator bottoms could be attained. It
was later necessary to increase this minimum temperature to overcome ammelide
fouling of the evaporator. An experiment was conducted before tube fouling
occur.ed to determine this minimum bottoms temperature. The results of that
experiment, made at constant feed rate, are shown below.

Evaporator
Bottoms Temperature, °F % H20 {n Product

295 0.51
284 5.27

Since ammelide fouling will be minimized in a commercial
plant evaporator, surveillance of the bottoms temperature amd bottoms product
"fudge point” will provide two rapid monitors of evaporator performance. In
the "fudge point" method, a sample of the bottoms product is placed on a heat
sink (aluminum ladle) and the temperature at which this material becomes "fudgy"
is noted. It was known that for the U/AN/GN evaporation, a fudge point of "165°C
or greater’” would ensure a satisfactory "dry" bottoms product.

e. Product Assay

Since numerous crystallizer batches result from the continuous
operation, a quick indication of the GN assay was needed before all these batches
were bler’cd in the drying operation. As noted in a previous section, thz melting
point of the pilot plant product provided a "quick' assessment of the product

-«

LY 4

quality (see Figurc 2). A low melting point indicated high AN and U in the product;

a hizh nondistinct melting point indicated a higher than normal insolubles level,
It was found that a distinct melting point in the range of 208 to 214°C would, on
later complete analyses, prove to be a good product,
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D. PROCESS CALCULATIONS AND RESULTS

1. Determination of Reactor Fezed Rate

As ncted in previous sections, feed rates to the reactors were
contrclled by individual flow control loops. The sensitivity of the con-
trol systems resulted in fluctuating feed rates around the set point.
This was due ‘o the extremely small flow rate of 2 gz1/hr/tube, relatively
large l-in.-diameter lines, and pulsating downstrcam pressure resulting
from the gas-liquid foaming in the reactor. Attempts tc tune the flow
controllers were unsuccessful., Typically, at a setpoint of 22 1lb/hr, a
flow of 15-25 1b/hr would result. Day-to-day reaciar productivities
were calculated using nominal reactor feed rates., An alterrate calcu-
lation method was devised in which the fzed rate was :letermined from the
reactor feed analysis, product amalysis, and the prcduct melt rate. As
shown in the following paragraphs, methods using t! «se data, providing
proper assumptions are made, are suitable for accurately determining feed
rate and measuring reactor performance. The validity of the assumptions
was later checked in a one-day material balance in which all the reacter
feed and product were weighed.

a. Ritrate Balance
I1f th.re are no entrainment or vaporizatiou losses of nitrates,
and if the chemistry of the reaction system is as assume., all the nitrates
entering the reactors as either ammonium nitrzte or guanidine nitrate also
leave the reactor as nitrates (.. AN or GN but in a different composition).
Total Kitrates In = Total Nitrates Out . (1)

(Peed Rate In) » (% NO3™) In = (Product Rate Qut)

x ( % NO3) Out (2)
Product Rate Qut = % NO3In
Feed Rate In (/F) % NOj Out S

Using the above expressions, the {eed rate can be calculated if the feed
analysis, product amalysis, and the product melt rate are known.

b. NO3 Couservation with Entrainment losses

If there is entraimment loss, the same expression can be used
for ite calculation as was used for the nitrate balance as long as the
feed analysis is adjusted to account for this added loss. An assumption
has to be made for the composition of the entrainment stream. Feed loss
rather than product melt loss was assumed in those calculations utilizing
this method of calculatioun.
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c. Blended Feed Using Graphical Methods

The reactor feed rate can be determined by using the compo-
sitions of the two streams making up this feed (evaporator bottums and
fresh make-up feed) and knowing at least one of the rates of these two
streams. The assumptions of nitrate and urea conservations !n the blend-
ing step are inherent in this approach. The appropriate mathematical
expressions arc as follows:

Make-up feed rate + Recycle feed rate = Total feed rate (4)
(Make-up feed rate x % urea) + (re:ycle feed rate x 7% urea)
& (Total feed rate x % urea) (5)

Expressions similar to equation (5) exist for ammonium nitrate and guani-
dine nitrate.

The soluticn of the resultant expressions can best be done
using triangular graphiial methods. Figure 6 shows an example of a hypo-
thetical case. In this figure, if the compositions of the recycle and
make-up streams are plotted aud then a straight line drawn between them,
the resultant line re~resents the combinatfon of all possible blends that
can be made with these two mixes. If the actuat resultant blend is known,
then

(1) It will fall on this line, and

(2) The lengths of the two lines are proportional to
the weights of the two materials blended.

Therefore, if all three analyses (recycle, make-up and blended
compositions) and at least one of the two feed-rates (make-up or recycle)
are known, then the other feed-rate can be determined. Since the total
feed rate is the value of interest and it is the sum of the individual
two fzed rates, it can then be calculated. Figure 7 shows an example of
data used in this manmer. As can be seen from this diagram, the apalyzed
compositions evidently were not precise since the resultaut measured
blended feed composition did nmot fall precisely on the predicted linme.

This lack of precision is attributed to the presence of other components
in these samples {primarily water).

The calculated total reavcivr feed rate was 109.8 lb/hr. 1If
the nitrate conservation method of (a) above 18 used, a value of 109.4
1b/hr 13 achieved. The agreement is very good, and the difference in these
values is within experimental error,
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2. Reactor Performance

With the procedures described in the previous section to calculate
feed rates, with the analyses completed and product melt rates determined,
all the input data were on hand to calculate the necessary parameters to
indicate reactor performance. Sets of data from various typical operating
periods were selected, and these data and the developed calculations are

shown in Table 27.

Definitions of some of the columns in Table 27 are presented below:

Colwan No.

A

Definition

Moles AN, U, GN, HzO[lOO 1b feed - These values are deter-

mined by dividing the analytical result of each component
by its respective molecular weight and then normalizing to
100 1b.

Moles AN, U, GN, Insolubles/100 1b reactor product - Same
as above except reactor product analysis 1is employed.

AR/U Reactor Feed Molar Ratio - This ratio value is deter-
mined by dividing the moles AN by the moles U per 100 1b
feed.

Product/Feed Weight Ratio (P/F) - This value is used, as
shown below, to place the reactor product analysis on a
reactor feed basis. The assumption of nitrate conservation
is used; i.e., no loss of nitrates from the feed stream
due to decomposition. Solving the expression:

Moles NOj3 « [Pweight . Moles NO3
100 1b Feed Fueight 100 1b Product

results in the desired P/F ratio of (1lb Product/1b Feed)

Moles Product Components/100 lb Feed - These values are
calculated to put the reactor product analysis on a feed
rate basis and employs the above assumed nitrate con-
servation P/F ratio. The calculation is as follows:

1b Prdduct X Moles Product AN, etc.
1t Feed 100 1b Product

(?/F) or

Moles Product @y; etc.
100 1b Feed
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Moles Urea Equivalents on Normmalized Feed Basis - All
components present either as urea or derived from urea
in both the feed and the product are converted to urea
equivalents for determining the disposition of urea,
either as urea, product (GK), asmelide, hydrolyzed urea
losses. Guanidine nitrate is assigned a urea equivalent
value of one mole urea per mole GN. Ammelide is assigned
a value of three moles of urea per mole of ammelide.
Urea can 'vaporize," {.e., leave the melt, by hydrolysis
to ammonia and carbon dioxide or by thermal decomposi-
tion to smmonia and cyanic acid. The difference

{ A~urea equivalont) represents these losses.

Moles GN produced/100 1b Feed - Guanidine nitrate pro-
duced per 100 1b feed results from determining the differ-

ence between the moles GN/100 1b product {adjusted to
moles GN/100 1b feed by the P/F ratio) and the moles GN/
100 1b actual feed.

Urea Yields - Urea yields are calculated for fcur different
categories as shown below:

Moles GCN Produced x 2 X

- 100
Moles U Consumed

l. Yytoon ™

2. Y w Moles Ammelide Produced x 4
© UtoaA Moles U Consumed

X 120

Note: Pactor of four accounts for 3 moles urea to
ammelide, plus 1 mole water from ammelide
formation to hydrolyze 1 mole urea,

3. Y = Moles Water in Feed x 100
U to Hydrolysis Moles Urea Consumed

4. Yy to Vaporization ™ 100%-(Yy to N + YU toa +

Yy to Hydrolysis)

The above urea yields are accurate and legitimate only
within a specified AN/U feed mole ratio range as discussed
in a subsequent section. These expressions assume (1) that
the 2-mole urea to GN stoichiometry is valid for all cases,
(2) that all water present hydrolyzes urea, and (3) urea

is consumed only by the reactions noted.

N
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Urea Hydrolysis Efficiency (Eyy) - The A urea equivalent

noted above (F) represents the urea equivalents that nave
left the product melt., The two routes by which thia loss
can occur are hydrolysis to ammonia and carbon dioxide

and loss to vaporization. The moles of A urea equivalents
divided by the moles of water available (initial water in
the feed, water from GN formation, and water from ammelide
formation) represents the efficiency of that water for
hydrolyzing urea. Subsequent results will show that the
accuracy of the two-mole urea to GN stoichiometry is limited
to a specific AN/U feed mole ratio range.

Pounds Urea Used/Pound GN Produced - "In the barrel" require-

ments were calculated based on the urea usage and guanidine
nitrate produced. If the 2-mole urea equation is valid and
{f a 100% urea to GN yield is achieved, then the theoretical
"in-the-barrel” urea requirements would be 0.984 1b U/1b GN.

Calculated Reactor Feed Rate - On the basis of nitrate con-
servation, the total reactor feed rate was calculated by divid-
ing the measured reactor product rate by the P/F ratio.

Plant Productivity - The theoretical plant productivity was
calculated by determining the difference between the pounds
of GN in the reactor product and reactor feed on a 24-hour
basis; i.e.,

1b reactor me GN
GN Produced = —-ioiSformelt --—71‘00 x 24 hrs

- 1b calc. feed x AGN o 24 hrs
hr 100

Sample calculations for one set of data are presented below:

Feed

Sample Data: 11:30 a.m., 6/14/73

l-——-—- Losses Unknown

=4 Reactor e Melt Product

a) Compoaition (Wt %):

AN
u
GN
H20

b) Rate - Unknown

a) Composition (Wt 2):

54.60 AN - 50.90
37.10 ¢ - 18.40
7.02 GN - 29.40
1.02 Ammelide - 0,26

b) Rate = 129/br
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A. Moles c_o_-ggmtl/loo 1b Pesd:
54.60
sl =,
AR %0 6843

S 5 R

7.02
(&) ] - 122 = 0.0577

1.02
HYO = 18 = 0.0560
B. Moles Cmggnentszmo 1b Product:

R

18.40
60 = 0.3099

29.40
- 22N

GN 122

= 0.2435

0.26
Amnelide = 124 0.0021

C. AN{U Feed Mole Ratio

0.6843/9.6199 = 1,104 moles AN/mole U

D. Product/Feed Weight Ratio (P/F)

p/p = Moles Nitrates Moles Nitrates
100 1b Feed 100 1b Product

= (0.6843 + 0.0577)/(0.6429 + 0.2435)
= 0.7420/0.8864
- 0.8371

. Moles Product Components/100 1b Peed

P/F x Moles AN, etc,
100 1b Product
i. AR = 0.8371 x 0.6429 = 0.5382
2. U = 0.8371 x 0.3099 = 0.25%
3. GN = (,8371 x 0.2435 = 0.2038
4., Ammelide = 0,8371 x 0.0021 = 0,0017

o an e b A T D T e




P. Moles Urea Equivalent

1. Feed =1U + GN
= 0.6199 + 0.0577
= 0.6776 moles urea equivalents

2. Product (P/FP corrected) = U + GN + 3 ammelide

= 0.2594 + 0.2038 + (3)(0.0017)
= 0.4684 moles urea equivalents

G. Moles GN Produced/100 lb Feed

GN Produced = (Moles GN/100 1b Product)(P/F)-(Moles GN/100 1b feed)
= (0.2435)(0.8371) - 0.0577
= 0.1461 moles GN/100 1b Feed

H. Urea Yields
0.1461 moles GN Produced

1. Yy to GN ™ '(0.6199 - 0.2594)/2 x 100 = 81.1%

« 0.0017 moles Ammelide -
2. Yy toA * 0.6199 - 0.2594)/4  * 100 1.9%

0.0568 moles H20 in Feed
3. Yy to Hydrolysis = 03605 x 100 = 15.8%

4. Yy o vaporization ® 100% =(81.1% + 1.9% + 15.87) = 1.2%

A Ry

I. Urea Hydrolysis Efficiency (Eyy)

By = & Urea Equivalents (Excess of U, GN, Ammelide x 100
UV = potal H20 (Feed + GN Reactlon + Ammelide Reaction)

0.6776 - 0.4684 x 100
0.0568 + 0.1461 + Q0017

= 102%
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J. Pounds Urea Used/Pound GN Produced

1b U/1b GN =

(0.6199 moles U in feed - 0.2594 mole U Product) x 60 1b U/mole
0.1461 moles GN produced x 122 1b GN/Mole

= 1.214 1b Urea consumed/1b GN produced

K. Calculated Reactor Feed Rate (Rp)

Reactor Product Rate

=
Rp P/F ratio

129 1b/hr
0.8371

= 154 1b Feed/hr

L. Calculated Plant Productivity

Productivity = [ ('Reactor Melt Rate x 'zTg'g)

% GN
-\(Calc. Feed Rate x 100 )] 24

= [(129 l1b/hr x 0.294) - (154 1b/hr x 0.0702)] 2

= 651 1b GN/day

Examination of the results in Table 27 plus plots of some of the
calculated results points to the following general conclusiong: -

® Urea yield to GN can exceed 100% when based on the
2-mole urea to GN stoichiometry.

The basis of the 2-mole stoichiometry is that one mole of urea is
converted to GN while the remaining mole of urea is hydrolyzed to NH3 and CO3.
Water for this hydrolysis is a product of the GN formation, i.e., one mole
of water per mole of GN. If conditfons are such that less than 2 moles of
urea are consumed per mole of GN produced, then the urea yield to GN can be
greater than 100%. This apparently is the case in some instances. Urea
hydrolysis efficiency (Eyg) is plotted versus the AN/U feed mole ratfo in
Figure 8. As can be seen from this graph, the urea hydrolysis efficiency
is less than 100% at AN/U values > 1.5. This means that less than the
theoretical amount of urea is consumed for the corresponding GN production.
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At AN/U values < 1.0, the calculated hydrolysis efficiency is greater than
1002. Values greater than 100% (urea consumed greater than theoretical)
are possible Lf there is complete urea hydrolysis plus an additional urea
loss, e.g., urea vaporization. Interpretation of Figure 8 leads ome to
the following conclusions:

@ AN-rich reactor feeds result in incomplete hydrolysis
of urea.

@ Urea-rich reactor feeds result in complete hydrolysis
of urea plus additional urea losses.

The urea yield to GN (Yy - GN) is plotted versus the AN/U feed
ratio in Figure 9. The resulting curve supports the above conclusions.
At low AN/U ratios, or conversely in the urea-rich regime, urea yields as
low as 50% result. At AN/U ratics of 1.0-1.5, yields of 80% to 95% result
and at AN/U ratios > 1.5, yields of 100% or greater are possible. Figures 8,
9 and 10 contain the data from Table 27 as well as data points from prior
experiments, i.e., l-in., 2-in., and 4-in, single-tube runs presented in
Final Report, Volume I.

In Figure 10, the pounds of urea consumed per pound of GN made
is plotted versus AN/U feed ratio. The trend of these data shows that less
urea is required to make guanidine nitrate as the AN/U ratio increases.
This conclusion is consistent with an increasing yield at higher AN/U ratios.

It should be noted that the urea vaporization at low AN/U ratio
agrees with the stability studies of Mackay. He showed that as much as 57%
urea would be lost to vaporization at an AN/U ratio of 0.5. This loss per~
centage decreases rapidly as the mixture becomes richer in AN.

3. Material Balances

As shown in the previous section, the reactor performance can be
quickly estimated using the product melt rate, feed and reactor product
analyses, and the nitrate conservation assumption. To rely on this method,
it had to be shown that the same reactor performance is achieved when a
detailed total material balance is performed. In addition to being a check
on the quick calculation procedures, the material balance is helpful in
determining the sources of process losses, and the potential "in-the-barrel”
yield.

In thiis regard, a number of material balances were conducted during
the production campaign. The most pertinent ones were the following:

¢

VX2 2EN
AR
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a) Total product and total reagents for the entire run
("in-the-barrel" ylelds)

b) Total and individual process step balance for July 10-11,
1973 (7 operating tubes and total recycle)

¢) Reactor-scrubber balance of July 31, 1973 (3 operating
tubes)

d) Total weight balance of reactors and scrubber on
August 10, 1973 (2 operating tubes)

In addition to the above, other balances were attempted to duplicate
some of the above data, but either process or analytical problems limited
their value. In these runs, however, useful confirming data were obtained.

a. "In-the-Barrel' Yields

Cumulative weights of urea and ammonium nitrate charged to the
pilot plant system and guanidine nitrate recovered (on an "as-amalyzed" basis)
are plotted in Figure 11 as a function of date. "In-the-barrel yields of
GN from urea and ammonium nitrate were calculated for five diiferent time
periods as follows:

Time Time
Period Interval Rzmarks
1 5/23-6/11/73 Followed start-up of plant, one to four reactors
on stream, included perinds of high feed water
and high urea product from three reactors lost
to NH3-Hy0 tank for three days.
2 6/11-7/1/73 Period of fairly stable operations, four to
eight reactors onstream, reactors shut down as
a result of ammelide build-up problem.
3 7/1-7/14/73 Four to seven reactors operating. Fairly steady
operations. Period of high urea in feed.
Plant down three days because of the above
ammelide problem.
4 7/6-7/14/73 Same as Period No. 3 except elimination of three-
day downtime.
5 7/31-8/8/73 Operating period following two-week scheduled

shutdown. Two and three reactors on stream.
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Calculated "in-the-barrel" yields for the above time periods
are tabulated below:

Time Urea to GN(I) AN to GN
Period Yield (%) Yield (%)
1 36.7 21.3
2 68.0 58.0
3 58.4 49.9
4 71.4 57.4
5 47.5 26.2

(1) Based on 2-mole stoichiometry

These "in-the-barrel’ yields, particularly those for ammonium nitrate, are
disappointingly low. Several sources of material losses (discussed below)
were uncovered which would account for some of the yileld losses. The highest
yields were obtained during periods of stable operations with most of the
reactors operating and when the feed urea concentration was not excessive
(i.e., AN/U ratio > 1.0). With fixed or constant process losses, this
effect would be magnified with fewer reactors on stream. Process material
losses were occurring in the following pilot plant locations,and attempts
to eliminate these losses were not totally satisfactory: (1) evaporator
vent, (2) evaporatcr feed pump packing gland, (3) reactor feed pump packing
gland, (4) crystallizer polishing filter changes, (5) entraimment from the
gas-11iquid separator to the off-gas scrubber, (6) spillage from the GN
centrifuge, and (7) GN and equivalents in the ammelide cake.

The major source of material losses was the evapcrator feed
pump packing gland. A measured leak rate showed a loss of about 1 gal
liquid per hour which is equivalent to about 11 1b of 60% solids (typical
evaporator feed) per hour or 158 1b of total solids lost from the system per
day. "In-the-barr=1" AN and U yields of about 707 are equivalent to a daily
lose of about 250 1b of combined feed make-up. Consequently, the evaporator
feed pump loss represented about 607 of the total missing material or about
a 147 AN yield loss. The high concentration of ammonium nitrate in the
evaporator feed stream explains why "in-the-barrel” AN yields were lower
than urea yields. With a €fixed loss, there is a significant and detri-
mental effect on pilot plant yield as the number of on-stream reactors
decreases.

During a two-day pilot plant material balance (discussed in
detail in a subsequent section) whure all leaks, etc., were collected and
returned to the system, a total material balance closure of 1017 was achieved.
Acceptable AN and U yields to GN were also demonstrated.

Two tests were conducted to determine if material was being lost
from the top of the evaporator. The details of these tests and the resultant
logs calculation will be discussed in a later section of this report. In
summary, it was found that about 25-30 lb/day of AN and U (1-1/2% of the
recycle feed) were volatilized in the evaporator off-gas. This type of
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loss is perhaps typical for a pilot plant and would be less, percentage-wise, - J
in a commercial-size evaporator. The pilot plant evaporator, because of its

size, contained two air-swept stages, whereas a two-stage coumercial unit

would have only oune air-swept stage. In addition to this, the pilot plant

evaporator during the test periods was being operated at higher temperatures

to overcoms tube fouling. The resulting hotter air would have increased

the volatile loss.

The entrainment loss of resctor melt to the scrubber was approxi-
mately 25-30 1b/day which will be discussed in a later section. The other
losses noted were minor t their discovery and accountability contributed
to the tightening of the systea.

b. Two-Day Total and Iadividual Process Step Material ‘
Balance - July 10-11, 1973 ‘

After the loseas noted gbove had been discovered and either cor-
rected or accounted for, a two-day material balance was made with the plant
operating at 857 capacity and with full recycle. The balance covered a 46~
hour period and resulted in a weight closure of 100.7%, an ammonium nitrate
yield of 97-105% and & urea yield of 79%. Details of the calculations and
results are presented in Table 28. Raw data for the material balance are
presented in Table 29.

