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Reference: XR 441/11)

1, SUMMLLRY.

Guanidine nitrate may be prcpared by reacting nitrolim with a concentrated
- aqueous solution of ammonium nitrate at temperatures between 120° and 160°C,,
the so-called "Direct Fusion" Process.

L pilot plant has been installed and operated on this process at Waltham
Abbey. It comprises o continuous reactor operating at 120°C. and ancillary
«’ plant to isolate the product and concentratc and recycle excess ammonium
nitrate liquor,

Successful operation has been achieved in several runs of about 200 hours
continuous duration and outputs up to 50 1b. per hour of guanidine nitrate
have becn obtnined. An isolated yicld of 87% crlculated on the celcium cyana-
mide content of the nitrolim has been obtained with n reaction time of 1 hour
and the yicld is expected to rise to over 90% by allowing greater reaction time.
The oroduct purity has averaged 98% guanidine nitrate,

A comparison:with plant which would bec necessary for batch operation
shows that the prineipal ~dvantage of the continuous process lics in a simpler
operating procedure and reduced labour requirements.

Prcliminary plant flowsheets for producing 50 short tons/week of guanidine
nitrate have been prepared (Figs. 1, 2, 3, 4) and the dimensions of the
V/'principal plant items calculatcd and tabulated, These are based on an estimated
95% conversion of cnlcium cyanamide to guanidine nitrate and an ammonium
nitrate consumption of 11Gj; of theory.

2. RECOMIMEND..TION,

That 2 production scnle unit operating the continuous "Direct Fusion"
process be built n~nd opcrated to provide full scale experience for future picrite
plants,

The scnle of unit should conveniently be that shovm in Fig. 3 which could

opernte alongside thc 40 tons per wcek plant ~t Bishopton or Crerwent and would
incidentnlly give n grenter yicld of gunnidine nitrate,

3, INTRODUCTION,

4 continuous 'direct fusion' pilot plant for thc mrnuf-~cturc of gunnidine
nitrnte hns been dcveloped ~nd opernted during the 1last two years, The plant
is designed on the bnsis of laboratory work in E.R.D.E. (1), (2) on a reaction
earlier studied by I.C.I, Ltd, (4). Work is still continuing on the pilot
plant to improve the operntion of some plant units and to establish better
yicld figures but thc process hns been proved, and experience of continuous
operntion for periods of over 200 hours has been obtnined.

Becnuse of the urgency of thc picritc production position it wns considcred
uscful to issuc this mcmornandum summnrising the present position of pilot plant
development nnd, bascd on this, outlining a design for a plant to manufacture
50 ton/week of gusnidine nitrate, for considerntion by the Production Departments

/in
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in relation to their proposed Picrite 'Pilot' Plants. Designs based on both
batchwise and continuous reactors have been made in order to clarify their
relative andvantages, since, on a laboratory scale, batchwise manufacture has
given yields of 987 compared with 95% by continuous operation (3 Gl

Meanwhile reports giving design data and details of pilot plant perform-
ance are being prepared.

L, EXPERIENCE WITH THE PILOT PLANT,

4.1 Brief Descripiion,

The pilot plant cycle is essentially that now proposed for the larger
scale and shown in the flowsheets Figs, 1 and 3, and the plant items are,with
some exceptions, similar to those indicated in Fig, 3.

The reactor is a steam heated stainless steel tank arranged in four
stirred compartments in series, the first of which is fed continuously with
nitrolim and an excess of boiling concentrated ammonium nitrate liquor. The
reaction is carried out at 120°C, and atmospheric pressure. The reacted
mixture overflows from the fourth compartment to a closed stirred precipitating
vessel where it is diluted and its soluble calcium content precipitated by
addition of ammonium carbonate solution, The mixture is held at 70°C. in the
precipitating vessel to keep guanidine nitrate in solution. The ammonium
carbonate solution is obtained by absorbing the ammonia from the reactor off-
gas and feeding the resulting ammonia liquor, together with a stream of carbon
dioxide gas obtained from Drikold liquefiers, to the closed carbonating vessel,
which is fitted with a vaned disc agitator and cooling coils. These processes
are carried out continuously. The slurry in the precipitation vessel is fed
batchwise to a Sweetland filter where the precipitated calcium carbonate sludge
containing also impurities from the original nitrolim, is filtered off at 65° -
70°C, , and the hot guanidine nitrate-ammonium nitrate filtrate is collected.

