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CONTRIBUTION TQ THE IMPROVEMENT OF SUPERPHOSFEATE
MANUFACTURING CONDLTLQNS BY MEANS OF THE USE OF
CALIONIC SURFACTANTS

By Mwasars. Boutsult, Bruynsel and
Kelinovaki (Soclaeté de Prodults
Chimiques d'Auby, France).

Although the firet patenta relating to the manufacture of
ordinary superphosphates were taken out over a century ago, the
phyaico-chemical procesasas wvhich take place are atill the
subject of conmiderable debate which we do not wish to revive in
this paper. ‘

Bosically, the process alms to solubilize the P205 in
phopphate rock by sulphuric acldulation.

In oaloulating the amount of aold required for a specific
phosphata rock, due allowance must be made for all factors
likely to be affected durlng the reaction with sulphurlo acid,
sppuning that all the P205 is converted o monogalecium phosphmte.

Although the wixing of the phosphate and the acid presents
no partiocular difficulties becauss of the progress achleved in
nizer design, the lmportance of achleving an accurste feesd of
acid {whioh is reletively simple) mnd of phosphate (which mey be
more difficult) ehould not be underestimated.

It im theoretically admltted that the converslon of
phosphate rock into monooalcium phosphate takes place 1n two
atages during the resction with the sulphuric acid, wlth the
temporary formation of phoaphoric acld, gliving reactliona of the
following type:

(1) 3 CaB(PD4)E CaX + 10 H,30, -3 6 H3P04 + 10 Cas0, + H.X

4t 52

)2 + B.X

4

4)2 CeX + 14 H Po4

or, summarlizling

(2) 3 ca,(PO — 10 Ca(H,P
3 ?

%4

b CES(PO4)2 CaX + 7 H,80, —— 3 Cn(H2P04)2 + 7 CaS0, + E,X

in which X represents groupa such as FE' (DH)2 oT 002, acoording
to the phosphate involved.

The heterogeneous and exothermic reamotion (1) occurs on the
surface of the phosphate particles: 1t 1s important that it
ghould be carrled through as completely se poselble.
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To this end, a atrong ventilation is provided to evaporate a
certein quantity of water. This permita the evacuation of part
of the heat of reaction and the reduction of the molaturs content
of the product obtalned.

One elso aims to increame the mpeed of the reaction by
ingreamsing the fineness of the grind within the limits net by tha
economion of the operation.

Reaction (2) im of the same kind (heterogeneous and exo—
tharmia) as remction (1) and is favourably affected by the same
factora., Experlence scquired in the manufacture of tripls
guperphoaphate tende to prove that it proceeds falrly eamily,

ds is well known, the solubilizmtion of the P.O_ is never
entirely completed when the supsrphoaphate is takaﬁ Sfrom the
den, The product then hes a considerabls free acid content
(2 to 6%) and begina a more or less long and compliocated
evolution which reduces the free acldity and the lnsocluble
fractions to water— and oltrate-~soluble forms of PEOS'

During thim pericd of curing, processes of solidification
ensue, resulting, in partiocular, from the formation of
moncosloium phosphate. In these clroumstances, conmiderable
caking ¢can ocour during storage,

Although in our above remarks we have delibarately reduowed
to 1ta simplest expression the desoription of the main stages and
difficulties in superphoaphate manyfacture, the production of &
good quality superphosphate im, in short, not a simple problem,

¥With a view to lmproving the quality of their product, many
producers have, over the last twenty yeara, bean led to try
various different sadditiven. Am soon as they appeared on the
market, surface activating sgents, alsoc called wetting agentm and
surfactanta, were used as s posmible molution to the probleas
arleing. Many patents were taken out, particularly in the
U.3.4., and important publicationa and atudies dealt wlth the
subjaoct.

