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GRANULATI ON I N A ROTARY FLUI D | SER -2- This invention relates to
apparatus and a method for the production of dense particuIatgLsﬁ?[ﬁﬁ'?thdl_
their solutions, suspensions or nelts. This invention has parficular
application to the 5 formati on of granular solids in a single step
prQcess from punpabl.e |iquids and suspensi ons by evaporation or Cof::yg and
the follow ng description is directed at that application. The re VB y of
solids fromtheir solutions, susp- 10 ensions or nelts as wel t he
physi cal characteristics of these recovered solids is of great conmerci al
signif- icance in many diverse areas of the nDdern[Process i ndustry. The
suitability of a product GRANSHAEION dNpRNBATARY FLUMMSERsuch factors as
particle size distribution, particle hardness, sphericity, surface texture
etc. These factors greatly affect such properties as flowability, tendency
to cake and dustiness. In the case of toxic and irritating solids the
production of non-dusting particul- 20" ates is of great inportance.
The great demand for dust- free particul ates, which have excel |l ent physi cal
properties,-has stinulated the devel opnent of processes which convert
solids in a finely divided state into a dust-free granular form Most of
t hese granul ati on 25 processes achieve particle si-ze enlargenent by the
aggl oneration of wetted fine particles in a tunbling bed of solids.” This
nmeans that the finely divided solids, which mght have been recovered from
their solutions, suspensions or nelts, require an additional treatnent in
30 a separate process for their conversion into a granular free-flow ng
ggfn1 The singl e step granul ati on processes produce stable, dense and
st-free particles fromthe liquid phase by either the evaporation of the
solvent fromthe 35 sol ution or suspension containing the solid in a
di ssol ved or suspended formor by the cooling of the




nol t en soi[ds. Lead.shotting and flaking are processes whi ch have been used
for a long tinme. Over the |last 40 years or so, 40 t hi s techni que, which
i s based upon the congel ation of -3- droplets in a cooling nmedium has

been usgthon a very | arge scal e, sorretl me- for the production of- spher| caI
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prilling towers havehbrémessndsphaxiaidy) fsorfake texhung efc. These factors
greatly affect such properties as flowability, tendency
to cake and dustiness. 1In the case'of toxic and
irritating solids the production of non-dusting pafticul-
20 ates is of great importance. The great demand for dust-
free particulates, which have excellent physical .
properties, has stimulated the development of processes
which convert solids in a finely divided state into a
- dust-free granular form. Most of these granulation
25 processes achieve particle size enlargement by the
agglomeration of wetted fine particles in a tumbling bed
of solids. This means that the finely divided solids, | ;
which might have been recovered from their solutions, _ :
suspensions or melts, require an additional treatment in
30 a separate process for their conversion into a granular
free~-flowing form.
The single step granulation processes produce
stable, dense and dust-free particles from the liquid
phase by either the evaporation of the solvent from the
35 solution or suspension containing the solid in a
dissolved or suspended form or by the cooling of the
molten solids. v
Lead shotting and flaking are processes which have
been used for a long time. Over the last 40 years or so,
40 this technique, which is based upon the congelation of



35 . spherical granules by congealing the materials such as urea,

sul phur, amonium-nitrate, calciumammoniumnitrate, calciumnitrate, s
-hnnoniun1phosphates‘ waxes and resins. Wile prilling of nost of th€£§§
materials enploys air as a cooling nmedium3the prilling of sul phur
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a steel plate shoul d not formiron sul phide, it has been observed In recent

years that a quaygﬁifQHﬁﬁlte" ‘iron sul phide can 20 formin the hold
of a ship if water and s¥WhgAer paidlimg rncasses hiavet €olngl atady a&temmnce
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tphur pril ng tdi/?l@ia% a\’/’?}l‘i‘lagf*ls"gen@ﬁ1 W@Uﬁﬁ@aae§ubé?$ of? sthephur
Sﬁ |1, are extrenelfackxrhasi the ﬂhoﬂ:]ae'a sgi“mtoﬂjeﬂnle ablepar stbot@cat t ent i on

to their dropl et prdé@é%&ﬁege’éh&efi%ai e%aer%% ehel gﬁ&lexp&ﬂﬂ PSs

undersi ze droplets are to be avoid f ower nor na y has a
height of 60 m THOSEEfPrFe3othat ajgxeak dead @étéﬁtﬁptﬁpbdﬁ%%dtq rhﬁn%‘t]@m a

tower is about 2.0 tunthe Form&®ion of the droplets and their size if
- 20 excessive remelting of prills not meeting the desired
sizing is to be avoided. Another disadvantage lies in
the fact that the greater the size of the prill required,
the greater will be the height of the prilling tower for
the removal of the heat to achieve a congelation of the
25 droplets. |
| - While it is possible to increase the heat transfer
by increasing the velocity of the cooling medium which
_ flows countercurrently to the falling stream of prills,
N\ the increase in the velocity of the cooling medium leads
30 to an increased entrainment of small prill sizes. As a
- result, extremely expen51ve pollution abatement equipment
has to be installed. _
Despite these and other'disadvantages, air prilliné
towers have been, and are, used for the forming of
35 spherical granules by congealing the materials such as
' urea, sulphur, ammonium nitrate, calcium:ammonium '
nitrate, calcium nitrate, ammonium phosphates, waxes and
resins. While prilling of most of these materials employs
air as a cooling medium, the prilling of sulphur is mostly
40 carried out in water. Such sulphuf prilling processes



Anot her type of sul phur forming process is based on the solidification of
the nolten sul phur on either an endl ess belt or a flaking drum The nolten
sul phur is_35 ei ther poured onto the endl ess conveyor belt or sprayed .

onto a copfed rotating drumfor cooling angl solidifica- tion. The flakes of
sul phur d¢ ced fromthe endl ess belt are not very hard, are 'i.r'rerg%I arly o~
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should not form iron sulphide, it has been observed in
recent years'that aj“quasi-pyrrhptite“ iron sulphide can

20 form in the hold of a ship if ﬁater and sulphur are in
contact with steel plates. Since these sulphides of iron
are pyrophoric they lead to serious fire hazards during
the stock—piling of the highly combustible sulphur.

Air-cooled sulphur prilling towers, which generally

25 produce a superior'sulphur prill, are extremely expensive;

while a great deal of“operational attention to their )
droplet producing device is required, if dust explosions i.;
with undersize droplets are to be avoided. An air
prilling tower normally has a height of 60 m. The prill

30  size of the material produced:ffom such a tower is about
2.0 mm to 3.5 mm. o '

Another type of sulphur fdrming process is based on
the'solidificatiqn of the molten sulphu: on either an
endless belt or a flaking drum. The molten sulphur is

35 . either poured onto the endless conveydr belt or sprayed
onto a cooled roﬁating drum for cooiing and solidifica-
‘tion. The fiakes of sulphur produced from the endless

~ belt are not very hard, are irregularly shaped, and are
| not vefy resistant to abrasion and easily degrade during
40 handling and storage.



30 . denser, as well, as spherical, alum nium sul phate particle which has

no protrusions that can be abraded and which has at the sane tine a th
Surface texture. Pri‘lling towers, endless belts and flaking druns ha@geen
and are used for the solidification of psspable 35 = liquids by co ng.
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excel l ent mass and gf viewgeat transfer properties which can give increases

I n-heat transfer as high @? one hundred fold ﬁ;ﬂ conpari son wth nore .
" conventional non-fluid betP®y @B YdPPPLR, RPYE P d S e fongehrE RD
in the fluidised stafeabuhinjunieplpbate.soffhdslatkengis Eherexyc dimpertaheat
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particles which St'éﬂié“%%%é%gg qg'goglanﬁggcéégﬂgfE%ggégfation-but a process
of crystallization. Depending upon the strength of the
20 highly concentrated aluminium sulphate solution, the
solidified aluminium sulphate will contain between 10 to
14 moles of water per mole of aluminium sulphaté. While,
generally speaking, the dustiness of slated or flaked
aluminium sulphate surprisingly does not cause the same
25 amount of problems as dustiness in sulphur, alumiﬁium
_ sulphate dust has to be classified as hazardous. Similar
(\) to gulphur, aluminium sulphate dust is non-toxic but
severely irritating to eyes, nose and throat, as well as
to the skin. This means that the need exists for a
30 denser, as well as spherical, aluminium sulphate particle
which has no protrusions that can be abraded and which
has at the same time a smooth surface texture.
Prilling towers, endless belts and flaking drums
haye been and are used for the solidification of pumpable
35 liquids by cooling. However, these processes either
yield a product having poor physical quality or require a
‘great amount of capital for the installation of plant,
while they often have_severé operational limitations in
regard to factors such as sizing.
40 Thus it is not surprising that over the last 30
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collide with each other in the fluid bed. Wiile fluid bed granul ation

yi el ds -an excel l ent product and gives high thermal efficiencies, size 30
enl argenent by either spray granulation or nelt granula- tion in a
conventignal fluid bed suffers fromthe febtow ng di sadvant ages: “(a) Only.

gr anul es{\0]  uni fOf m 322,‘* 5 3 RS ithk g%otzla!gdiﬁé@stﬂ Nes & taederl taf ﬁ'ﬂ!hﬁée\.{_

mat eri al i ng pen 'size ectrum does not eaS|hé_flu di_se and

G SY¥PLEMS.
the greater will be fdsue fHalirlicoivegyv elfoebl yds efirom echdixr eadin.mn.@ns, melts or

fluidisation. (c) % ?01%‘%: f{ere ?ﬁd' ?eﬁh§y§£éxfy’?5ﬁ§§é 7ééf@e‘?ﬂcletrll?:em%gs and

granules wll lead t ﬁ}rla ion of the ranul es by the
fluid, to the Bettl ibkrpbutrassfiere proRessiesvhiehscan 34¥9tiﬂﬁﬁﬁﬂﬁ§§ fReheat