On the pilot plant this is crash-cooled by continuous addition to a stirred
crystallising vessel which holds a large bulk of crystallising magma at 20° -
259C, and a bleed off of guanidine nitrate slurry is run to a batch or contin-
uous centrifuge. The guanidine nitrate preoduct is washed on the centrifuge.
The ammonium nitrate mother liquor receives an addition of make-up amronium
nitrate and is then concentrated continuously in two steam heated pans before
recycling to the reactor. The weak liquor is pumped and metered into the
evaporating pans and the concentrated liquor at a boiling point of 130°C. over-
flows directly back into the reactor.

L.,2 Throughput ~nd Yield,

In the initial stnges of development the plnnt was intended to operate
nt o production rate of 112 1b/hour of guanidine nitrnte using a renction
tempernture of 160°C. and ~ nominal reaction time of 30 minutes.  Experiments
performed concurrently with the construction of the plant, established that
the same degree of corpletion of reaction could be obtained at 120°C. if the
renction time were extended to 120 minutes. The lower operating temperature
wns ndopted on the pilot plant on the grounds of increased safety and 2 lower
reconcentrnting temperature,

As o result, it wns necessary either to enlarge the reactor, or, with the
same reactor, to accept a reduced yield or a reduced throughput. It was
decided to use the existing renctor at a throughput equivalent to half <the

/designed
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designed rate with a reaction time of 60 minutes i,e. half the reaction time
stipulated,

) Under these conditions, an isolated yield of 87% was obtained in the

i most recent run, which was of 170 hours duration, and it is known that this

3 could be imoroved to 80% by improved sludge washing. In addition, by
doubling the nominal reaction time to the prescribed 120 minutes the yield
would approach the 95% obtained on a 3 1b/hour laboratory continuous-flow

8 stirred tank reactor (3). Work will continue to establish this point,

4.3 Ammonium Nitrate Loss.

The ammonium nitrate consumption was 1207 of theory of which 13% was lost
through insufficient washing of the sludge and preduct; the remaining 7% was
not accounted for but probably included entrainment losses at the evaporation
stage. The loss through insufficient washing could be reduced to about 5%
in regular operation, and entrainment losses will be reduced by improved cvap-
orator equipment. It is expected thot the overall ammonium nitrate con-
sumption will compare favourably with the laboratory consumptions of 105 = 110%
reported in (2).

L., Product,

The purity of the product by the dircct -usion process has been comparable
at both the laboratory and pilot plant production rates. An aversge guanidine
nitrate content of 987 on a dry weight basis has been obtained on the pilot
plant. This is a decided improvement over the dicyandiamide process where
the product contains only 9C/ of guanidine nitrate and 107 ammonium nitrate.
This point is important since a high ammonium nitrate content necessitates a
B - corresponding increase in the sulphuric acid consumption during the subsequent
' nitration stage.

4.5 Development Work.

Previous paragraphs in this section have reported the performance of the
plant in the advanced stage of development now reached. Considerable design
work, running trials and loboratory investigations were undertaken in reaching
the present stoge. These will be reported in detall in separnte reports, but
the scope of the work is indicnted here:

(i) In nddition to the renctor itself, ancillary plant for
z nbsorption of the reanctor off-gas, isolation of the product, and
concentration ~nd recycling of the ammonium nitrate mother liquor
h~ve been studied.

(i1) Some 17 runs were mnde, oll of which involved continuous oper-
ction for mrny hours, and some up to 10 days, during which oper-
. ational difficulties have been found and remedied, and the yield
brought up to %he present figure.