This balance was not optimum in that it was necessary to make
some assumptions., The holdup in the gystem was larger than the material fed
into the system, and the material balance pericd was not one of particularly
smooth operation. There was approximately a 5000 1b solids holdup in the
process vessels during the material balance period while only about 3542 1b
of reagents were fed in. This was less than a one volume turn-around so
that a changing composition and/or a changing level in a large tank was a
significant term in the material balance accounting. Theoretically, the
material balance should have been conducted over many residence times so
that the only significant terms would have been the reagent and product
weights (both accurate measurements). The pilot plant operation could not
be maintained in a smooth, trouble-free fashion long enough to guarantee
this. In the actual 46-hour run, there were mechanical problems with the
Hills-McCanna feed blend pump, the evaporator and the scrubber. The blend
pump was skipping on one head, allowing the AN/U ratio feed to the reactors
to float. Accurate analyses were necessary to determine the accumulation
of feed reagents in the system. The evaporator was not operating at full
efficiency because of suspected heat transfer surface fouling. The result
was a variable water content in the feed that would contribute to a changing
product composition.

The scrubber was frequently plugged and had to be prodded con-
tinuously to maintain reactor gas flow to the scrubber. It was later dis- \
covered that the scrubber had a cake buildup (comprising ~75% of the cross- :
sectional area) which was the source of the plugging. On analysis, the
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TABLE 28
- CALCULATIONS FOR TWO-DAY MATERIAL BALANCE - JULY 10-12, 1973

Elapsed Time: 46 hours

I. TOTAL BALANCE SUMMARY
Measured Leaks
l and Losses

Makeup AN -——sm{ Guanidine Nitrate

preeegpe Tgolubles Out

Makeup Urea = Process

pen———gee Guanidine Nitrate (ut

b M g o

e NH3 + €0y Out

Input - Output = Accumulation

Input = Accumulation + Output

*1,212 1b. GN (100% Basis)

1, Input

¥ —
AN 1,342 1b
Urea 2,200 1b

4 Total Input 3,542 1b

] 2. Output

: Insolubles 55 1b

3 Guanidine Nitrate Product 1,247 1b *
NH3 + COp 1,185 1b ;

; Measured Leaks 24 1b
Acsumed Losses:

3 Volatiles from Evap. 30 b

] Entrainment Into Scrubber 50 1b

3 ————

i 2,589 1b

4
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3.

4.

TABLE 28 (cont.) )
Accumulation
As Level and Concentration Changes:
T103 -88 1b
T104 +178 1b
T105 +13 1b
T106 +11 1b
T107 +836 1b
T113 +28 1b
+978 1b
Total Balance

Closure = Qutput + Accumulation x 100 , 2589 + 978 x 100 , 3567 . 140

Input 3542 3542

Closure = 100,.7%

11, AMMONIUM NITRATE BALANCE

Makeup AN ——w=—eimd Guanidine

1.

126

o Measured Leaks
and Losses

Nitrate p———eeetueee T\ Guanidine Nitrate
Process Cut

e In Insolubles Out

Input = Accunmlation + Output

Iaput

Output

AN = 1,342 1b,

As AN in GN "25 1b
As GN (1212 x 313.292) 795 1b
As AN in Insolubles 14 1b
As Measured Leaks 13 ib

As Assumed Losses
Volatiles £rom Evap. 25 1b
Entrainment 30 1b
302 1b




¥ TABLE 28 (cont.) - S
: £ 3, Accumulation
23 As Level and Composition Changes:
‘ f An equivalent of GN in all
Tanks (137 x 80
;£ 122 +90 1b
¥ T103 -33 1
€ T104 +90 1b
AA T105 -31b
- T106 -123 1b .
b T107 +462 1b
- T113 -3 1b
? +480 1b
3 i 4, AN Clogsure = Qutput + Accumuiation x 100
, g Input
f 1 AN Closure = 90.2 + 480 1382
a2+ 390 x 100 = 1382 & 100 .
 : 1%z F 3%z * 100 = 103.0%
b £
' 5 III. UREA BALANCE
'_, ! v Measured Leaks
3 % and Losses
? Yakeup s In Guanidine Nitrate Out
§ === In Solubles Out
a = In NH3 + CO Out
g.
{ 1, Input
i
4 Urea = 2,200 1b
¥
3
¢
127
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B

2. Output

TABLE 28 (comnt.)

As Urea in GN

As GR (1212 x 60/122)

As NH3 + CO2

As Measured Leaks

As Urea in Insolubles

As Insolubles (11 x 180/128)

As Assumed losses
Volatiles from Evap.
Entraimment Into Scrubber

3. Accumlation

+10

+596.

+1,185

+15
+5

+10

+1,832

As level and Wsition Changes

GN Levels (137 x 60/122)
T103
T104
T105
T106
T107
T113

4. Urea Closure

Urea Closure = Output + Accumulation

Input

1832 + 553 .
22255292 x 100 = 108.4%

+67
=35
+71

+131
+300
+31

+553

x



TABLE 28 (cont.)

IV. YIELDS
1. Guanidine Nitrate Made

GN Made = Qutput + Accumulation

a. Output as GN 1,212 1b
As GN in Insoluble Cake 30 1b
1,242 1b

b. Accumulation

As level changes =

T104 +17 1b
T105 +8 1b
T106 +3 1b
T107 +74 1b
T113 +1 1b
As Measured Leaks: +4 1b
As Assumed Lossges: +10 1b

+117 1b

¢. OGN Made = 1242 + 117 1b, = 1359 1b

2. Urea Yields
a. Urea Usage
Urea Usage = Input - Output -« Accumulation

(1) Input = 2,200 1b

{2) Output

As urea in GN 10 1b
As Measured Leaks 7 1b
As urea in Insolubles 4 1b

As Assumed Losses
Volatiles from Evap. 5 1b
Entrainment 10 1b
+36 1b
(3) Accumulation +486 1b

s Urea Usage = 2,200 - 36 =~ 486 = 1678 1b
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TABLE 28 (cont.)

b. Urea Yield to GN

v. D _ Mole o Mage
ul Moles U Used

x 100 = 1359 1b /122

1678 1b /60
= 39 8%
(I)No credit assumed for NH3 and CO2
(2)

= 39.5% x 2 = 79,6%

2 ——

Yy
(Z)Assumed 2-mole urea staichiometry

3. AN Yield
" a. AN Usage

AN Usage = Input - Output - Accumulation

(1) Input 1,342 1b
(2) Output

As AN in GN 25 1b
As AN in Insolubles 14 1b
As Measured Leaks 13 1b

As Assumed Losses: »
Volatiles from Evap. 25 1b
Entraimment Into Scrubber 30 1b.
107 1b.
(3) Accumulation 390 1b

AN Usage = 1,342 - 107 - 309 1b. = 845 1b

b. AN Yield to GN (Credit to Loss Sources)

Y

AN = Moles GN Made

Moles AN Used

Yag = 105.5% (loss credit)
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27.97
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TABLE 28 (cont.)

c. AN Yield to GN (No credit to loss sources)

(1) Input 1,342 1b
(2) Output

As AN in GN 25 1b

As AN in Insolubles 14 1b

39 1b

(3) Accumulation 390 1b

AN Usage = 1,342 - 39 - 390 = 913 1b

(no loss 17 14 moles 11.14
credit) © 913780 s S P

4, Yield Losses
a. Yield Loss to Insolubles
(1) Measured Insolubles Made
11 1b /128 = 0.086 mole
(2) Measured GN Made
1359 1b /122 = 11,14 woles
(3) % Loss to Insolubles

0.086 Mole Insoluble
11.14 Moles GN __ x 100 = 0.77%

(4) Urea Yield Loss .o Insolubles

Yy(Urea) = Insolubles Equivalents x 100
Urea Usage

0,086 Mole x 3 Moles U/inscl

27.97 Moles Urea Used x 100

- 0.258 -
3522 % 100 = 0.93%
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TABLE 28 (CONT.)

b. Urea Yield Loss t~ Hydrolysis from Feed Water
(1) Measured Water in Feed
Moles H0 00 140 1b/hr feed) x (46 hr)
In Feed 18 1b/mole
= 5,37 moles
(2) Moles Urea Hydrolyzed from Feed Water

From Figure 8, Eyy = 100%

Y 5.37 x 100%___
U to Hydrolysis ™ 27.97 moles Urea Used

Yy to Hydrolysis = 19.2%

V. INTERMEDIATE CALCULATIONS
1, Off-Gas Generatiom
Assuming 2 mole equation + complete Urea hydrolysis

a. By Reaction

1359, , 1 Mole AC
122y o1es ole &
= 11,13 Moles AC

Moles Ammonivm Carbamate (AC) Formed = (

Wt. AC Formed = 868.0 1b
b —————
b. By Feed Hp0

Avg. % Water In Feed = 1,57

Avg,. Feed Rate to 7 Tubes = 140 1lb/hr
Avg. 1lb/hr of H20 in Feed = 2.1 1b/hr
Total 1b Water in Feed = 96.0

Total Moles of HsO Fed = 5.33

Total Wt, of Urea Potentially Hydrolyzed = 320 1b
Maximum Urea Loss as NH; + COp = 868 + 320 = 1188 1b

Urea Hydrolysis Efficiency (at AN/U = 1,0) = 100%
(See Figure 8)

Assumed urea 0ff-Gas Loss =» 1188 1b
AN
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TABLE 28 (CONT,)

s 2. Productivity

a, Per Day

PN = 1b GN Made
" TotalBr T

PN = 1359 1b x 24 . 709 1b GN/Day
==

b. Pex Hour/Tube

709 1b/Day
24 hr/Day x 7 Tubes

Prod./Hr /Tube = 4,22 1b GN/Hr/Tube

VI. SUMMARY OF RAW DATA FOR MATERIAL BALANCE
(See Table 29)
INVENTORY CHANGES

Total Change of

Vessel AN, U, GN UREA AN GR
T103 -88 «55 33 ‘-
1 T104 +178 +71 +90 +17
- T113 +29 +31 -3 +0.6
T105 +13 +8 -3 +8
T106 +11 +131 -123 +3
. T107 +836 +300 +462 +74
' Solid Bowl +48 +4 +14 +30
P102 Seal +14 +5 +9 -
Product Out +1247 +10 +25 +1212
Feed In «3542 -2200 -1342 -
Spills +10 +2 +4 +
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cake was determined to be primarily ammonium carbonate which presumably had
built up gradually. The effect of the erratic scrubber operation was that
the composition of the ammonia-water made from the off-gas fluctuated and
could not be determined precisely during the mwaterial balance.

Assumptions that had to be made to calculate the material
balance were the following:

a) Urea hydrolysis efficiency

b) Composition of the crystallizer feed tank contents

c) losses from the system through entrainment and
volatilization.

As discussed ip a previous section, the efficiency of urea hydrolysis is
apparently a function of the AN/U feed mole ratio (see Figure 8). For the
two-day material balance, the average AN/U feed mole ratio to the reactors
was about 1/1. At this ratio, all the water in the reactor (both from
feed input and from the reaction) was assumed to have hydrolyzed urea.

As noted in an earlier paragraph, the closure of this material
balance was strongly dependent on tank analyses. The largest contributors
vere the crystallizer feed tank (T-106) and the evaporator feed tank (T-107).
Unfortunately, the analyses of T-106 were the least accurate. Samples taken
* hot would crystallize before analysis. Obtaining a uniform sample of the
resultant slurry proved to be difficult. .This situation was corrected for
subsequent balances by making a known dilution of the samples from T-106
while hot. For the two-day balance, the T~-106 analyses were derived using
product melt analyses and the water content of the tank via both a density
measurement and by the water/melt ratio in the quench tank (T-105). This
is an indirect method but is rigorous.

As will be shown in a future section of this report, there were
losses of melt to the scrubber by entraimment and losses of AN and U by vola-
‘ tilization from the evaporator. For the two-day balance, weight losses of
these streams were assumed to be consistent with the percentages measured
in individual tests.

As calculated in Table 28, the urea yield to guanidine nitrate,
assuming the two-mole stoichiometry, was 79%. The missing 217 is attributed
to losses to insolubles (1-2%) and to hydrolysis of urea from water in the
feed (18-20%). Since the water in the feed was higher than designed (due
to evaporator problems during the balance), it is reasonable to expect that
the loss of urea due to feed water hydrolysis would be less in a production
plant. If the feed water level were 0.57 instead of 1.5%, a urea yield to
GN of about 927 would have been achieved. This yield value and water level
were demonstrated (based on spot analyses) during previous periods of opera-
tions.
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c. Reactor-Scrubber Balance of July 31, 1973

In the 2-day material balance discussed above, assumptions were
made regarding materials lost ag off-gas and liquid entrainment from the
reactors. To show the validity of these assumptions, balances were made
over the reactor-scrubber system on two different occasions. The discussion
which follows pertains to a balance conducted on August 2, 1973 for omne hour.
Since both the reactor and scrubber are continuous operations and with con-
stant steady state holdups, a balance measuring only flow rates should be
sufficient. Figure 12 shows the process conditions during this balance and
Table 30 shows the calculations and results.

The results In Table 30 were encouraging in that essentially
all of the ammonium nitrate and urea fed to the reactor-scrubber system was
accounted for, i.e., 100.0% AN closure and 94.9% urea closure. Ammonia and
carbon dioxide closures were calculated on the basis of predicted quantities
versus actual measured quantities of the two materials, The CO3 closure
was 102.1% while the NH3 closure was 98.1%. These results confirm the
assumption that one mole of ammonium carbamate (decomposed to free 2NH3
and CO2) 18 produced for each mole of guanidine nitrate produced, particu-
larly at the experimental AN/U molar ratio of 1.44.

Ammonium nitrate and urea yields to GN are also shown in Table
30 for the reactor-scrubber system. The actual calculated AN-to-GN yleld
was 93.3% while the AN yield corrected for entrainment loss was 100%. This
represents a 6.7% AN yield loss to entraimment from the gas-liquid separator.
The actual urea-to-GN yield was 75.6%; however, yield losses due to water-in-
feed hydrolysis, ammelide formation and entrainment were 16.4%, 1.977 and
1.79%, respectively. Total urea yield accounted for was 95.76%. Through
proper design of equipment and control of operating variables, AN and urea
yields of 1007 and 907, respectively, are envisioned for a production plant.
It ghould be noted that the economic analysis (Section I) used conservative
values.

d. Total Weight Balance Over Reactor-Scrubber System for
August 9 and 10

In the reactor-scrubber balance of July 31 discussed above, the
nitrate balance was again assumed to determine the feed rate to the reactors.
To confirm these assumptions, a balance was made on August 9 and 10 using
two operating reactors., All of the feed and product were weighed, Table 31
shows the details of this balance. The analytical data for this run con~
sisted of a series of eight feed and product samples, from which averages
were derived. Table 32 shows the multiple sets of analyses. The average
AN/Y feed mole ratio for this run was 1.4/1.

As Table 31 indicates, the accuracy of the feed rate calculated
using the nitrate conservation assumption was within 1% of that measured.
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H20 Scrubber
G/L =% 0ff-Gas
//
o~ ///////
g /
U
o 222
l
'Product ] '
Melt !
: ‘%NHB‘HZO
—?eeT— L—-—’- Scrubber Gas

Iime of Balance: 3-4 p.m., 7/31/73

Measured Rates
Product Melt = 55 1b/hr

NH3-Hy0 = 117 1b/hr
Scrubber Off-Gas:
Top = 9.33 liters/minute
Bottom = 8,40 liters/minute*

Measured Analyses
Feed (15-3, 3:30 p.m.) - 62.5% AN, 32.6% U, 4.17% GN, 0,99% H20

Product (2S-3, 3:30 p.m.) - 61.9% AN, 13.9% U, 24.1% GN, 0.26% Insol,.

NH3-H20 - 1.81% (NH,)2 CO3, 2.947% NH3, 0.42% NO3 as AN

Scrubber Cff-Gas - 96.47 CO2, < 0.1% Argon, 0,57 02, 2,2% CO + Nj,

0.8% H20, 0.17% max as N30

enccscccsccsccan cemcane

*Estimated from separate experiment.

Figure 12, Reactor-Scrubber Balance of 7/31/73
(Refer to Table 30 for Calculations)




TABLE 30
CALCULATIONS FOR REACTOR~SCRUBBER BALANCE - 7/13/73
(Refer to Figure 12)
I. CALCULATION OF REACTOR FEED RATE
Assum.: 1) Approximate 65 lb Feed/hr to calculate entrainment

2) Reactor entraimment is feed
3) Nitrates in NH3~H20 are NH4NO3

1. Peed and Product Analysis as Sampled

Feed Product
Moles Moles
Component we. % 100 gm we. % 100 gm
AN 62.50 0.7812 61.9 0.7737
U 32.60 0.5433 13.9 0.2317
GN 4,10 0.0336 24.1 0.1975
H70 0.99 0.0550 - -
Insol. - - 0.26 0.0082 (four Urea
Equiv.)
100.19% 100.16%
2. Feed AN/U Molar Ratio = 927812 & 44 noles AN/mole U

0.5433

3. Approximation of Reactor Entrainment:

Entraimment = ALZ-LbNH3 -H20 0.0042 1b AN/ 1b Feed * /hr
arratmen hr 1b NH3-H20 /0.666 1b AN /~65 lb Feed

.

= 0,0114 x 100 = 1,147 Entrainment Loss

4. Determine P/F Ratio
Feed Nitrate Moles Corrected for Entrainment (GN + AN)

(0.9886) (4.1 1b GN/100 1b Feed) (0.9886)(62.5 1b AN/100 1b Feed)
122 1b GN/mole 80 1b AN/mole

= 0.0330 + 0.7723 = 0.8053 moles NO3/100 parts Feed

+

Product Nitrates - 0.1975 + 0.7737 = 0.9712 moles NO3/100 parts Product

; o P/F = moles NOJ/IOO parts Feed - 0.8053 = 0.8292
< . moles NO3/100 parts Product 0.9712 o

* Aggumed GN in feed as AN
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TABLE 30 (CONT.) AV 4

5. Calculated Peed Rate = [Product Rate
P/F
55 1b Product/hr
0.8292
= 66.3 1b Feed/hr
6. Correct Reactor Feed and Product Moles/100 gm for Entraimment Loss
and P/F Ratio, Respectively:
Feed (moles) Product (moles)
Corrected for Corrected for
In Entrainment Qut P/
AN 0.7812 0.7723 0.7737 0.6417
i 0.5433 0.5371 0.2317 0.1922
GN 0.0336 0.0332 0.1975 0.1638
H20 0.0550 0.0550 - -
Ingol. - - 0.0062 (as U) 0.0068
I1. REACTOR YIELD CALCULATIONS
1. Ammonium Nitrate to Guanidine Nitrate
A GN 0.1638 - 0.0336
a. Ypy(actual) = A AN X 100 = 07812~ 0. 6417 x 100
« 0.1302
0.1395 * 100
= 93,3%
R ————_
b. YsN(Entraimment = 2GN x 100 = 0.1638 - 0.0332 444
corrected) A AN 0.7723 - 0.6417
- 0.1306 100
0.1306
= 100%
.". AN yield loss to Entrainment = 6.7%
140




TABLE 30 (CONT.)

P 2. Urea to Guanidine Nitrate Assuming the Two-Mole Stoichiometry
A

AGN 0.1638 - 0.0332 0.1306
Yye. = 26N 4 100 = 100 = 9:1306 . 149
Urea 8 (0.5371 - 0.1922)72 0.1724

Yulcu = 75.6%

3. Urea loss to Hydrolysis and Insolubles

0.0550 + 0.0068/4 4 100 = 0:0567 100
(0.5371 - 0.1922) 0.3449

a. Yy to Hydrolysis ™

Yy to Hydrolysis = 16.4%

b. Y = 0.0068 (as U) 100 = 1.97%
U to Insol, 0.3449 —

4. Urea loss to Entrainment

0.5433 - 0.5371 .
YU to Entrainmunt ® 0. 3449 x 100 = %—g%éé x 100
= 1.79%
b — .

III. MATERIAL BALANCE

1. Ammonium Nitrate

"a. In= 66.3 b Feed/hr x 0:625 1b AN . 47 44 1b AN/RE
1b Feed

b. OQut:

35_1b Product ~0.619 1b AN _
- X “Ib Product 34.05 1b AN/hr

(1) 4s AN =

gz

= M
(2) As GN = A GN x 3

[(55 x 0.241) - (66.3 x 0.041)] I?%

6.91 1b AN/hr

]

< >
“r
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TABLE 30 (CONT.)

(3) As Entraioment = 117 1b NH3 - H20 , 0.0042 1b AN
hr 1b HN3 - H20

= 0.4914 1b AN/hr

(4) Total AN Out = 34.05 + 6.91 + 0.4914

Urea

b.

= 41.45
Clogure = AN Accounted For 100
AN In :
41.45
- *= x 100
41.44
= 100.0%
- 0.326 1b 1y
In = 66.3 1b Feed/hr x “Ib Feed

= 21.61 1b U/hr

Out

55 1b Product x 0.139 1b ©
hr 1b Prod

= 7,65 1b U/hr

(1) As Urea =

MY U
MW GN

(2) 48 GN = (Product GN - Feed GN)

= A1) - ' .50
[ (55 x 0.241) - 66.3 x 0.41)] 3

= 5.19 1b U/hr

(3) As Insolubles = 3% 1b Prod . 0.0026 1b Imsol. x 240%
hr 1b Product 128

= 0.268 1b Urea per hour

* Ammelide = 4 Urea equivalents or 4 x 60.




TABLE 30 (CONT.)