Cfl Uiedi Si ngdchaﬁPﬁr @{l&léﬁé:ﬁr&s I}ﬁ%ULaar bh¥ Rindtred dftﬁm |1 dowparisont whsk
experienced in e art _as chan g rodyn
ogag. thféﬁléd%e &J}XQ q‘)ﬁ %@dﬁt on

resistance of fluid B & T T eS ensive high
‘pressure blowers to ﬁhhué\hﬁda a&tsa:lealsofachﬂ-ﬁvm satﬂ@m f%‘b‘)dls éhatguiaghigh

di spersed into the f&él?ﬂeé)%k fd19sf aikBngo! Idhél@ﬁc@ﬁiémslmdoaﬂ‘ﬁhefer and
col l'i di ng with a granu

these I ne rtic COm N din
the fluid andlpem)velﬂaﬁ o?ﬁwelfe&s wel a95 ﬁn‘au{: E?’h‘iu%ﬂ)esr 1:%2&1“ o ﬂ§ -
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expensi ve gas cl eani equi pnent . e fluid bed gyste
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liguid particles lead to the layering of solids onto the
surface of the solid particles, after which either the
. solvent is removed by the hot fluid or the molten liquid
20  is congealed by the cooling effect of the fluid. The
growth mechanism_iﬁ these fluid bed systems thus occurs

.v',

by an onion skin like layering growth and by agglomeration
so that the solid granule consists of successively
deposited layers of material. In addition, agglomerative
25 granule growth by coalescence is encountered when
particles which still have a liquid film on their surface
- collide with each other in the fluid bed.
- While fluid bed granulatlon yields an excellent
. product and gives high thermal eff1c1enc1es, size
30 ‘enlargement by either spray granulation or melt granula-
tion in a conventional fluid bed suffers from the
‘following disadvantages:
(a) Only granules of uniform size can easily be
fluidised, since a bed of granular material having an
35 . open size spectrum does not easily fluidise and very
. often cannot be fluidised at all.
(b) The greater the granule size the greater will be _
the fluidising velocity required to -achieve fluidisation.
(c) Large differences in the size spectrum of the
40 - granules will lead to the elutriation of the small
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the production of granules much greater than 2.5 mmin 25 di aneter.
-There can be littl-e doubt that channelling, hydrodynam c resistancﬂgﬁ. wel |
‘as degradation of the particles in the bed are responsible for the§
limtations in regard to granul e si ze.'l\‘process devel oped by the National
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20 limits the upper size.of the granules produced by this
means. )
It is generally recognised that it is difficult to
employ a conventional fluid bed granulation system for
_the production of granules much greater than 2.5 mm in
25 diameter. There can be little doubt that channelling,
- hydrodynamic resistance as well as degradation of the
P particles in the bed are responsible for these
limitations in regard to granulé size. _
A process developed by the National Research Council
30 of Canada utilises the phenomenon of "channelling” in its
spouted bed technology. While in a conventional fluid
bed channelling of the fluid leads to a defluidisation of
the remainder of the bed, a spouted bed relies upon the
formation of a spout in a cylindrical vessel for its
35 fluid-solid contact. The fluid enters the spouted bed
through a relatively small inlet in the conical base of
the cylindrical vessel. While travelling through the
centre of the bed, the fluid carries solids picked.up by
this gas stream in the conical base and ejects them from
40 the bed in a fountain-like manner (spout). The centre of



through the cyclic novenent of the solids which favours growth by |ayering
as opposed to coal escence of bed particles; 25 (c) nar-r ow product
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conventional fluid laegosiesdat oetoetie gsnmﬂdm iodn ganuiles. pScked up fronithe

conventi onal de:u d %gjg%zﬁtﬁgh gpo*ﬁgd. : lg{sa.nul #hii98 §¥§E@j}§t{ﬁ§1u¢1{&ugh

hi gh pressure bl oners for t 51-? fhé gas stream o overcone
hi gh hydro- dynani c thesepeshc %fs@¥kﬁﬁxﬂhlch ﬁIEH&PtFSAuté°Ee?FaF9F1r Tolten

.pertcen'; aget (r)\f t he lsglua@eh arybeami@st@gh: |dr£ﬂﬂhd:hi0e$1rﬁfabe16f the cgranules,
contact w granu and is_e riated i ui he entrai ned solids,
Eprtfe entthtt S, dhan dois’ phvelt

© which are.very fine e renove m the gas streamin
- - expensi ve gas cl eani ng eqliBreMethwnotong of rfdiee ioveptoyst el toe ??RPted bed, -

recovery-of I %&bh@%s'”clgﬁméoiﬁnﬁisﬁﬁéﬁﬁﬂdﬁk f"spButbai Be@sl't $academic

sol utions or suspensions |sS dru ranul ation.process, which
has been enpl oyed f&Fe5s| BFY 38F$oﬁg?%? e gﬁEFgflvglgPa%ulatlon of

fines by coal escencda) higher, or in the case of melt granulation lower,
inlet gas temperatures due to excellent gas-solid contact
in the high velocity region at the base of the spout with
20 consequent rapid cooling or warming up of the inlet gas;
(b) formation of well rounded and uniform'granulés
. through the cyclic movement of the solids which favours
.growth by layering as opposed to coalescence of bed

particles;

25 (c) narrow product size distribution, in part due to a
classification effect at the top of the annulus which
allows the outlet pipe to be located so as to remove

primarily the largest granules; \“}
(4) avoidance of problems with distribution plate
30 scaling, especially in cases where granulation is combined

with chemical reaction and drying.

one of the commercial processes employing épouﬁed bed

'technology-is the "Perlomatic Sulphur Forming Process",

which was developed by Potasse et Engrais Chimiques S.A..
35 . of Paris, in France. |

Nioh, S. teaches in his European patent application

26918 that spouted beds can be used for the production of

granular urea having a desired particle size disttibution,

by controlling the size distribution of the seed particles
40 in the recycle stream to the spouted bed. Kinno, B.



Modi f-i cations to conventional. granul ati on druns di scl osed 20 by O Br

~in U S Patent 3,580,545 entail filling a cage of lifter rods inside t '1
beriphery of the grdanulating drum together with a spiral ribbon betwe

the lifter rods of the cage and the peri-phery of the drum While rotatlng,

AL LT ALY 1L ey o BB oo

with the free floating cage in cons
the drumis generatEEaEy1¥PR§fRﬂﬁSHﬁ%&ttPhéséagecomh&ﬂﬁ¢ﬂ9n\M hppﬁéed beds

centrifugal forces gractaiwvshtiordle Mekiatl b8gsdtgs) the Ik 1t rmu@bitabn of
bet ween the cage an %he drum wuntil it 30 falls under the influence of
- gravitational forceST %rough the rods of the cage. O Brien teaches that
sticking agenBs sprayed oObike taanyehdiibnag €lvnidiledystemsunisportied beded

granul es, al though Qiaﬁﬁlé‘@iorpr%%% &Eahliélﬁ@op@f@és}h%ecwo@e% ‘.f!é?dtlfxér
t he S|ngle step granulatio

ns,  suspensi.on ts of
solids. There is nB"FF s‘?%rf:hlen A §%§ﬁﬁﬂrﬁ? (VRS “E%ethfpg’ilgi‘ag? 8ro5t
heat or for the rendy@#mxﬂ t&ﬁﬂqtaane of bhei bedl y Ireadbidriich ,am@ certain

aggl oner ati on devi skgn SR 0
Tennessee Val ley Au ?\B‘?‘éﬁa di scl os\é\%elﬁa iﬂ.ﬁﬁie hié{é l g gt%ggﬁ}gtand

3,991, 225 a ™8t ati nGOBE Ut VARG S W ﬁﬁé’é%ﬁ ST r‘?d-“f’qulgﬁﬁé aRdthe
defl ector pan fixedfimidi n THee empreinedcsobbdef whichirare vEig giaedy

def | ot the partichssdgh] iiivd ROTLENSOhLULET 208 M 1S abahNEnd

drum where they forma nse narrow f casca X ng 1's sprayed
onto this dense fal PYPRPSLR G476 QAﬁapﬁﬁgOQQH%@WQQ¥Tt|ﬂ S process was

%&;closed Ln U. S. Patent Ahdfhér9&4?gwb|gheghgygtiﬁmﬁoﬁIuhea&@5b$a&yoafof

ter in the,form S n i.ngi.n nt o
t he granul esllgn theé?fﬁseng cur {afior#“orgfglﬂ?;mtl Et’ Poé‘? ng"l f“e;{%«g’ 56¥ubions
granul ator, wll gre&at§ysnepsions dscbrsad emahhﬁe#rummqnanylaévpeeprvnese,

this device was orighiwt |né151®é%|noéﬁi9169édtf@rcé?aidr{w perig@Eehaknhgr oduct s
with a uniform protectjve cqﬁ nor e Josures 15 show t hat

the device can be W3FH TV eégFFBuiﬁgé??o% ines by .coalescence.