In particular, at the ISMA Tachnical Conference in 1955, a
very intereasting paper presented by Dr. R. Kaack drew the
attention of our membera to the potential benefits to ba obtalned
from a large-scales programme of triala relating to the apecific
properties of aurfactants, the compoaition and atructure of raw
materials, the characteristics of the Frocesses used, the natura
of the finished products and their moimture sontents, and even
the climatio conditions in the produaing ocuniries. In hinm
paper, Dr. Kaack correctly dimtingulshed between so-called
anionio surfectants end non-ionic surfactants and oconcluded that
the latter were better muited to be used in the manufacturs of
suparphoaphates.
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Anlonlec surfactants where tha lypophlilic group — i.e. the
aliphatio chain - conatitutes the anion are, in fact, not stable
at a pH of less than 7, whilat the non-ionic aurfactants - mostly
condensates of the aliphatic chains on ethylene oxide - are
sansitive only to extreme pH.

¥e have taken partiocular ilnterest iz thls question, because
the group inoorporating our company, which playe en important
part in the Prench auperphosphate and complex fertlliser
industries, has also begun the manufacture of aspecial surface
sotivating products.

These producta are omtionic, and the lypophilic group
congtitutes the oation according to a formula of the type

(R NH3)+

(R representing a hydrocarbon chain), They are stable
throughout the range of acid pH.

The oxyethylated sliphatic amines, which we manufaocture,
are of a non-ionic nature in alkaline pH and are alightly
oatlonic in acid pH. Their wetting and emulalfying capacity ia
conaiderable, aa wall as their filmogenic capacity. The
programme of trials, which im the subjlect of the present paper,
was oconceived on twe levels - in the leboratory and in the
faoctory. Qur trials mostly related to the solubilisation of
Morocean phosphates. In particular, they aimed {o make a
systematic atudy of the inoldence of our surfaectants on

- the fineness of grinding of the phosphate

~ the rate of reaction

- the mcceleration of the proceass of manufacture in

dena

- the raduction of the curing perlod

the improvement of aclubllimsation

the improvement of the physical proparties of the
finished products.

The first stege of our trials was conducted Jolntly in two
of our laboratoriesm, Faoh laboratory was equlpped with a emall
btatch den, capable of dealing with about 1 Kg of smuperphoaphate.
After the mirxing, thaodan wap placed in a thermostatlc encloaure
regulated at about 90°C and under about 25-70 mm watar. Thene
gonditions were designed to approximate to the induutriul
vorking conditiona of batoh dens.

After n denning period of 4 hours, the superphoaphate was
de—denned and left to cool in the air bafore prooseding with the
operations of mleving, sampling and snalysis. Table 1 is given
as an axample and showa the practical raesulta of one of our
experiments designed to determine, in partioular, tho poesible
influence of the finenemss of grinding.
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Aa the laboratory results were, in general, satisfactory,
the trlals were then taken to & second stage in two factories,
the firat of which was equipped with & continuoue rotary den,
wvith a capacity of 20 t/h, and the mescond of which had a batch
den with a capaeity of 130 tona.

Table 2, which 1a again provided saa an example, shows the
results obtained In a recent experiment in s batch den deaigned
to make a particular atudy of ouring conditiona.

In genersl, our experiments demonatrate the importance of
carrying out a considerable number of trialm if one wisheam to
derlve valld concluslons.

dm ham been already indioated, variocus raw matarisls can
contain wettlng agents in mmall quantities. Certain reaidual
solde, for example, can oontain anionic detergents which are
abasolutely incompatible with catlonic surfactants. Certain
phosphates may have been flotated with fatty aclds, and thise
lendn to the formation of a hydrophoblc film on the surface of
the phosyhate particles, making them more Teslstant to the attack
of sulphuriec aoid. Converasly, c¢erialn phosphates may have been
subjeot to a cationic flotatlon and thus resct more easily. The
lncidence of poesible varietions in raw materials and the
inevitable errors of analysim - particularly important in the
comparlaon of trials carrled out in two different factoriea -
leads to certaln anomalies in the results obtained.

Although, for all these reamons, cur work cannot be
conaidered to be yet complete, we may msummarize as fcllows the
substance of our results:-

1). The aurface activating agent should preferably be
introduced elther directly into the head mixer or into the acid
hefore 1ts entry into the mixer.

2}, There im mo evidence that the addition of the surface
activating egent allows any reduction in the grinding fineness of
the phesphate wlthout affecting the rate of reaction,

%). On the other hand, the surfactant seems to have a
benefioial effect in mccoidental casea of errors in the feed or of
irregularity in the working of the apparatus faeeding the den,

4). The reaction of the phosphate with the aulphurio acid
ips accelerated in the presence of the surfmctant.