(4) As NH3 in Scrubber H0

= 117 1b NH3- H20 , 0.0294 1b NH3 _ 60 (W U)
hr 1b NH3- H20 3 (M NH3)

= 6.07 1b U/hr

(5) As (NH4)2 CO3 In Scrubber Water

0.0181 1b (NHy)z (CO3 60
=17 x 16 Wa3 - E20 * %0

= 1.32 1b U/hr

Total Urea Out - 20.50 1b U/hr

c. Closure - 20.50/21.6 x 100 = 94.86%
.-

IV GAS BALANCE

l. Ammonia (NHj3)
a. Predicted NHj Production

(1) From GN Pormation (AN + 2U—e GN + 2 NHq + C02)

= A GN formation
MW GN

[(55 x 0.241) - (66.3 x 0.041)
122

x 2 moles NH3/mole GN = moles NH3

2 = 0.1728 mole NH3/hr

(2) Prom Hydrolysis of U Due to Hy0 in Feed

- (U +H20 —» 2 NH3 + CO3)
1b H20 in Feed
MW H20

{66.3) (0.0099)
18

X 2 moles NH3/mole H20

x 2 = 0,074 mole NH3/hr

(3) Prom Formaction of Ammelide

(4U = CO2 + 4 NH3 + Ammelide)

IS : . Ammelide Produced x 4 moles NH3/mole Amme.ide

MW Ammelide

Q-
. 22x0.0026 4 . 0,004i8 mole NHj/hr
128 143
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TABLE 30 (CONT.)

(4) Total Predicted NHj = 0.1728 + 0.0740 + 0.0045

= 0.2513 mole NH3/hr

b. Actual Ammonia Measured

(1) NH3In Scrubber Water

117 1b NH3 - H20 / 0.0294 1b NH3 / mole
hr /  1b NH3~ H20 / 17 1b NH3

= 0.2024 moles NH3/hr

(2) (NH,)2 CO3 In Scrubber Water

Jl7 1 NH3-H20/0.0181 1b(NH4)2 CO3/ mole /2 molea NH3

hr / 1b NH3-H20 /96 1b(NH4)2 CO3/mole(NH4)2 COj3

= 0,0441 mole NH3/hr

(3) Total Measured NH3 = 0.2024 + 0,0441 = 0.2465 mole NH3/hr

c. Ammonia Closure

= Mmoles NH3 measured
moles NH3 predicted

- 0.2465
0.2513

x 100

x 100

= 98.1%

2. Carbon Dioxide (CO2)

a. Predicted CO2 Production

(1) From GN Formation (AN + 2 U~»GN + 2 NH3 + C02)

« moles NH3
2
0.1728 -
2

= 0,084 moles CO2/hr

B b = R

%

B R i g

B e P Y



TABLE 30 (CONT.)

(2) From Hydrolysis of Urea Due to Feed Water

= moles NH3
2

= 0.074
2

= 0,037 moles CO2/hr

(3) From Formation of Ammelide

moles NH3
4
0.00448
4

= (0,00114 moles COz/hr

(4) Total Moles COp Predicted
= 00,0864 + 0.637 + 0,00114

= 00,1245 moles COz/hr

b. Actual COp Measured

(1) (NH4)2 CO3 in Scrubber Water

117 1b NH3-H20/0.0181 1b(NH4)2 CO3/  mole / 1 mole COy
hr /  1b NH3-Hy0 /96 1b(NH4)2€03/ mole
(NHg), CO3

= 0.0221 moles CO2/hr

*(2) €07 in Scrubber Off-Gas

« 9.33 liter gas / mole / 1b / 60 min
min. / 22,4 1./ 454 g/ hr

= 0.055 lb-moles COz/hr

(3) CO7 Gas from Bottom of Scrubber

= B.40 liter gas/ 60 /
min. / 22.4/ 454

= 0.050 moles COz/hr 145
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(4) Total CO2 Measured
= 0.0221 + 0.0550 + 0.0500

= 0.1271 moles COy/hr

¢. (02 Closure

= moles CO2 measured " x 100
moles CO2 predicted

- 01271 ;00
0.1245

102.17%
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g TABLE 31
REACTOR-SCRUBBER WEIGHT BALANCE
AUGUST 9-10, 1973
Time Period: August 9, 1973, 9:00 p.m. Aubust 10, 1973, 6:7C p.m.
Elapsed Time: 21 Hours
) GNY H20
% [ %2
! 7
; Reactors| jf;;; Scrubber
% R202 /
H Feed .______, Product L______*._ NH3-H20
: Melt
; Measured Rates
: Feed Product Melt NH3-H0
i Total, Lb 1029.26 836.55 2466
§
N Hourly Rate, 1b/hr 48.9 39.84 117.43
} Analysis
f ZAN  ZU ZGN % H0 % Insol.
g 1. Feed (Avg.) 62.2  33.1 2.3 2.4 -
§ 2. Product (Avg.) 60.9  10.4 28.4 - 0.36
= ¥
| 3. NHz-H,0 0.08% AN, 1.74% NH3, 3.79% (NH;)2 COj
. 836 .55
x . M d P/F Ratio = .838:2) = 0,.8]2
» I easure / o 1035 52
g ¢
g é .
¥ . »
4 g’ 147
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TABLE 31 (CONT.) v

17. Assumption of Nitrate Conservation

Feed Product
% Moles /100 1b % Moles/100 1b
AN 62.2 0.7775 60.9 0.7612
U 33.1 0.5517 10.4 0.1750
GN 2.3 0.0188 28.4 0.2326
) Hy0 2.4 0.1333 - -
Insol, - - 0.36 0.0029

Nitrates In = Nitrates Out
(% NO3)(Fip) = (% NO3)(Pqp)

Moles NOj3 P1p < Moles NO;
100 1b Feed F1b 100 1b Prnd.

(%) _ Moles NO3ray | 0.7775 + 0.0188
F/Nog Moles NO3gyut 0.7612 + 0.2326
Conservation
0.7963
= 0.9939 = 0.802

I11I. Validity of Nitrate Conservation

P/F Calculated 0.802
P/F Measured 0.812 28.8%

\Q
>

P/F Closure =

148
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This lends further credence to the assumption of nitrate comservation and
the interpretation of FPigure 7 in a previous section of this report.

4. Special Experiments and Analyses

To determine loss sources for the material balances and to provide
design data for specific operations, the following special experiments,
analyses, and analytical requests were conducted:

(a) Evaporator off-gas tests

(b) Analysis of ammonia-water

{(¢) Back-up material balance data
(d) Centrifuge washi~g efficiency
(e) Ammelide repulping experiment
(£) Nonroutine analytical requests.

Other long term special experiments, e.g., (1) corrosion studic-
and (2) off-site special experiments such as NQ conversion and Wyssmont
dryer tests, are discussed in other sections of the report.

a. EBvaporator Off-Gas Tests

In an effort to determine the volatile losses of nitrates and
urea in the vent gas of the evaporator, two tests were conducted in which
a pilot stream of the evaporator off-gas was collected and analyzed. Figure
13 shows a schematic of the experimental set-up and the major amalytical
results from the first of the two tests, Table 33 presents the calculated
results., The test showed that approximately 2% of the AN and 6.67 of urea
in the evaporator feed stream were lost to the off-gas. This test was con-
sidered extreme since the steam pressures to the two evaporator stages and
the air heater were higher than designed (design was 90 psig for the upper
stage and 30 psig for the lower stage and air heater). The reason for the

higher steam pressures was the suspected ammelide fouling in the evaporator

tubes and a necessarily higher temperature drop.

This test was repeated at design steam pressures on August §,
1973. The results in this run showed a 1.3% AN loss (based on feed) and no
loss of urea (based on collected condensate). The feed compositiou of the
stream in the second test was lower in urea concentration (8%). The lower
urea value, in addition to the lower temperatures, reduced the urea loss.

It is believed that these two tests bracket the extreme con-
ditions at which the evaporator would be operated. When it is realized that
a commercial size evaporator would have but one air-swept stage, it can be

150
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TABLE 33 ~

EVAPORATOR OFF~GAS TEST NO. 1
(REFER TO FIGURE 13 FOR DATA AND CONDITIONS)

1. AN and U in Condensate
AN - 6 oz/16 x 0.0063 = 0,00236 1lb AN/Hr

Urea - 6 0z/16 x 0.0036 = 0.00135 1b Urea/Hr

2. Extrapolated AN and Urea From Stack

44 Jmin 1 - . ’
50 scfm - 3;735]r7;;3 0.0028 = fraction of stack‘gas out test apparatus

0.00236
I ovmstmme——— 5 "
AN Vapors in Stack Gas 0.0028 0.84 1b AN/hr

U Vapors in Stack Gas = 0.00135 = 0,48 1b Urea/hr
0.0028

3. Percentage Loss of AN and Urea

ANy, = 100 1b Feed/Hr x 0.41 = 41 1b AN/Hr

0.84
ANyaporized = —37~ X 100 = 2.05%

UreaIn = 100 1b feed/hr x 0,132 = 13,2 1b urea/hr

i F 0.48
o Ureayaporized = 13.2

x 100 = 3,64%

4, Calculated Decomposed CO2

; 50 scfm
359 scf/lb=mole

= 0,1393 lb-mole evaporator gas/min

COy found = 0.11 mole %

0.03 mole 7

CO7 in inlet air

L L

(0.11-0.03) lb-mole gas
100 x 0.1393 in

1b mole CO2 made

lb-mole COZ -
152 0.00011 — 0.0048 1b COz /min

i SRS 1020,

N—




TALLE 33 (CONT.)

,a
N

5. Urea Equivalent of Decomposed Gas

0.00011 moles CO2 X 1 mole U X 60 1b U
min, mole CO2 Mole U

Urea Decomposed to CO2 =

b §25512 = (0,396 1b Urea decomposed/hr

0.396 1b Urea Decomposed . 109 = 3%
13.2 1b Urea to Evap. =

Feed Urea Decomposed to COp =

6. Total AN and U Losses From Evaporator

AN = 2,057 of Feed

Urea = 6,647 of Feed
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projected that scaled-up operations would have even lower volatile losses, For
design purposes, it can be projected that volatile losses of 2 to 3% AN and 1 to
2% urea, based on the evaporator feed, might be expected in a production evapor-
ator. Since the amount of AN being fed to the evaporator is a substantial per-
centage (50-607%) of the total AN reactor feed, this type of loss would affect
the total process AN yield by about 1,5%. The urea fed to the evaporator is
less than a fifth of the virgin make-up. Its effect on the total urea yield
loss would be a fraction of a percent.

b. Analyses of Ammonia-Water from Scrubber

. The water leaving the bottom of the scrubber in the pilot plant
was not deemed an important process stream since it was not a prototype of
an envisioned commercial process. However, for the sake of the material
balance closure and for determining the reactor entrainment loss, a method
for complete analyses had to be instituted. The selected method and an
example of its typical usage are shown in Table 34.

A scrubber material balance based on these analyses for the
scrubber water and an off-gas analysis defined the gas split (NH3 and C03)
in the scrubber. This balance, discussed in the previous section (Reactor-
-Scrubber Balance of July 31, 1973), showed that essentially all of the
amronia produced is scrubbed by the water, i.e., 83% of the ammonia was
found as free ammovia while the remaining was tied up as ammonium carbonate
and 17% of the CO2 was absorbed by the scrubber water which was neutralized
to the carbonate by the ammonia-rich water. The remaining carbon dioxide
left the system as a gas. The pressure drop characteristics of the pilot
plant scrubber created a split of about 50% gaseous CO2 from the top of
the scrubber and about 507 out the bottom of the scrubber with the ammonia-
water stream.

As the calculations in Table 34 show, nitrates were found in
the ammonia-water. Tables 35 and 36, which will be discussed later, contain
additional data that support this finding. There are three possible ways
that the nitrates can appear in the ammonia-water; that is, (1) a reactor
melt flow upset, (2) vaporization of ammonium nitrate, and (3) reactor melt
entrainmment in the off-gas. The fact that nitrates appeared in a number
of the water samples which were taken at different periods of time and
which are at approximately the same composition (0.1-0.5% nitrate), suggzests
that a melt flow vpset condition is not the likely source of the water
nitrates. To differentiate between the other two sources, it was necessary
to determine if the nitrates found in the ammonia-water are all ammonium
nitrate (by vaporization) or a split between guanidine and ammonium nitrate
(by entrainment). Any urea that vents to the scrubber is believed to be
hydrolyzed because of the scrubber feed temperature and water concentration.

JERE NP



r TABLE 34

ANALYSIS OF AMMONIA-WATER FROM REACTOR OFF-GAS SCRUBBER

I. METHOD OF ANALYSIS

1, Total NO3 as NH4NO3

a. Dilute 10 to 15 gm NH3-H20 to 100 ml.
b. Determine absorbance at 302 and 355 nanometers
c. Calculate as follows:

(1) 539%7682%22 = mg. NO3 as NH;NO3/ml

(mg. RO3 as NH,NO;/m1)(100)(0.1) % NO3 as

2 Sampl -
gm Sample . NH,NO3

2, Free NH3 (Includes NH4 From (N§&)2CO3)

a. Titrate 25 ml aliquot diluted NOj sample to methyl purple
and point with 0.1 N HC1

b. Calculate as follows:
(1) (ml HC1)(N HC1)(1.7)
gm Sample x 25/100

) (ml HC1)(N HC1)(8.0) _ % Free NH, as
gm Sample x 25/100 T NH4NO3 3

= % Free NH3

(2

3. C03- as (NH,)o CO3

a, Weigh 10 gm sample into 100 ml of saturated Ba(OH), solution
in a2 150 ml beaker. Stir while adding.

NOTE: Preparerséturated Ba(OH)2 solution by placing an
excess of Ba(OH)2 in water in a one-liter beaker.
Filter the solution through a No, 41 filter paper.

b, Filter the Ba(CO3), precipitate through a glass filter., Wash
the precipitate three times with i0-ml portions of distilled
water. Air dry the precipitate by drawing air through the
filter (3~5 minutes).

c. Quantitatively transfer the precipitate to a 400 ml beaker
and add 70 to 90 ml of 0.1 N HCl, Boil solution for 3 to 5 min-
utes, cool and titrate to methyl purple and point with 0.1 X
NaOH,

155
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TABLE 34 (CONT.)

d. Calculate as follows:

(ml HC1)(N HC1) - (ml NyOH)(N NgOH) 4 4.8
gm Sample -

% (NH )2C03

REPORTING

1. % Free NH3 Correct:d for (NH;)2CO03 4
[% Free NH3 - (% Mi3 as (NH4)2C03) x o¢ ]

2, 7% CO3 as (NH,),CO03 from 3.

3. 7% NO3 as NH4NO3 from 1.

SAMPLE CALCULATION
Hy0 sample No, 1

1. Weight of Sample

108.2158 Gross
97.5225 Net

“10.2933 Gm Sample

2. Volume cf Standard Solutions

SO ml Sat'd Ba(OH)2
70 m1 0,0982 N HC1
- 28,43 ml 0.1054 N NaOH

3. Percent (NH4), COy

[(70.00)(0.0982) - (28.43)(0.1054)) x 4.8 _
10.2933 = 1.8179 (NH&)ZCO3

4, Weight of 2nd Aliquot

69.9537
60.2962

3.6575 gms/100 ml




TABLE 34 (CONT.)

’.—u. ,
N

5. Absorbance
o = 0,085, A =0.035
A = (2)(C)

G6.035
—~=>— = 0,405 gm/1

C =A =
/v = 0865

0.0405(100) . O
> 6573 0.427. as NH4NO3

6., 2% Alkalinity
Titration esing 62.15 ml of 0.0982 N HC1

’ L 62.15 (0.0982)(1.7) _
Total alkalinity 3-6575(30/100) 3.;:}N3;k. as

r'd

% NH3 corrected for COj = [?.58 - (g%) (1.81)] = 2,947

7. Results

% €03 as (NHQ)C03 = 1.81%
% NO3 as NH,NOj = 0.42%

7% Alk, as NH3 = 2,947

157




&

s i b ke o

Rala

e

o

¢

-
4 W
i
|
T-1§-9Z1ZX 0.01Z ® deag 1 ' osa I93eM-BIUOUNY - CY/Q
_ 01Z = N9 aang
1-L%-921ZX ‘O1T = NV 9I0g 13,641 ‘,061 ‘.GIT ‘Sy®ag ¢ 2sa 193eM-vIUOMIY  C1/g
ysem 1/01 - “USY 798°0 ‘°10SUI %[0°6€ ‘'S'L %48 1Y - sajqniosuy padinday gy/¢
_ 2,017 = "d'KW
ysem 1e9 g ‘O%H 4%°6 ‘NI L1768 “®ain 4E1°0 NV %L1 - ey 88n31aIWI)  4z/¢
2,902 = *d°K
ysem ieo | ‘0%H %5°8 ‘ND %898 ‘®aIn %61°0 NV 20°C - ey ¥8ny1a3ud)  wz/¢
0,041 = *d"H
ysem oN ‘OCH LZ'S “ND %9708 ‘®ain %G1 NV %1°zi - aed 9dnyrauay  wz/¢
13 wdd go°g >
€1/ ‘twed gy ‘IN wdd €0°0 > ‘34 wdd tgtg ‘ysy wdd gy sasA{euy tejuswary swoljoq “deag 4z/y
42
/¢ *rwd gz wdd 900 > *IN wdd £p°Q ‘o4 wdd ¢*z ‘ysy wdd 0Z sasfleuy yejuswaly swojjeg ‘deay  vz/¢
o%n %9°0
1€/¢ ‘twd gr°z ‘00 + IR %%°59 ‘%o 2z°91 ‘V %60 ‘Zop %0° L1 *Jadg “ssey SED P34 A3qqnidg  (¢//
: (xew) oM %10 ‘0%H %8°0
1€/L *cwd gr:g ‘00 + N %Z°Z ‘%0 %ET0 *V %410 > ‘202 %Y 96 s dadg *ssEl SeH-33O 19qqnids  1g//
1-%€-92 12X -fon %z10%0 ‘L THN 769°9 ‘oo %Ly eN (yepraly 133jeM-vTUOUIMY  91/f
1-56-9Z 12X -foN u£00"0 ‘"N %589 *_fo0d 7s°¢ IN 1yepraly 123eM-pIuoUMy T/
133eM-BTUOUNTY
1-56-9Z1zX O°N + oN Z9T°0-50°0 ‘20D %ZY"0 ‘0TH %W CHN %66 *3dadg *ssey Jo uorlzog A1I3IE[OA 6/L
02N %5%°0-S1°0
1-68-9212X ‘0% %9°T ‘02 9 N %6°0 ‘20 %vI‘0 ‘20D %L6 *3dadg *ssel S®D-3JO 12qqnasg €/t
S$3JON §38ATBUY POYI A a1dweg ayeqg

SISANDI TVOILATVNY ‘IVIDAAS J0 SITNSTH

S¢ TIEVY

158

e .




w o
uy
-4
PI10S %01
- - - - - 98" 0 "8 1Y £0° 68 - - - - A1In(S 2931134 woid axed  §1/L
- - - - - L o [94 {4 LAl R4 - - - - PI10S 12qqnids  €1/¢
- - b S - - - - - - - - - 1233V 2-201-49C  €1/¢
- - 6171 . - - - - - - - - aro52g ¥-901-£9T €/L
- - - - - - 88"t - - - - - 1eas dung zo1-4  €1/¢
6£Z Yoaey
- - - - - - z80°0 - - s - - deiy *3sk13 woig olH  €1/¢
- - - - - - - - 1°92 1°% %81 S°6€ siuajuoy £01-1 TU/L
- - - - - - - - 0°1Z v°s1 8°91 o°zt sjualue) 9o1-1  TI/L
- - - - - - - - 0£°¢  S°E1 6°€T T°6S §1U33UC) 401-1  ZI/L
- - - - - - - - LET0t L°LS T'61 B8E s3uajuoy fot-1  Z/L E
- - - - - - - - 6°ZT 9°65 8 i1 $°2 s3uajuoy 901-1  21/¢
- - - - - - - 910 "1 09°L T°% 6°19 23ualue] Ho1-1 2174
- - - - - - o - - 0 [ A1 12qgnads woxg HOYHN  I1/4
- - - - - - - - - - - ﬁ-.o 29qQqnadg woay d33eM wIuoumry -\N
- - - (18] - - - - - - - - 23990138 11/¢
- - - $0°0 - - - - - - - - juap woxj 2ydwws y1/¢
i - - - . R - . - - 0 0 am.w_ JoumiPg [¥112IUR 10] HOHN mkwh
j - - - - - - - - 9°t SL°9 8°L1 £°¢9 $3uaU0y %pl1-1  O1/L
- - - - - - 8°8¢ - - 0°9  6°11 6°6f s3ualuoy £01-1 Ol/L
- - - - Z100°0 - - - - - - 133eM wjuckwey  07/¢
- . - - - - - - 1€°0  09°¢  %'8S %B'Z €°(Z 29npoxg BurSpiag [eraaded S/t
- - - - - 21 Lo 1Sy - - - - smoql3 203093y Uy anpIsoy  6Z/9
- - - - - - - - 991 - 9"1Z %°29 $3uajuo) wl-1  8Z/9
- - - - - - - 8°1 - v 1z §°29 sjuajuoy g1i-1  8%/9
- - - - - - - - 00°2 - %79 %ot €3u3IU0) €Ol-1  8Z/9
- - - - - - 941 - - - - - el Yousnd  £1/9
- - - - - - 1°¢e - - - - - el yousnd  1U/9
- - - - - - 6" L€ - - 05"t 89°Z €£°€2 sjuajuo)y 901-1 8/9
413 1’8 - - - - 9100 - - - - - 197eM 191T0g ND /9
- - - - - - z° L8 - - - - - Auel youand €7/
$Jusun0) 398/ 804uOISTH Hd 4 3 % 3 A L 3 % 2 % apdues ayvq
£31a133npucy €on fun  sereanN  ysy  sprios Closul O N9 Nv