Modifications to conventional- granulation drums disclosed
20 by O'Brien in U.S. Patent 3,580,545 entail filling a cage
" of lifter rods inside the periphery of the granulating
drum, together with a spiral ribbon between the lifter
rods of the cage and the periphery of the drum. While
rotating, materials in the granulating drum form a
25 constant density curtain with the free floating cage in
the drum. The constant density curtain in the drum is
U generated by the fact that the cage, together with the
centrifugal forces generated by the rotating drum, hold
. the material between the cage and the drum, until it
30 falls under the influence of gravitational forces through
the rods of the cage. O0'Brien teaches that sticking
agents sprayed onto this falling curtain achieve uniformly
sized granules, although it is not proposed that this
- apparatus éould be used for the single step granulation
35 of solutions, suspensions or melts of solids. There is
no proviéioﬁ in this apparatus for the application of
heat or for the removal of heat, and it basically
represents an agglomeration device. |
G.M. Blouin, who assigned his invention to the
40 Tennessee Valley Authority, disclosed in u.s. Patents



of urea and sul phur. However, it is apparent that the :device has an
extrenely poor heat transfer and, by the msting of water the.TVA tried to

i mprove igperformance. Wiile msting does slightly inprove the -
per f or mancps/t he 20. gas-solid contacilg-s still extrenely poor in

conpari so th a fluid_b u Jhe Q! d C

entirely due to t he 3 §§17 ?rd(lgta?ﬂegtazéoﬁ‘izzg]r%%o tggapgglsl%“ngﬁ?ﬁﬁalé écf\hl(?pea\/
drum and, since thewiizhl Laftingtflights gﬁ'ra—htﬂ gefdecérs napr fhxed within dihee

to the gas flow thag %ér sec*cbsnea@tafnénfﬁﬁn Ol 215@@ bePOEELONLIE the
particles cone mtog her, di s; .advant.age of

ntact wth_t ool |
this device |ies i|nPPEELFALE Fﬁé}ln%uf 15%%%Ffﬁ8Fﬁa Pofret ALY &h
have to pass sseveraldrhmeaheheoulyélytfmrmm a;emnamdwhéaﬁ;ém@ecgsmes

are 30 . repeat ed'c%a%gm?ei%ﬁgplrg,r&am&qﬁ{g Qfe%s%a'fﬁg‘ilﬁ%f LHPaghe 2t the

end of the free fall resent 1 nven

on_to provide
a process -and apparatus 38R tMPRRYCHRE s‘?‘hd’m-:’-sstPé‘ﬁ’cPééoVé?ydéﬁﬁ Y e’éﬁl"g'g"‘
of solids fromthei patehyt uoams 824, whmmms)rmamr thel hgomisatibon of

appli cation of a cogLiag %fdog}, 50501 4| A%y IR FAAE AL EP b0

granul es, W thout su dvant ages suc | SCUSS bove I n
rel ation to pk@ or pﬂ-@@éységgaﬂﬂt‘ap@@ﬁ aﬂ%@sl.e_%na thes fpd ldngj ArERain LT

'nvest}gathpnsd“e h%MQo4QEe 1?£Qﬁﬂgl§r6¥ ﬁﬁethdﬂﬂ$ﬂtbke WQ%aCbkédElﬁ.lmprove

quasi ui di se aci a, treat | n

~into a tunbling bed%%‘fe g*&#. gﬁ?ﬁ? hattt e sg‘?evrﬁ} 4t i Ng éirugnﬁig d%yfég%as

~ spraying or ot herw srigisehdygdeye bopedciasithe |qqgnmgseﬁesreaula§m%pducts

‘fglngltl(r)]n bgd Sgsfeﬁigﬁnaaﬁﬂlﬁskﬁ %?Eé”@t?ﬁé 'dbaitmt Gor@C reueh8Caiotlédires ¢
i ng efer ng nt er

present |nven]t§on prsg‘\?l“)/«’éga&pﬁg?ag\e l?%rcafrh} dﬁ?@lt%r(?ﬁ Hegﬁﬁgﬁ#gklg?ﬁl%

said apparatus 10 ofomreasiend: salplese| Riwiewess Byt dscpbpatentathahethe

having its axis Sub%fe%&fc%ahhg Qﬂréieféﬁél PSS MR (Sanatep! 8hE, by e
end of the shell, neans gl treat ment qas into the vessel froma
source t hereof, misting of water the ‘TVA tried to improve its performance.

While misting does slightly improve the performance, the
20 . gas-solid contact is still extremely poor in comparison
- with a fluid bed granulator. The poor gas solid contact
:is entirely due to the fact that the cooling medium is
passing through the drum and, since the falling curtain of
granules offers a greater resistance to the gas flow than
25 - the empty space, only a small portion of the particles
come into contact with the cooling air.” Another dis-
advantage of this device lies in the fact that, during \;)
their formation, the granules have to pass several times
through the spray zone and hence the granules are
30 - repeatedly subjected to crushing forces caused by impact
at the end of the free fall. '
"It is the object of the present invention to provide
a process and apparatus for either the single step
recovery and processing of solids from their solutions,
35 suspensions or'méits or the application of a coating from
its solutions, suspensions or melts onto granules, without
' suffering diéadéantages such as discussed above in |
relation to prior processes and apparatuses.
_As a result of intensive 1nvest1gat10ns we have
40 found that it is possible to achieve a quasi-fluidised



and neans for charging processing liquid into the 15 vessel froma source
t hereof; said vessel being open at said ends to enable particulate raw

material solids to be charged continuously through one end thereof into the
shel |l and to ‘enabl e granular solids to be discharged continuously frexs
other end thereof; 20 said shell being rotatable at from20%to g
its critical speed of rotation so that a tyurhing bed of said partiss
solids is formed and retained . during rotatlon substantially within the
second one, in the direction of said rotation, of the |lower quadrants of 25

the shel'l; said gastaker piynglacing £0tfli£é’alﬁtidiﬂ: @a@aaaswmﬁhyl@hpgy@e&ﬁi ng
into the vessel thr%!?h aguﬁgg %ﬁegg (¥618%1%Q%| ¥t gas, d| har ed
ca as s fte

conduits in communi i on b1y Prpe and fdi Ag™ WI 'ﬁl and
al ong substanti al | frumeand| by| ewg@wrw qm@t;@rw1§|¢eﬁnscbacmm &ai d gas

di schar ge COEdW tSpEelbleasihgemqwa hedl il FeorNd Quadedbh, agal |nSt .
rotation with the she an or ans .q ri si rality o
outlets spaced#gloﬁ&sgﬁBEfgﬂt?%glﬁéhé) #lﬁ §Hd%h n§8lgﬂ80ﬁ§ﬁg?%eb ng
fixed within said e‘:éleommq&adgahed33>re@rasblly0®a.tthontswehtihat theluri ng
rotation of the shghltergaghogftﬁéu&,ﬁpndw ts is wthin said tunbling bed by
-12 - engagenent. therew th, aﬁ? at a location ,such that each of said

conduits is spaced from andThE SRFEFSRE myehtjon PFSNFFF§ apppettus for
downwardl y toward shiedfsmmation cfupmndiamasltidshe sdidchppgedtust hin said

the bed at subSkan F o AR 0, ¥ ee oy A KO8 BFtiafia BuE AR LY, O o

t he bed at substan elutriation I'es I cl es of
saipd material; the ﬁﬁéﬁg L5F a¥hsoF ﬁﬁ&i&ﬁ%&yh@OFiaepﬂaﬁavPn§e§Ee¢%E%% one
Sutlet fixed withi endhplabel htaéach | @tdid Hrthk) sheluGhmbhak, fdﬁrem&%m@tlog
of the shell, said._l r | S,.S e oye he .bed an IC]UI
di schar ged therefron#%géggggg %Qgﬂgﬁ?gﬁﬁﬁsh %ﬁ %F§%g a éﬁrs? TITOn

the | ength of sa|da§ﬁemﬁaﬂﬁtﬁ°§a¢bﬁ¥ﬁﬁng(Ptqgﬁﬁﬁ}ngpééeﬁlﬂrentgatheother end

of the shell 15 vessel from a source thereof; said vessel being open at

said ends to enable particulate raw material solids to
be charged continuously through one end thereof into
the shell and to enable granular solids to be
discharged continuously from the other end thereof;

20 said shell being rotatable at from 20% to 80% of its
critical speed of rotation so that a tumbling bed of
said particulate solids is formed and retained during
rotation subétantially within the second one, in the
direction of said rotation, of the lower quadrants of

(. 25 the shell; said gas charging means comprising a gas:
supply pipe passihg'intd the vessel through an end
thereof, and a plurality of gas discharged conduits in
communication with the gas supply pipe and extending
within and along substantiaily the full length of the

30 shell; each of said gas discharge conduits being fixed,
within said second quadrant, against rotation with the
shell, and having port meens.comprising a plurality of
outlets spaced along substantially its full length;
said conduits being fixed within said second quadrant

35 at a location such that, during rotation of the shell,.
each of said conduits is within said tumbling bed by



15 by a m nor por

adapted to maintain said tunbling bed in a quasi

substanti/aMy the f

ul at e

tion of said length; said gas di scharge neans being

ull length of said shell under the action of said

hscharged gas fromsaid outlets and 20 mechani cal di spersion

material of the bed by said conduits, and further

adapted-to dry said particulate material XA +espect to liquid fromsaid
|l iquid charging nmeans prior to discharge fromsaid m nor portion of -said

| engt h of the shel

for the formation oﬁngﬁaﬁmPaF thereithsAnd mk Rodassiirns sHEht hBakt epshof :
(a) char gi ng par bifc shatiecondu s el s adpdcall fx@ni,dando digehapgesf salaessel

conprising a 30

respective end. pl at
particul ate solids
in the directiom of

25 The invention al so provides a nethod

go, 550 00k AU A, AR I8
#ANSE bhe ggsS'Gmb%rﬂiwhagrge& Hitddn ﬁattﬂebsécend btne
eff@bati 86n88ct between saiﬁ ddEEd%HEbhrtQEulE€e|0“Br

guadrants of the vess

-13- charging-treat

into the vessel fronﬂQN§1ehdonh%ekm¢;t£§ﬁiﬁqnnpaﬁﬁaciuppbf papé material;

al ong substantlally

-fluidized condition al ong

ReReT480 PFofie Rost Ak RNt ) 1 BogBry Shfpe passi ng

T

plurality of dischaggg ﬁQQHH'Eéreéﬁik ng process1ng8&&%aﬂan 2 g¢and
the full t said sheII, each sal con ul t* havi ng
ﬁ&aétpPﬁ?aP?Fger HRAWE AR Shenishgldadtodt LeFatiBACed

port means conpris

al ong subst antildl | ysuch that, Iéugiﬂgarmt&tmdm]dﬂ>uhé Ehell, said ligagdi nst

Ak g L pe sl iy 8 [ gl e

rotation with said

| .fromthe shell, suc

COI’]dUI ts ani ca er ses

particul ate naterlaﬁléFhPﬁﬁeﬂeﬂhﬁ§egﬁﬁﬁmﬁ9ﬁﬁﬂ°§%1 fr°m above along

15

20

a major portlon of the length of said shell with saigd
portion being spaced from said other end of the shell
by a mlnor portlon of said length, said gas discharge
means being adapted to maintain said tumbllng bed in a
quas1-f1u1dlzed condition along substantially the full
length of said shell under the action of said
downwardly dischérged gas from said outlets and
mechéqical_dispersion of the particulate material of
the bed by Said conduits, and further adapted to dry

- said partlculate material with respect to liquid from

- said liquid charging means prlor to discharge from said

25

| 30

.35

minor portion of said length of the shell.