(114} The theory of continuous renctors was applied, and it was con-
cluded that n yield of 95/ could be expected from n reactor consist-
ing of 4 stirred compartments or vessels in series with a total hold-
up or nominal reaction time of 120 minutes. The reactor was modi-
fied, mrinly by reducing the free passage-way between corpartments to
moke them more nearly separate consecutive compartments, and four
tricls were mnde in which the degree of conversion in the reactor
was measured, Conversions of 93/ were obtained, which approached
the theoretical figure. The yield of isolated product from operation

/of
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of the whole plant has not yet reached this figure, which ?ndicates
that some losses, probably physical losses, are occurring 1in the
cycle elsewhere than in the reactor.

(iv) There have been mechanical blockages at some points and means
were devised of overcoming them. At the reactor, blockages were
formed in the nitrolim feed and metering mechanism by wet and caked
nitrolim, and in the gas off-take lines by nitrolim dust and
entrained spray.

(v) Foaming of the reactor mass was a difficulty. It was controlled
(given an adequate free surface for disengagement of gas) by decreasing
the water content of the ammonium nitrate supply by feeding it at a
higher temperature than the reactor temperature, by careful limitation
of the heating stenm tempernture, and by fitting foam breaking
paddles on the stirrer shafits.

(vi) Absorption of ammonia from the reactor off-gas was studied, and
it was found necessary to minimise the calcium nitrate content of
the absorbing liquor (which was previously used for washing the
sludge), and to use a spray instead of a packed absorption tower to
avoid blockage in the tower by calcium carbonate.

(vii) A scheme was developed in which the water added to the system
for washing the product is then used successively for washing the
carbonate sludge, a~bsorbing ammonia, then carbon dioxide and finally
diluting the reactor mass. This simplifies control and reduces to
2 minimum the amount of water which has to be evaporated from the
system.

(viii) Studies were made on the absorption of carbon dioxide in ammonia
liquor to aid design of the carbonator, and of the conditions for
precipitation of calcium from the diluted reaction liquor. It was
shown that only 0.2 excess of ammonium carbonate was required
provided a closed system was employed (the precipitation taking
place at 70°C.). A closed system is similarly necessary for the
subsequent filtration, and a Sweetland filter was therefore incor-
porated.

(ix) Difficulties were experienced in the crystallisation vessel
through gurnidine nitraté "icing" on the cooling coils, and a laboratory
study of "icing" was initiated. Improved equipment has not been
installed on the pilot plant, but the trouble can be avoided by
choice of a suitable crystalliser. This motter is being pursued.

(x) Reconcentration of ~mmonium nitrate liquor wes carried out in
simple Jncketted pans because other equipment wns not then available.
A horizontal tube evaporator is now installed and design data for the’
evaporation stage will be obtained.

(xi) The accurulnation of sulphur impurities in the system has been
investignted, '
(xii) Dnta on corrosion by plant liquors have been collected.

/5
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5. OUILINE DESIGNS FOR 4 50 TON/WEEK GUANIDINE NITRATE PLANT.

It is now possible to make an assessment of the plant requirements for
the manufacture of guanidine nitrate on a scale eguivalent to 4O short tons
per week of picrite. This will require 49.4 short tons of guanidine nitrate
per week, which, on a six day week of 24 hours operation is 685 1lb. per hour.
A six day week is assumed to allow for normal maintenance. In calculating
the sizes of the vessels an extra capacity of 20% has been added in the case
of ancillary equipment and an extra 30% in the case of the reactor, as margins
to allow for abnormal holdups, Flowsheets have been prepared based on carry=-
ing out the reaction continuously (as on the E.R.D.E. pilot plant) and, for
comparison, batchwise, since batchwise reaction is expected to give a slightly
higher yield and might at first sight appear simpler. On the other hand, it
is found that the ancillary plant would be the same in nearly all respects for
batch or continuous operation,