1301

SISATYNV SNOINVTIIOSIH A0 SIINSTH

9¢ AIBVI

£l




R
oy ;
)
i
:
1
|
i
E
- - - - - - 61°0 09°9¢ SL 81 - - - - €-5% - 1mod pitog 14 ¥4
- - - - - - 910 99" 9L 90°€Z - - - - Z-8% - mog pitos T/t X
- - - - - - 0970 81 %L 1661 - - - - 1-§% - (%09 pIjoS /¢
€03 2(MuN) 1s°2s - - - - - - [ 384} 62 - - - - 8n1q adgqnadg 81/L
too T(mm)zz't - - - 8y°€ ne - - - - - - 1o ajduwes oZn-Cun e ,
L0 Z(Mm)1cy - - - 81°2 [FA - - - - - - 33e103s OIH-THN €1/e :
€03 Z(Mn)eL'g - - - sy 80°0 - - - - - - 800 o%u-tux  o1/8 :
€00 Z(MN)S6"2 - - - $6°0 080 - - - - - - 080 Z "OoN @dcurieg [vjialel  01/8 :
€03 IT(mN)BI" Y - - - f14d] L1'o - - - - - - Lo rud 6/8-0Zn-CAR  o1/8
- - - - - - - 5°S - - - - - 3urawg Zo1g or/8
- - - - - - - - - - = 98 €90 a3wsuspuo) 1991 *deay /e
- - - - - - 81 - E{3'4 - - - - SOI-1 YJ ®pYIO8 /8
- - - - - - - - - - 96 't s°81 901-1 PaantIg 8/8
- - - - - - - - - uL'o §°St STl 0% 01-1 6/8
‘w'w gpie - - - - - - - - - sy w9 LT 101-1 PaIn[1qQ 6/9
‘wte C1ig - - - - - - - - - UL 48 2 4 3 | 901-L P2In[IQ 6/9
‘m'e gyig - - - - - - - - - [ S SR A% AR - B 1 (1118 4 6/8
‘w'w 0016 - - - - - - - - 928 ¢°f  9'¢  8'2 201-1 paanyig s
‘w'w 0036 - - - - - - - - 109 B6'8 85 <81 901-1 PaInTIa e 1
‘utw 006 - - - - - - - - 8¢5 8°8 6°S 6§91 So1-1 PaIn11Q /8
‘w'd 07 - - - - - - - 260 Z8'1 SZ°8  L°IZ €°(9 701-1 /8
*w'd 0oz - - - - - - 6°82 - - %'l 69°C  0°'0C t01-1 PaIntIg s
‘m'd gpiz - - - 8L1°e - - 0°sz - I ToY S A SR AL 4 | 901-1 P2InT1Q /8
‘w*d 00:7 - - . - 90" 0 - - 9°GL - - 10°6 ¥9'9 Z'l1 $o0t-1 PaanIIg /8 :
- - - - - - - 6" 99 - - 6°91 81l Z'0% 197 "oN - paag ~3sk1) /8
- - - - - - - ey - - "% 18°L €8¢ 092 “oN - paag IRk 1€/¢4
£ JUauRI0]) 338/ 5o0qworaly Hd 3 4 4 4 L 4 % % % % a1duws awg m
A31A¥30npUO) Cony N sermalIN ysy fpitos qosup oy ND n NV ¢
1e30g

(QaanToNOD) 9¢ ATEVL

B ki vk

160




- Two vf the ammonia-water samples were examined for guanidine
nitrate content in the following manner. The samples were dried by heating
and analyzed using the differential scamning calorimeter (DSC). Control
samples in this instrument indicated peaks of 110°C for pure ammonium
nitrate and 210°C for pure guanidine nitrate. Since AN and GN form a eutectic,
peaks can be expected between these values for blends of the two compounds.

¢ The two analyzed samples were found to have DSC peaks at 150 and 175°C for

3 the first sample and 210°C for “he second sample. The conclusion from this

: work is that the GN does exist in the ammonia-water sample; and therefore,

the source of the nitrates in the process stream is entrainment from the

reactor gas-liquid separators.

?
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¢. Backup Material Balance Data

Tables 35 and 36 contain nonroutine analytical requests and mic-
cellaneous analyses. Some data in these tables were requested in support of
the material balance efforts. In Table 35, the analyses by mass spectros-
copy, Kjeldahl nitrogen, and DSC were all in support of the material balance
effort. One of these analyses, the scrubber feed gas, was determined to be
a poor sample due to air leakage. The other data in this table represent
two special experiments (centrifuge washing and ammelide repulping) and a
design data request for trace metal buildup in the recycle stream.

d. Centrifuge Washing Efficiency

During one of the early centrifuge batches (Batch 101), an
experiment was conducted to determine the effectiveness of water washing a
GN cake on the centrifuge. The results (complete analyses in Table 35) show
that as the wash water was increased from O to 1 to 2 gallons per centrifuge
batch, the residual AN in the wet GN cake decreased from 2.1 to 5.0 to 1.79
and the melting point of the product increased from 170° to 206° to 210°C,
respectively. A similar decreasing trend was noted for urea (1.5 to 0.19 to
0.13%) and an increasing trend for GN (80.6 to 84.8 to 89.1%). The basket
centrifuge during this experiment contained approximately 40 to 50 1b of
wet product. Based as the results of this experiment, the standard GN cake
was subjected to a 1 to 2 gallon water wash. Examination of the anmalytical
results for the individual batches of GN showed that this was adequate.

e. Ammelide Repulping
The solid bowl centrifuge cemployed in the pilot plant, Qhen
operable, effectively removed insolubles from the water-quenched reactor
product. Unfortunately, the solid bowl centrifuge employed was a laboratory
machine and not suited for full-time service. The result was periods of
down-time.
3
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Projection to a commercial design for the insolubles separation
suggests that a continuous solid bowl machine followed by a repulping tank
and then a filtration step would provide an efficient and operable system,

An experiment was conducted to explore the feasibiliiy of repulping the solid
bowl cake, Typical cakes (75-80% total solids, 20-25% insolubles), were
repulped with 5007 and 10007 water washes in two experiments. Both the feed
cake and the filtered product from the 5/1 repulp experiment were tacky,
presumably from residual AN. The 1U/1 filtered product was a lighc tan,

very fine solid with no tackiness. Analyses (see Table 35) of the latter
cake showed that it was 947 insolubles (dry basis), 60% water, and 0.867% ash.
The high water content was typical of the laboratory filter paper method used.

£. Other Analyses

To determine if there was a buildup of trace metals in the sys-
tem, samples of evaporator bottoms were suhmitted for elemental analyses.
Table 35 shows the results. Two samples showed an average of 1.5 ppm iron,
0.05 ppm nickel, < 0,05 ppm chromium and 30 ppm ash. Both samples represented
material that could have been in the system as recycle for many residence
times. The operation at this point in time had been on recycle for six weeks
(one day at full capacity ricpresents one turn-over of recycle material).
These data suggest that metal contaminants were not building up in the system.

Table 36 shows analyses of miscellaneous samples submitted dur-
ing the operation. Some of the data in this table deserve special comment.
On June 29, a sample of the material plugging the upper reactor elbows was
analyzed., This sticky, tan material had led to high reactor back pressures
and a no-flow condition, resulting in shutdown of all of the reactors, The
analyses of this material showed that it was reactor melt but with very high
insolubles (4.5%) and ash (1.47%) content.

A number of maturial balance support data points are contained
in Table 36. A considerable number of samples (tank contents, pump seal
leakage, etc.), were analyzed during the July 11-13 period. After it was
learned that more accurate tank composition samples were necessary for the
material balances, diluted sampies of T-105, T-106, and T-107 were taken
(607, water/407 sample). A number of the s.mples in Table 36 represent these
types of samples. Examination of these analyses shows more consistent
results than obtained for earlier tank content samfples.
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E. PROCESS UPSETS AND EQUIPMENT VARIABLES

To determine the sensitivity of the process to upsets and system
changes, it had been proposed that a series of experiments would be
conducted after the production phase was completed. Since the full
production goal wuas not achieved, these deliberate process upset
experiments were not conducted. Natural perturbations aand equipment
problems during the nommal production operation created system changes
equivalent to the variations proposed. The following process variables
and upsets will be discussed in the follcwing paragraphs:

(1) Reactor productivity per tube versus AN/U feed ratio,

(2) Reactor productivity per tube versus reactor feed temper-
ature.

(3) Reactor productivity per tube versus percent water in
feed.

(4) 1Insolubles formation versus the AN/U feed ratio.
(5) Insolubles in product versus batch number.
(6) Multiple reactor shutdowns, startups and cooldowns.
(7) Loss of reactor melt and off-gas flows.
(8) High and low solids content of quench tank.
(9) Upsets in operation of centrifuge.
{10) Loss of insclubles separation operation.
(11) Catalyst fouling, poisoning, and attrition.
The conclusion based on the system's response to the above upsets is that
the U/AN integrated process is a stable cperation that can accept natuyral
process upsets and variations without deleterious effects on lonn-temm
operation or product gquality. The highest order of failure is the loss

of catalyst activity. The state of the techaology of the U/AN process
used for the pilot plant is well understood.

1. Variables Affecting GN Productivity Per Reactor Tube

The most important step in the process is, of course, the reaction
step in which the GN is produced. The parameters that affect the GN
productivity per tube are the reactor geometry, catalyst activity, reaction
temperature, feed rate, and feed composition (AN/U ratio, percent water
in the feed). The reactor geometry is, of course, set by the process
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design and does not change during operation. It is significant to nore,
however, that actual versus theoretical conversions from the reactor
design were demonstrated. No loss of catalyst activity was detected in
this work as was noted in the catalyst mileage discussion in the opera-
tion section of this report.

Based on earlier work on this contact conducted with 2-inch and
4-inch-diameter reactors, it was theorized thst, vithin a 502-200% feed
rate (or residence time) variation range, the productivity per tube does
not vary appreciably (conversion X feed rate). Residence time is defined
as reactor void volume divided by volumetric feed rate. For example, resi-
dence time in a packed 4 inch dismeter x 10 foot tali resctor (0.42 void
fraction) and a feed rate of 27 lb/hr 13 60 to 70 minutes. This thcory was
neither confirmed nor disputed during the pilot plant campsign because of
inaccurate feed rate measurements and a common product melt sanifold. The
general conclusion reached was that the production per tube is not very sen-
sitive to feed rate due to the normal operating feed rate swings encountered.

The other parameters affecting productivity per tube noted sbove,
i.e., temperature, AN/U ratio, and feed water, are important variables.

a. Reactor Productivity Per Tube Versus Time

Figure 14 presents data for the reactor productivity per
tube versus time and shows how this value varied during the operation.

‘Mostof the swings in this curve are explained by variations in any of

the three parameters noted above or by startup or shutdown periods.

A downward pulse in the curve at point A represents a perind of high
water content in the feed (1.7% vs. 0.5%), resulting in excess urea
hydrolysis and thus increasing the effective AN/U ratio. The lowered
productivities in the periods labeled B, C and D on Figure 14 are from
low AN/U ratios blended in with high water feed contents. Points B
and C show the effect of reducing the water in the feed from 4.0% to
1.7%. Point E on this curve is a value calculated at an extremely high
AN/U ratio (3/1) in which the productivity calculatioa is not as
accurate (See Calculation section) and with incomplete urea hydrolysis
(141% yield). Point P shows a lower productivity due to a 4°C drop in
temperature for a short duration.

The areas in Figure 14 labeled G and H represent periods
of operations jin which process problems occurred. In area G, a plugged
gas-liquid separator melt take-off line allowed three-fourths of the
product flow to be diverted to the off-gas scrubber. The collected
samples in this period were nonrepresentative of the total melt.
Period H was a startup period after a shutdown (necessary to correct
the above problem), and the high productivity represents a flushing of
the tubes on startup. Point I was another temperature drop. Area J
represents a period of smooth operation. The cycle ian the curve follows
the cycle recorded fer the AN/U ratio during this time period.
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The portions of the curve for the periods of June 28 to
July 1 (K) and from July S to July 12 (L) represent unstable operations
due to compounded high feed water and ammelide fouling. In this period,
a4 decrease in the feed water content would have resulted in an increase
in the productivity (Figure 14).

The above conclusions related to the swings in Figure 14
vere derived by simultaneous comparison of Figure 3 (plant operating
chronology), Figure 15 (feed AN/U ratio versus time), Figure 16 (feed
water versus time), and Figure 17 (reactor temperatu~e versus time).
The productivity graph (Figure 14) was previously presented in the
operation but repeated in this section (with notations) to aid in
following the above discussion.

b. Reactor Productivity Per Tube Versus AN/U Feed Ratio

Figure 18 presents the data for reactor productivity versus

the reactor feed AN/U ratio. A trend line {s drawn through these data.
This line does not represent a regression fit but merely splits the
available points. The trend of increased production with increasing
AN/U ratio appears on the surface to be inconsistent with previous
conclusions of increased conversions with decreasing AN/U ratio. The
explanation for this departure is that the ordinate of Figure 18,
GN productivity per tube, is derived by using both the conversion and
yield. The urea yield decreases as the AN/U feed ratio decreases. A
trend line of the slope of the curve in Figure 18 would result if the
urea yield decreased faster than the conversion increased as the AN/U
feed ratio decreased.

¢. Reactor Productivity Per Tube Versus Reactor Temperature

Reference is made to Figures 14 and 17, with curves showing
productivity per tube versus time and temperature of R-200 (78 inch
height) versus time, respectively. As discussed in Section E.l.a.,
above, there are definite pulses in the curve of Figure 14 which can be
explained only by pulses in temperature. In addition to those referred
to in that discussion, additional low productivity - low temperature
poirts occurred on June 3, 4, and 25 and high productivity - high
temperature points occurred on June 19 and 21.

In an attempt to show a step in the curves for both GN
productivity and insolubles formation, an intentional upset was
introduced into the system on August 9. The steam pressure on the
reactor jackets was increased from 190 to 225 psig and left at this
new pressure unti’ the end of operation (2 days).
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Unfortunately, the reactor tubes with the programmed
temperature profile probes (R-200 and R-204) were inoperative by this
date, so actual data on the resulting temperatures were unavailable.
Past experience and data cn such changes suggest that the jacket
temperature would have increased from 198°C to 2050C. The resulting
centerline temperature at the 78~inch axial position would have
increased from about 189°C to about 195°C.

Examination of Figures 14 and 19 shows that sharp increases
in both GN productivity per tube and insolubles occurred with this
temperature increase. This is in complete agreement with the theory
of the chemistry of the U/AN process. A quantitative assessment of this
resultant change was not attempted since the other parameters in the
system (AN/! ratio, water in the feed, number of tubes, and feed rate)
were not held constant during the two-day period.

d. Reactor Productivity Per Tube Versus Percent Water in the Feed

Reference is made to Figures 14 and 16, with curves depicting
GN productivity per tube versus time and water in reactor feed versus
time, respectively. In the discussion above regarding Figure 14, a
number of the productivity drops were attributed to high water content
in the reactor feed. Excess water in the feed results in increased
hydrolysis, thereby decreasing the urea available for the GN reaction.
This increases the effective AN/U ratio fed to the reaction and results
in a lower productivity.

Examination of Figure 16 shows pericds of very high water
level for May 28-29, June 5, June 12-14, June 27-28, July 7-8, and
August 6. Figure 14 shows that for every one of these periods, there
was a decrease in the reactor tube productivity.

The sources of water for these upsets were the reactor feed
pump and melt transfer packing purges, the recycle stream from the
evaporator, and hydroscopic pickup in the melt tanks. Maintaining a
steady reactor feed flow ensured minimum residence time in the melters
and minimized the packing purges. Proper control of the operating
conditions on the evaporator rinimized this water input source. Most
of the upsets experienced in this production campaign can be attributed
to the latter source. The frequency of these upsets increased after
the apparent ammelid> fouling. Figure 20 shows the evaporator bottoms
water content versus date. Moisture content of the bottoms stream
was erratic following the ammelide fouling problem.
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e. Insolubles Formation Versus AN/U Feed Mole Ratio

Figure 21 presents data for reactor melt insolubles versus
the reactor feed AN/U ratio. These data were derived from the time
plots of these parameters in Figures 19 and 15. A trend line is drawn
through selected data in Figure 21. Data not considered in drawing the
trend line represent either period:. of operation during which the solid
bowl centrifuge was inoperable or periods when the reactor feed water
content was high. With our solid bowl centrifuge inoperable, the melt
would be higher in insolubles because of the insolubles recycled in
addition to those produced. High water contents would result in a
lower AN/U ratio than was actually fed to the reactor, thereby skewing
the data to the right of the curve. Examination of several of these
points shows that correction of the data to account for the high
water moves the points very close to the trend linme.

The finding of an increasing insolubles formation with
lower AN/U ratio is in agreement with theory. The fact that the trend
line is a hyperbola is consistent with the theorized kinetics of in-
solubles formation in relation to GN formmation. The insolubles
formation kinetics is believed to be multiple-order in urea concentratioa
(3U~>»1A) whereas the GN reaction kinetics has a first-order urea concen-
tration term.

£f. Insolubles in Product Versus Batch Number

Figure 22 presents GN product insolubles versus batch number
data. The peaks and cycles in this graph are representative of operating
problems in the total workup cystem (solid bowl centrifuge, crystallizer
polishing filters, centrifuge washing). When the workup system was
functioning properly, the final GN product was low in insolubles regardless
of the reaction conditions or product. One conclusion from this work is
thar,with a workup system functioning as designed, the product assay is
o essentially independent of the reactor operational history. If the workup
) o system is not functioning in some aspect (e.g., solid bowl centrifuge),

the product does reflect reactor performance. The most troublesome

operation was the insolubles separation. This is indeed reflected in

the product insolubles level. During the steady-state and mechanically
] | smooth operating period represented by Batches 151 through 186 {Figure 22),
3 the GN product insolubles level was almost consistently les< than 0.57%.
Examination of Table I shows a few batches of GN in which the AN was high.
These batches also reflect less than optimum operating performance of

the workup system. In this case, either the melt/water quench ratio, the
crystallizer cooling cycle, or centrifuge washing step had not functioned

as designed.
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g. Multiple Reactor Shutdowns, Startups, and Cooldowns

Examination of Figure 3, the chronology chart, shows that
the reactor tubes were frequently started up and shut down for various
reasons. When a tube was shut down, except for the period of July 14
to July 30, the following procedures were employed:

(1) If the loss of flow was considered to be short-
term (less than 1 hour), the reactor temperature
was held at its operating value.

(2) If the loss of flow was to be temporary (1 hour),
the reactor temperature was lowered to a nonreactive
condition (165°C) and held until flow was again
available. .

(3) 1f the loss of flow was for a longer term than
four hours, the melt in the tube was drained
and the temperature reduced to about 165°C.

In all incidents in which loss of flow to & tube occurred,
if flow could be resumed, the GN productivity was not affected. In
fact, the first product from a resumed tube usually showed higher than
nomal conversion, suggesting that the longer hold-up was not completely
reaction free. In cases where flow cculd not be resumed, it was found
on later examination that the catalyst or upper screens and elbows were
laden with insolubles.

On July 14, the pilot plant was shut down for 2 weeks
because of a scheduled loss of steam. The Kenvil plant boilers were
shut down for a yearly inspection and maintenance overnaul. During this
period, no heat was provided to the reactors. Before shutdown, the
reactors were flushed and drained two times with melt at low temperatures.
After the two-week layoff, attempts were made to start these tubes. Only
three of the six tubes operating L2fore shutdown could be restarted.
The reason for the inability to pump melt through the other three tubes
is unknown. Whether it was due to the shutdown, to buildup of insolubles
just before shutdown, to fines settling on draining, or toc a combination
of the above could not be determined. It is assumed that a combinatien
effect was the cause, since two other tubes had became inoperable due
to insolubles and the remaining tubes had long service, allowing catalyst
fines to sift through the beds upon draining. This would increase the
resultant pressure drop required for melt flows. In all cases, when the
reactor tubes could not be restarted, the loss of the tubes was due to
a higher required flowing pressure drop than that available from the feed
pump. - In every attempt to restart these tubes, flow could be sustained
up into the bed to an estimated 9 to 10 feet before [’.w was lost.

177




In summary, the following conclusions can be made about
flow through the catalyst beds:

(1) Flow can be restarted through the beds if the exposure
of the bed to the following environments is minimized:

Extreme insolubles level
Numerous drainings
High temperature for long no-flow periods.
(2) Resumption of flow is questionable if the beds are

cooled with melt remaining in Lhie bed.

The latter event probably results in crushed catalyst, pre-
sumably due to crystallization of the ammonium nitrate. In any event,
reactor tubes shut down under these circumstances and then cooled were
difficult to dump.

h. Loss of Reactor Melt and Qff-gas Flows

Two of the process upsets experienced on occasion during
the 1973 campaign were loss of reactor product melt flow and loss of
off-gas flow. The former would occur if a reactor product line became
plugged. The latter occurred whenever either the off-gas line was
plugged or the scrubber bottom outled line was plugged (resulting in a
high water level in the scrubber).