_ The invention also provides a method for the
formation of granular solids, said method comprising
the steps of:

| (a) charglng partlculate raw material feed solids

to one end of a vessel comprising a
horizontally disposed rotating shell and a
respective end plate at each end of the

. shell, to form a tumbling bed of particulate
solids which bed is substahtially retained in
the second_ohe, in the direction of rotation
.of the shell, of the lower quadrants of the

_ .vessel; _ .
(b) simultaneously with rotatlon of said shell,

H



15 and di scharges said gas downwardly wthin said bed and
toward the shell .t.o effect contact between said gas and particul at .
fraterial in which sdid bed is naintai ned-i pg3a-quasi-fl uidi zed conégigon

al ong substantially 20 - the full length of said shell r the
acgi,on of said downwardly discharged gas fromsaid outlets and mechani cal
di spersion, said cortaxgingeitrgatmoptagas aftgm bel sovmieltuhieateiodn toekhoci ti es

for particles of salybgt ¢ipdl padling J.m(-.G)the wd a1t gﬁ}gg,pgn)é Whish chargi ng

sai d treatnent  gas, char I gcessi ud irnto s vessel so as to be
%'eggg Bgefu

rel eased therein fridif h8Mof RiRH I & duFed isycREt hat
t he processing |iqiicadearigaccentihétbedadh from above aLong a -
maj or portion of the length @ r sai
ot her end of the shell; .and s%ﬁ% ?gﬁ ous#Y %ﬁ?rgyé%ﬁﬁﬁfééggﬁ%gsgé ngg% gas
and processing | i qii4t! deagikhr gfngasd she 1," each sirigh fonduddl i ds from t he
ot her end- of the vdsskng port deanbacgprseingsa t}ﬂldi&lilﬁysb&'nt ially dried

with respect to Sa'%dﬂvﬁ‘ﬂd]qg gptgﬁégﬂa‘?%s Outlétdf sAécSe'*%z process l'i quid

di scharge conduit avi n ace S ra normally is
adequate, but in trFé“b@é?é‘ttlﬁé Yt hEspfut s%emqfefulaild:m lfexspr ayed ot her

means can be exgloyed. 5 H@gﬁ‘iﬁét féﬁ@a@io@mmﬁd arRnal lag gpaced such

conduits can be us req d G anu n st veniently is
conducted on a con?‘%ﬁ&&dgn'o% 58P g%}l *‘1 lhgmgggﬁ%a({‘%dsip? C€farted with an
initial supply of &@WI@@ ﬁﬁ?éﬂ-uasuch/bthanoeackccnﬁ/eaaleht ly, the processing

liquid is sprayed Cb"orﬁ!dl&%‘“’mé@hﬁh%&@l? %y@fs@s Hm%gatt' gon of the
lrengt h of the bed s ced frog1%F8 L to Ieav ry sectlon of the
c n

befl at the exit en e§d’€t’r 8 neY el'lgélgement erew1t
15 .. and d15’~'=har<.=res said gas downwardly within

said bed and toward the shell to effect
contact between said gas and partlculate
material in which said bed is maintained in a
quasi-fluidized condition along substantially
20 the full length of said shell under the
action of said downwardly discharged gas from
said outlets and mechanical dispersion, said
contact being substantially below elutriation
velocities for particles of said material;
25 (c) simultaneously with charging said treatment
| gas, charging processing liquid into said
i - vessel so as to be released therein from at
least one outlet spaced above the bed such
that the processing liquid contacts the bed
30 from above along a major portion of the
length of said shell which portion is spaced
from said other end of the shell; and
simultanecusly with charging said treatment
gas and processing liquid, discharging
35 granular solids from the other end of the
vessel, said discharged solids being
substantially dried with respect to said
-liquid by said gas.



- ammoni um nitrate,

be up to about one third of the | ength of the bed. The 15 treatment gas

di scharged into the bed needs to be heated where the process liquid sprayed

heat ed f I uig y be air, an inert gas, or (typically) gaseous prdducts of
combusti on

liquid (typrcally water). However, where thk4process liquid is a nelt, the
gas need not be heated or may be heated to a tenperature bel ow t he
solidification tenperature for the I|qU|d t he gas, of course, servi n% to
cool the 25 liquid by contr® PiR§: ?h@r?‘é?r?)%r]a%‘lﬂ’éi SsHisqhangeq corfut
princi pal advant ageshasfingl donggtulitngasy dssdced pray syedzies, nm@rmhély is

tunbl i ng bed of soli gi%q%ﬁ?:et,hﬁfatt th §§O¥$§I§Stha(@)th<ef prdg;_%gs é_cheased

tumbling of the bed an 1ncr ea degree
of fluid-solid mxi mgnmptybel ﬁerﬁgeﬂoqﬁbees@%ms f¢an dPeatemplayed i es wel |

bel ow the el utristi apwetledsl ttb@SoEOévéhem@ﬁélﬂawfaum &pacd such)
means of highly efflc t heat _a nsfer -15- (d) nmeans

of producing stable® Saﬁa“ gﬁePFE aﬁ%‘i“e - any size without
encountering the severe probl é?maafllpm-oncmestemn‘eﬁmmly vitsl mmdeqmeﬂeen

expensive gas cl ean'dqg:o‘?ﬂ:‘i'nﬁ%'%t ber s@ﬂiLHéhQ{‘n&&iE Masis and is startéBe
benefits of this invention agre be t reci Eed b he fact .t nf an be
used for the spray 1138 ot tAR L SPBRIY SOF pFEa e Eﬁﬁ‘@qm al t

or ot herw s§ di scharged onto the bed is-a solution or suspension. The

- sul phate, mangarkese convendieatlyr,otheuppbaess hingl lm.yuxdhes smygia’moe‘ salts,”

as well as the nelt qkfi,l erdls@NWi8bhaPgRE SYER. ﬁwpﬁmm um %nSlePWe’ 1éh§en

um anmoni um nrrtrate hat es,

-+

a fuel, 20 and serves to evaporate the solvent or carrier w‘

pseudonel t granul at |an the QleémsEPGﬁfisGFﬁﬁaF]ee %%@Ed%&‘?'ngt‘bf e@r"&mﬂ &Ypith =

one or nore other suydtieedfSithe bedt A€ Shépdwit cadi nGsudh Wekrion can
' be up to about one third of the length of the bed. The
15 treatment gas discharged into the bed needs to be
heated where the process liquid sprayed Orfdtherwise
discharged onto the bed is a solution or éuspension.
 The heated fluid may be air, an inert gas, or
{typically) gaseous products of combustion of a fuel,
20 and serves to evaporate the solvent or carrier liquid
(typically water). However, where the process liquid
is a melt, the gas need not be heated or may be heated
~ to a temperature below the solidification temperature
for the liquid; the gas of course, serving to cool the
25 . liquid by controlling the temperature of the bed.
' The principal advantages of placing the gas
dlstrlbutlon system into the tumbllng bed of solids are
that this provides:

(a) means of increased tumbling of the bed of
30 solids; '
(b) - means of an increased degree of fluid-solid

mixing by utilising low pressure fluid at velocities
well below the elutriation velocities for the solid
'partidles; '
35 (c) means of highly efficient heat and mass
transfer;

o



15 as well as the renoval of liquid frompastes. An understandi ng of the
process and the apparatus used for performng this process will best _be

«understood fromthe-follow ng description and acconpanyi ng draw n ' ,
whi ch: 20 ; ' Figure 1 shows one form of apparatus in si d%{
e 1,

elevation; Figure 2 is partial end elevation of the apparatus of - ¥g
infhe direction of arrows I1-11; 25 - 15 - Figure 3 shows on an

enl arged scal e one formof a section of a conduit used in the apparatus of
Figures 1 and 2; Figyre 4 is_a_flowsheet. of.a typi.cal process._using
apparatus as in Fi g@es 1 anﬂ‘eﬁ,"53§,§ producing 3/'Triﬁ"_’;ll.?r'e nssﬁo{'?\"rrslt{1 in a view
correspondi ng to Fisphegritalagrahudeaaef vany osigeiwihheartaensouatdringutees

shows an end el evatdhpa f feoBikh af ﬂfuarEiQw@Serﬂt@mm%ntt,h%hfiehawquires

fluidi ser apparatus consists of a c% | ndrical’ vesseéaﬂu in a 35
conventional granulS¥RSTFieuFRSWALEANHAE STRIRNSTHE | Pﬁi@fl“l“?ﬁ SRAtERhul ar

end cover plates 16, 18 integhel benefifs of tthideldvehdiodr amelBess
supported in a cony ' | snpgn | dj ' t S each
running on a pair o érﬁ'ﬁ%ﬁeggg&hgfelf gég%\é\gﬁlél%gig%:gﬂrﬁség&% %é%r gggt ed by
nmeans of a convent iSRFAY @rapilagicanpfnrerprer sylirhatsor #igs gulphate,

gi'rcum‘ erenti alj chaidba24 mdﬁdait?e Rh§andde Jmpprdartlwn itromnBluQphasaecahdi es,
rive nmotor and support .bracket . DL O 6 te a connon
base 30. Thrust roiert §%e,s}-gprg§5§§ é?%tﬁée%g&)ﬁp]'rea‘\%%?‘eng\?g%ent of the
drum al ong t hel&xi wusnul@tionopst suah spbatances a5 SWRIMEs Aredppl y pi pe

