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Cxyuntaments wilh
Fre - meptraligation in the Monufacturno
of Compound ifertilinern

By T.K. Wabwowaorl 0
F. Virtanen

(Rikkihappo Dy, Finland)

Intrpduetion

The manufacture of compourng fertilizers in Miniand
has incerascd from negligible nmmunté LS yravs agn to
over 50 percent of the tokal fertiliser paodoaction o 2967,
The pirosphate component of the cmmp@ﬁnd fertilicers is fuc=lly
mand faclured suporphosphate and the potas=ium is addsd in the
form of chioride or sulphate, The nitoogsn compourndds ape 2lao
of domestic prigin to the extent that our nitrogen industry
has been able to praoduce them, Abaut half of the ndtrugnn
compounds veed in compound fertilisers are now protuced in
Fintand, Nearly all of the domestirc nitrogen is purchased
a5 so-called nitrogen solution with which it is zlso possible
to ammoniate the superphosphate in the compound fertilisers,
The jmported raw matorial has mainly heen the double salt
ammanium ouiphate nitrate | {MH4325D4 NHdNDH}.l) The tot=al
nitrogen content of the tochnical product is 70 per cent, of
which ono guarter is nitrate Altroogen.  The proportion of
comtiined culphgric acid in the product is shout 40 per cent.

When ways nf wusing mors nitrogen compownds of locsl
grigin in our compound fertilisers were considered, our
attention wes drawn to the uze of a pre-rvegctor doveioped in
the United States. 1he pre-reactor makes il possible to
neutralise the free ammaonia in the nitrogen soluticn with
arids Lo obtadn nitrogen compounis for conmpound fertilisers.
Tz heoat of reaction cvaporates excess and detrimmntal walor
from the salt mixture, The resulting warm sall mrll or slorry
of low weter content is fed through a distributor in suitable
ratios into the ather fertiliser cawmponents. With the aid

uf the pre-reactoar we are able to increasse the consumpiion of

1) ¥,0, Jacob: fFertilirer Technology and Resanrces in L
Upited States, Wol, [ID, 1993, ¥, 107



L1,

27 I

lacally prodaced ailregen solution nne rulphuric ccdid.  In winter
the composliion ol the nitrugan‘aulutinn is ALch thHL whetn it

Ia notvyrnliand wilh 5ulphuri& acid, fHa nnmﬁbﬁiLiDn of the prochicord
gall is identical with the impnrfhd crmondiam sdlpiate nitrate.  The
introducttion of a pro-wonclor. will not require wa to madify wny of
the compound frrliliscrs wo Hro now producirg.  he rooulta of
sxperiments with o pro-roactor on o pilot plant ocale are described
in tho following. Up to the present the sxperimonta hove reloted
to Lhr use of nitrogen solution and nulphiric Acid, bul we plon to
axtond theoe invectignations in otheor directions,

How motorliagls

1. Nitrogen solutians,

NMwing to our varying climetde conditions Lhe composibinn of
ihr nitrogen oolution is different in winter (winbter solulion) *o
Lhal in summer (oummer colutian). Tho compositions ol the two

sulutionc are nohaown 1n Tahle 1.

TABIL 3

Winter Summa
Solution Snlution
Comunsikbions
Ammaniom nitrats : g0,0's £5.9 %
Free Ammaniae ‘ 24,2 % 16.7 %
Wel, o . 15.48 % 17.4 %

Total: 100.0 %  100.0 %

PhysicHl oropuwrties:

. D'_

Cryctallizotion Lemperaturs - 10t I q o
Boiling point | . + 1990 4+ antc
(whon Lolel vapour pressore of the
aolubion i= 700 torrc)
Niwtributiaon of nitrogmn;
Armmonia ndzrogon
Ao NHNOL . 10.5 % . 11.5 %
. 4 E:il . ) m g
Frow ammdnia ‘ 19,9 % 13.8 %

Total:  30.4% 25.3 %
fNitrato nitrogen . : o e
As NH,NG | : 10,5 % 11.5 %
Tolnl ni%rngan ‘ . : 40.9 % i6.8 %

GuArTAntas total nitrogen . Co S 41,0 % 36.85%
‘ ‘ /Continund. ..



TABLE 1 (Continped)

Winter Summer
. Solition Solution
Distribution of total hitrngan:
Ammomnia mitrogen ‘ 74 % 69 %
Nitrate nitrogsn ' - 26 % %

An examination of the data in Table I reveals that the
percentages of ammoniz nitrogen and niblrate nitroges are
the same as in ammonium sulphate nitrate in the winter
solution but the nitrate nitrogen content ic relatively
higher in the summer =solution,

Owing to the different compositions of the two. nitragen
solutions, the pruducté from the pre-solutions also differ in
compositign, The difference between the wintser and summer
‘'stlutione is due to the different amounts of ammonio qac
' added'tn BO pox cent agueous ammonium nitrate selution.