The effects of the product melt flow loss upset were as
follows: (1) The water/melt ratio to the quench tank became too high,
resulting in a low crystallization yield. (2) The melt would have to
be diverted to another path (e.g., off-gas line), resulting in a
material balance loss. Either one of these eveats is unfortunate
but not disastrous. Correcting the problem source (plugged line)
immediately corrects the resultant event. Product flow to the proper
path is resumed, and the crystallizer yield for the next batch is
regained. '

The result of an off-gas line plug is that the off-gases
leave the reactor system with the melt. The effects of this were
(1) leakage of the ammonia to the process bay, creating an unpleasant
working atmosphere, and (2) centrifugal pumping problems due to the
resultant gas-liquid quench mixture. Again, once the upset source
{plugged line) was corrected, the system effects disappeared.
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The conclusion that can be drawn from the above discussion
is that process upsets attributed to loss of flow result in only a
temporary inconvenience and do not have a long-term effect on the process
operation.

i. Solids Content of the Quench Tank, GN Centrifuge Upset and
Inoperative Solid Bowl Centrifuge

Three other prncess upsets that occurred during the pilot
plant operation were (1) variation of the solids content in the quench
tank, (2) upsets in the operation of the GN ce-trifuge, and (3) loss
of the solid bowl centrifuge.

A high solids level in the quench tank created a process
upset because the excess solids would crystallize out of solution in the
lines or solid bowl centrifuge, plugging the lines, reducing the yield
and causing the solid bowl centrifuge to malfunction. Low solids level
in the queach tank would result in a smooth workup system but would
reduce the crystallizer GN yield and increase evaporator load. Operation
control of the water/melt ratio to the quench tank minimizes the above
effects. Implementation of a periodic quench tank density reading
improved the control of this important parameter.

The GN centriifuge operation was upset during the campaign
by (1) a high charging rate, (2) wash water/solids ratio, or (3) filtration
efficiency due to cloth blinding or fines buildup in the residual heel.

A high feed rate had the effect of flooding the inlet core of the
centrifuge and would result in inadequate filtration through the cake
and loss of feed liquor out the solids discharge end (bottom discharge).
If the wash water volume was too low in proportion to the solids level

in the basket, the product assay would reflect an increase in the mother
liquor constituents (AN and urea). If the wash water level was too high,
the result was a yield loss to the mother liquor stream (eventually
recovered via recycle).

On a few occasions, the filtration efficiency of the
centrifuge was severely reduced. It was determined that the cause of
this reduction in efficiency was (1) blinding of the filter cloth with
ammelide and/or GN fipes, (2) a fines-laden batch of GN caused by rapid
crystaliization, or (3) a hard cake or heel due to high-speed operation
during charging of the GN slurry. Occasional removal of the heel
followed by a soda ash flush would correct the first upset source.
Proper control of the crystallizer cooling during this campaign apparently
prevented the second difficulty (high~fines AN). The minimum cooldown
period used in this work was 1-1/2 hours. Experience in feeding the
centrifuge eliminated the third problem (hard cakes) after the first few
batches. None of the noted upsets created more tnan a process incoavenience
or a minor yield loss.
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The most frequent process upset was loss of the solid bowl
centrifuge. When the solid bowl centrifuge was bypassed, the insolubles
flowed to the crystallizer feed tank. This meant that they had to be
removed by the crystallizer feed polishing filters, crystallized out of
the system with final product, or recycled back to the feed system. In
the first instance, use of the polishiay {ilters, an operational bottle-
neck was created since the feed rate to the crystallizer became severely
restricted. Depositing the insolubles out of the system with the final
GN product affects the final product assay. Both of these results are
trivial when compared with the stability of the total operation. The
‘recycling of the insolubles back to the feed system was a surprising
occurrence and turned out to be a significant process upset. In the
pllot plant, allowing t~2 insolubles to get into the recycle system
fouled the evaporator (with subsequent reduced water-stripping efficiency
of the evaporator), and the ball check valves of the Hills-McCanna blend
pump (with subsequent erratic performance of the feed blending step),
and filled up the catalyst beds with insolubles (with subsequently higher
required pressure drop and eventual loss of flow). The leoss of reactor
performance from loss of flow caused by insolubles fouling of the
catalyst bed is a longer term failure in terms of time for the system
to respond after the upset so that it is of major significance.
Complete, or at least consistent, insolubles removal is essential in the
full-scale plant if the catalyst mileage is to be optimized.

j. Catalyst Fouling, Poisoning, and Attrition

As noted above, catalyst fouling due to insolubles buildup
in the bed is a major process upset. It can be minimized by proper
control of the reactor conditions (so that only a small amount of in-
solubles is manufactured), and by complete removal of insolubles before
the aqueous crystallizer. It is believed that a small amount of in-
solubles can be pumped through the reactors with the product melt so that

-buildup of insolubles in the bed under these conditions would not be

appreciable. The effects of catalyst poisoning as a process upset were
clearly demonstrated in 1972, when diammonium phosphate poisoning occurred.
Efforts to control this upset in the 1973 operation by controlling the
purity of the ingredients entering the system (ammonium nitrate, urea,
process water) were very successful.

The third type of catalyst failure, attrition, can lead to
problems of high-pressure drop and to fines being carried over into the
quench system. This failure cannot be eliminated because cne of the
parameters controlling catalyst breakage is the physical properties of
the catalyst itself. It can be minimized, however, by not subjecting
the catalyst beds to themmal cycling and by keeping the water content
of the feed to an absolute minimum. The effects of the latter condition
on attrition have not been determined. Experience in 1972 on other
forms of silica gel suggested that water does affect the catalyst breakage
rate. The level of attrition due to water on Grace silica gel and Mobil
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Sorbeads was extremely high. 1In 1972, the limited exposure of Houdry beads
to water suggested little if any attrition. Based on the 1973 run and the
fines found in the quench tank, attrition apparently does occur with Houdry
beads but at a low level.

F. PILOT PLANT CORROSION TESTING

To assess corrosion potential in future pilot plant or commercial plant
equipment, 2 brief corrosion study was performed during Phase I. 1In that
work, samples of 5052 aluminum and 304 and 316 stainless steel were exposed
in the 2-inch-diameter columnar reactor and a feed tank at Kenvil for a short
period of time. A preliminary estimate was made of the corrosive potential
of the process. The results of that work were presented in Table 19 of the
Final Report, Volume I. This table is reproduced in this report as Table 37.

To expand on this preliminary work, corrosion coupons were made up for
evaluation in the pilot plant. Hours of exposure for this Phase III effort
were ca. 1680 hours, whereas the Phase I exposure was limited to 50-100 hours.
The corrosion coupons for the pilot plant study consisted of samples of types
1100, 3003, 5052, and 5986 aluminum and type 304 and 316 stainless steel. Three
sample stacks wzre placed in the system. One stock was placed in the top of
reactor R-200 above the catalyst bed (gas-melt zone at 360°F), One stack was
placed in the feed blend tank T-113 (in the liquid at 260°F), and the remaining
sample stack was placed in the aqueous solution effluent from the solid bowl
centrifuge (Tank T-102).

The results from the pilot plant corrosion coupons are presented in Table 38.
The overall conclusion from both sets of tests is the same: 304 and 316 stain-
less steel performed equally well and either should be catisfactory for this
service. The four aluminum alloys do corrode in these services and should be
used only for selective equipment items. Of the aluminum alloys, aluminum
5086 had the lowest corrosion rate with pitting to 8 mils deep (about 40 mils/
year).

It should be noted that part of the corrosion seen on the aluminum alloys
could have been caused by the in situ scda ash washes. These washes were con-
ducted on occasion to clear the lines of fouling (suspected ammelide). A similar
operation will also be necessary in the commercial plant. A water solution con-
taining 107 soda ash at 80-90°C was used to flush the pilot plant equipment. The
soda ash contact was estimated to cover about 2 of the 70 operating days.

A 107 soda ash solution at 90°C will corrode aluminum at rates greater than
50 mils/year. The effect of these flushes alone could theoretically account for
50 mils/year x 2 days/70 days = 1.4 mils/year. Comparisen of this value with
those in Table 37 indicates that these flushes may have been a major contributor
to the measured corrosion.
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G,  PRODUCTION PLANT DESIGN

A pilot plant is constructed and operated for many reasons; however, its
primary objective is to obtain process design data. This objective was achieved
in operation of the guanidine nitrate pilot plant located at Hercules/Kenvil.

The plant was operated on total recycle, and all of the basic unit operations
were demonstrated. Prototypes of commercial processing equipment were evaluated;
e.g,, reactors, Whitlock evaporator, solid bowl centrifuge for insolubles re-
covery, Swenson crystallizer, DeLaval basket centrifuge for GN recovery, indirect
heated Wyssmont Turbo Tray dryer, etc. Experienced process and project engineers
can design a production plant by reviewing the data, results, conclusions, etc.,
presented in this Final Report, Volume II and Final Report, Volume I dated
August 1973, A few design suggestions, which may be overlooked by a designer,
are presented below. These suggestions are tased on first-hand experience as a
result of operating the pilot plant.

1. Posicive gasketing should be provided for reactors, particularly
for the top h:ads., 1In these pilot plant operations, two or three
instances of leaking gaskets were ¢.xperienced which resulted in
smoldering of the reactor melt on the hot reactor jackers. Suit-
able smoke and/or fire detection devices should be considered.

2. High melting roint AN/U/CN mixtures must be processed in jacketed
lines. Where jacketing is not practical, a good tracing system
coupled with heat transfer cement must bz employed. Crosses and/
or tees should be installed at strategic locations to facilitate
line cleanout.

3. Reactor design should be based on use of the total internal volume
for catalyst; i.e., no freeboard space between the catalyst and
the catalyst retention screens. This could minimize catalyst attri-
tion problems if attrition is attributed to physical movement of the
Houdry beads.

4. Although separation of reactor off-gases from the reactor product
melt is rapid, a small amount of liquid entrainment in the off-gas
can be expected. Ammonia odors were always present in the GN re-~
covery section of the pilot plant., Two design suggestions are (a)

a demister should be ingstalled in the gas-liquid separator gas line,
amd (b) the melt should be sparged with nitrogen before quenching

to minimize ammonia in the workup end of the process. A liquid seal
loop in the gas-liquid separator melt drain line is a must, Catalyst
fines will inevitably enter the separator. Provisions should be made
to remove these fines without resorting to a reactor shutdown.

5., A means of measuring the mass flow rates of melt and off-gas from
each reactor should be provided. Such measurements would be useful
in monitoring reactor performance. The melt flow measurement could
be cascaded to control the rate of quench water, thus controlling
the workup end of the process.
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10.

11,

12.
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Control of feed rate to each tube in a reactor bundle would
be prohibitive in terms of costs. A multi-orifice feed dis-
tribution system should be designed for a 20-30 psig pressure
drop and for no more than 1007 excess flow,

The vreactors should be heated with steam (or a compatible
organic vapor system) for minimum temperature differential
and there must be absolute provisions for eliminating un
exotherm. Jackets should be designed so that the heating
medium cannot enter the process; i.e., no welds where sub-
jected to steam. This philosophy also applies to AN/U melt
lines, evaporator, etc., upstream of the reactor system.

Mechanical seals on all pumps and an appropriate selectiom
of seal fluid are recommended. Positive displacement pumps
with ball check assemblies should not be considered.

A continuous solid bowl centrifuge should be selected for
removal of insolubles from the crystallizer feed stream.
Polishing filters in the evaporator feed line are also
recovmended. Provisions must be made for sodium carbonate
washing of recycle equipment und lires and for manual clean-
ing of evaporator tubes.

Catalyst will not necessarily flow freely from the reactors
during the dumping operation. A high-pressure (300-500 psig)
water jet was used successfully in the pilot plant to remove
caked catalyst from the reactors. Such equipment should be
considered for a production plant.

Rework systems should be provided in a production plant: (a)
an aquecus system for slops, spills, etc., to be fed to the
evaporator, and {b) an aqueous repulper for reworking off-
grade GN.

Phosphate-~free water must be provided for reactor product
quenching and washing of GN centrifuge cakes.




H. PILOT PLANT LAYAWAY

Following completion of the pilot plant guanidine nitrate production
operation, the pilot plant was placed in a layaway condition for either
possible future operation or dismantling for shipment at the U. S. Govern-
ment's request. All eight reactor tubes were emptied of catalyst by using
a high-pressure water jet. Some catalyst which could be removed without the
use of a water jet was collected in polyethylene bags, retained, and iderti-
fied by reactor number. Removal of the cat-lyst support screens was difficult,
and in soma instances the screens were punctured to facilitate removal of t!.
assembly. Sleeve assemblies were left In two of the reactors, and these must
be removed if the reactors are to be used again, This problem of stuck catalyst
support screens can be resolved in future dcsigns.

The primary concern in placing the pilot plant in a standby condition was
to make certain that all equipment was clean. All process lines and equipment
were initially drained, flushed with a hot sodium carbonate solution, and rinsed
several times with hot water. This treatment removed all water soluble matarials
such as AN, GN and urea and a major portion of the insolubles (ammelide). Post-
inspection of randomly selected process lines showed the presence of some internal
ammelide scaling. The tops of all tanks, except those for T-104 and T-105, were
removed for internal cleaning of the tanks. The top and bottom closures of the
evaporator were removed, and a thin uniform coating of ammelide was observed on
each of the four tubes. It will be necessary to either physically czlean the tubes
or heat the evaporator while flooded with soda ash before placing it into service.
Quantities of ammelide remain in the system, but its presence should not present
any problems in equipment dismantling and shipment. Insulation was removed from
all tanks. Tank exteriors, building walls, etc., were washed down with a high-
pressure water jet.

Drain lines on all equipment jackets were disconnected to prevent ruptures
from freezing of residual water in the event of building steam failure. The
steam boilers, vacuum pumps, chiller, high-pressure steam line, tempered water
system, process steam lines, etc., were all drained. Air supply to the building
was turned off, and the sprinkler system was deactivated, 0il reservoirs for
the Hills-McCanna pump, vacuum pumps, chiller compressor and Delaval centrifuge
hydraulic drive system were drained, flushed with light oil, and drained again.

All of the pumps were disconnected from their respective process piping
and electrical connections and subsequently painted. After being painted, the
pumps were spotted at their operating positions but not reconnected permanently.
Process lines, however, were temporarily installed by connecting a few threads
or fastening with one or two bolts per flange assembly. A few other pieces of
equipment and supports were alsn painted. The Strong-Scott dryer, demineralizer,
bench-scale reactors, etc., were returned to the pilot plant building.
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All major pieces of equipment and instrumentation items were identified
with respect to equipment numbers and Hercules/Kenvil purchase order numbers.
The tagged equipment is listed in Table 39, depicting item description, pur-
chase order number, service exposure, mechod of :leaniug and assessment of
condition., This list was placed in a file box, along with other information
listed belcw, located in the pilot plant building.

1. Copy of purchase order for each item listed in Table 38.

2, Drawings and manufacturers' installation/operation/msintenance
booklets for the identified pieces of equipment.

3. Miscellaneous documents which may be helpful in the future; e.g.,
process flow sheet, electrical substation drawings and wiring

diagrams.

Control samples, spare parts, and 1000 1b of Houdry CP-532 silica beads
(manufactured after terminating pilot plant operation) were stored in the pilot
plant area. Doors to the utiiity house and the process building were locked
for security. Scrap process materials were disposed of at the Kenvil plant
site. Geod quality guanidine nitrate was shipped to Cyanamid of Canada. Off-
grade GN was shipped to Picatinny Arsenal to the attention of Mr. C. H. Nichols.
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By PR P

ECONOMIC STUDY COMPARING TOTAL COSTS FOR MANUFACTURE OF NITROGUANIDINE
UTILIZING GUANIDINE NITRATE MANUFACTURED BY THE BRITT™SH AQUEOUS FUSION -
GUANIDINE NITRATE AND UREA/AMMONIUM NITRATE - GUANIDINE NITRATE PROCESSES
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FOREWORD

This economic study was prevared and submitted in
accordance with Contract DAAA 21-71-C-0193 between the
U.S. Army; Picatinny Arsenal; Dhover, N.J., and Percules
Incorporated; Industrial Systems Department; Wilmington,
Delaware,

The objective of the study was to perform an economic
analysis comparing the total cost, non~-recurring gnd
recurring, for the manufacture of nitrogquanidine (NQ) via
two (2) alternatives:

1. utilizing guanidine nitrate (GN) manufactured via

the British Aqueous Fusion (BAF-GN) process

2, utilizing guanidine nitrate (GN) manufactured via

the Urea/Ammonium Nitrate (U/AN-GN) process.

The designation BAF-GN and U/AN-GN are used throughout
the report to emphasize that the two (2) different processes
for the manufacture of GN are the crux of the.analysis.

The designation BAF-GN Process is used when referring
to any aspect of the process for manufacture of NQ utilizing
the BAF alternative. The designation U/2AN-GN is used in a
comparable manner.

A brief description of only the GN manufacturing process
is provided in Section 7.9 Exhibit 7.1. The material balance
for the manufacture of GN via each of the processes is provided
in Section 7.0 Exhibit 7.2.

The economic study is summarized in Section 1.0, while
the remaining Sections 2.0 through 7.0 provide the supporting
documentation and data. 197
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ECONOMIC STUDY OF THE MANUFACTURE
OF NITROGUANIDINE
VIA THE BAF-GN AND U/AN~GN PROCESSES
CONTRACT DAAA 21-71-C-0193
PICATINNY ARSENAL

DOVER, N. J.

1.0 SUMMARY OF ECONOMIC STUDY

1.1 ORJECTIVE
The objective of the study was to perform an economic
analysis comparing the total cost, non-recurring and
recurring, for the manufacture of nitroguanidine (NQ)
via two (2) alternatives;
1. utilizing guanidine ﬁitrate (GN) manufactured
via the British Aqueous Fusion (BAF-GN) process.
2. wutilizing guanidine nitrate (GN) manufactured
via the Urea/Aﬁmonium Nitrate (U/AN-GN) process.

1,2 APPLICABLE CRITERIA

1.2.1 AR 37-13 - Economic Analysis and Program
Evaluation of Resource Management, effective
1 June 1973, dated April 1973; specifically
Format A

1.2.2 FY 74 Inflation Guidance, AMCCP-~-FR, dated 4
ane 1973; specifically inflation factors in
Table 1A for Military Construction and Family

Houving -
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1.2.3 The primary analysis was to be performed on the
basis of constant (mid year 1973) dollars and
the secondary analysis on the kasis of current
(inflated) dollars.

1.2.4 Economic life is ten vears, (with sensitivity
analysis)

1.2.5 Anélysis was to be performed for operating rates
of 100% and 25% of capacity.

1.2.6 The design criteria and design costs for the
BAFvGﬁ process were considered as sunk cost and
were not to be included in the analysis.

1.2.7 No cost was to be included in the U/AN-GN
analysis for purchase of NQ from Cyanamid of
Canada.

1.2,8 Working capital requirements were to be based
on 4 weeks of raw materials and returned at
end of economic life.

1.2.9 No terminal value was to be included for the
investment.

1.2.10 U/AN-GN catalyst costs were to be in
accordance with Picatinny Arsenal letter,
Mr. C. H. Nichols, dated Auqust 16, 1973.

1.2.11 Timing of cash flows was to be in accordance
with the NQ Project Milestone Schedule,
received from Picatinny Arsenal, Mr. C. H.
Nichols during Augu;; 2, 1973 weeting BAF-CGN -
Column 4, U/AN-GN - Column 1 - Phase 1,

. 199
Column 3 - Phase 2,
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1.3

1.2,12 Plot of uniform annual costs as a function of
operating rates of 100% and 25% was to be « s
provided.

1.2.13 Plot of uniform annual costs as a function of

economic life was to he provided.
APPROACH
The criteria set forth in fection 1.2 established
the framework for performing the economic analysis.
Within this framework, documentaticn of. the analysis
for each alternative was accomplished py utilizing
Format 2 of AR 37-13, 1In all, eight alternatives '
were censidered.

The primary analysis was based on constant (mid
year 1973) dollars and considered four alternatives
as follows. The BAF-GN procéss at operating rates of
100% and 25% of plant capacity and the U/AN-GN
process at operating rates of 100% and, 25% of plant

capacity. The seczondary analysis was based on

. current (inflated) dollars and counsidered the same

four alternatives.,

The baseline for developing both the non-recurring
investment and recurring operatidns costs was the cost
estimates prepared under contracts with the Corps‘of
Fngineers, Omaha District., These contracts covered
the Preparation of a Process Design Criteria
Memorandum (PDCM), Contract DACA 45-71-C-(0121, and

-

Architect-Engineering (A-E) Services for Design of a
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Facility for the Manufacture of NQ Utilizing GN
Produced via the BAF-GN Process, Contract DACA
45 73 C0015. These cost estimates were based on
the Mcdified Concept Design (MCD) for the BAF-GN
process, and were used for preparing the P-15
Estimate submitted during June 1973. Therefore,
this information is the best available for
establishing the baseline costs for the eccnomic
study.

For the BAF-GN process the baseline costs
were d=flated to establish mid year 1973 costs.
For the U/AN-GN process the deflated baseline
costs were adjusted for discrete identifiable
changes whenever possible, Otherwise factoring
techniques such as ratios of facility costs and
manpower requirements were employed.

Throughout the analysis the integrity of
the comparison between the two processes was
maintained. This was accomplished not only by
employing the same baseline cost, but also by
striving to employ analytical techniques and
procedures that would provide for consistency
between the costs developed for each process.