34. whi ch passes throu@hid!Mit£a®8) £81854IR0ikEsh Aim AU ated 208 dikiBhidmby
r(ﬁgns of support brei%;ep}%t?ég a achedu&o gfge-SO.%ﬂ-%e 34$0a Ses tihrough
t'¢ opening of annd | Z08sPEBUCIBELT GHAT of & P18 EBrve to
retain sulphate, the coating of granules with one or more
other substances such as the sulphur coating of urea,
- 15 as well as the removal of liquid from pastes.
' An ‘understanding of the process and the
- apparatus used for performing this process will best be
understood from the following description and
accompanying drawings in which: - _
20 - Figure 1 shows one form of apparatus in side
elevation; .
Pigure 2 is partial end elevation of the
apparatus of Figurell, in the direction of arrows
i II-11;
K,) 25 Figure 3 shows on an enlarged scale one form
| of a section of a conduit used in the apparatus of
Figures 1 and 2;
Figure 4 is a flowsheet of a typical process
using apparatus as in Figures 1 and 2;
30 Figure 5 shows, in a view corresponding to
Figure ‘1, an alteérnative form of apparatus; and -
Figure 6 shows an end elevation of Figure 5.
In Figures 1 and 2, the rotary fluidiser
apparatus consists of a cylindrical vessel 12 as in a
35 conventional granulating drum, which has a cylindrical
' shell 14 and annular end cover plates 16, 18 integral



the bed 38 of solid particles during tunbling of the particles on rotation

of drum 12. Supply pipe 34 is in communication with radial headers 40 which
extend toward the inner surface 20 of drum 12, and from which the conduits *
42 exte '“wongltudlnally within drum112, in bed 38. The respecti ve ends of
each co 42 are spaced slightly fron1p|ates 16, 18 such that treatnenn“f
gas rec ‘ fronlplpe 34 can be discharged mo bed 38 25 fromconduits

42 over the mgjor portion of the Iength of drun112 The portion of a

conduit 42 shown in Flﬁ e, g hfg th t hree.rows of % et
ports or apertures ¥AtFoPRghkntdrs ‘%& of % é¥ﬁ5 ga8. Tﬁgngﬁg $0P2% of
successi ve rows aremghhesethaM6N§1d1QQJﬂmm#%&gbtygﬁéaépngaGh guRnpag sdmg

t heret hrough, each Qubh§E Bﬁst@uﬁﬁiﬁﬁfﬂﬂéEf|&§§3$H¥£é%r29nd éﬁe hBuﬁhfs
arrangenent of Figures

there_are four condyits 42. ese is
| ocated on a verti C§PtBFﬁae’°¥h‘F‘%ﬁﬁ?\ her SVt Jtﬂ"t#n fFive FHSFﬁ’@ ‘Sgl"h
ot hers being IaBerahhyospa:aﬁeérmnmifnumﬁﬂnantmai idhaina?d dndedtrivea mstor

rotation for druml%6 CDEQ &? 62 trun&ﬁ'ntigg?ﬁ¥¥%§i SEF§VEO ko gugﬁaant -of

drum 12 in which thé bul e’ materia ocat lately
prior to being I|ftéHPPQrFuhﬁﬁﬁkﬂ%wﬁPFrﬂQﬁQﬁn%ﬁZaHQ1a@#eW°BPtFﬁ|inécatlon
and the position of cbhﬁoﬁOBdHeISOS Thiuste|ller tassehidliieses2sarbacsedf

the drum the condu dp?é{'g %h&é hc‘ef q.h% (c)f{ ugﬁarat |°%I e3ni 'a%.st 8ft he

particles being I|fte consequence
conduits 42 prd@IdeerFEﬁQPrng or m xi-ng action mnthln t he bed and enhance

fIUIh d- _solbld 10 contact. Congyaistﬁﬁlmylhﬂaxmds:wﬁs@wal b BaVRRDER,
be var ed’i neit hor PAEPBEL EBRORTBATTTE. Th<tih L RURPoEEeH a&'r 2a-8°fd ok
as to enhance such dmnmaéﬂ.b¥5means Of suppdlnlhaachasﬁt@ﬁe9t¢40h§§tto
conveniently are arg,aagedosO piigé IRSpd£4EREIUYH O BVpRAINGSof annular
15 plates 16, 18. Annular plates 16, 18 serve to retain
the bed 38 of solid particles during tumbling of the
partieles on rotation of drum 12.

fSupp;y-pipe 34 is in communication with
radial headers 40 which extend toward the inner surface
20 ‘of drum 12, and from which the conduits 42 extend
longitudinally within drum 12, in bed 38.
-The respective ends of each conduit 42 are
spaced slightly from plates 16, 18 such that treatment
gas received from pipe 34 can be discharged into bed 38
25 from conduits 42 over the major portion of the'length LN
-of drum 12. The portién of a conduit 42 shown in '
Figure 3 has along its length three rows of outlet
ports or apertures 44 for such discharge of treatment
gas. The apertures of successive rows are dff-set, and
30 to increase spreading of gas passing therethrough, each
outlet has a conically flared outer end 46.
In the arrangement of Figures 1 and 2, there
are four conduits 42. One of these is located on a
vertical plane through the axis of drum 12, with the
35 others being lateraliy.spéced from this plane in the
same direction as rotation for drum 12. . Conduits 42



downwardly from conduits 42, such as radially or in a direction inclined to
the radial in the direction of rotation. As a consequence, the gas renmins
fn contact 20 | onger with the material of the bed before being | if
beyond the conduits 42. Process liquid, which contains the requirrdiig
i nthe nolten state, suspended in a liquid gr_dissolved in a solvent, *
di spersed onto tunbling bed 25 38 of sol Hls by nmeans appropriate to the
physical condition of the process liquid, such as by sprays 59 (for

sol utions or nelts) rﬁ.{@%’x‘é %'nOQﬂeCQBQUktq@Jdrﬁt SOV 12 G %1%ha’éﬂe

conduit 61 extends di_nal via the openin annul ar
30 plate 18, abO\Re"“tr]‘%]J é; mﬁé&i’lf" ?tlﬁ%‘? ?%t‘r%d’tﬂ?@d‘qdntléi‘“ﬁf'il?éﬁﬂ)ifed
fromthe systen1sc>pnlqnﬂtcdbbyngonnﬂSedftbhEumbIExﬁnwd|nmud&umby2e|tMEr t he

i zation of th I f .
T a5 8 peo Tav (B s, ABERLRGn, Oind E IS de Eng BORSA s

fluid distribut?on i F&latieg §Pn€€e inngy. sygfacy CgfraFrli\ﬂ &xumy fheynpl i ng
bed easily coal escesorghrts exgeadt Withinr thébed Ies Partifcleeapeioenes as
wel | as onion skin I g o] e lﬁﬁl VAS t enl ently
are fitted in 5 s%cﬁ?%aar?r:é%%grg P%Efl& #‘P?edw Q ﬁnggs%%ggﬁ?} 3?\'?‘ tiftol | ng
bed 38 of granules~%ﬁuP\MQﬂ$e§BﬁP§9IGoeéﬁ%t%l42ﬁpﬁﬂ¥mda @ taankddagi aro or

renoved fromthe smtﬁm wttlbagw@&hmeth@rwéd saHd %&ﬁxa@ﬂ‘cecwmaéesoiédt hus
can be substan%d aII nt (Ed nsequence, sti granul es

to that surfac | m Sgguéﬁstﬁgtmﬂé SELIXE &a&iya singl e
nmass. Best perforrnmnxﬁahienegapd ae bher@tatﬂanmpﬁﬂnup@n3dftbhenbbdels
qbtai ned with the appana J.Qfl.ohhﬁltﬂi(ﬁnf:ﬁ@rbé@eﬁi e A @a' inf gighkpg at a

speed in the 15 eé?%%? 09 oto e criti spee "critical
speed” is defined &gon t %ﬁ|8ﬂ5¥+ﬁﬂ Wﬂf%ﬂyﬂlgP6Pée ofngd BafPicle
In contact with theas:lrummempaalce suoh contact. :

15 Outlet apertures 44 most conveniently are

arranged so that gas released therefrom passes
‘downwardly from conduits 42, such as radially or in a
direction inclined to the radial in the direction of
rotation. As a consequence, the gas remains in contact
20 longer with the material of the bed before being lifted
beyond the conduits 42,
Process liquid, which contains the required
solid in the molten state, suspended in a liquid or
" dissolved in a solvent, is dispersed onto tumbling bed
4 ' ' 25 38 of solids by means appropriate to the physical
' ' condition of the process liquid, such as by sprays 59
(for solutions or melts) spaced along conduit 61. As
shown in Figures 1 and 2, conduit 61 extends
longitudinally in vessel 12, via the opening of annular
30 plate 18, above the bed. Heat is either introduced
' into or removed from the system so to solidify solids
of the process liquid, by either the vaporization of
the solvent or carrier, or congelation of the process
liquid.
35 Since in the rotary fluidiser the granules. tumble over
the fluid distribution pipes, and since



the zenith of rotation, the gravitational forces on
I's, when
m sec/seg
angul ar
gi ven by :
this inven
manner depicted in Figure 4, which shows a general

ity in radians per second. The critical

the ,said particle; that

=r w2, g being the 20 acceleration due to gravity (9.81
N being the radius of the drumin netres and w being the

speed [err] “then is

-~

/[err] = 42.3 revolutions per_ nigute [err] 25 According to -
ion, the preV|oust descri bed apparatus may be operated in the -

fl owsheet for a spray

granul ation or a melf. %Eanggghhggspigcgsgumﬁihn Igéatyagmmgcgaalegeed

l'i quor, which is stor

neans o

i.n~a_ hol tank 60, is
vari abl e speed drlv@rEG§QF|9€°HFg CURR RS s qp%ﬁ?éﬁéﬁegcggﬁvenglona
volunetric, float twedlf aswonidhcakin €yipe olayemimpiofsmadydstg in conduit
61, which are located 35 pargll g r£95t§§ ﬁéﬁ%ﬂédﬂvéﬁied¥¥¥1%§e|Eﬂ%teﬁ the

rotary fluidising spray/nelt granulator he te
feed 1iquor |ines 66Y éoWFPBFFeH hg{ F@%n%1%H1QUFW

er at ur e of the
%ﬁ|QE+YSPE$9e or

steamj acketting. Sitwdliheg beddBBlqﬂogranulnmwxnﬂtgnuhxau;tﬁbL@ posittoke .
di spl acement punp 62, %gglr eiiﬂ&%aﬁééheinﬂé' dF ﬁé’m?&eds fr %@tﬁ
64 and

outl et end of the punp avol

atter,

liquor |ines 66 in wettdpgnefoths) éékaﬁesﬁlﬁfW%é%ﬂcYJdd?ﬁﬂﬁ tl%fh(‘}ls €RB P&ed
liquor sprays. 59. subitaditlib@llyf peavehte@! eshsir® dalsefuetties stikiaguots

the feed |iquor nto t he suc%bo d 10

vari abl e speed @r@ﬂ’r‘d‘ tE’Sﬁt Pof f“%ﬁe bf/gtg r?(;e ?“érf‘pler ggte??%%gft%zaﬁt B8

tunbling bed in the IDtim )reltlaunedsaﬂgagsanmlatmsao

If the tenperature of

- the tunbling bed is outside th@s@e éifgrﬁﬁncetfﬁWEEQHfH‘%dfﬁHB3ﬁﬂmblﬁhqw of
I ﬁgdslpgggo:‘)f ! ;urer;)t ggctllrgixr eo eogegegrseo tgngd Sv?f'&&“tq'ge uéappara Moo t?'lown
1nventlon when the drum is rotating at a speed in the
15 range 20% to 80% of the critical speed. The “critical
speed” is defined as the speed at which the centrifugal
force on a particle in contact with the drum equals, in
the zenith of rotation, the gravitational forces on- the