The winter solution ecan be changed into the summer solution
by rempving ammonia gas and the summer =plution can be
changed into the winter solution by addirg 9.8 per cent

" ammonia by weight. This ammonia deficit in the summer
solution ¢an be corrected by irtroducing ammeonia ssparately
into the pre-reactor, UOur experiments to date have been
carried out using only the winter sulufian.

2, aulphurie Acid.

The sulphuric acid employed was 93 per cent contaiit
acid which was dilubted as required, In =ome experiments
the undiluted acid was employed and water was zdded
separately to fha pre-reuctor to regulate the temperaturs,
3. Neutralisation of nitrogen solution with sulphuric ‘acid

a. Winter solution.

100 kgs of winter solution were neutralised by 69.7 kg
of 100 per cent sulphuric acid. The calculated composition

and ﬁitrugen contents of the dry matter were as follows:



TABLE 2
Weights NHB-N NDB_N

Composition:
NHND - £0.0 kg 10,5 kg 10.5 kg
NH | " 24.2 " 19.9 " -
H,30, 69.7 - -

| Total: 159.9 kg . 30.4 kg 10.5 kg
Nitrogen content 19.8 % 6.8 %
Nitrggen ratic T4 % 26 %
Total nitrogen content . 26.6. %

b)Y Summer =alution

100 kg of the summer solution were neutralised by 48,1 kg

of 100 per cent sulphuric acid. The composition of the dry

matter was as follows:

: TABLE i
Weights NHBFN ‘NDB_N

Composition:
NH NO o | £5. 9 kg 11,5 kg 11,5 kg
NH ‘ ‘ ‘ 6, 7" 13.8 " -
H2§04 ‘ 48, 1 ® - -

Total: 130. 7 kg 28,3 kg 11,5 kg
NitrDQEn content 19.4 % 8.0 %
Nitrogen ratin 69 % . 31 %
Total nitroagen mqnfent 28.2 % .

As already mentioned, the experiments described below

relate to the neutralisation of the winter solution with

sulphurin acid in thB‘prE—reactnr.

111, Eguipment

The pre-reactor unit is shown schematically in Fig. 1.

‘The various components of the unit {(nos, 1-34) are the following:

1. Three storage tanks for raw materials.

Mitrogen solutien tank, volume 1445 1, equipped with

cooling coil, mixer, and glass gauge, the latter to Tollow
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FIGURE |: SCHEMATIC EQUIPMENT ARRANGEMENT
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and measure liquid consumption,

Sulphuric acid tank, volume 1300 1, equipped with cooling
coil and glz=zs gauge, Mixing is effecled with compressed
air.

Storage tank for water used to regulate‘tEmperaturE,
vplume 1300 1, Eﬁuipped with glass gAuye.
2. Bottom valves of storage tanks, three of them,
3. Constant-level vessels for nitrogen solution, sulphuric
agid- and water, The suctiaon heads of the dosing pumps are
kapt‘cnﬁstant by floats and ball valves in thess vessels,
4, Duosing pumps, Lewa HL 1. The pump for the nitrogen
solution delivers D-185 1/h, the other pump D=136 1/h.
5. Counter pressure vessals for nitraogen selution, sulphuric
acid and water, When the aizr in the upper part of the vessel
is compressed, it produces Lhe counter pressure required
by the closing pump and eliminates surges due to the re-
ciprocating movement of the pump cylinder. Dimensions of
the vessels are diameter 160 mm and heighti 700 mm,
6. hGlass gauye of counter pressure vessel for following
changes in liquid level.
T. Valve for introducing compressed air to replace the
air layer.during & wun.. 70 v !
8. Hottom valve for emptying the gounter pressure vessel,
9, Manometer to messlire countnr pressuré
lUu*NeEdlBUBlvawtn"prmduéé'End.fegulate*ﬁuﬂﬁtérfbreéﬁu%%ww--
11, Valve for water-ugedito” wash theunit; . . .. .1
12, Rbtamster:to.-measure water £Iow. -0 0 b
13 ~Temperasture gauges! o0 o R
14. Pre-reactor, Dimensions:

wal}) thickness. 4 immas oo

dmner. didameter. ATE Wm0 0 e io
Vu.uslerpsssisectional areaiof cylindrical: pairt: (evaparating

crro s ey rface 11 dma) s

height of cylimdrical part 620 mm . -~ 70 . o
height of cormical bottom pazt LOD:mm, ' . o
The plane where:the cylindrical part meets the cohe:’

is called Lhe feed plane. located in this plane.arela two-.
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bladed'mixing propgllar, a jacketed thermocouple, and the lower
ends of 1/4 inch vertical tubes for feeding mitrogen salution,
sulphuric acid, water for temperature rﬂgulatiun‘and water for
cleaning the resctor,

1%. Discharge valve of pre-reactor. The contents of the pre-
reactor can be discharged by means of a double valve either into
the mixer vessel (where the pre-solulion is mixed with powdered
rAaw materisls) or into a drain.

16. Discharge tube 1 (upper)., This tube adjusts the volume of
liquid in the reactor to 43.5 1 and the level of sre-sglution
to 36 cm,

17. Discharge tube 2 (lower). This tube adjusts the volume of
the reactor to 23,5 1 and the pre-solution level to 18 cm, The
tube can he closed by a plate. When it is open, the discharge
tube allows the pre-zoluiion to enter the cone from which the
solution: flows under ibs own pressure through a distributor
into the mixer.