By approaching the analysis in this maaner,

the cost differential or variance provides a valid

basis for concluding which process is more

economical,

1-4
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1.4

SUMMARY AND CONCLUSIONS

The total anrual costs, both undiscounted and
discounted, are summarized iﬁ Figure 1=-1, while
the discounind uniform annual costs are summarized
in Figure 1-2,

The variance between the two proceéses is
expressed in te:ms of total dollars and the
percentage of tane total dollar variance to the
total annual cost for the U/AN-GN process.

It should be noted that the total dollar
variance is increased when the constant dollars
are adjusted for inflation,

The inflation factor used is approximately
4,.7% compounded per annum, as specified by
Section 1.2, Criteria 1.2.2. This factor
appears to be lower than the actual inflation
experienced during the past several years, which
would indicate that the effects of inflation
represented by this analysis are conservative,

In any event, the analysis shows that the
U/AN-GN process is more economical than the
BAF-GN process. Over the economic life of ten
(10) vears the difference at the operating rate
of 100% is $11,009,000 to 513,000,000 or 13,5%

to 15.6%.




e
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Considering the comparative nature of this
analysis, the depth and refinement of the cost
details are jﬁdged to be consistent and ccmpatible
with the depth and refinerent of the other factors
such as the definitions for the scope of. the
project activities, the milestone schedule, the
Applicable Criteria in Section 1.2, and the time
available to perform the analysis. 2Additional
time to refine the cost in greater detail would
probably not in itself materially change the

results of the analysis.

1-6 203
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FIGURE 1=-1

SUMMARY OF TOTAL ANNUAL COSTS - UNDISCOUNTED

IN THOUSANDS OF DOLLARS

A

LN

Constant Dollars
Operating Rate
100%
25%

Current Dollars
(Inflated)

Operating Rate
100%
25%

BAF-GN

Process

$157,093
$119,012

$225,294
$165,111

SUMMARY OF TOTAL ANNUAL COSTS - DISCOUNTED

_ IN THOUSANDS OF DOLLARS

Constant Dollars
Operating Rate
100%
25%

Current Dollars
(Inflated)

Operating Rate
100%
25%

BAF
Process

$80,859
$65,679

$108,071
$84,927

U/AN-GN Variance
Process Dollar % of U/2N
$142,286 $14,807 10.4
$108,676 $10,336 9.5
$210,779 $14,515 6.9
$155,188 $9,923 6.4
U/AN _ Variance
Process Dollar $ of U/AN
$69,912 $10,947 15.6
$57,722 $7,957 13.8
$95,200 $12,871 13.5
5 $75,754 $9,173 12.1
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FIGURE 1=-2

SUMMARY OF UNIFOPM ANNUAL COSTS = DISCOUNTED
o
& IN THOUSANDS OF DOLLARS
BAF U/AN Variance
Process Process Dollar/Year
1. Constant Dollars
Operating Rate
100% 19,111 18,178 933
25% ' . 15,523 15,008 515
2. Current Dollars
(Inflated)
Operating Rate
100% 25,543 24,752 790
25% 20,073 19,697 376
[
o ™
L W
205
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2.0 BAF-GN PROCESS - CONSTANT DOLLAR ANALYSIS

206

The annual costs shown in the preceeding Section 1.4
for the BAF-GN constant dollar analysis are documented
in this section. The documentation, in accordance with
Section 1.2, Criteria 1.2.1, is presented by Format A.
2.1 FORMAT A
Format A for both operating rates of 100% and 25%
are shown on Figure 2-1, The total non-recurring
and recurring costs are showﬁ as cash flows for
the project year in which they are scheduled to
occur. The annual costs are the total of the
non-recurring and recurring costs. The discount
factors are from AR 37-13, refer Section 1,2,
Criteria 1.,2.1. The total annual costs and the
total discounted annual costs are those which are
summarized in Figure 1-1.
The uniform annual cost is calculated in
accordance with the definition specified in AR 37-13.
- The source derivation of the cost estimates is
provided in subsequent Sections 2.5, 2.6 and 2.7,

2,2 SUMMARY OF CASH FLOWS

The cash flows are summarized on Figure 2-2, The
non-recurring costs for both operating rates are
identical except for the warking capital which is
defined as four (4) weeks of raw materials, As

such it is a function of thg operating rate.

2-1
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2.3

2.4

2.5

The total costs are shown as cash flows

for the project year in which the expenditures

will occur. The timing of the cash flows is

shown on Figure 2-3.

L s e b

SCEEDULFE. FOR CASH FLOWS

Figure 2-3 presents a bar chart schedule for
the BAF-GN and U/AN-GN processes at the 100%
operating rate to determine the cash flows for
each project year. The cash flow totals, both
horizontal and vertical, for the BAF-GN process
are transcribéd to Figure 2~-2 and shown by
project year,

NQ PROJECT MILESTONE SCHEDULE

The Schedule of Cash Flows is based on the NQ
Project Milestone Schedule, Figure 2~4, This
schedule was furnished by.Picatinny Arsenal,
refer to Section' 1.2, Criteria 1.2.11.

The BAF-GN cash flows are scheduled on

the basis of the fourth column of dates.

' SOURCE_DERIVATION OF NON-RZCURRING COSTS

2,5.1 TOTAL NON-RECURRING COSTS

The summary of the non-recurring costs
in Figure 2-5 provides the major components
of the total non-recurring investment shown

on Figure 2-1, Format A, Item 8, Column a.

. 2~4
209




i e
T ha
pnpvenmerstBpEE UL RS S L e “ h

B ot T PR

SRS

Lt

PR Y
A4
TISYRE - L ORI ONV § JSYNA - | NWAI0D K1 NMOWS SIIVE SISTUIN WINV/E o
“» NWNI0Y NI NKCHS SIIVD SROTUIE N9 V8 Y.
FIRIN W W WU ANKLVIN AS L8E T 3000V O S3NaINNR) ~
$2'¥8 MOLSIWN 13N084 UD 035VE TWBNOS SAL TUNE_
e "nus e L . nyts Sy | e ] wen "ee S RIYD MY RY/A WIRL
"res strss wes "o H 1 |
i.. i H SANIVEMN LV
- L e ' ' i
- ! 1 “ WYY IS
ws - ne|  ses ] ' '
L] ) “ VR4 -
- - Vo : —- et ]
| — ! ) LIVNE - o 1VVIS SNV
ey - oo " "u !
* 1 1 (3 .2
e - ! s () oo '
H Y _ ! § VRS- SUINISIAM BTN
sy - ' un '
] _tl H 1 [ 73 BT
m - . “ . H s "
- H i | H ’ Lt B
e - - “ t H weee t
| m — e e
! H ! STI30NE W W7D
' ! t
tewien mm o nem s e tsdwe mn ¢ 80U 12 13-4 Wt
L] wrue mm swne ngn ! 1 { ' ’
. v H 1 ] 1 - SROUYEID IV
oy ' i | e i ] H
' [} ! - 1 ] ]
] [] “ ' “ LN DA |
} t ]
wt. - w ' 1 wen 0 ! ! ety
! ! — ! H i ' - 1w vy
e - { i : v e 1 "y H
1 “ : i ' ORI (VM
' 1 ' .
H v N
] wn w'y wu " ©u w ' u " $522084 13-4
‘swiss | moenve | 0V 13weee € A et a0 130N S A 30N * WIL 133086 Ly Y L yE Y] W 1300
. dfo——unt o Ut e [T E—N— ettt o 181 oo e 10—
TANYSAONS 1 SYYTION )
SEVIA B - LION4 20-2310 JINONOII HINOUNL C465 ) AW WO .
TO0) 20 JAVE DNAVEIS0 AV $523004 NINV/A GNV $310084 NO-AVE
SMO0V3 HSYD 30 3N0IKIS
1 W
o
-4
o~



R N e s

L ey

7
*ss00ad N9 2A1302dsax 031 onbTun sOT3ITTIORI ON SI2A0D g aseud
*NO-Nd/0 PU®? NO-~dVd O3 UOumo? saT3TTIORI ON TI®R S32400 T aseyd
INOILVOIJATANID 04 (13dd¥ JILON
*A1uo 1 aseyd xo3 abeyoed prq o3uT ubrsap Jyd Tv3I0}
303 939T7dwoo sburmeIp UDBTISIP TPUTJ SSUIPUOD 03 SUT} SIPNTOUIL
08 Bny gL bny . 6L buy 8L bnv LL 320 burbbnqag a3a7dwo)d
Qm qa4 8L 4d°4 6L q2d 8L qad LL TOr 8387dwo) uoT3OdNIAISUO)
LL 934 SL 934 LL 934 9L g=4 SL 924 pIesay
JIOEIJUOD UCTIDONIAFSUOD
9L IeW vL 924 9L el vL qa4 L ady _ a3a1dwod
ubysag 1eUlS
9L Xen bL uer 9L XeW vL uer yL uep . 232 1quod
ubtrsaqg juswdrnbd
., GL @unp €L Xen G L 2unp £L Xen €L IeW a3atdwo)d
ubisag 3dsouo)
yL bny - TL Aen vL buv ZL Ken ZL Ken 40 03 posea[ay
. eTI33TID ubisad
pL |unp ZL a34 vL sung ZL g°4 ZL gq°4 . BTIIITIAD
ubysaqg 3o uoriaydwod
NV/N Jvd xx 7 9seyd xx ¢ 9seyd .
1e3ol 1e3lol NY/0 Jvd x» 1 9s®Ud

'e9zLLs foad

zc9zsLs foaxg  zegzers foxd  zegzals (oaa  zegezsis f(oag

L N "ddn0d - TINISHY ANNILVOId Ad JIHSINMNA
4INGIHOS ANOLSHATIW LOIALrodd ON

p-2 QHODId

-
»

L X

"1

211

2~6




- SR ower Saman |

NI et 5 0 VT A T RNy

P e T TIEITEIRE i e o e o) o

A Ly T et e TR % R WL SR L L e T e e £
[ i ot S bt A R

FIGURE 2-5

SUMMARY OF NON-RFECURRING COSTS
FOR THE MANUFACTUPE OF NQ
VIA THE BAF-GN AND U/AN~GN PROCESSES

BAF-GN U/AN-GN
Process Process
Construction Costs '
Facilities Common to $26,986,540 $26,986,540
Both Processes
Facilities for Mfq. 11,030,282 6,775,003 .
of Wet GN
Subtotal (1) 535,016,822 $33,761,543
Escalation 0 0
Contingency -~ 10% of Subtotal (1) 3,801,682 3,376,154
Subtotal (2) $41,818,504 $37,137,697
S & A - 5% of Subtotal (2) 2,090,925 1,856,885
Subtotal (3) 3,909,4 $38,994,582
Construction Support -
1.5% of Subtotal (3) 658,641 584,919
Subtotal (4) ' 07 $39,579,501
Rooker Associates -~ 2,633,136 2,633,136
Less Escalation
Extencion Telephone 70,000 70,000
-cunk Lines
. wotal (5) ~ Construction Costs $47,271,206 $42,282,637
Equipment Procurement 769,688 486,584
Support Costs (Hazards Analysis
and Safety Review)
Total Plant Construction Costs $48,040,894 $42,679,221
Design Criteria 0 324,000
Concept and Final Design - 0 714,037
v Wet GN
Design Chargycs for Incorporating 0 484,405
U/2N-3N into BAF-GN Design
Spare Parts : 205,700 182,674
Operating Contractor Support 1,395,194 1,860,259
During Construction
Total Plant Investment $49,641,788 $46,334,596
Plant Start-Up and Commissioning 2,801,195 2,500,256
Total Non-Recurring Costs . « . $52,342,983 , .
Working Capital ,
Operating Rate - 100% $206,904 $224,818
212 - 25% $51,726 $60,935

Ny
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2.5.2

The costs for the RAF~GN process are
hased on the MCD Estimatc submitted in
March 1973 and the P-15 Estimate submitted
in June 1973, Since these estimates were
prepared as funding documents the costs

were deflated to mid year 1973 for this

‘analysis.

The Cost Data Summary from the P=15
Estimate is shown on Figure 2-6,

PLANT CONSTRUCTION COSTS

The total plant construction costs shown
on Figure 2-7 for the BAF-GN Process
consist of the Construction Costs shown
by Subtotal (5) under the BAF-GN process,
plus the equipment procurement support
costs, |

The source éf the construction cosﬁs
is the MCD Estimate submitted to the Corps
cf Engineers for the BAF-GN process under
Contract DACA 45-73-C0015.; The summary
shown in Figure 2~-7 is from the MCD
Estimate with the escalation removed to
provide mid year 1973 costs. The estimate
is based on th€ design for the BAF-GN
process which was approximately 60% complete

at the time the estimate was prepared.
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FIGURE 2-6
COST DATA SUMMARY
FROM P~15 ESTIMATE SUBMITTED TC
COMMANDING OFFICFER SUNFLOWER ARMY AMMUNITION PLANT
ON JUNE 5, 1973
13. Cost Data Summary:
AMC CE TOTAL
a, Purchase of Land -0- -0- -0~
b. New Construction -0~ 18,532.8 18,532.8
¢c. Facility Rehabilitation -0~ 96.0 96.0
d. Purchase of Industrial '
Plant Equipment (IPE) -0- 10,808.0 10,808.0
e. Installation of IPE -0=- 3,539.0 3,539.0
f. Rehabilitation of IPE -0~ -0~ -0-
g. Purchase of Non~-Indus-
trial Plant Equipment -0~ 6,033.3 6,033.3
h. 1Installation of Non-
Industrial Plant
Equipment 13.0 1,212.6 1,225.6
i. Roads, Walks, Parking
Lots and Exterior
Utilities -0- 8,067.0 8,067.0
j. Other
Operating Contractor T
Support During .
Construction 1,750,0* -0~ 1,750.0*
Equipment Procurement
Support-Safety Review
and Hazard Analysis -0~ 762.0 762.0
Plant Start Up &
Commissioning . 3,562.0 =0~ 3,562.,0
Spare Parts 252.6 -0~ 252.6
Extension of S.W. Bell
Trunks 70.0 ~0=- 70.0
Misc. (refer to inclosure (3)) 325.8 863.0 i,188.8
k. Subtotal (Items A
through J) 5,973.4 49,913.7 55,887.1
1. Final Design -0~ -0- -0-
m. SIOH -0~ 2,495.7 2,495.7
n., Contingencies -0=- 4,991.4 4,991.4
o. Construction Support . -0- 748.7 748.7
p. Total Cost 5,973.4 58,149.5 64,122.9
g. Fiscal Year Funding FY 75
Required

-
*NOTE: These costs were modified to read $1,653,000 by the Sunflower
plant after this Cost Data Summary was prepared and submitted.
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FIGURF 2-7
(PAGE 1 OF 2)

SUMMARY OF PLANT CONSTRUCTION COSTS
FOR THE MANUFACTURFE OF NO

VIA THE BAF-GN AND THE U/AN-CN PRGCESSFES

Office

Change House

Lunch Room & Survival Shelter
Badge Alley

Gate House

Smoking Points

Boiler House

Area Maintenance Shop
Laboratory

Sample Magazine

Fire Extinguishers
Alterations to Warehouses
Cooling Tower & Control House

CC Railroad Unloading Station
Calcium Cyanamide Mfgq,
Calciner & Accessories
Calciner (Building)

Wet Guanidine Nitrate (GN)
Dry Guanidine Nitrate (GN)

" Guanidin~ Jitrate Rest House

Wet Nitroguanidine (NQ) .
Dry Nitroguanidine (NQ!
Nitroguanidine Pack House
Ammonium Sulfate Storage
Sulfuric Acid Concentrator
Ammonium Sulfate Mfg.

Nitrogen Plant
Waste Treatment
Fuel 0il Storage
Tank Farm Area

€02 Storage

0.S. Process Lines

0.S. Utility Lines (Above Ground)
0.S. Utility Lines (Below Ground)
0.5. Fire Lines

0.S. Electric Lines

0.S. Telephcne

0.8. Conveyors - H-20

0.S. Conveyors - H-500

0.8. Conveyors - H-504 A & B
0.8. Conveyors - H~585

0.5. Convevors =- B-218 & 219

2-10

-

BAF-CN
Process

158,946
285,701
221,095

50,188
16,328
25,505

5,898,000
220,001
199,507

38,078
12,000
76,610
300,208

740,035
2,505,000
1,274,631
498,373
5,120,062
1,252,193
124,204
4,582,514
1,331,145
509,129
827,047
3,652,571
250,000

385,000
333,568
186,762
471,416
63,888
645,776
693,129
841,243
1,181,655
721,750
142,417
227,929
107,681
145,370
76,895
215,364

U/2N=-GN
Process

158,946
285,701
221,095
50,188
16,328
25,505
5,898,000
220,001
199,507
38,078
12,000
76,610
300,208

6,775,003*
1,252,193
124,204
4,582,514
1,331,145
509,129
827,047
3,652,571
250,000

333,568
186,762
471,416
645,776
693,129
841,243
1,181,655
721,750
142,417
107,681
145,370
76,895
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FIGURF 2-7
(PAGE 2 OF 2)

486,584

BAF -GN U/AN-GN
Process Process

Clearing & Grading 107,181 107,181
Poads & Drainage 1,006,203 1,006,203
Walks 19,464 19,464
Stone Blanket 19,965 19,965
Temporary Construction Facilities 63,720 63,720
Temporary Construction Utilities 49,912 49,912
Temporary Protection Service 114,213 114,213
Final Clean Up 26,620 26,620

Subtotal (1) 38,016,822 ’ ’
Fscalation 0 9
Contingency - 19% of Subtotal (1) 3,801,682 3,376,154

Subtotal (2) 41,818,504 37,137,697
S & A - 5% of Subtotal (2) 2,090,925 1,856,885

Subtotal (3) , 3, P 38,954,582
Construction Support - 1.5% of Subtotal (3) 658,641 584,919

Subtotal (4) 44,568,070 39,579,501
Booker Work ~ Less Escalation 2,633,136 2,633,136
Extend Telephone Trunk Lines 70,000 70,000

Subtotal (5) ~ Construction Costs 47,271,206 42,282,637
Equipment Procurement Support Costs - 769,688

(Hazards Analysis and Safety Review) )

Total Plant Construction Costs $48,040,894 $42,769,221

*Note - Wet GN Includes the
following for U/AN:

Prills Unloading & Melter Bldg.
Prills Storage Building
Reactor Building

Wet GN Building

Addtnl. 0.S. Process Lines
Addtnl. 0.S. Service Lines

216
2-11

416,281
1,805,650
1,742,716
2,410,952

279,467

119,937
6,775,003
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The equipment procurement support
provides for performing hazards analysis
and safety review of the equipment and
the five (5) package plants, i.e. calcium
cyanamide, calciner, nitrogen, ammonium
sulphate and sulphuric acid concentrator,
at the time the vendors are selected.
This is to insure that the proposed
designs comply with the hazards analysis
and safety requirements.,

The equipment procurement costs
shown in the P-15 Fstimate, in paragraph
13 j, were deflated to mid year 1973 costs.
The S & A, contingencies and construction
support costs percentages were then added
ds shown in the P-15 Estimate,

-The inflation factor for the Hazards
Analysis is 0.6% per month for 27 months,
as specified by the Corps of Engineers
for the MCD estimate. The inflation
factors for the Safety Peview are the
FY 74 Iﬁflation Guidance, Section 1.2,
Criteria 1,2.1,

A summary Qf the equipment procurement

support cost followsz

v

2-12
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P-15 Inflation Total
Estimate Factor Costs
Hazards Analysis 227,500 1.162 $196,000
Safety Review |
1975 119,274 1.1079 107,658
1976 318,750 1.1600 274,793
1977 96,312 1.2145 79,302
Subtotal $761,846 $657,853
Subtotal (1) _ $657,853
Contingency - 10% of Subtotal (1) 65;785
Subtotal (2) 723,638
S & A - 5% of Subtotal (2) 36,182
Subtotal (3) 759,820
Construction Support - 1.5% of Subtotal (1) 9,868
Total Equipment Procurement Support

769,688
2.5.3 SPARE PARTS '

At the time the P-15 estimate was prepared

the allowance for spare parts was determined

as 1.5% of the cost of the industrial plant
equipment (IPE) plus the cost of the non-1PE,
The costs for spare parts included in the P~-15
Estimate, paragrdph 13 j, is $252,660, includes
22.8%, 0.6% per month for 38 months, for

inflation. Therefore, the mid year costs

are $252,600 divided by 1,228 or $205,700,

218
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2.5'4

Project Year

1974
1975
1976
1977
1978

Total

B e SN e PR PR DRPNRCRIL L F L B i s

OPERATING CONTRACTOR SUPPORT DURINC

CONSTRUCTION

The costs submitted by the Sunflower Plant

in support of the P-~15 Fstimate were deflated

to mid year 1973 costs by using the inflation

factors from the FY 74 Inflation Guidance,

‘Since these costs are scheduled to occur

over a three year period it was necessary to divide

by the inflation factor for the year in which

the cash flow occurs as shown below.

P-15 Inflation
Estimate Factor

24,725 1.0582
286,044 1.1079
487,838 1.1600
578,435 1.2145
275,707 1.2716

$1,652,749

Total Operating Contractor Support During

Construction

2.5.5

PLANT START UP AND COMMISSIONING

The costs submitted by
in support of the P-15
to mid year 1973 costs
factors from the FY 74

These costs, scheduled

Mid Year
1973

23,365 -
258,186
420,550
476,274
216,819

$1,395,194

the Sunflower Plant

Fstimate were deflated

by using the inflation

Inflation Guidance,

to occur in 1978,

are $3,562,000 which when deflated by

2-14
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the inflation factor of 1,2716 results
in $2,801,195,

2,5.6 WORKING CAPITAL

The working capital requirements were
defined as four (4) weeks of raw material

costs. These costs are as follows.,

Raw Material Working
Operating Rate Cost/Year Multiplier Capital
100% $2,689,758 5% $206,904
25% $672,439 4 $51,726
Ly i .