. said particle; that is, when g =

r w2, g being the-

20 acceleration due to gravity (9.81 m/sec/sec), r being
the radius of the drum in metres and w being the

. angular velocity in radians per second. The critical

speed Ncs then is given by:

N_ _ = 42.3 revolutions per minute.

cs

25 : . ,/ 2. r

According to this invention, the previously

‘described apparatus may be operated in the manner

depicted in Figure 4, which shows a general flowsheet

for a spray granulation or a melt granulation process._'

30 In the process, feed liquor, which is stored in a

holding tank 60, is pumped by means of a variable speed

drive positive displacement pump 62, through a

conventional volumetric, float type flow indicator 64

to a row of sprays 59 in conduit

61, which are located

35 parallel to the longitudinal centre line of the rotary

fluidising spray/melt granulator

10. The temperature



Fluidising gas, preferably air, is punped by nmeans of a conventional
centrifugal fan 70. for 20 di scharge into bed 38 in granulator 10, via .
pipes 71, 34.and conmduits 42. If the process liquidis a solution or a
suspensi on, solvent has to be renoved fromit for the recovery of -the~solid
arkd, for this, the fluidising air is heated by nmeans of a conventf d24l) 25
fuel burner 72. Flanme supervision and cont¥dol~ of tenperature of h _
fluidising air is achieved by conventional neans. However, if the process

liquidis a nelt, t ' call I 0 arelatively

Ioa/tenperatyre to-%?o??geggggogféﬁgpiﬂﬁﬁﬁgqggas_Bgﬁgg?%ge x$¥ ?ﬁ&??f #nthe

- rotary fluidising spPayngraAALLe® of ?ﬁxﬁtﬂﬁuﬁﬁﬁ?ﬂm@aﬂéghéénand,Sinﬂétth%

Corbbber 74 Tol the g oRRest ot ol o o oe e The o os. ot he

scr ubber or . : A

rotary fluidising gflﬁq‘%g?é?%?gn‘ésp‘b“épf%zm fePrESSIER Fh éeFoY%f‘f/ef?S%@’cﬁ si ng

- 19a - cooler 76, $ihtprdrteothe outtlkatbrerty afuttheopumpchdtagavoe i damagepl y

pihpe 61dand sprays 8. thé mﬂtéﬁ;ecﬂdv{iﬁﬂlé}n%‘xf %ﬁt ﬁﬁqgi&;' igﬁeégﬁfsﬁe t gf
t t [0 articl.es Vi

tspgcﬂ iocgtci oﬁ;ecg)r(\ %ggggﬁgglai%%%%r@ éfmf g%nvgg?f‘aﬁﬁﬁl 8vl:l st iRFdevi ce

|l i ke a doubl e-deck déguen Fprayi$hes DverBie outlethEromashef pragsueyinel ¥ i s

pul verized in a conygmikogg! rLLhMes 1 &S f%%qaf]_q e ELESagﬁéss\%tf&i Ve d'lzed
material is regﬁcled into tgf 10 rotary f U|g|3|ng spray granulator 10 by

fines recycle streaffgB¥mBn@?size of the granules is controlled by
i ncreasing or decreasing the TheysjeedstafcdhelFarbabtansBeed adr e A aded

: ' : ' oyersjze he .
R i s
products the speci f FB&t FORATY nfhwighirsdindo gFaoudetosi 28. ar Bf nbhe very strict.
Thi s ' temperature of the tumbling bed is outside the desired
' 15 temperature range the flow of feed liquor is either
increased or decreased by speeding up or slowing down
the speed of pump 62.
_ Fluidising gas, preferably air, is pumped by
means of a conventional centrifugal fan 70 for
20 discharge into bed 38 in granulator 10, via pipes 71,
34 and conduits 42. If the process liquid is a
solution or a suspension, solvent has to be removed
from it for the recovery of the solid and, for this,
the fluidising air is heated by means of a conventional
W/ . 25 fuel burner 72. Flame supervision and control of
temperature of heated fluidising air is achieved by
conventional means. However, if the process liquid is
a melt, the air need not be heated at all or only to a
relatively low temperature to provide a cooling in the
30 bed. .
The exit gas from the rotary fluidising spray
granulator may have to be washed and, for this purpose,
it may be collected and passed via lines 73 to a
_conventional scrubber 74 for the removel of air
35 impurities. The granules ex the rotary fluidising
granulator may be further cooled in a rotary fluidising



. greater access 15 to the interi of ves

particularly applies to the upper limit in regard to 20, the particle

si.ze. Inthis case it is possible to operate the process w.thout a

cIassifyi:;}device 78 or a pulverizer 80. Wen the process is operating as
»I

a coati
to be ca will be fed into the rotary fluidising granulator via the
recycl-e tam 82. Wth reference to Figure398 and 6, the overall form of
the apparatus shown therein is simlar to that of the apparatus of Figures
1 and 2. To the 30 -extent t hat Is the c t me_ r.ef.erence
numeral s are used. AiekiTfx S&F“F'HQFeﬁeegﬁPPﬁf?ﬁdér {;‘Ea‘?‘g‘i FPHATSTES 5
and 6 is.that the euundumdlﬁuypiy bﬁpelﬁllanégsaramﬁth9cyllfunhe 14 have been
replaced by fixed 35 6 élg é}Jf)gﬁg on
st et hED cng Hoqt 108 pRA L€

support 30, agai nst on wt - 19b -
(not shown) enabl i nPERUGE raéfr?o\?aqtrfﬂé‘telé’ef‘éFEPY‘ig Pﬁ’é{%%eilrﬂa‘“f‘f-’e H&dze

| Ihghlt l'y agai nlst ) rQ&p@&idé/a:tﬁlgsp@fclﬁbandens1éahob@rﬁymaeeda lgeadeaagalorfsa
the latter. Plates 116 & n

cylinder 14 in which %%V %@wnea og%é%&fg%hé égsﬁle:?\r/l\ﬂ%?n fte or cﬁ ari % of
illustration. It is souaeh (Hhat (Ohes o¥PrSAgEnEH: tbﬁd%%%%mfﬂé“tﬁ p

throughdbed ﬁS ﬁnd the ﬁdw&ﬁwwlm andoelv&htnbualopuwéi-m:byammxtcb 0

conpared with the arr emne e

adj acent the ends of SF 1@ ({pug'vfegd'ﬁ ﬁéférﬁgge ﬂ%fﬁ%é acﬁfsttt ate
t he di scharge ol0overstay gflavidissingy @M&dgggnuihéﬁébyo r'@!duf:infgs tyReycle

tendency for the forggﬁééﬁlgj.gross oversize. Plates 116, 118 al so prOV|de

14 f servic

general |y not being necessary % t31tzl‘?e§’ b@ifeeﬁﬁéﬁﬂg?ﬁrlfh?%ng’g@ﬂp?%tbé‘s 116
118 are. fi xed agai nsine¢réadion ohaetreasifgatbenvecpetesstrgam Tt |iSLream

82 can be decreased by returning part or the complete

15. pulverized oversize ex the pulvetizer'so via stream 84
to the double~deck screen 78. ' '

For a number of products the specifications
in regard to product size are not very strict. This

- particularly applies to the upper limit in regard to
20  the particle size. In this case it is possible to
operate the process without a classifying device 78 or
a pulverlzer 80.
_ "When the process is operating as a coatlng
process, such as in coating urea with sulphur, the
25 - granules to be coated will be fed into the rotary
fluidising granulator via the recycle stream 82.

With reference to Figures 5 and 6, the
overall form of the apparatus shown therein is similar
to that of the apparatus of Figures 1 and 2. To the

30 extent that this is the case, the same reference
numerals are used.