18, Reserve discharge tube, When either of tube 1 and 2
hecomes blocknd, the reactor contents may flow through tHis
tube into the mixer or the drain, All thres discharge tubes
arc 1 inch in diameter and 150 wm long.

19, Bauknecht DCF x 1 1/2 mixer, 2870 r.p.m., 2.2. kilowatts,
rotating the two-bladed mixing propellor.

20, Cornnecting tube from pre-reactor to drop sepaxator, Ibs
cross—-sectional area is 2.5 dmz, which is 23 por cent of the
cross sectional svapotatdon.arestof the-reactor,

£l. Drop separator to lower the rate of flow of steam and
exhaust gases produced in the pre-sglutien and to remove spray,
22: Spray removal ring and plate, -

2%, Upenings for thermometer and manometer,

24, Opening Tor incoming air, diam, 200 mm, eguipped with cover.
#h, Connecting tube from drop separator to tondensate collector,
2G, DOpening far gas volume measurement,

27. Openings for thermometer and manometler.

28. Cundensate collector. L

29, Openings for thormometer and manometer,

0. Adjustable damper,



3i, Opening for incoming air, diam, 175 mm, equipped with caver
32. [Glass gauge. ‘ |
13, DNischarge valve.
34, Connection to washing towsr.
The nitrogen solution tank and its ancillarylunitﬁ are of
pure shrot aluminium. The uther unils asre of AISI 316
stninless sternl. FParts 14, 20, 21 and 25 are insuletad by &
5 cm thick layer of ‘mineral wool,

Operation of the Pre—reactor

The ncut}alisation-of tho froe ammonia in the nitrogen
gululion with sulphuric écid takes place under vigorous
mixing in Lhe pre-reactor. The heat of neutralisation raises
the produced pre-solution to the boiling temperature. Accord-
ing to previous reports the temperature of the pre-selution
must not exceed lGADC, for gtherwise the nitrate of the nitragen
snlutiﬁn will begin to decomposs, Ihe temperslure can be
reqgulated hy sdding the desirahle amount of the water to the
reactor, A vigorous evolution of steam occurs whan the pre-
‘snlution temperature attains its boiling point and water is
removed from the pre-solution as steam, .

The operation of the reactor can he divided into twe
gstagesy the initial or heating =tage and the actusl run,

During the initial stage the preparation of the pre-
golution is begun according to & certain progremme. The
temperature of the pre-soluticn cand its mpisture conlent)
is adjusted to the decired level, Also the free acid to be
left in the molution is adjusted. In pur experiments the
reactor was broyght Lo gperate as follows:

The counter pressure is raised to 2 atm. gauge.

Water {15 2} is added to the reactor to cover the ends
ol the feed tubes and the mixing propelior .

'he mixing motor is switched an.

Nitrogen solution and sulphuric acid are introduced
‘simultaneously at appropriate rates. The reactor grédually
fills and the temperature hegine te rise. When the level
of the solution has risen up to discharge tube, the solution

flows put throngh the latter,



The cooling water is introduced at the end when the programmed
temperature has been attained.

The initial stage lasts 45-60 min, TDuring this time, the
original pre-solution, which is imilbially low in nitrogen content,
attains its finol steady-state composilion.

The actual run is a continuation of the initial stage. During
the run, as during.the ihitial stage, the rate of flow aof the
nitrmgen splution is held constant, The dosage of water is adjusted
to maintain a constant temperature, The proper dusaqe‘nf sulphuric
scid iz checked by titrating samples of the pre-sclution from
time to Line.

The reactor operates continuously. The volume of the pre-
solulion produced is determined by the operating conditions and
the dimensions of the reactor., The efficiency may be determined
by calculsting the weight of the products ac a percentage of the
weight of the reactants, ‘

When it is‘wiéhed‘tn tefminate the production of the pre-
sclution, the dosing pumps are stopped and the reactar is
emptied through the bottom valve. The reactor is flushed with
wzter after it has heen emptied.

Performance af the Experiments

1, Pre-treatment of the nitrogen solution.

The cmmuoéition of the nitrogen sclubtion was checked before
wach experiment, When its freer smmonia content was too low,
the required amount of zmmgnia was added, The ayerage analy-

tical data for the adjusted nitrogen =olutions are;

Free ammonia 24,3 %
Total nitrogen ' 41,2 %
Ammonia nitragen 30.48 %
Nitrale mibrogsn 10,6 %

he rate of flow of thﬁ nitrogen solution was checked by
follawing the liguid level in Lhe feed tank and carrying out
density determinstions, The dozage of nitrogen solution was
120 1/h at full cpeed and 60 1/h at half speed.