2.6 SOURCF DERIVATION OF RECURRING COSTS AT AN

OPFRATING RATE OF 100%

2.6.1 SUMMARY OF OPERATICONS COSTS

The operations costs shown on Fiqure 2-8
for the operating rate of 100% are the
annual recurring costs for each vear of
the project's ten (10) year economic
life. The total recurring costs are
shown on Figure 2-1, Format A, Item 8,
Column b.

These costs are based on the design
initiated during the preparation of the
PDCM and developing during the Modified

Concept Design for the BAF-GN Process.

2,6,2 DIRECT LABOR COSTS

The source of the direct labor requirements
is Section 6.0 of the PDCM prepared for the

220 BAF-CN process. The analysis of the operating

2-15
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2.6.3

manpower reguirements for bhoth
processes and operatina rates is
shown on Fioure 2-9.

REPAIRS I.APOR AND RFPAIPS MATFRIALS

cosTs

The total repairs cost is based on
experience factors which indicate
that for a plant of this tvpe the
annual repairs is expected to ‘
average 5% of the plant construction
costs, This amount is in turn
estimated to be split on the basis
of 60% labor and 40% materials,

‘The labor costs of 2.18% of
plant construction costs represents
60% of the 5% total costs which in
turn is reduced by the fringe benefit
rate of 37,33%, since the total fringe
benefits are included in Item 1.3 of
the operations costs.

ELECTRICITY COSTS

The electricity costs are calculated on
the basis that the normal opetatinq load

equals eighty percent of the total

-
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installed load. The total installed
locad based on the BAF-GN design for
the NQ facilities is 8477 KW at an
operating rate of 100%. Fighty
percent (80%) of this load operated
twenty-four hours a day to produce
forty~-five (45) tons of NQ per day
represents an average electrical
enerqgy consumption of 3600 XKWH/ton
NQ. The unit cost of $0.01 per
KWH is based on the Sunfilower plant
experience.

2.6.5 STEAM COST
The steam costs are based on the
estimated steam consumption of 180,000
per hour ;r 96,000 pounds per ton
for the production of forty-five (45)
tons of NQ per day as determined
from the BAF-GN design. The unit
cost of $1.00 per thousand pounds
of steam is an average cost based
on experience.

2,6,6 WELL WATER COSTS

The well water costs are based on an
ectimated flow of 250 gallons per

minute or 8,000 gallons per ton, for

224
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the production of fortv-five (45)

tons of'NQ per day, as determined from
the RAF-GN design. The unit cost of
$§0.42/per 1,000 gallons is based on
the Sunflowver Plant experience.

RAW MATERIAL COSTS

The raw material costs are based on .
the quantities of materials taken from
the material balances for the BAF-GN
process, The unit costs, inecluding
freight costs, are current costs
obtained from the Hercules' Purchasing
Department,

The costs are based on material as
received except for the ammonium nitrate
and the nitric acid where the quantity
shown specifies 100% material,

BY-PRODUCT CREDITS

The by-product credits are based on the
quantities taken from the material balances
for the BAF-GN process. The unit costs

are estimated selling prices based on
current costs obtained from the

Hercules Purchasing Department,

225
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2‘7

2.6.9

LABOR, FRINGE BENEFIT, AND GFENERAL AND

" ADMINISTRATIVE RATES

The source derivation of the accounting
rates is provided in Section 7.0, Exhibit

7.3.

SOURCE DERIVATION OF RECURRING COSTS AT OPERATING

2.7.1

RATE OF 25%

SUMMARY OF OPFRATIONS COSTS

The operations costs shown on Figure 2-~10
for the operating rate of 25% are the
annual recurring costs for each year of

the project's ten (10) year economic life.

. The total recurring costs are shown on

Figure 2-1, Format A, Item 8, Column b,
These costs are based on the costs
for the operating rate of 100% shown or.
Figure 2-8 and discussed in Section 2.6.
The follpwing discussion is based on the
acceptance of all previous data and
assumptions; Therefore only the
modifications and additions to the
previous discussion are provided. The
reduction from 14,600 tons per year. 100%
operating rate, to 3,650 tons per year, 25%
operating rate, must be carefully considered
for those quantitigs and costs expressed on

a per ton basis.,
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2,7.2

2.7.3

2.7.4

AR I RN A K Ve, e e e d el S e L RS ey A T LRSS e e

DIRECT LAROR

Refer to Section 2.6.2 and Figure 2-9,

REPAIRS LABOR AND REPAIRS MATERIALS COSTS

Refer to Section 2.6.3.

The repairs cost is based on the
assumption that at the 25% operating rate
essentially all the equipment is in use,
Consequently, the yearly costs will not
change in changing from the 100% operating
rate to the 25% operating ratg, and the
cost per ton NQ will be four (4) times
the cost at the 100% rate.

ELECTRICITY COSTS

Refer to Section 2.6.4.

The electricity costs at the 25% rate
is based on the estimate that half the
electric load is independent of operating
rate while the other half varies directly
as the operating rate. Consequently, the
yearly load at 25% operating rate is five-
eights the load at the 100% operating rate,
and the KWH/ton NQ value at the lower rate

is 2.5 times the value at the higher rate,

or 9,000 KWH/ton NQ.

L e s st



- 2.7.5

2.7.6

2.7.7

2.7.8

STFAM COSTS
Refer to Section 2.6.5.

The steam cost at the 25% operating rate
is based on the estimate that most of the
steam consumption is directly proportional
to the operating rate, but that some, e.g.
building heating, is independent of operating -
rate. It is estimated that the steam consumption
per ton NQ would increase approximately one-third
as the operating rate dropped from 100% to 25%
yvielding a steam consumption of 128,000 1lbs.
per ton NG.

WELL WATER COSTS

Refer to Section 2.6.6,

The well water costs are directly proportional
to the production rate and hence does not chanééu“ o
for each ton of NQ produced.

RAW MATERIAL COSTS

Refer to Section 2.6.7.
The raw material costs are assumed to be
constant for each ton of NQ produced.

BRY~PRODUCT CREDITS

Refer to Section 2.6.8.
The by-product credit is assumed to be

constant for each ton of NQ produced.

b
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2.7.9 LABROR, FRINGE BENEFIT, AND GFENERAI AND

x o’
ADMINISTRATIVE RATES

The source derivation of the accounting

rates is provided in Section 7.0, Exhibit

7.3.

-
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3.0 U/AN-GN PROCESS - CONSTANT DOLLAR ANALYSIS

The annual costs shown in the preceeding Section 1.4

for the U/AN-GN constant dollar analysis are documented
‘ in this section, The documentation, in accordance with
Section 1.2, Criteria 1.2.1, is presented by Format 2.
3.1 FORMAT A
Format A for both operating rates of 100% and 25%
are shown on Figure 3-1. The total non-recurring
and recurring costs are shown as cash flows for
the project year in which they are scheduled to
occur. The annual costs are the total of the
’ non-recurring and recurring costs. The discount
factors are from AR 37-13, refer Section 1.2,
Criteria 1.2.1. The total annual costs and the
total discounted annual costs are those which are
summarized in Figure 1-1,
The uniform annual cost is calculated in
accordance with the definition specified in AR 37-13.
The source derivation of the cost estimates is
provided in subsequent Sections 3.5, 3.6 and 3.7.

3.2 SUMMARY OF CASH FLOWS

The cash flows are summarized con Figure 3-2,

The non-recurring costs for both operating rates
are identical except for the working capital which
is defined as four (4) weeks of raw materials. As

such it is a function of théd operating rate.

231
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3.3

3.4

The total costs are shown as cash flows
for the project year in which the expenditures
will occur. The timing of the cash flows ié
shown on Figure 2-3,

SCHEDULE OF CASH FLOWS

Figure 2-3 presents a bar chart schedule for the
BAF-GN and U/AN-GN processes at the 100% operating
rate to determine the cash flows for each project
year. The cash flow totals, both horizontal and
vertical, for the U/AM~GN process are transcribed
to Figure 3-2 and shown by project year,

NQ PROJECT MILESTONE SCHEDULE

The Schedule of Cash Flows is based on the NQ
Project Milestone Schedule Figure 2-4, This
schedule was furnished by Picatinny Arsenal,
refer to Section 1.2, Criteria 1.2.11.

The U/AN-GN.cash flows are scheduled on the
basis of the first and third column of dates.

SOURCE DERIVATION OF NON-RECURRING COSTS

3.5.1 TOTAL NON-RECURRING COSTS

The summary of the non-recurring costs in

Figure 2-5 prcvides the major components

of the total non-recurring investment shown

on Figure 3~1, Forma£ A, Item 8, Column a.
The costs for the U/AN-GN process is

based on the deflated—éosts for the BAF-GN

process, refer to Section 2,5.1. The
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3.5.2

specific items tha: were modified are noted
on Figure 2~-7 and discussed in the next
Section 3.5.2,

PLANT CONSTRUCTION COSTS

The total plant construction costs shown in
Figure 2-7 for the U/AN-GN process consist
of the Construction Costs shown by Subtotal
(5) under the U/AN-G! process, plus the
equipment procurement support costs.

The source of the construction cost is
the construction costs for the BAF-GN process,
refer to Section 2.,5.2, Wherever the facilities
are common to both processes the same costs are
used. Since both processes must produce an equal
amount of dry GN for feed to the NQ plant, all
process facilities downstream of the Wet GN
building are exactly the same, For the purpose
of this analysis only the major differences in
the facilities were considered.

Utilities, (e.g. steam and water), for both
GN processes are essentially the same, except for
electrical power which is about 30% less for the
U/AN-GN process. The primary substation would be
reduced from about 9000 KW to about 6000 KW and
some of power distribution lines would be smaller,
It was judged that this reduction in cost would
be less than 0,.1% 5} the total project and so no

change in the estimate was made for these items,
235
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The Change House and the Lunch Room and ‘.
Survival Shelter would also be scmewhat smaller
for a f#cility using the U/AN-GN process, 153
operating personnel compared to 192 for the
BAF=-CN process. A rough estimate of the
reduction in square footage of these two
buildings indicated that the reduction in
cost would be about 0.2% of the total project,
and, again, no change in the estimate was made
for these items.

Since no design criteria or design drawings
were available for the U/AN~GN process, the data
from the Kenvil pilot plant operation were used
to prepare a preliminary process flow sheet and
material balance. The equipment was sized and
estimated on the basis of general concepts from
the pilof plant. The size and number of buildings
were also determined on the basis of general concepts
for the normal flow of materials in the process,
hazards and safety considerations, and the form
of raw materials required. The buildings, noted

in Figure 2-6 for the U/AN-GN process were

‘located approximately on the present approved

Site Plan for the NQ facilities, in order to
determine (1) that no more land was needed;
(2) that their location would not affect the
facilities common tc both GN processes; and

(3) that the reguirements of AMCR 385-100 could

bhe met.

1
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In addition to the above, other criteria

2 G

used for developing thes cost of U/AN-GN
facilities are:

1. Urea will be purchased as prills;
ammonium nitrate will be purchased as 83%
solution; and the silica catalyst will be
purchased in suitable containers for warehouse
storage and handling.

2, Urea will be fed to the reactor ..s
a melt., Ammonium nitrate solution will be
evaporated to 99+% and fed to the reactor as
a melt,

3. Three reactors, each containing 300
tubes, will be required to produce the GN, A
fourth reactor of egqual size will be installed
so that a reactor with spent catalyst can be
‘ discharéed and re-charged with fresh catalyst
without shutting down the operation.

4, The reactors will be installed in a
separate building suitably designed and located
for the hazards involved.

5. The rest of the GN process, after
dilution of the reactor effluent, will be
carried out in a séparate building, from which
the wet GN crystals will be pumped as a water
slurry to the same -Dry GN Building used for

the BAF-GN process.

S R
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The equipment procurement support costs
are based on the BAF-CN costs, refer to
Section 2.5.2. For the U/AN~GN process
three (3) of the five (5) package plants,
i.e. the calcium cyanamide, calciner and
nitrogen plants, are not required. Elimina-
tion of these plants reduces the estimated
cost of the hazards analysis support from
$196,000 to $123,908,

The cafety review effort is also reduced
by the reduction in the package plants. This
reduction was considered proportional to the
reduction in the hazards analysis effort.
Therefore, the total costs for the U/AN-GN
process was determined by multiplying the

BAF-GN cost, of $769,688 by the ratio of

© $123,908 to $196,000 giving a cost of

$486,584.

DFSIGN CRITEPIA COST

The source for the design criteria cost is
the proposal submitted to Picatinny Arsenal
on June 15, 1972. Rates for 1973 were
applied to that portion of the proposal
which covered the éreparation of the design

criteria,

3-8




3.5.4

3.5.5

CONCFEPT AND FINAL DFSTGN COSTS

The design costs are 6% of the total estimated
cost of construction for the U/AN=-GN facilities
plus the hazards analysis and safecty review

costs. The total costs are summarized below.

Desian $440,812
Hazards Analysis 34,690
Safety Review 238,535
Total $714,037

DESIGN CHFANGES FOR INCORPORATING U/AN-GN

DESIGN INTO RAF-GM DESIGN

The cost of this effort is extremely difficult
to determine without having the benefit of any
design effort for the U/AN-GN process, The
estimate could be subhject to considerable
variation depending on the extent of the
interactfon Fetween the designs of the two
processes,

The estimate was approached by estimatineg

the total number of drawinags, approximately 495,

that could be affected and an average cost for
making changes to the drawings - $1,270 per
drawing. Half of the érawinqs were assumed to
require changes at ﬁhe fuli $1,270 rate and
half were assumed to require changes at half

the rate or $635. The addition of project

management costs of $12,600 resulted in the

total cost of $484,405,

239
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3.5.6 SPARE PARTS
Refer to Section 2.5;3.

The costs for the U/AN-GN procéss were
determined by mulitiplying the spare parts
costs for the BAF-GN process by the ratio of
the construction costs hbefore the add-ons were
‘applied. Refer to Subtotal (1) of Figure 2-5,

U/AN-GN - $33,761,543
BAF-GN - $38,016,822

x $205,700 = $182,674

3.5.7 OPERATING CONTRACTOR SUPPORT DURING CONSTRUCTION

Refer to Section 2.5.4. . .
This schedule for construction of the NQ

plant utilizing the U/AN-GN process is four (4)
years as compared to the three (3) years for the
BAF-GN process. Therefore the operating contractor
support for the U/AN-GN process was determined by
multiplying the costs for the BAF-GN process by
the ratio of years. |

$1,395,194 x 4 = 1,860,259
. ) 3

3.5.8 PLANT START-UP AND COMMISSIONING

Refer to Section 2.5.5.

The schedule for the U/AN~GN process shown
on Figure 2-3, is based on a phase 1 - phase 2
approach. Since the mechanical check out of the
plant is split under this schedule, it is assumed

that the cost for both processes will ke the

2
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3.5.9

same even though the U/AN-GN process has
less facilities,

For the process checkout, training of
plant personnel and the live test run, the
costs for the U/AN-GN process were reduced
by the ratio of the personnel requirements
at the various stages of the start-up and
commissioning schedule. The ratio used
170:210.

WORKING CAPITAL

The working capital regquirements are defined
as four (4) weeks of raw material costs.

These costs are as follows:

Raw Material Working

Operating Rate Cost/Year Multiplier Capital
100% $2,922,628 4/52 $224,818
25% $792,169 - 4/52 $60,935

3.6 SOURCE DERIVATION OF RECURRING COSTS AT OPERATING

¢ »

- I

RATE OF 100%

3.6.1

SUMMARY OF OPERATIONS COSTS

The operations costs shown on Figure 3-3
for the operating rate of 100% are the
annual recurring costs for each year of
the project's ten (10) year economic
life. The total recurring costs are
shown on Figure 3-1, Format A, Item 8,

Column b.

3-11
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3.6.2

3'6‘3

These costs are based on the BAF-GN
desiqn.for the N facility to the extent
the operations are common to both processes.
For those operations which are not common,
the costs are based on the data and
experience obtained from the U/AM~GN
pilot plant operation installed at Hercules'
Kenvil, New Jersey plant,

DIRECT LABOR COSTS

Refer to Section 2.6.2 and Figure 2-9,
The direct laber requirements for
the U/AN-GM process were determined by
analyzing the BAF~GN requirements for
each area of the plant and making the

appropriate adjustments., There are

.estimated savings of thirty-nine (39)

operating personnel and one (1) supervisor.
The saving results primarily from the
elimination of the calcium cyanamide
plant, the calciner and the lime handling.

REPAIRS LABOR AND REPAIRS MATERIALS

COSTS

Refer to Section 2.6.3.

FLECTRICITY COSTS

Refer to Section 2.¢.4.




The total installed load for the
U/AN-GN process is estimated to be 5477 KW,
some 3000 KW less than the BAF-GN load.

The primary reason is the elimination of
the calcium cyanamide plant, the calciner
and the lime handling. At 80% operating
demand, the electrical energy consumption
is 2,330 KWH/ton of NQ.

STEAM COSTS

Refer to Section 2.6.5.

The steam cost for the U/AN-GN process
is probably less than that for the BAF-GN
process, but due to uncertainty as to the
optimum operating conditions for the U/AN-GN
process, the material balance flow sheet for
a U/AN ratio of 1.47 was selécted in
determining steam rates for this economic
study.

Comparison of the flow sheets in Section
7.0, Exhibit 7.2 for U/AN ratios of 1.1 and
1.47 shows that the water evaporation rate
from the evaporation step, and hence the
steam load, is a strong function of the
U/AN ratio; Therefore since it is expected
that the U/AN-GN prgcess will cperate

closer to a U/AN ratio of 1.1 than
243
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6.7

to a ratio of 1.47 the approach is
conservative. The steam consumption,
calculated from the .47 ratio material
balance flow sheet is 97,000 lbs/ton NQ,
a value marginally hicher than the 96,000
lbs./ton NQ for the BAF-GN process.

WELL WATER COSTS

Refer to Section 2.6.6.

The well water costs for the U/AN-NQ
process are identical with those of the
BAF-NQ process because well water is used
only in the wet NQ building common to both
processes,

RAW MATERIALS COSTS

The raw material costs are based on the
quantities of materials taken from the
material balances for the U/AN~GN
process. 2 yield of GN from urea, bv the
two-mole equation, of 85% and a yield from
armonium nitrate of 97% were used. These
values are considered to be conservative,

The costs are bkased on the materials as
received except for the ammonium nitrate and
the nitric acid where the guantity shown
specifies 100% material.

The catalyst.,costs are based on a mileage
of 200 pounds of GN per pound of catalyst,

This value, in turn, is based on the pilot
245
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plant operation and is considered to be
conservative,

Figure 3-4 shows a plot of unit
catalyst price versus catalyst consumption
as determined frcm the data furnished by
Air Products and Chemicals Incorperated
to Picatinny Arsenal, refer to letter of
Higginson to Wachtell, Dec. 21, 1972, .
Section 7.0, Exhibit 7.4.

The catalyst‘consumption was calculated
from the GN required and the mileage value of
200. A unit catalyst cost was obtained from
Figure 3~-4 and multiplied by the catalyst
consumption to produce the total catalyst
cost which was divided by the NQ production
rate to yield the catalyst cost per toh of
NQ.

BY-PRODUCT CREDITS

The by-product credits are bhased on the
quantities from the material balances for
the U/AN-GN process. The unit costs are
estimated selliing prices based on current
costs obtained from the Hercules Purchasing

Department.

3-16




CATALYST COST, $/L8.

FIGURE 3-4

COST OF CATALYST
AS FUNCTION OF CATALYST VILUME

DATA FROM
AIR PRODUCTS & CHEMICALS, INC
~ LETTER UF HIGGINSON TO
WACHTELL, DEC. 21, 1972,

10 - REFER TO EXHIBIT 7-4

7 =
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CATALYST PURCHASED, LBS./YR.
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In the case af the Ammelide it is
assumed that the costs for disposal will
be approximately the same as the credit
for the ammonium sulphate.

The total quantity of ammonia, 0.45
tons per ton of NQ, in the off-gas is
shown as a by=-product credit. An amount
of 0,04 tons is charged to the process as
raw materials for use in the ammonia sulphate
plant. A selling price of $70.00 per ton.was
used to determine the by-product credit for the
ammonia. This is $5.00 per ton less than the
purchase price of $75.00 per ton used for the
BAF-GN to allow for any cost incurred in

‘'selling the ammonia.

3.6.9 LABOP, FRINGE BENEFIT, AND GENERAIL AND

ADMINISTRATIVE RATES

The source derivation of the accounting rates

is provided in Section 7.0, Exhibit 7.3.

SOURCE DERIVATION OF RECURRING COSTS AT OPERATING

RATE OF 25%

3.7.1 SUMMARY OF OPERATIONS COSTS

A A AL A3 P o b S R i he 3 b e B 24 A e e

The operatidns costs shown on Figure 3-5 for

the operating rate of 25% are the annual
recurring costs for each year of the project's
ten (10) year economic life. The total recurring
costs are shown on Figure 3-1, Format A, Item 8,

Column b.
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3'7.3

3.7.4

3.7.5
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These costs are based on the costs for .y
the operating rate of 100% shown in Figure 3-3 H
and discussed in Section 3.6. The following
discussion is based on the acceptance of all
previous data and assumptions. Therefore
only the modifications and additions to the
previous discussion are provided, The
reduction from 14,600 tons per year, 100%
operating rate, to 3,650 tons per year, 25%
operating rate, must be_carefully considered
for those quantities and costs expressed on a

per ton basis.