A pr1nc1pa1 difference with the apparatus of

' Plgures 5 and 6 is that the annular plates 16, 18
integral with cylinder 14 have been replaced by fixed
35 weir plates 116, 118. The latter are fixed on support
30, against rotation with cylinder 14, such as by bolts

Nocess, such as in coating urea with sul phur, the 25 - granules __



20 shown, conduits 42 can extend fromjunction 41 through the body of -

plates 116, 118. .Conduits 42 are shown as extending through plate 118 and

they are supported within vessel 14 by that plate. Conduits 42 ter te

short of plate 116, although they may extend to and be 25 furt g
orted by plate 116, if required. In order to provide a bette _

_ g%rstandlng this’invention will now be t#8tsctibed in detail w't e aid

of the foll owi ng exanpl es which were extablished by neans of a pilot rotary

fluidising spray granulator as 30 in Figures 1 and 2 or Figures 5 and 6

(as indicated), theRftafificwndr erRabLagIt h’ée-'f-’éI?W‘fﬁg’- diaressiryasingypi cal

Di mensi ons of " Pi | otP¥actteay W 16l uildiBSBear DL iRt By avgairrf&aray relspledit$iyB0end

ranul at or engt Ya f isin ranul at m |
8 840 35 (TQ al vo? rrcgr §1§' eE fiq lgPI% é‘?}s'?{’lg gér anul % aol?‘s%n%?‘eoiﬂggegriti-cal
speed of rotary fluidising gP&ﬁﬁP&téiﬁ 118 nerd -cquax jonly( the. Apyer
56.15 Speed of §ot ajuddrandCiofakylinBef 14 in which bed 38 is locdieds He&f

% t t d
et o 3 e v o P

31 nternal di anet erf@d: dbad thimnprrangement reduces the peegshref dropdui t

(mm through bed 38 8R8 EﬁéeffﬁléFEHBﬂE% Q%HW%@@tEQBqHEBﬁ (mm)
174 10 Tot al nunber .of oles eer SgndU| ture of

hol es (radius): Fi rSt%H compared with the zlreiaseeaﬁa 22f(mn)
2.6 Last 24 (n§ Figures 1 and 2. Also, aB.leddt addamepite theAeadsdofig to

h h | phat e
(GrSod. 1B0) havi ng T 2¥ 1% 18] S0UNE el PGS U 08 THSRILEREL]

apparatus as in Fi disghgrge QFaPY?ﬁ§1%$t9F§49ﬁ9§:ﬁ¥°“ Bﬁdnéﬁohybﬁﬁﬁb¥ by
usi ng the proceSS-Vdddumﬂmgﬁmhesténdency for the formation of gross

oversize. Plates 116, 118 also provide greater access
15 to the interior of vessel 14 for servicing; it

generally not being necessary that they be removed for
this,

As plates 116, 118 are fixed against _
rotation, headers 40 are not necessary. That is,.as

20 shown, conduits 42 can extend from junction 41 through
the body of plates 116, 118. Conduits 42 are shown as
- extending through plate 118 and they are supported
within vessel 14 by that plate. Conduits 42 terminate
short of plate 116, although they may extend to and be
N 25 further supported by plate 116, if required.

In order to provide a better understanding,
this invention will now be described in detail with the
aid of the following examples which were extablished by
means of a pilot rotary fluidising spray granulator as

30 in Figures 1 and 2 or Figures's and 6 {as indicated),
the granulator having the following dimensions:
Typical Dimensions of Pilot Rotary Fluidiser:
Diameter or rotary fluidising granulator (m) 0.568
Length of rotary fluidising granulator {m) 0.840
35 = Total volume of rotary fluidising.granulator (m2) 0.213
Critical speed of rotary fluidising granulator,



classifying or pulverizing and without a recycle stream, This operation was
performed under the follow ng conditions: Conposition of feed,|iquor:
Aqueous sgtkution of copper 25 ’ sul phat e ’

Concent r gt iy of feed liquor (%wWw/([err]) 35. 8 -20- 3 Density of |
feed i quor¥ g/ cm) 1.40 Tenp. of feed liquor ([err]ys
80 Li quor #d rate (kg/h) - 19¢c - 108 ([err]/h)

77 5 Bed tenperature ([err]) 120- 130
Fluidising air flow ( (a)(nﬁlg}) 276 FIuidising iznl et
tenp. ([err])- r-p 600 Fluidising air outlet tenp. ([errl]s)

130 Producti on rateSﬁ¢gﬁ[Q§rqqtatlon- 39 10 - Product tenp.

ex . cooler ([err]) Actual (r. P-m. 40 The granul esaproduced were

stabl e, dense and free flomnn Ie 2 .In anp t ilot plant
(Figures 1 and 2) w$ yof cri%ﬁﬁ%ﬁ egd éﬁoﬂgxpasngureyg Pand ina
simlar manner 8BS |iCldxzande betwEen teadulitqand @oumhémp) ant was arblqueous
sol ution of zinc suj ,@%ﬂ used for the production of a granul ar
zi nc sul phat e nonohydrate %ﬁ%ﬁ%? ieg&] , startlng with a bed of fines of
the nonohydrate. 2 “terq4ka%ﬁ%ﬂﬁﬂﬁﬁs r GANEBHEWEFR) spherical and irf4he 2
to 3.5 mMm si ze rangBeng‘w:aldf raoreanRs () cl assifying or pul verizimptad to

be enpl oyed. The f ég@g&ﬂﬁggg{%ﬁ %%&w%@ﬂ|%§9dngEn9mﬁpe test: Conpgsition

of feed liquor: Aqueous s
sul phat e Concehfr at Tovrbfnynhar |9fkhelesoprrwepadpiy  47.8 Densi ty o feed
liquor (g/cnferr]) aperture of holes (radihsh98 Tenp. of feed liquor ([err]) _

- 80 Liquor feed rate (kalh 160, 3
([err]/h) FEED 24 (om) 100 23§ )
Second 24 (mm) - _ 2.6

Last 24 (mm) , 3.1
15 Example 1 ’ _

Aécording to the process shown in Figure 5,
granules of copper sulphate monohydrate (CuSo4.H20)
having a mean particle diameter of 3.5 mm were produced
in apparatus as in Figure 1 and 2, starting with fines

20 of monohydrate, by using the process without means for
classifying or pulverizing and without a recycle
stream. This operation was performed under the
. following conditions:.
Composition of feed liquor: Aqueous solution of copper

25 . sulphate CNA
Concentratlon of feed liquor (% w/w CuSo4 HZO) 35.8




«

Bed tenperature ([err]): _ . 95-105 FIl ui d} \,ﬂg
air flow ( (a) nferr]/h) 280 0 Fluidising air i6§§§)
tenp. (O ' 650 Fl uidisim@0xir outlet tenp. (C) .

110 35 ~ -Product befisiey cof keed®Tiquor (g/em>) 77_Product jenp.
exgooler (C N . 40 olhe granul es were unlforn1¥ Si zed
and the surface.teXtBPe MsfeEAA1MRE C&anul ation occurred as a $&sult of
coal escence of finbiqasrwiddd asatmilkyARin type 40 - layering. 108-21-
Exanpl e 3 The procedure of Exanple Zb)@s repeated, but with a feedﬁlquor
to the pilot _plant_ (Figures 1 and of an aqueous solution of manganese
sul phat e and’an i nPefaFemRREatUre GO nes of that material. Thel#+k30

pl ant was agai n opElaidisimg haig £1dweqydlad mPVnam Conposi tion of2fged

l'iquor (% ww [er r%i?idﬁsﬂ%%& %{el?rtjt géeg,&).f ?eg)l i quor (g/cm) 600

1.47 Tenperature o eed lrquor o 40 10 Li quor
feed rate-(kg/ h) Fluidising air outlet tempig@ €lerr]/h) 130

109 Bed tenperat ureréfettign rate (kg Cuso,.H olélh)_ g s 100-11?I Fjgjitdi si ng
.air inlet t . uidising air outle enp.
([err]) 2P ([§££Agct tomR A °°°Hﬁru#8?2ing air flow ( (a) mM&®r]/h)
290 Production rate (kg Thergyanules produced were5gt&bbeucdensapandxfmeml er
([err]) flowing. 44 The granul es produced were simlar to

t hose obtained in ganm e 22 20 Exanple 4 In Exanple 4 the pilot plant
(Figures 1 and 2) ted as shown in Figure 5, but without a recycle

stream In this exanpl e TrheExanpdey X lthiedipdilog plantl &Fbgures Lsatd fay dadw
??ﬁ;sgg?ngLFSLon Obpdiatdd UMM i%5Figur§t§5tEH§ Yhtl &sbefh O nbiisned
phur. in Example 1. The feed liquor to the plant was an aqueous
solution of zinc sulphate, which was used for the
production of a granular zinc sulphate monohydrate (ZnSO4.
HZO)' starting with a bed of fines of the monchydrate.
20 The granules produced were spherical and in the 2 to 3.5
mm size range. Again no means for classifying or
pulverizing had to be employed. The following conditions
applied during the test:
Composition of feed liquor: Aqueous solution of zinc

25 _ ' - sulphate
-Concentration of feed liquor (% w/w ZnSQ4.H20) 47.8
Density of feed liquor (g/cm3) o 1.598
K/‘ . Temp. of feed liquor (°C) 80
' Liquor feed rate (kg/h) - 160
30 (L /h) 100
Bed temperature (°c) _ 95-105
Fluidising air flow ( (a) m>/h) - 280
Fluidising air inlet temp. (°C) | 650
Fluidising a{r outlet temp. (°c) 110
35 Production rate (kg ZnSO4.H20/h) S 77

Product temp. ex cooler (°

C) . 40

The granules were uniformly sized and the surface
texture was excellent. Granulation occurred as a result
of coalescence of fines as well as onion skin type

40 layering.