2. Sulphuric acid of &5,.7D, 75, BO and 93 percent was ueed,
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The free zcid content of the pre-solution expressed as sulphuric
gcid was zdjusted Lo ﬁ,j per cent or 2.3 per cent by varying
the acid feed, The first pre-solution will he referced to
below as "meutral™ and the second as "acid"™. The acid content
was follawed by titration at 5 minute intérvals. The amount
of acid used was calculated from the change in level in the
foed tﬁhklana tHEldenaity, l .
3. The water used to adjust the temperature was detérmiﬁad
from the change in the lewel in the feed tank,
4, The actual tun

The initial stage was considered to have ended when the
temperature and fres acid conkent had cemainsed constant for 15
minutes. The length of the aclusl rum was 5 hours in all
nxporiments, Gamples of the prewsoiutimn‘ware taken at half?-
hout intervals for 2nalysis in the laboratory. A neqgative
prossure of O-] mm water column prevsiled in the steam-re-
moval system during the runs, | This pressure was maintained
by allowing about 170 ma/h:of air at 22°C to pass into the
syctem through the air inlet of the drap ,ssparator, The
volume ¢l slean aml alr-gas mixture removed was aboul 260 mjfh;
the temperature of the gascs was 63°C an ayerage,

Experiﬁental

In the firsl run, thbfgffettinf the sulphuric zcid con-
centration aon the temperalture o7 the pre-solution was ex-
amined without adding water to regulate the tampefature
(Table 4}. Table 5 shows thr results when the acid concen-
tration was Y0 and 93 per cent. In these funs, attemntion
was paid Lo the following:

(1} The preparation of neutral and acid pre-solutien.

(2) The pperatian of the reactor at full and half speeds with
different charges,.

(3) The nitrogen losses. The nitrpgen loss is equal to the
ratin of bthe difference between the ingoing and outgoing
nitrogen ko Lhe ingoing nitregen as calculated from the

analytical dala.
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- Uxperiment group A

Table 4
Programmed factar levels,
- Sulphuric acid
concentration o ,%‘ . £5 TG0 75 an
- [uality of pre-— L
solution neutral neutral neutral neutral
- Nitrogen solution
fead 1/h 120 120 120 120
=~ Overflow tube | No. 1 1 1 1
~ Charge height em. - 36 36 36 36
— Temperature °c ‘ unspecified
— Number of experiments 4
— Experiment group ‘ A B C i
Results
Julphuric acid concentration
% ... 64.9 70.3 75.1 80.0
Reactor temperature Pt 122 126 a3 158
Quantities per ton of prE-l ' '
solution produced ‘
- Nitrogen splution  kg/ten 991 634 640 660
=~ Dulphuric acid " 567 551 526 512
- Water added . " - - - -
Total kgs. 1158 1185 1166 1172
‘Anﬂlytical data for pre-szplution ‘ .
- Water content % 10.6 7.1 3.1 2.1
- Total nitrogen % 23.4  24.5 25.7 25,5
H C D
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Tazle &

4 — e —

Prograrme
: 3
- Sulzharic acid cons. b it : ’
— fgidity of pre-solut. neatrs! ascid neuzral nautrel acid - neutral
- Feeding zmate of W.5olut. 1/ h 120 120 &0 120 120 120 120 1z0 120 120 &0
- Diecharge tube n:o 1 o1 2 1 1 1 1 11 z - 2
-~ Charge height cm 3 . a8 13 38 35 3t ]3] 3e IF | 18 - 13
- Temperature ' °c ¢! free Tres free 120 130 g 120 - 13D 140 j13ac - 130
~ Mumser of experimerts 5 4 5 E 1 b 3 3 3oy 2 3
- Experiment croup E F [ H [ o K t H | N 0
fxperirental results ) : : : 1 -
- Sulphuric acid cons. A£ 0.3 TG.2 70.4 92.0 82.2 92,4 ;92.3 52.2 5Z2.1 tel.& 91,5
- Reactor temcerature C 12g. 143 129 124 121 1405-121° 129 ldU'l 131 131
Juant./ton of pre- ' ;' i ; -
splution produced, ' . ' ; 7 P
- Hitrogen solution kg 634 554 674 | 629 660 © 743 397 574 628 ;. 728 . TO1 :
- Sulphuric scid | " a51 570 505 | 413 417- 4D5 : 416 457 450 ; 375 392 :
- Water i - - -~ | 197 168 B . 290 216 147 1119 169 i
4 . . i
- L H - . i _[
Total: kg, 11E5 1154 1179 | 1239 1245 1224 21213 1247 1225 11222 1202 :
Sfficiency % 4.4 ©6.7 04,8 |80.7 80,3 EB1.0 i82.4 80,2 EL.6 ;61,8 83.2
Aralytical data for zre-solution i - o o
- Yater content % 7.1 £.3 5.7 | 9.5 6.7 2.3 j16.2 7.8 4.6 . 7.1 6.3
- Total nitzogen L 24.5 23,4 24,3 {24.2 24,6 26,5 i20.% 23.4 24.7 25.4° 23.C
~ Hitreze nitrogen = a.4a 6.1 6.5 B.7 £.9- 7.8, 5.4 5.0 6.7 1 T.TTLT
_ ™ u : : ; ) ’ L
(% of total k! n 25.9  25.8 28,4 |27.7  27.8 29.4 {25.8 25,7 27,1 j30.2 30.2
: | |
- Free acid xHESDi] " 0.2 3.2 0.2 6.3 0.3 0.3 3.4 1.0 3.1 0.4 0.4
- p- | 3.5 2.4 3.4 2.4 3.2 3.3 2.4 2.4 2.5 3.6 3.4
- Jdensity 1.51 1.53 1.43F 1.4%0 1.53 1,331 1.47 1.50 1,33| 1.49 1.352
Pr=-splution i ’
- Mitrogen loss & | 5.5 1.7 11.13 5.7 5.8 13.4 o 0.8 4.6 (15,3 11.14
- " eolut. recuirad
cer kn. of nitrogen kg. 2,58 2,47 .77 2.85 2,66 2.0 2.43 2.45. 2,34 | 2.B7 Z.73
- Exgeriment group 3 C F B . H 1 il K L H ’