5). The alurry at the outlet of the head mixer is more
homogeneous end flows more easily into the den.

€). It ia pomsible to ume acldse of a higher oconcentration
than normal without blockage in the dens, and hence om obtains a
lower moiature content in the muperphosphate cbtalned.



TABIE 1

Eesulta of Laboratory Tests

Pz?5

¥ater Free acid |Available
ag ¥ater and fracticn PEGS
100°C |citric Ingo- |{Ha0H) :
acid Total luble fraction
zoluble
Anglyeis 12 b after de-denning
Rock phcsphate reference without FNoramox 11.27 18.55 19.%2 1.43 6.13 g2.8
with 0.% /oo Noramex 11.41 +8.50 19.87 1.37 6.00 9%.1
Phosphate gieve 40 raference without Noramox 11.58 18.78 20.11 1.%3 &.02 - 9%.4
witk 0.3 o0 Noremox 10.22 18.92 20.31 1.39 £.473 93.15
. noreal crnshing ref, without X 11.734 19.09 20,10 1.1 5.9% a5 |
o n with 0.3 /ec K 9.24 13.40 20.4% 1.03 5.95 a5
Anglwysgie aftear 10 days' atoring
Rock phosphate referenc ilthnut RoTamox 10,71 13.42 20.11 0.69 4.50 9.6
with 0.3 ;oo Noramox 10.85 19.28 19.67 0.59 4.3% 97
Phuaphate sieve 40 reference without K 10.45 19.64 20.44 0,80 4.40 96
n with 0.3 /oo Koramox 10.22 19.25 | 20.23 0.60 4.26 96.7
i nornal crushing raferancg without R 10.10 19.7%6 19.98 .62 4.22 86.8
m with 0.3 foo . 9 .03 19.80 20.38 0.58 3,41 97.15

HOTES: BRock phosphate Moroceo BO

Normal crushing (80% through 65 mesh Tyler sievs)

Sieve 40: the whgple phosphate pasaing through 3% mesh Tyler sieve

Sulphuric acid 53 Bé at 35°C

"Wetting® by the acid: Acid welght at 53

Phogsphate weight

=94%
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Normal crushing SBU% passing through 65 mesh Tyler

Sulfuric aeid 53 B& at
Acid wetting: g3%,

15°%¢

pieve}

TARLE 2 ) Results of Industrisl tests
i" the AV the | tter 2 {after 3 | after 10 | Aftar 20
eginning | end of . . N
daya days days" days"’
of excs- excava- atori ator stori atori
vation tion o8 ring ring Ting
Iafersnce manufecture Uatgr at
1007°¢C 11.42 11.35 11.00 S11.11 10.81 9.85
g:ﬁsinzofgz Py0g total
¥ ight.123 t content 20.92 20.99 21.18 20.96 21.0% -4
€ ' Water and
citric acid
soluble 18.88 18.95 19.48 | 19.66 19.84 -} 20.22
Non soluble 2.4 2.04 1.70 1.50 1.21 1.21
Free apid
fraction 2.2 T.44 2.%6 2.16 2.15 1.7
Availseble
P 05 fraction | 90.3% 90.25% | 92% 93.8% | 94.3% 94 .4%
Memufacture with addition of |Vater at _
2°/00 Roramox 100°%¢ 12,22 12.50 | 11.94 | 11.39 | 11.20 10.96
Den. no. 19%
Yeight 123 t. PO total
content 20.29 2013 20.32 20.47 20.48 20.45%
F ¥eter and .
citric acid
solutle 18.61 18.71 19.10 19,44 19.44 149.51
Insoluble 1.68 1.42 1.22 1,03 1.04 G594
Frea scid : ’
fraction %, 66 Z.51 2.6% 2.4% 2.%6 219
Availeble
P,0. fraction 91.7% 92.45%{ 9% 5 4  o4.9% 95.5%
ROTES: Phosphate Moroeco 80,/82

IITAX
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7). De-denning is greatly facllitated and blockagea of the
sxcavator are practiocally elimimmted and are, in any ceae, leas
violent.

a). Curing eppears to ba ucbtlnruted to a variable extent,
depending on the raw materlials umsed: generally the product
obtained has & lower molsture content.