6. CONTINUOUS FPL..NT.

The simplified materinl flowsheet and pictorial flowsheet (Figs. 2 and 3)
are based on the operating experience gnined from the pilot plant at Waltham
Lbbey. The mnin sizes of the important units have been worked out approxi-
mntely to enable o preliminary assessment to be made of the capitsl cost,
floor spnce, etc., whilst more accurate information on scaling up is being
accumulnted,

6.1 Gecometric Form of the Keactor,

This is dictoted by the necessity of allowing the reaction mixture
sufficient free surfrce to permit release of ammonin gas from it without undue
foaming; +this npplies mainly in the first compartment. The capacity of the
renctor first compnrtment recommended is nbout the maximum which would be
suitably provided by ~ single vessel, i.e. = larger vessel would have a dis-
proportionntely large diameter to control foaming. Specinl foam breaking
blades are used as a further control of foaming but even so it is likely that
scaling up to plants above 50 tons per week will involve the multiplication of
the first of the four reaction vessels rather than an increase in size of a
single vessel, (This vessel is surrounded by a dotted line in Fig. il

6.2 Evaporator.

The concentration of large amounts of mother liquor before recycling to
the reactor is an essential feature of the process. For steam economy
multiple effect evaporation would be used and the concentration would be
carried out continuously, irrespective of whether the reaction is batchwise or
continuous,

6,3 Lnmonia Evolution.

In the continuous process the ammonia evolution is steady and consequently,
oncc the absorption system hes been ndjusted to the appropriate throughput
rate, no constant resdjustment is required.

6.4, Dust Scrubbing,

The gnses evolved from the point where nitrolim is added entrain sufficient
nitrolim dust to mrke o~ wet scrubber essentinl. Since this neecds mounting
immedintely adjacent to the vessel one such unit could be mnde to serve two

/first
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first compartment vessels in a large continuous plant.

7. PLANT FOR i B.LTCH PROCESS.

Even if the simplest system of batch operation were used (i.e. one vessel
for reaction and precipitation, transfer through a filter to another larger
vessel, where crystallisation would take place), the final mother liquor would
be run to a continuous multiple effcct evaporator as noted above. In this
simple arrangement, the largest unit would be dictated by the maximum rate at
which ammonia can be evolved from thc reactor surface without the foaming be-
coming uncontrollable, This size, operating with nitrolim, would in fact be
a batch charge of about 3000 1lb, yielding 500 1lb. of guanidine nitrate with an
operating cyclc of 3 hours giving a weekly output of 12 tons per week,

Thus it would require 4 such batch vessel to give the desired production
rate. Therefore, it would be advantageous, if the batch method were contem-
plated, to proceed to a more practical arrangement of 5 batch reactors working
in rotation. With a 2 houtr reaction time this would give a semi-continuous
flow of reacted liquor which could best be processed by similar equipment to
that proposed for the continuous plant. Fig.4 shows such an arrangement and
gives the approximate size of the reactor vessels.

8. RELLTIVE ,LDVLNILGES OF THE CONTINUOUS ..ND B..TCH PROCESSES.

8.1 The batch process would require constant skilled attention for the
various intermittcnt opcrations in order to ensure smooth operation. . large
number of actions would have to bc carried out at half-hourly intervals. The
continuous proccss calls for the maintenance of steady conditions with major
operations only at starting and shutting down; 1less labour is required for a
continuous plant and therc is less chance of humnn error. It is estimated
that on the 50 ton/weck scale une man could supervise the continuous reactor
and n~bsorption system wherecns five men per shift might be needed to operate
the cquivalent batch. reactors and absorbers. 4 further four men per shift
might bc required to operatc the other 'workup' plant in either cnse.