2 = 12

Oefore examining the results, it may be appropriate fo wention
the limiting rondiltions in pre-solution marafacluare.,

Ihe temperature wuesl nobt rise to the maximum lﬁdDC, Lt should
remain clearly bolow Lhis limit,

The pre-sblutian must have a suitable wale2r conbtent so that
it can be fed through the distributor into the dry powdered super-
phosphate - potaasinm salt mixlure. The minimum water content
in our unit ia aboul 7 per cent,

lhe upper limiting WHtEI.EDntEHt is determined by +the total
water content of Lhe powder mixture and the pre-selution uced,

The water conlent should nat be sa high that the whole mixture
hovomes a paste, On the conlrary, bhe final mixture must be so
dry and fine that it becomes granular with a high yield anly on
Aadding granulating waler. Our experimental ‘unit was desigrned on
this principle. The phosphate component ir Cinnish compound
féftilibera is superphosphate manifactiured from Kola apntite,

The waler conternt of the cured superphosphste is abiout 13 per rent
and the free phosphorus pentuxidé content aboul 5 per cent. When
the content of Lhis easily plasticizing superphosphate in the
powder mixture {toc which the pre-salution is added) used to
preparen, for example, an 0-130% qranulate is 77 ner cent,

the maximum permissible. water nqntént in the pre-snlution made

in our pilot ﬁlanf is about 10 per cent., It méy be pointed out
that tho waler and nitrogen contents af the pre-solution are nog-
5tively correlated,

The nitroyen losses should be s small as possibile,

Although the main attention was paid in the ahove nxperiments
to the prepacatian aof the ﬁrE+DDlufiDn; we have alsﬁ used the pre-
solution partly as a nitrugén saurce in the preparation of A half-
tonm batch af o 9-13-9 gyramulatrc., 0Of Lthe total nitrogen, 52 prr
cent wns dJdrerived from ammgniating nitrogen solutian amd 48 per
cent from the pre-solutian, Y per cent waler was usnl to effect
granulation, The dfy'grahulate cointained 4 per vent of particles
larger than 6 mm,.BDNpér téh% of particles bebween 1-6 wm, and 10
per cent of particles below 1 mm in diameter. ‘

The results ware batisfabtury from our poinl of view. [he

average composilblion ol the product was:
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Moistiure

Total nitregen
Nitrate nitrogen
Free phocphoric acid =s F_0

*

— O ™ s R
B . T
=3 0 T S A~ RN~

Water-soluble PO 23 .
Wator— and ammunlum cilrate-

soluble qur 2.0
Tulal P_0 ] 12.8
Potascsilim as K. 0O 9.0

The average force reguired to hreak one granule was

3.6 kg. - a ' ’
VIT. Discussion
1. Dperntlon Pxpprlenre'

An examination of Tahles 4 ond 5 reveals a numberl
of inberesting details,

The main indusﬁrial grédes of Eulphurin.acid, the
70 per cent tDQérlﬂcjd and the 93 per cent contact Acid,
can be ﬁsed directly without separate dilulion in the
manufarfure of thr' pre gplution, In our unit Lhe 70
pPT cent acid could be used as such, hut the 93 per cent

: acid rrguired the addition of water saparately to rogulate
the temperature. .

The Lemperature rise is greater with acid pre-
snlution Lhan when neutral pre—snlutibn is produend
(experiment groups € and F).  If the tempervalure is kept
constant, the water added must be variéd'a:curdiﬁgly
(experiment groups H-M),

The nitrogen loss lHDIEESEE with the iﬂatfml ‘temperature
when hoth neustral and acid pre- —solutions are prnduced |
(Experimnnt groups H-J and K-=M),

A decresse in the charge volume by ane half increases
tke nitrogen loss (experiment. group N) even through Lhe
feeding of liquids is halved (experiment gruups G and O).
A change-in the feeding of the nitrogen =zolution does natl
gssentially alter the nitrogen less when the charge volume
is constant {36 cm; experiment groups I =nd P).