DIRECT LABOR

Refer to Section 2.6.2 and Figure 2-9.

REPAIRS LABOR AND REPAIRS MATERIALS COSTS

Refer to Section 2,6.3 and 2.7.3.

ELECTRICITY COSTS

Refer to Sections 2.6.4, 2.7.4 and 3.6.4.

The same procedure was used to determine
the electricity requirements for the 25% rate
for the U/AN-CN process.

STEAM COSTS
Refer to Sections 3.6.5 and 2.7.5,.

The same procédure was used to determine

the steam requirements for the 25% operating

rate for the U/AN3GN process,

3-20
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3.7.6 WELL WATER COSTS

Refer to Section 2.7.6 and 3.6.6.

3.7.7 RAW MATERIAL COSTS

Refer to Section 3.6.7. The raw material
costs, except for the catalyst costs, are
assumed to be constant for each ton of NQ
produced,

The catalyst cost was determined by
the same procedure discussed in Section
3.6.7 and indicated on Figure 3-4.

3.7.8 BY PRODUCT CREDITS

Refer to Sections 2.6.8 and 3.6.8.

3.7.9 LABOR, FRINGE BENEFIT, AND GENERATL AND

ADMINISTRATIVE RATES

The source derivation of the accounting
rates is provided in Section 7.0, Exhibit

7.3.

251
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SENSITIVITY ANALYSIS

The sensitivity analysis criteria are defined in
Section 1.2, Criteria 1.2.12 and 1.2.13. This
analysis was performed for both the BAF-GN and
the U/AN-GN process in terms of the constant
dollar costs.

4,1 UNIFORM ANNUARL COSTS AS A FUNCTION OF

OPERATING RATES

The plot fur both the BAF-GN and the U/AN;GN
process is shown on Figure 4~1. The uniform
annual costs for the 25% and 100% cpérating
rates were obtained from Format A, Item 10 b
or 12 b for the respective processes.

Since only two (2) points were available
for each plot, the function was assumed to be
a étraight line between the operating rates
of 25% ana 100%.

4.2 UNIFORM ANNUAL COSTS AS A FUNCTION OF THE

ECONOMIC LIFE OF TEN (10) YEARS

The plot for the BAF-GN process is shown on
Figure 4-2; while the plot for the U/AN-GN
process is shown on Figure 4-3, The data

for the two (2) processes is shown on

Figure 4-4. This data was calculated from

the Format A data for the respective processes,
Since these data are essentially the same,

separate plots were made to avoid the plots

being superimposed on one another.

4-1

Tl

~r



UNFORM ANNUAL COST, (MILLIONS OF DOLLARS)

FIGURE 4-1
PROCESS COMPARISON -
BAF-GN VS. U/AN-GN

UNIFORM ANNUAL COST TO PRODUCE NQ

AS A FUNCTION OF OPERATING 3ATE FOR

A 14,600 TPY CAPACITY NQ PLANT

s |-
al
BAF-GN—,
U/AN-GN
15 |-
TOTAL DISCOUNTED PROJECT COSTS
10 - BAF-GN  U/AN-GN
PROCESS ~ PROCESS  VARIANCE
OPERATING
RATE, % (CONSTANT DOLLARS IN THOUSANDS)
51 100 80,859 69,912 10,947
25 - 65679 57,722 1,957
0 i ] ] 3
0 25 50 75 100

OPERATING RATE, (PERCENT OF CAPACITY)
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FIGURE 4-4

DATA FOR UNIFORM NNUAL COST VS ECONOMIC LIFE

IN THOUSANDS NOF DOLLARS

Year of BAF~GN (2) U/AN-GN (2) BAF-GlIl (3) U/AN-GN (3)

Economic 100% 100% 25% 25%

Life (1) Capacity Capacity Capacity Capacity
1 $75,845 $75,658 §72,407 $72,639
2 44,727 44,095 41,103 40,902
3 34,385 33,596 30,699 30,346
4 29,232 28,369 25,515 25,090
5 26,157 25,254 22,422 21,958
6 24,117 23,197 20,377 19,889
7 22,688 21,738 10,932 18,423
8 21,620 20,658 17,858 17,336
9 20,801 19,827 17,034 16,501
10 20,153 19,166 16,383 15,837
11 19,111 18,178 15,523 15,008

(1) The total economic life is ten (10) years, since the first

and last years shown represent a split year the sum equals

one (1) total year of the economic life.

{2) Adjusted each year for return of Working Capital.

(3) Not adjusted for return of Working Capital except in

the last project year.

25%
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5‘0

CURRENT (INFLATED) DOLLAR ANALYSIS

As a supplement to the primary ahalysis in terms of
constant dollars, a secondary analysis in terms of
current (inflated) dollars was made.

The results of this analysis are documented on
Format A, Figure 5-1 for the BAF-GN process and
Format A, Fiqure 5-2 for the U/AN-GN process.

The same non-recurring and recurring costs used
for the constant dollar analysis were inflated by
using the factors from the FY 74 Inflation Guidance,
Section 1.0, Criteria 1.2.2., The inflated costs
were then inserted in Format A, Item 8, Columns a, L,
and ¢ on Figures 5-1 and 5-2. The costs were then
discounted by the sc.ie procedure used for the ccnstant
dollar analysis.

The discounted annual costs are summarized on

Figure 1-1 for comparison of the two (2) processes.

5-1
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6.0 GN OFF-GAS UTILIZATION STUDY

260

6‘

1

6.2

6.

3

OBJECTIVE

To perform an analysis of the alternatives for
utilization of the ammonia and carbon dioxide cff-
gases from the U/AN process for manufactﬁring guanidine
nitrate (GN).

The choice was to be based on (1) practicability:;
(2) ease and reliability of operation; (3) investment

cost; {(4) operating cost; and (5) ease in use of, or

disposal of, the recovered material.

REASOM FOR STUDY

The U/AN-GN process reacts urea and armonium nitrate
in the presence of a catalyst. For each molecular weight
(mol) of Urea which reacts with ammonium nitrate under
the reaction conditions, one mol of urea decomposes into
two mols o ‘»nia and one mol of carbon dioxide. These
two mater .ave tﬁe reactor as a gas mixture and are
gases at ambient temperatures and pressures. At the
required production rate of 17,500 tons of GN per year,
6,600 tons of ammonia and 8,500 tons of carbon dioxide
will be produced. Uniess recovered and used or sold, the§
represent a loss of valuable material and the ammonia
becomes an atmospheric pollertant.

COMNCLUSICON '

The process finally selected for utilization of the
off-gas mixture was the following:

Separate the ammonia and carbon dioxide in the

off-gas. Vent the carbon dioxide to the atmosphere.

6-1
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6.4

Liquefy the ammonia aﬁd provide seven days storage
for internal use or for :ale.

This case (ilentifiea as Case I beclow) more nearly
met the criteria stated in the objective, than any other
case studied. The s2lection of this case was approved Ly
the Army on August 6, 1973, after the study had been
presented to the Army on August 2, 1973.

DISCUSSTON

Nearly all of the known means for hsing ammonia and
carbon dioxide have been investigated by Hercules.in the
past, since we manufacture ammonia and obtain carbon dioxide
as . by-product from several rrocesses. In addition,
Hercules has considerable experience in the manufacture
of nitric acid, urea, ammonium nitrate, nitrogen
fertilizers, and other nitrongen compounds.

From this knowledge, five cases, which appeared to
meet all or some of the criteria in the objective, were
formulated. The Army, during the meeting on August 2, 1973,
suggested a sixth case and this was included in the study.

The cases studied are tabulated below:

Case 1 - Purchase ammronium nitrate and urea.

Separate ammonia and carbon dioxide in
the off-gas. Vent the carbon dioxide
to the atmosphere. Liguefy the ammonia
and store for use or sale. Provide 7

days ammoniar storage.
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Case 1II -
Case III -
Case IV

Case V

Case VI

~Ny
o
(3]

Same as Case I, except provide

90 days ammonia storage.

Purchase urea and 56% nitric acid.
Neutralize all ammonia in off-gas
with nitric acid. Provide storage
for use or sale of excess ammonium
nitrate made from ammonia off-gas
(over that reguired for the U/AN
process).

Purchase urea. Sepdarate ammonia
from carbon dioxide in off-gas.
Provide nitric acid plant to

convert part of ammonia to nitric
acid. Use another part tb neutralize
nitric acid to provide ammonium
nitrate for U/AN process., Provide
storage for balance of ammonia not
used abkove.

Purchase ammonium nitrate, ammonia
and carbon dioxide. Provide total
recycle urea plant, Recycle all
off-gas to urea plant.

Purchase urea and nitric acid. Provide
neutralizer to make ammonium nitrate
required for GN process. React
sufficiem off-gas and nitric to
ma¥e the ammonium nitrate. Separate

ammonia and carbon dioxide in excess

§~3




off-gas. ILicguefy ammonia and store.
Vent carhon dioxide to atmosphere.
These cases are shown schematically in Figure
6-1. The comparison of the six cases is shown in

Figure 6-2,

The comparison includes materials to be purchased;

materials to be sold, used or disposed of; investment

costs; operating costs; and advantages and disadvantages

for each case,

The Capital Investment is further detailed in
Figure 6-3. All dollar figures are mid-1973 prices
and were estimated for this comparison from prices
currently Seing quoted for similar equipment.

The Operating Costs are further detailed in
Figure 6-4, Pricec for raw materials were obtained
from Hercules Purchasing Department, and represent
mid-1973 delivered costs in Kansas.' Lakor, super-
vision and overhead costs on direct labor were based
on costs supplied by Sunflower Army Ammunition Plant.
Unit costs for utilities are an average of mid-1973

costs.
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CNHIRIT 7.1
(PAGE 1 of 2

DESCRIPTION OF RAF-GN PROCFSS AND U/AN-GN PROCFSS

The two (2) processes for the manufacture of quanidine

nitrate (GN) included in this economic study are the Pritish

Aqueous Fusion (BAF-GN) Process and the Urea/Ammonium Nitrate

(U/AN-GN) Process. The following is a brief description of the

process flows for each of the processes.

7.1.1

274

BRAF-GN Process

Calcium cyanamide is reacted with excess ammonium
nitrate to yield calcium nitrate and quanidine nitrate.
The reaction product is treated with ammonium carbonate
to precipitate calcium carbonate and recover the nitrate.
values as ammonium nitrate. The slurry is settled in
decanters, and the clear liquor is sent to vacuum
crystallizers. The cool slurry from the crystallizers is
centrifuged and the crystals are sent to a dryer; The mother
liquor is concentrated for recycle to the reactors.

A by-product stream of ammonia from the reactors
is absorbed in water to yield agqua ammonia. The slurry
from the decanters is filtered and washed to yield a
calcium carbonate which is calcined to yield lime and
carbon dioxide. The carbon dioxide is absorbed in
the agqua ammonia to yield ammonium carbonate which

is used to precipitate the calcium from the reactor.




7.1‘2

FXUIRIT 7.1
(PAGE 2 OF 2)

U/rM-GN Process

A solution of urea, ammonium nitrate, and guanidine
nitrate composed of make-up urea and ammonium nitrate
plus concentrated recycle mother liguor is passed over
a silica catalyst at elevated temperature. The urea
and ammcnium nitrate react to yield guanidine nitrate
and by-product ammonia and carbon dioxide. The gases
pass to an absorber train to separate the ammonia
from the carbon dioxide. The ammonia is sold, and
the carbon dioxide is vented,

The reactor product is diluted with water to
precipitate traces of ammelide which are spun out in
a continuous solid bowl centrifuge. The clear liquid
is cooled in a vacuum crystallizef. The slurry is
centrifuged. The crystals are dried. The mother

liquor is concentrated and is recycled to the reactor.
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FXHIBIT 7-3
(PAGE 1 OF 3)

SOURCE DFRIVATION OF ACCOUNTING RATES

All rates used in the calculation of recurring operations

costs were determined by the Sunflower Army Ammunition Plant

financial management.

Salary and wage rates used are the actuals for June 1973.

Fringe Benefit and General and 2dministrative Overhead

rates were calculated by annualizing the January thfough July

1973 actual experience which was then adjusted to include base

and expense pool dollars for the indicated employment level for

each process studied.

Rates used are summarized below:

Average Hourly Rates (June 1973 actual)

Wage $4.80
Non=-exempt salary $5.36
Exempt salary $8.47

Allowed Time Factor (Vacation, Holiday & Absenteeism)

Wage 10.20% of Total Hours
Non-exempt salary 10.812% of Total Hours
Exempt salary 11.39% of Total Hours

Direct Labor Calculation

PFourly Yearly Allowed Time Direct

Rate Pay* ] 2 Labor
Wage $4.80 $ 9,984 10.20% $1,018 §$ 8,966
Non-exempt salary . $5.36 511,149 10.81% $1,205 $ 9,944

Exempt salary $8.47 $17,618 11.39% $2,007 $15,611
*Based on 2080 Hours/year. A

Fringe Benefit Rate

Fringe benefits are considgred to be 100% variable with
labor therefore, the same rate is used for hoth levels of

production for each process. 279
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EXHIBIT 7~3
(PAGE 3 OF 3)

E. General and Administrative Overhead cont'd.
BAF BAF U/AN U/AN
100¢% 25¢% 100% 25%
Pool Costs $ 697,191 $ 697,191 $ 697,191 $ 697,191
Rase 2,617,170 2,247,958 2,346,251 2,084,909
Rate 26.64% 31.01% 29.72% 33.44%

Elements of cost included in this pool are:

Maintenance Department (plart general maint.)
Engineering Department :
Personnel, Plant Protection, Safety & Medical
General Services

Plant Administration

Relocated Costs

Allocated Fringe BRenefit (Indirect Salaries)

E@,74ﬂ9
'This Document Contains Missing 281
Page/s That Are Unavailable In
The Original Document 7-6




FXHIBIT 7.4
(PAGE. 1 OF 5)

DEPARTMENT OF THE ARMY
PICATINNY ARSENAL
OOVER, NEW JERSEY 07801

-

g 16 mp;

Mr,. Norman Steele
fercules inc
Kenvil, New Jersey 07847

Dear Mr. Steeles

Reference is made to Contract DAAA21-71-0193, Phase IV - Economic Study
of Nitroguanidine Processes.

This Arsenal had indicated verbvally that the Air Products and Chemical
catalyst (532CP) cost input into the urea/ammonium nitrate process
economic study would be based on the fixed capital and operating costs
requirements 1o manuiacture 200,000 lbs of catalyst per year. These
estimates were to be supplied by this Arsenal.

Subsegqueat d1sSCuSS10as With the catalyst supplier has resulted in an
inaoiiicy o suppiy all the economic data. Accordingly, the following
Jrocedure saouic ve adcpted in pursuance of the above referenced contract
X al A

204 bt |

] 1. Hercuies ie 0 aetermine tne annual Alr Products and Chemicais
silica oead, #532CP requirasment sased oa operating experience in the
pilot plaat.

2. Hercuies 18 o assume tnav this catalyst will be avallable Jor
Jurcnase Jroem Alr Procucts znc Cnemiczls Inc irn the quan:ilivies reeded.

L. dercuaies 1s o Gerermire tad <stimated unit fFUS cost oF tnis
CAHTALYST SabeG 0L Wne Tollowing 2suimaec quantity/pr;ce CLITaTicn

ol ke sAIdller.

Lbs, ourchased/yz FOB Unit Price
25,006 $5.00/1b
50,000 4,00/1b
250,000 2'50/11.,
282 77




EXHIBIT 7.4
(PAGE 2 OF 5)
" SARPA-MT-C T
‘{ Mr. Norman Steele
In order to determine the dctual estimated price for intermedlate quantities
required, a curve should be plotted based on the above and the FOB estimated
sales price taken from this curve using 25,000 1b increments. Freight

cost should be addud from the point of origin, Paulsboro, New Jersey
to Sunf" ower Army AmmunitiPn Plant, Kansas.

4, The estimated prices quoted in item 3 are to be assumed ax of
nid-1973. Price escalation due to inflation would be added to the: 1973
price. However, predictions by the catalyst supplier indicate tlat
other markets ror this particular cataiyst can be anticipated and that
a rock boitom price of $1.50/1b can be foreseen. This latter price 1s
for general information and not to be used in t.e forma. economic report.

Sinccrely yours,
( . ‘- ,"".‘ 7’ /'
"C. H. NICHOLS
Contract Project Officer

Copy furnished:
/ Mr. Douglas Clarke
AMSAR-C?PL, Mr. L. Guerrero

7-8 283
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CHEMICALS GROUP

Five Executive Mall, Swedesford Road, Wayne, Pa. 19087

* FXFIBIT 7.4

W. J. Cross, Jr., Ge 1 Manager
HOUORY DIVISION (PAGF 3 OF 5) 033, Jr., Genera g

R. G. Craiq, Mkt. Mgr,
Tet: (215) 687-6150
Twx: 510-668-2034

December 21, 1972

Commanding Off1icer
Picatinny Arsenal .
Dover, New Jersey 07801 .

Attention: SIUPA-MT-C
lar. S. wacihtell

Gentlemen:

This confirms the telephone conversation that you,
Mr. Nichols, and myself had on VWednesday, December 20, with
rezard to our supplying macropornus silica beads in the coming
months.,

As a result of our recent meeting on December 8, we in
Air Products have reviewed the probatle investment and manu-
facturing costs to produce the product in quantities up to
250,000 pounds per year on the assumption that you would be
the sole customer. At‘the same time, you will recall that
our former price schedules were based on projections of higher
quantities to be produced.

As you are also aware, 1t 1is necessary for us to reinstall
our pllot plant equiobment as well as make some substantial
improvemants to it at a zignificant coct to ourselves, If this
1s done, however, it appears that we might have enough capacity
to handle your potential requirements., Of course, a lot depends

- on the catalyst 1ife when in use., Accordingly, we made the lol-
lowing proposal to yourselves:

1, For the immedlate need of an additional 1,000

- pounds of catalyst for pileot plant work, we
propose a charge of $10,000 for set-up costs
plus $2.25 per pound selling price, f.0.,b.
Paulsboro, NJ. We indicated that should your

284




Plcatinny Arsenal
- = Page 2 EXPIRIT 7.4
Decemper 2i, 1G72 (PACF 4 OF 5)

process become commercial and you undertake to
buy comrmercial quantitles frcn us at a later
date, wec would work out a refunding arrarge-
ment for the 310 0CO cet-up charge in the form
of a credit agalnst the catalyst purchased.

Insofar as timing 1s concerned, it will take

90 days to acqulre the necded eauipment that

we propose to add to the npilot unlt, and we

feel 1t icascrable to cllow another 30 days

beyond thlc Tor completion of incstallation,

The actual praduction of the 1,000 pounds,

once we are operating, should takc only a

very chort tim2, wernaps no more Jhen a week.

Your lir. Capgiano asked in one telerhone con- .

versation what the timing would be on 200 pounds.
e i vveom o o Betually, uhqp we would do in such a case. would
TR NmA MRRTENL N 2T be to take the first 200 pounds completed from

the 1,000 poundz; thus, LI you wantcd 200 pounds

completed from the 1,000 pounds ahcad of the

balance, we would galn a few days but not a

great anount of time.

2. Looking ahead to a situation in vhich you will
be purchasing commerclal quauatities of catalyst
and again on the assumption that you would prove
to be the only customer that we uould have fcr
the material, we estimate the  following prices
for the product:

Pounds Purchaced Dollars Per
Per Ydar Pound
25,000 5.00
50, 000 4,00
250, 000 2.50 -

For intermedlate levels of production, you can
estimate nrices by drawing a curve through the
above three roints., I am sure you appreclate
that these figures are estimates 2t this time
and not firm quotations. Alsc the situation
could change 1f we are succcssful in develovling
additional ‘'markets for thc beads. Should our

- annual sales ecxceced 250,000, then the price for
quantities in the 25,000 pound range would
obviously be lower.

. 285
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' o Plcatinny Arsenal EXPIRIT 7.4
"* Page 3 .
December 21, 1972 ' (PAGF 5 OF 5)

Regarding the question of our assuring you of a supply
of the material, I indlcated upon receipt of your orler for
a 1,000 pounds undcr the tetms of thils proposal, we would
inittate installatlon of the pilot plant eaquipment., Further-
more, we agree to raintaln the equipment in operable conditicn
till the end of 197%. This date will provide you ample time
to make a declision on your commerclial facility and indicate
to us vhether we will have to provide additional production

- capacity beyond the initial pilot plant stage.

I further indlcated that we have discussed this proposal
together with our potential finanecial commitments with our
Profit Center's General lanager, who has given his agreement
to this plan oft action. At the same time, I am sure you are ,
aware that for substantial expenditures for new equipment
we always have to seelt formal approval from our Board of
.. . . Directors, Since ve have provided in thec above estimated

— ‘Tl ot eosts to maKe'this what we believe’a viable project, we fore-

see no proolem in this regarad.

I hope that this letter summarizes all of the informa-
tion that bears on your situation and which will permit you
to make an early declision from your end. Certainly, we are
most interested in working with you, and we want to cooperate
with you in every way possible., If there are more questions,
please do get in touch with us.

%' Yours e"y truly,
%kt‘ﬁ——"\-
G, w/<BiE¢£Aaon

Mana talyst Sales

-

Gwﬁ:mef

Nichols, Plcatinny Arsenal
\Mr Norman qteel Hercules, Kenvil, NJ
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