9). The improvewment in the physloal qualitleas of the
suparphoaphate thus {reated is indisputable: the products
always have an excellent appearance, and salthough they are
practically in powder form, they do not cake and present no
difficulties 1n subsequent handling,

10). The reduction in the manufacturing time in continuous
dens enables rates of production to be accelerated by more than
25%. In our opinion, thie result is of primary importance,
becauss 1t implies the poeelbllity of ineresasing the preduction
capaclties of exlsting plants without new investwment, when they
are squipped with continucus dens.

11). In the manufacture of binary and ternary fertilimers,
the treated superphoaphate can be used wlthout difficulty after
only four or five deys of curing and even, 1f need be,
immediately after emerging from the den. Ite composition
remains virtuslly constant betwesen the 4th/5th day and the 15th/
20%th day. Thus the need for large storage sheds for the curing
of muperphosphate over thres or four weeks is eliminated.

12)., The granulatlon of the treated supsrphosphate and of
the binary and termary fertillsers manufactured with this
product ralses no problema and even seema to he improved.
However, we have besn unhsble to show the poasibility of any
substantial reduction in the amount of water or ateam uased in
thie operation - ocontrary to the affirmations of ocertain
authoras.

In addition, 1n oconjunction with certailn of our clients,
whom, wlthout naming them, we mhould like to thank, we have
carrled cut industrial trials on the manufscture of concentrated
superphoaphate. This 1m, of acurse, produced by reacting
rhomsphate rook with phoaphorle acid. The introductlon of a
surfactant into the phosphorlc acld used 1n the manufaeture of
concentrated superphosphats, in the proportion of 100 to 400
grans per ton of superphosphate, lmproves the physlcal structure
of this produot, which becowmes conslderably more Iriable. The
main effect of the surfectant in the mixture of phoephate and
goid conaipta in the extension of the pomeible duration of the
mixing without any breakdown in the alveclar structure due to
the evolution of CO,. Qtherwiee, thise stage would be very
phort (& few Bocond%) wlthout the strong mixlng neceasary for
g00d homogenipation, and one would cobmserve the formation of hard

pellets.
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CONCLOITONS

A8 we bave already indicated, we are atill continuing our
studiea. The results which we have reported above may be of
more or leea interest to producers, according to circumstances.
Tt is certain, for example, that the reduction in the curing
perliocd will not interest manufacturers who have surplus atorage
capacity.

But the use of cationic surfactants has »o many
slmultaneous advantages that 1t seems to us that 1t will
eyatemationlly become generalised. This is all the more likely
bacauae, although these additives are, in thamselves, relatively
oxpensive (about 5 French france per Kg ex-works - present
economic conditions in Franoe), the rates of appliocation of our
currently available products (mbout 150 to 300 g/ton) are
sufficiently low for the cost of the treated superphosphate to be
only 1 to 2% more than that of normal superphosphate.
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DISCUSIION

Nr. H, BOUTAULT (S%é de Produits Chimiques d'Auby, France): Our
paper doea not clalm to offer any exclusive aclution to the
problems discuesed. We were particularly interssted in iwproving
superphoaphate manufacturing condltions by the uase of surface
activating agents. Our interest atemmed from the fact that the
group to which we belong producee both superphesphate and ocomplex
snd compound fertilisers on the one hand, and cationle surface
activating asgents on the other. We ballieve 1t 18 necessary to
have thim double activity in order to undertake & worthwhile
sxperimentation in this field. Experimentation is, in faect,
Aifficult, and it must be recognimsd that the resulte are signl-
ficant only in so far ae esoh is mupported by several dimtinct
exparinents and comprises only a kind of estatistical average of
these eiperimenta,

We are now contlnulng our work wnd are trying to differen-
tinte betweaen the effects of the surfactants avallable to ue e
a functlon of the preciee alms to be achleved in sach partloulmr
cage. In view of the large number of componentes which offer
themaelves to auch an experimentation, 1t goes without saying
that our progress is very slow. We often think that we are only
at the start of our work. This, to our nmind, should in future
cover the study of the improvement of manufacturing condltlons
in reapeot of grenuler binary and ternary fertilisers. As we
have atressed in our conclumion, we conslder that the use of
cationle surface activating agents slwmultansously offers so many
advantages that they must finally become quasi-ayatematlcally
goneralimed,