The nitrogen loss is smaller when ﬂmid than wher -

neutral pre-splution is produced,
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The proportion of ritrate nitrogern in the pre-salotion dncreases
with increasing nitrogen losz. The lost nitrogen is mainly fren
ammonia which escapes through the pre-solobiaon,

Cornstant supervision of the temperalure ol the pre-~solubion
i indispensable, It is difficult to follow the acidity vari-
gbticns with an indicating pH meter because af the high temperature
of the pre-snlutinn.‘ We therefore had to follow the agidity vari-
atians hy titrating samples taken at intervals.

An experienced operator learns to adjust thr acidity of the
solution by examining the vapours issuing from the resctor. When
the sclution is clese to neutral the vapours look like condensing
steam, hut as theo acidity ircreases the vapours hecome mare opague,
Numes can be remogvocd from the exhaust gases in o wash tower,

2. Foguipment, l

The unit operated for the most part according to sxpectations,
Certain detzils may, however, be stressed an ths basis of our
ExperiennE-wifh-the‘unifﬁ | |

The boiling of the reactiaon mixtire givec rise fto vibration
which musl be suppressed by suitahle means.

The tubes EhrbUQh which the roactants wern introduced extend
from the top to the bottom of the rea:ﬁqr. In our new full-scale
reaclor, the tubes enter from the side, (ux cpinion is that in
particular the nitrogen snlutidn Ehguld not passo long distances in
a hot environment hecayse ammunié‘tands to vaperize, When the tubrs
enter from the sides, Lthe roactor mnst.he‘eﬁuippéd with baffles
to prevent vortex forﬁatiun;”in the_pilnt‘uni£ thE‘fEBB tubes
function as baffles. | | |

The hottom cone of the reacter should not be too high
because it fTavours Qartex fdrmétion and iequires the additiﬂﬁ
of unﬂe:essary.watarlwhen the unit is se&t into operation.

The consumptions of reschanks we have Fnlimwnd thrnﬁgh £
glass gauge in the storage tanks only. Retameters will he dnstalled
in Lhe feed tubes of the lafger.unit to permit detection of
unoven Tlow, |

Particular attention must be péid to the proper functioning

af pumps and meters, We havé, faor axémple,,fitfed tWU”mﬂﬁDmEfEIB



to each of the counter pressure vessels connected to the pumps.
For reasans of safety, an auvtomatic uynit should ke
inztalled fepr intreoducing water into the rractor when the
temperature rises too high., Also an alarw should be in-
stalled to give a warning when the volume of the Dh;;ge in=-
creases excessively beceuse of blockage of the pipr-lines.
The materiasl from which Lhe reactor end solution and
sleam pipe=lines were made was AISI 316 stainless steel,
It did not corrode except in that part of the sulphuric acid
) feed line, which was immersed in the het pre-solution.
VIIT. Summary
The pilat reactor described has proved suitable for the
production of nitrogern-contsining components apropriate
for manufacturing compound fertilisers not produced in
our country., On the basis of our experiments with this
unit, we are now erecling g full-scale pre-reactor ab ourw
Harjavallta factoary. The experimenls we have carried out have
been limited to a study of the reaction between nitrogen
selution and sulphuriec acid, but in principle the resctor can

be employed in pther neutrolisation provcesss.
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DISCUSSION

Dr., T. K., YAHERVUORI (Fimlard) 1 One of the major

dzvelopments in the fertiliser industry during the last decade
has been the increasing production of cumpnﬁnd Fertilisers. The
relative ratios of the‘mutriapts iﬁ the compounds and the in-
corporation of certain anions and catiﬁns must always be adaptsd
to the locsl conditions relating to soils, crops and climate,
Comseruently, the fertilisers produced by difVerent manufacturers
naturally differ in those respects. When these basic requiremsnts
havr bzen ciovilfied, the problem comeins for the producor to proparne
the products In the most econcmie manner from the most appropriatn
raw materinls. When seeking the mast eccnumic solution, the medern
mixed fertiliser industry strives to use the simplest raw mstorialg
and to combine certain mixing and granulating operatiens.  Uno
process based on this principle is the use of the soecolled pri—
pednter, thu purpuse wf which both hereand in the U.5.A., where th.
un.t has hren mainly developed, s to roprace salid nitrogenous
companents by & solution of reaction producks of nitzugen solution
#nd acid. The use of nitrugen solutian offers A mumber of advAantages
compared with other srganic nitrogen compounds previously employed.
lhzen advantages are the lowsr cast of transporting tho solations
with their high nitregen content, and the fower risks =zssociatel
with their transport and storage. As in our vountry the super-
phosphate uged for the manufzcture of compound Fertilisere is, in
any case, ammonisted with nitrogen salatiun, the use of the pre-
rractor saves us the trouble gf transporting =nd storinq the whole
snries of different mitrogen compounds. The nitrogen in the nitrogen
Solution is also probably chesper. The economics of the manufac-
turing operations can be improved by carrying out the roaction st.age
in the pre-resctor, so that the heat of reaction and the water content
cen be used in the grasnulating and drying stages. .