8,2 The ~mmonin nbsorption system would be considerably complicnted by
batch working. Whereas in the continuous plant an absorber would operate at
constant grs throughput and liquor feed (which could be automntically controlled),
the batch absorber would be required to handle a varying cyclic gas load and
the liquor feed would have to be adjusted continually to suit. About 33%
increased capacity for the sbsorption tower would nlso be required and more
dust scrubbcrs would be nceded.

8.3 There would have to be separate nitrolim feeding equipment for each
of the five batch renctors,

8.4 In the loboratory ~ yield 37 better using batch compared with continuous
operation is claimed (7).

€.5 It might be simpler to deal with sludge accumulation in_the batch
reactors.,
9. CONCLUSION,
It is clear that batch operation requires much more labour, In war time,

economy of man power is most important, and thc 37 difference in yield could be
dissipated by unskilful operation in thc more complicated batch proccss.

- 6 - 'g}- R /it
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It is concluded that continuous operation is preferable.

10, NCTE ON SAFETY OF PROCESS.

Experimental work on various mixtures containing ammonium nitrate,
nitrolim and guanidine nitrate with moisture contents of up to 57 has been
summarised (5), (6), No data are quoted for the actual reactor liquor which
normally contains 15-2C7 water.

The designs discussed have not taken account of restrictions on size and
arrangement of plant which might be necessary for protection,

11, BIBLIOGRAPHY,

1. W,W, Jones, A.T. Thomas, B.L., Hollingsworth and
P. Coxon, E.R.D.E. Report No. 16/R/49.

2, B.L. Hollingsworth ~nd W.W. Jones, E.R.D.E. Report No. 27/R/51.

3. B.L. Hollingsworth and T.M. Wnlters, E.R.D.E. Report No, 5/R/52,
in preparation.

4. W.W., Jones, E.R.D.E. Survey No. 3/S/L9.
5. B.L. Hollingsworth, E.R.D.E. Report No. L4/R/49.
6. B.L. Hollingsworth, E.R.D.E. Report No. 9/R/51.

7. B.L. Hollingsworth and T.M, Walters, E.R.D.E. Report No, 2,/R/51.

M.No,13/52.
S.No, 274 . BM,

1A



kel o Nitrolim
| Reaction _:._[—

- Reaction
ste | SRR
Gas = ¢ Werer
Aqueous
Ammonia A
' A * _J Hot .
Carbon mmoniu Precipitation
Dioxide i I"'Eto'gg& *
Hot
{ Wash Filtration
— Water +
ﬁ Hot = :
=
A Crude &tjtéerr Nitric Acid
Sludge ‘ *
Washed — H!t Crystallisation W
Sludge = WOShing * }
‘ Cold Cold
Water
A ' H
| Crude
New Gu. Nitrate
Water L '
ificat Condensate
| | Wash '—Punflcatwn <—R¢turn¢: —
Water \G Precens
| |
Purified
Gu. Nitrate

Fig. | PROCESS FLOWSHEET for GUANIDINE
; NITRATE by the DIRECT FUSION METHOD.

l5-A




REGPo #22M J2d 2}140ld SUOY Woys  Op = | 40}0D2Y WO4} PI2IA % S6 40
yowm 120 SUCY 1IoUs prgp — 4420 2DAIN 2UPUDND QI OS89 sisog

p2jUnoa5DUn
2I0JUN 2upiuong |0-9€
403002y U] 850 oMY
$25S07)