Mr. A&. CORELA (S.A. Cros, Spain) ' ! wonder if you could glve
further informetion on the following pointa. It meemm that the
correct application of your surface activeting agent vaeries from
15C to 300 g/ton of rock phosphate. What is the effect of varying
the proportion of the activating agent on the rate of the reaction
between phoaphate rock and eulphuric acid? Similerly, what 1e this
effect on the curing time of the wupsrphomphate? Also what
influence deas it have on the phyeical gquallties of the filnal
product?

M™Mnally, could you glve the exact chemical composition of
your surface activating agent?

Mr. BOUTAULT: The amount of surface activating material to be
ndded should be determined in each particular case, depending on
the particular charecteristics of the plant and the raw materials
uesed. In general, good results are achieved with doses of 200 -
250 g/ton. Too emall a quantity, e.g. about 50 g/ton, produces
no improvement. In addition, improvements are not proportional
to the amount of materiml ueed. Beyond & certaln point, they
appear to lavel out, so that an exceee of purfactant nc longer
glvea any mubatantilal advantage. In these clroumstances, 1t 1s
naturally preferable not to excead the presoribed ceilingm, and
even to keep mlightly below tham,
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¥With regard to the nature of our produsts, I ahould gay that,
without entering into detall, the catlonic sgents which we have
developed almo generally present a non-lonic character favourable
to the development of physioco-chemical processes. These products
are moatly eeleoted within the family of long ochain, oxy-ethylated,
fatty amines. One can also use the malts of these amineas, To
quote an example, the product mentioned in our paper 1a a ooaden-
sation product of ethylene oxide on an amine, the hydroc-carbonated
chain of which oomprises 18 atoms of carbon, This product is
obtained from fatty aclds of animal or vegetable origin. The
mixture of fatty acids is treated with ammonia and dehydrated to
form a nitrile, and by the pubmequent hydrogenation of thim nitrile
the primary fatty amine is formed, on which we fir the ethylene
¢xide. In this particuler case, we fiz 11 molecules of ethylene
oxide.

Mr, 4. SINTE MAARTENSDIJK (Albstros Fartilizers Ltd., Ireland):

I should like to ask a few questions relating to the pummary of

reaulte given on pages 4 and 7. The following puragraph numbers
relate to the correaponding paragraphe in the aummary.

6} Hae it been proved that, for the seme finensas of grinding of
the Hoelk Phoaphate, & more concentrated Julpghurdie Aoid can be used
for production. What 1s for instance the maximum concentration at
e certaln fineneas of grinding?

8) Table 2 does not ehow that curing is accelerated yhen using 0.2%
of Noramox., TFor instance for den no, 192 the available P 0. fraetion
has increased by 3.9% after 3 days of storing, while for ﬁaﬁ no. 193
these lncreames are only 2.8 - 3,6% aince leaving the den. Moreover
the ecidulation of the Rock Phoephate for den no. I9% ham undoubtedly
been higher than for dem no. 192, which alme shows up in the moisture
contents, which are higher for den ne. 19%. Beceuss of this higher
acldulation the avallable PEO is in the case of den no, 197 atill
alightly lowaer than for den ng. 192.

10} How hea the reduction in the manufacturing time in contimucus
dens been determined. If in fact this 1a about 25%, does 1t mesn
that the time naceseary for the conversion of all free sulphurle acid
has been reduced by 25%.

11) You state thet, for the manufacture of blnary gnd ternery
fertilisers, "treated" Supesrphoaphates can be usaed immedlately after
emerging from the den. This can be done - and im in fact done in a
great many plants - with ordinary superphosphate, provided that it im
of & decent manufacture (i.e. by uaing the correct conoentration and
temperature of H,50,, finenems of rock grinding and thorough miring),

9) TYou state that treated superphosphate ~ and we have some ex—
perience in this direction ourselves - does not cake. Ta it unlikely
to expect that in view of this non-caking property a granule produced
from thie materlal would diaintegrate sarlier than an ordinary super—
phosphate granule? -

12)  Although the granulation of the trested superphosphate does
not ralse any problsms, how ilam the quality of the granulated product?
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How for inetance ia tha hardness of the granulas compared to those
mads from untreated superphosphate?