Un the basis of the expsriments that hzve heen porformen, iz
miy be briefly stated that, in the supcrvision of the continuous
Sairation of the presrsoctur vn o the production scale, onc has to pey

attention to only two facturs, which control the whole process : the



temporaturs of the reoction salutdan aml tho acidity of tho
product. | -
l'he contemt of frees scid In the pre-ocolution AfFTects

the nitrugen losses, which imcrease whrn thé free acid caontont
spproaches sero, DBy varying the temperaturn of tHu.SqutiDn,
it is possible to cuntrol its water content, which in turp
determines the tendency of the solution to crystallisc and
itn mgbility, The tempersture gan be regulated by wviarying
the awount of water added to the system. This can be intro-
duced in twy woys : either separately or together with the
auid. The Lattor procedure is safer, as its use eliminates
Aany abrupt, umdesired changes in tempersture which might occur
LI the Flow of water 15.unintarmupted. In pur process we
intend tu use an acid of sbout 7O0% concentration. We uen
then use tower acid as cuch, and the water content of the
praduct thus obtainecd corresponds with that found to be most
advantagesus in our pilﬁt plant experiments,

During the past summer we hzave completed thelcnnstructimn
0t the first production scals pre-reactor =t our Harjavalts
warks. Those of you who take part in the visit to Harjavalta
will see the unit in aperaticn. The capacity of tho pre-
reactor corresponds to & producticm of 23 tons of tmpaund
fertillser per hour. Superphosphate and pntasﬁ salt #sre first
mixed togother in the mixcr, and the mixture is ammoniated batoh-
wise in the Sturtevant mixer. The pre-solution is added to the
mixture continuously, sfter which normal granulation and drying
gare carried out, About half of the nitrogen in our most popular
fertiliscy, B-13-9, rmomas from the solution ussd for ampunistion,
and the reomsinder criginatss fram the pre-solution,

Finally, with regard to our exﬁerimcnts with the pre-rcactor,
I should like to say thst, considering the raw mstorials for cur
compound fertilisers and our nutrient ratios, the unit is
rvidently quite useful, Wo intend to have anuther resctonr, as
will 95 3 new granulating unit, built at Harjavalts. We shall
then be wble to maks use of the experience gained from the first

rr#actor,
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Mr, R. COCTEAU (franmce) : [ have read with much

interest the account of the series of experiments carried aut
by Dr. Vahervuori and Dr. Virtanen. Their observations, which
are precisely reported, are interesting. I can only congratulate
them upon presenting us with such a complete and detzailed report.
If I have correctly understood the introduction to the
paper, | Finland uses imternally produced nitrogsnous matsrials
in order to avoid the importation of other nitrogenous wsterials,
either becsuse they ars maore expensive or because their intro-
duction would proscent scoromic difficulties.
1 thimk this is an important point to beasr in mind, for,
if the aim is to produce concentrated ternsry compound fertilisers,
there is no great imterest in neutralising nitrogenous solutions,
called in France "Barrett liquors", by means of sulpburic acid
hefpore mixing them with other components. Apart from thus
making a large guantity of ammonium sulphatc, which is a hindramce
to the achievement of a high-grade formulation, one loses the
advantage of neutralising the free acidity in the superphosphate.
This noutrelisation is actomatic, since the scidity already
exists in the superphosphate. In France, we deliberately engineer
s considerable free acidity, for, at the same time, it tends to
imcresasc splubilisation in the supcerphosphate s=nd to give it
thixotropic propertics which are indispensable to good granulation.
With regard %o triasls which wight be envisaged with another
acid, For example phosphoric acid, saturation during the reaction
might partially sconomise on acid concentration, but it would
invelve an gbligation t@ scrub the offluent gases in order te
prevent large nitrogen losses, These losses, which are mentioned
in cgnnection with sulphuric scid, sre far from being negligible.
I think that the authors must, therefore, be faced with an
economic necessity, in view of the raw materials that they are
obliged to use.
However, I should like to put three additional questions 1o
them:
i, Do the authors think it will be possible merely by the

addition of water to requlate the tempersture in a large
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s5cHle installatiun, invslving much larger amaunts of
materiaiz 7 Will {4 nmot be necessazy fo link oo owbwensl
refrigerstion plant to tho pru-reacter T

£, In the pilat plant, the rosvter z=nd the pipes fur tho
solutions and the stesm were made of steinless steel
AIST Jl6, {here was no corrosion, except in the sul .
phuric acid feed pipe which 1g immsrsed in the hot
aelutiaon. The acld Teed is always the most delicateo
prrt of the neutrsliser an. 1s generally rosponsible
for most of the working stoppages in this kind of
gpparztun., Ars the futhors consideoring the use of ony
material other tha AISI 316 stecl for the construction
ef this ncid fowed

4. Are khe puthors thinking of nsing phosphoric aci in thie

i

plant tu nuoutrelise the amngnimcal solution

Dr. MAHSHRMVIMIRL ¢+ Vhe first guestion related to the
possible necescsity wf duasing 4 special couling unit with =
production scale resctor, As 1l mentioned previously, we
already have a production ccale resctor =t Harjavalta : 1t has
been in oporation for abaut o wonth. According to our axpel-
ience sy lar, the water we add to our tawer acld is quite
adequate lor coaling, without the addition uf any specocial unit
i'or this purpose. ‘

The srcond guestion relatod to the stesl used in the
construction of our resctor and piping. Up 4o now, the AISI
316 steel has been very satisfactory. Naturally, we expect
the sulphuric acid I'eed pipe to sufler worst from any poasible
corrnsion, but here sgein ws have had no trouble so far,

With regard! to the third guestion, we have nat used
phasphori; acid so far fur neuteolising the ammonia solution,
but we are plsnning to o so.