IN3NLILSNOD ql

-4l LN3NLILSNOD

INVd JLVHLIN 3NIQINVAD 405 133HSMONE SIVIHIALVN Q3aIENdWIS ¢ B «
; ! &
[} |
] |
[} |
l |
i |
0-L£S2 " ! 0-LeS¢2
1 ]
| |
J210M |O-POS “ )
210N 2upKONS |O-€€ _ |
23D4}IN wniuowwy | Q- IS ! 1
sagnjosy] (0601 | :
26pnis " “
$2sD09 42410 |06 “ “
Zoo |06 " |
$25D%) 215D\ ! |
) |
| A | !
( |
| _\
4210M | O-LE " UOTIDI002S : 0 o9 3210M
RDUIN WnNOWWY |O-9 ! Ol 2S - 501d ; O - Ie¥| op¥olp UoGIDD
210N 2ulplons [0-589 ! PnNpold N e _ IR DUOWDY
3onpoig m ml O 6ve PIoy SN
! |
_ _
1 |
| 4 “
1 |
| [}
| |
! i
| I
. I
" _ O 7oz N uniuouy
“ UOIDIOJDATH——s= 103002y
[}
" 0 -568 WIoINN
210NN wAOWWY(O- | § "
23023IN 2UpIUDNS 0L “
“
|
[}
]
[}
|
[}

e e M




1y 42d 2)D3YN 2UPUDND G| GG9  SISDG ——

17-A

SuUo} Woys QOF =

¥22m J2d 231D)
j22m J42d SUO} IOYS p-6F —
(401DOV3d SNONNILNOD)-INVId 31VHLIN 3NIJINVND 0} [33HSMOTd VId0Ldld € Bld
I I I I ] [ € I 430 ¥38NNN
wog OIp £l ,L ©p,0Z Whi2H | 01 XopE | £ X OIpS| /6 XOIPE | ¥XOPy |SYXOPSH  SNOISNIWIQ XOYddV
4H/dor3 O°H 910002 " 41 000'8 210D "} M SZ Y03 91900 ‘| ALIOVAYD “XO¥ddY
_ 1amo) | Aoxg ng| O ON Puonaams | FEZsdwop| | 1odwos
YOLVHOJVAI | 39NJRINZD SNONNLINOD|  ¥3SITIVLSAND | -1 JHOSEY ¥3Lud 390mMs YOLOV3Y W3Ll
9 S 14 € [4 |

T

E::___Mm_ L]

[T

._Iqﬂﬁu.ﬂ_m..
R

| H 8




noy 12d” 2101IN 2UIpilDNS

"q7G89 sisbg

(58015V3IY HOIVE) — INV1d 3J1VHLIN 3NIGNVND o) 133HSMO VRIOLDld ¥ '°6id

P

®

=

NOILVHOdVA3

19-4

‘DIpS-E

X HOIH 'H Ol ¥3mOL

S

4340 H¥38WNN

‘SY38AMNYOS AvddS

(¥) € xDIpSY

SNOISN3IWIQ "XOdddY

juoid 1SNa TvNAIAIGNI

39YVYHD '91008°ce HOV3

ALIDVdVYD "XOdddV

Joj sD | NOILLJHOSEY VINOWWY
£

S1INN “TVOLLN3AI
¥012v3d

W3Lll

LTI

LTI

*HN

|_- 4— 200

ﬂ




~ |dstl]

luformation Centie
Nnowledge Services

[dstl] Porion Down,

Salishun

Wilis

SP4 OO
(1980-613753

Fax 0198G-613970

Defense Technical Information Center (DTIC)
8725 John J. Kingman Road, Suit 0944

Fort Belvoir, VA 22060-6218

U.SA.

AD#:
Date of Search: 16 February 2007

Record Summary:
Title: Plant for manufacture of 50 tons per week of guanidine nitrate by
direct fusion process: outline design
Covering dates 1952 Mar
Availability Open Document, Open Description, Normal Closure before FOI
Act: 30 years
Former reference (Department) ERDE 19/M/51
Held by The National Archives, Kew

This document is now available at the National Archives, Kew, Surrey, United
Kingdom.

DTIC has checked the National Archives Catalogue website
(http://www.nationalarchives.gov.uk) and found the document is available and
releasable to the public.

Access to UK public records is governed by statute, namely the Public
Records Act, 1958, and the Public Records Act, 1967.

The document has been released under the 30 year rule.

(The vast majority of records selected for permanent preservation are made
available to the public when they are 30 years old. This is commonly referred
to as the 30 year rule and was established by the Public Records Act of
1967).

This document may be treated as UNLIMITED.