Mr. BOUTAULT : With regard to your firet polnt, i.e. the fact that
wa could have used a mere ooncgntrntod sulphurlic aold, we used acld
at 00nonntrnt18nu‘txcuoding 53° Ba. We carried out expsriments
golng up to 58 Be., but in practlee we consider that at this point
vorking conditione become very diffigult, and the improvement ahould
not exceed concentrations of 55 - 56° Ba, This 1s eguivalent %o a
deoreans of 1% in the water introduced into the system. We have not
carried our investigetione far encugh to know whether this decreasae
in water content i1e carried right through into the superphosphate.
We would suppome that the examct squivalent is not carrled through but
that the super must gain aebout half a unlt.

With regard to the fact that our Table 2 presents cortain
encaalies, we completely egree on this point. In genersl, our con-
cluaions ars based on the average results of numerous experiments,
and within these averages such ancomalies disappear. We have observed
fairly frequent ancmalles in the detall of each of our industrial
sxperinents in batch dena., We attribute this flrstly to the con-
ditions of manufacturs whioch neceassitate manusl operatlon and which
are therefore difficult to reproduce from one day to the next.
Secondly, the plants in question are felrly old. They were not
modified for the purpoass of the experiment, snd the measurement of
the sulphuric acid feed is made by weighing snd ls relatively in-
ecourate, The importance of thie objectlon has not emceped use, and
I can now tell you that our moet recent indumtrial experimesnte, which
have baen carrled cut in continuouse dene, have fortunately and fully
ponfirmed the statistionl results we obtained in batch dens.

¥ith regard to the reductlon in manufeciuring time, this 1m
precisely an item based on experiments carried out in comtinuous dens.
The present case involved moving belt dense, and we simply controllod
the mpeed of the belt. We obeerved that wlth an increase of 25% in
balt speed, the superphosphate at the ocutlet of the den was, let us
say, somewhat retarded, in so far ae 1ts free acidity wam momewhat
higher than normal superphosphete, but thia retardatlion is practlcally
oliminated after about twoe daya, and after this the two supsrphoa-
phetes are practically identleal.

With regard to the production of binary and ternary fertllisers,
uaing superphoaphete fresh from the den, this is posaible but hes
certaln disadvantages. T think the mein problem is to obtain a puper-
phoaphate of constant quality, but 1n addltion the use of a fresh
superphosphate 18 always accompanied by an unreacted proportion of the
PO_.

275

AB far me the granulation of treated superphosphate 1s concerned,
this ralsesa no particuler problem., We measure granule hardness on
an apparatus which is falrly peculilar o our company. We have
notioed nothing with regard to possible veriations in hardnees of the
granules of either treated or untreated superphosphate. Thus, to
anewer your other point, the granules of trested suparphoaphate do
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not disintegrate more quickly than the grannles of untrested BuUper-
phosphate.

Mr, M.E. PEDEMONT (Auetrelisn Fertilisers Ltd., puatralia) : We have
carried out a number of trials using fluorinated hydrocarbon anlonlc
surfactants on the superphoephate reaction. Although they are not
cationic, they are partiocularly stable in acid, and our phosphate
rock was Nauru, Christmes Island and Florida concentrates. It was
ground to about 60-70% -100 Tyler mesh. We found that the treatmeant
actually slowaed down the reaction, rather than speaaded it up 1 the
rete of setting in the den definitely tended to decrease., I omn
only attribute thies to elther the rock type or its sizing, end I
should therefore like Mr. Boutault to comment on the influence of
these two factoram on the additlon of murfactants to the superphos-
rhate reaction.

Mr. BOQUTAULT: Our experimente involved Moroocan rhoaphate almoat
exclusively. Thia is tha phosphate which we have used virtually
excluslvely up to now. I am therefors badly placed to diacues other
phoaphates. ‘

I think there are two distinct aspects of this queation:
firatly, the nature of the phosphate, and secondly the treatment which
1% has undergene, particularly by flotation. I think a slowlng down
in the reaction 1s mcarcely concelvable apart from a counter indi-
catlon originating from flotation.