Mr, T, P. RIGNETY (U,3.4.) . With regord to bhe wouep-

pment for ecovery of mist ovolvoed Mrom the pre-neotrsiicer, I
proadme it recoverod ocntrained material primarily, snd I shoold
be interested toknow whether it was offcctive for this purposo,

how much of this cntrained materizl was svnlved, an. whoiher it
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was found to be actuamlly necessary to rocover it.

Secondly, I should like to discuss the depth of the pre-
meutraliser, The paper states that, as the dopth of the eplution
ir the pre-ncutraliser was increascd, tho racovery becamc better,
Would a further increase in the depth ufl the sulutiun nat further
improve recavery? Has this aspect boesn followed up in the lergs
aunle unit 7

L oask this particularly, brcauss we founo e wur wnib that .
fepth greoter than that indicoted in the pzper wmight be best for
maximum recovery.

Dr, VAHLAVUORI ¢ In our pilot plnnt‘we had no scrubber,

tnly & condenser-seporator, and we have followed with the same
arxangement G our prodluction szale unit, s can b oscen fron
Cigure L oin the paper.  Thi matorial foawing through the scpsraotar
cuntains ammonium nitrate droplots, but | cannot say what perornt.
©ge ey the nitoegen throughput s rocuversd in this way becausr

26 is frd back into ths reactur and comes thraugh with the product,

Wlth regard to the sccund gusstion, the czpth of the pr-
neutraliser in uur producticn scale wnit iz 1700 mm (with the cover
2110 mm) . The Jepth of the solution in the preneutralisaer depends
aun which af the 3 discharge tubes is uscd., The upper discharge
tubeo corresponds too s dopith af solutian of 750 mn, the middle ane,
of 550 mm and the lawest ocne, 350 mm,  The upper tube is noomally
used,

The recovery improves whentte dlepth of the solution increasgs,
but even that must heve = certain uppér 1imit, beﬁause the timn
during which the presclution is in the prencutraliscr as well s
the evaporstion surface have their own impartance in the process.
We shall strive to obtain an apparatus with as favoursble a TECQVETY
g5 posesible,

Mz, oJ. . FARQUHAR (United kKingdeom) I notice that, in the

pilot plant, metoring pumps nre ussd, Could Dr. Vahervuori indicate
what methods of wmetering and control are used in the larger plant ¥
Secondly, the level contrsl on the pilot plant is merely overflow.
Has this been found =atisfactory for the full scale plent ¥ If the
reactor level were to surge, simple averflow would cause flooding

of material into the granmulator.
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Dr. VAHERVMUORT : We use the same type of foced pumps on

pur full scale plant 85 on Bur pilet plant, although the
capacities are noturally different, Similarly, with regard
to the second guestion we use the same type of overflow lasvel
cantrol on our (ull scale plant as that used on cur pilot
piant. The amount of variatiom in level is so small as to
make no noticeable difference to the product analysis.

Mz. R, ARAOUIN {Framce) :  Firstly, I should like to put
two guestions to the authors. Do they have a direct drasught
or an induced draught for the evacuation of steam, gases and
dust? Sncondly, in order teo avoid nitrogen losses, should
they not consider ahove all the position of the ammonia feed
in relation fo the Aacid feed 7

I should olso like to ask Mz, Hignett, whether, im his
l.V¥,A, ammaniator, he has not been led to suppress the
scraper 7

Drc, VAHCRVUORT : With regard ko the first question,

there are certaim openinmgs om the upper part of the reactor
which emable us to adjust the intermal pressure.

Mz. HIGNETT : With regard to Mr, Ardouin’'s guestion
comcerning the screper in our ammoniator, we {ind with our
system that a scraper is very desirahle, becsuse the pre-
neutralised sqlution forms a very hard coating, iT it
contacts the wall of the drum. It is thus necessary ta keep
thiz c¢gating within certsin limite, and hecause aof the
hardness of the coating, we find that a fixed sccraper is
not adequate; we use a series of knife blades fixed om a2
shaft which moves backwsrds and forwards in & reciprocating
motign, thus shaving the cooting continuously from the drum.
This method has proved quite satisfactory,.

Ur, WAHERVUORTI - Mr, Ardouin's finzl question

related to the relative position of the feed inlets, It is most
important that the nazzles or inlets should be at the same

level and as deep as possible within the reactor. The

nitrogen feed inlet could even be a little lower than that

of the acid, to give the ammonia fumss = better chance of

reacting with the acid,