Solidification of the nolten feed was achi eved by feedi'ng unheated air
t hr ough the._fl uid distribution systemof the rotary fluidiser. The nolten

irst cooled in a heat exc-hZanger to 130 OC. G'anule formati on
iy Exaﬁ.ﬁlg(@' escence and by inpingenment and congeali ng of
er/s u

2 p rface of the_granul es. The sul phuyr nyl es rew
dense and di Bhgopracgfyne QG%W%‘}%I’% e’rﬁ%ﬁﬁ q%g%“%h We

foll owi ng conditi gaggapphuee dorthe phbst prais: (ﬁguras Corgnas i2)i af ah

feed: Mbdlten sul phur
1. 80 Tenperature GAYFEE

gDenéé;thon og mggégﬁgge sulphate:ﬁfq_a ﬁ?ﬁtia bed

rate

(kg/ h) '5  of fines of thatlmaterialidiTheghliot \R)lanﬁe Wah /agadn
20[err]) 5 operate@ QchoutBSdrES§Eﬁéaéﬂf§aﬁC3 '
80- 105 -22- Productiqn rate

Exanple 5 In thi

pl ant used in Exarqarfsiéty s:tfarfbleﬂgmqhbra(ﬁ/cm ) bed of urea fines. XA

foll owi ng condit

urea 3 Density of

t enperaturel[er
rate (kg urealh)
80- 120 The resul
and of a narrow

r]glquor Yeod Tate (kg/h) 140 10

Feed
Li qui eed

(L/h) 26 Bed tenperature (OC) 109°

Si

t ea nules re substantial 'y spherical ajgodgige.
dl{"[:)'e '%?ﬁ:i aell ing -3 ngy wth 47.0% being jJ:r'gam*nand

98. 9% bei ng +1nm BEidisife agnamml@é: were.ofl §dod strength and s8?Pace
fﬁ!ﬁ%ﬁiéﬁh andamﬂte&@ﬁ@ne(ﬁc¢ by i npi ngenent ppsi

ray. dr ts upo anul @ surface. Exanple 6
npél ﬁ%&“‘-’ré’ﬂe’at b‘ut(a&n /% an initial begeof

al um ni um sul phat ePfodwstidrearhte cﬂhg MnsSO, .H,0/h)

texture. Ganul e
-congeal i ng of sp
procedur e of

20

25

30

35

40

Product temp. ex cooler (°c)

44

e

s COMRRASAELRB P@nfgﬁg 1M§°Eoﬁ§e‘§‘(‘@d"§94 H e proc%zgure and
| e‘% oS ]f)ggasgl&ggg_.s(ogpnpom tion of feed:gqgg Mlten
ee

The granules produced were similar to those obtained

in Example 2.
Example 4

In Example 4 the pilot plant (Figures 1 and 2) was
operated as shown in Figure 5, but without a recycle
stream. In this example the rotary fluidising grahulator
was used for the melt gfanulation'of liquid sulphur,
starting with a bed of crushed fines of sulphur.
Solidification of the molten feed was achieved by feeding
unheated air through the fluid distribution system of the
rotary fluidiser. The molten sulphur was first cooled in
a heat exchanger to 130°c. Granule formation was achieved
by coalescence and by impingement and congealing of spray

droplets upon the surface of the granules.

The sulphur

granules were spherical, dense and did not degrade during
storage or handling. The following conditions applied

during these tests:

'Composition of feed: Molten sulphur
Density of feed (g/cm3)-

Temperature of feed (°c)

Liquid feed rate (kg/h)

F101d151ng air volume (m /h at 20°c)
Bed temperature (°c)

1.80

130

125

206
80-105

*



of that sul phate having a basicity of 0.025% w w cool ed from 150

and plant as in Figures 6 and 7. Again, the treatnent gas was ai . in

this instance, it was unheated. The production rate was 163 kg

[err] per hour. It was found that granut2®- could be produced without the
t ughl i ng bed degen@rrghh@g,_bﬁtpa@esgké: mass, and w t hout aggregaf%ﬁon of

granules into "rasperr pe clunps. The granules wer e substanti

spherical and of Séfééélﬁoéd strength. Exanple 7 In this exanple granular

urea as produced in Exarrmhetﬁ:.svasxémﬂ.e' micl tenr araaywhk utohgedlad aisﬂ :Ei' Ghlees
6 and 7, via the r r f uer

sul phur. The gran%%ég:g\%elr% éﬁané'%g%%cﬂg %?;th']_g ? Q{:aﬁir&_ﬁl G ng qair
and coated wi%h no °§uPﬁﬁﬁrflq?ﬁarn?hﬂuﬁﬁh%¢W#§9eC©$dstﬂ?ﬂﬁnaRR%ﬂﬁﬁjﬁ@ﬁEa
was 500 kg per hourhesbetégtsowi ng conditions applied during these tests:

40 Conposition t ul p -23- Density of feed (g/cm)
1.80 Tenperature oFB%Bégggf°nN$# foed Iﬂélten urea 130 Liquid feed

rate (kg/h) =~ . Density of feed (g/amgd) Solid feed rate, urea (kg/hp

400 5 Bed terrp@-eaaur;em{)éeafﬁe (°c) _ AP0 The
resultant s hur. (Loat eg g ranué‘es were roduced with up to frgm10 to
20% w/ w of phur : 1A |aIIy uni form partlgﬁlarly
with urea granul esBefl nampematmn% Bctrum 10 Particul &0-128i t h
granules with a | esser tbhekfemﬁnetuﬂeeurgrsﬂa&eggwefé %'Jaﬁﬂﬁ%ﬂl gat as
wi th ot her procedureg for coat granul es "'w th sul ere were-sone
p|n holes in the cSBEFRYS2L P %ﬂ%anuanabeﬁaer ﬁrfﬂﬁ %%ﬁ?ﬁﬁReQﬁiﬂdeadﬁea

nul'es di schar gebefingn+8hemy otiitly 405 0% befihgi 62 Smm megs.amnmmgt @ lhe
t fl d f l.ten
r 0 ary fluidigser V'I‘ﬁesﬁ'ﬁﬁﬁq%lwd%ép df toﬁ s‘ﬁ@:&ﬂg@ ﬁ?&i Q{e:&% et

wax. In this |nstance r was _at nble t enpera
Granule formation was by coalescence and by impingement

and congealing of spray droplets upon the granule surface.
Example 6 '
_ The procedure of Example 2 was repeated, but with
20 an initial bed of aluminium sulphate fines, feed liquor
' of that sulphate having a basicity of 0.025% w/w cooled
from 1500C to 80°C and plant as in Figures 6 and 7.
Again, the treatment gas was air but, in this instance,
it was unheated. The production rate was 163 kg of
25 Al (804)3.12 H,0 per hour.
It was found that granules could be produced w1thout
o N the tumbling bed: degeneratlpg into a sticky mass, and
without aggregation of granules into "rasperry" type
- clumps. The granules were substantially spherical and of
30 = good strength.
Example 7
In this example granular urea as produced in Example
5 was fed into a rotary fluidiser as in Figures 6 and 7,
via the recycle stream 82, using a feed liquor of molten
35 sulphur. The granules were heated to 90°C by means of
hot fluidising air and coated with molten sulphur. The
production rate of sulphur coated urea was 500 kg per |
hour.
The following conditions applied durlng these tesgts:
40 Com9051tlon of feed: Molten sulphur



Thi s further operation produced sul phur coated urea gran- ules sealed by a
‘thin coat/ g. of wax; the production rate 20 being simlar.to that for

t he sul ph oated urea granules. Exanple 8 In this exanpl’e granul es of *
clay wer duced in plant as in Flgures'% and 7 froma slurry of clay
S|I3E? [ e{ 35¢éﬁk$?§l&ﬁﬂfé@a ngcﬁ yclay feed. The 25 fol |l awBOg -
conditions applied to thi's test osbljon of feed slurry: 37%

suspensi on of clay %?Wﬁfegaii%ewﬁfe?ggg 3 éiurry t enper at ure ([err];%’w

25 Slurry feed rat eLidugid)feed rate (kg/h) o 95 30

tenperature ([err])go1ia feed rate, urea (kg/h) 100- 140 FIuid|S|mgoa|r

inlet tenp. (éerr]) 30 3 Fluidising air flow ( / h)

286 The si zing of t$ﬂ9(ﬁ%ﬂ??¥ﬁ§¥rﬁrdvF ing the-initial tunbling bed gb

mm + 1 nmm and t he S|2|rm;THetﬂusdmaantBEulphusluoayedwureﬁ;gﬁaﬂﬁh@ﬁswewbcrons
[0)
Cumul ative %+ 40 produced with uf t8 igom 105t3'éﬁé w/%iff sulphur. The

50 + 20

25.0 -24- M crong@oating was substantleaﬁﬁ|3§+§%;q@4pafylcularly with urea
48. i + 8 granules of narﬂ&& élte Bpectrum. 66.3 5
+

89.1 Wth su&ﬂ feed, it %?F%ﬁﬂu? 1I¥at Fﬂegfggﬂ}?zﬁ?lth %ﬁﬁﬁgﬁlggﬁes;

pel l ets of good cr s’ sekhmp Isoatiagr0it wagefeurd Vkﬁ%e%ﬁ W%£QW9ﬁh§F2e |
spectrum with the grséedifred 2 Toaitidgf geahawm WDth newdgplagas, aheke wersd5

mm dependi ng on the gropc:ﬁ;s%oq%st prad th-le-h%ong 8d pfr?‘” dﬁgrQYeII rb%éle\fﬁg}x' ¢He

is well suited _
: sulphur. coated urea granules discharged from the rotary g;f

15 fluidiser were returned to the rotary fluidiser via stream
82,_and_treatéd with a feed liquid of molten wax. In this
instance, the fluidising air was at ambient temperature.
This further operation produced sulphur coated urea gran-
ules sealed by a thin coating of-wax;'the'production rate

20 being similar to: that for the sulphur coated urea granules.
Example 8 . _

' In this example granules of clay were produced in
plant as in Figures 6 and 7 from a slurry of clay slimes
_ in water, using a tumbling bed of clay feed. The
25 following conditions applied. to this test:

Composition of feed slurry: 37% w/w suspension of clay
o - . | slimes in water &;J
Feed slurry temperature (°C) 25
: Slurry feed rate (kg/h) . : o ' 95
30 Bed temperature (°C) o _ 100-140
| Fluidising air inlet temp. (°c) , 630
Fluidising air flew ( (a) m3/h) 286

The sizing of the clay feed providing the initial
tumbling bed was -3 mm + 1 mm and the sizing of the feed

35 - slurry was as: follows:
Microns Cumulative %
.+ 40 _ 1.5
+ 30 S 5.0
+ 20 - . 14.0

40 + 15 | 25.0



for the one step processing of solids in a uniformy 15 si zed granul ar-
formfromtheir nelts, solutions or suspensions, or the application of
toating systemto granules. The foregoing exanples illustrate this.
it will be appreciated that the process +284€apable of use in a w de; 1
of . ways to provi de conposjite.gr.anul ar 20 mat €41 aly..+:LAUS, the i :
tuidling bed may, as in égégﬁﬁg'urea wth sulphuség&bﬁﬁéigegultant sul phur
coated urea with wax, be oft #%mterial different to tH&2of the feed |iquor
to be fornmed thereon. This4difgferent material nmay be &ax.ignert material such
as sand or, again as in 25 coating urea with sul phyr,, it may be an '
active material. As also will "be appreciated, the invention is of

particul ar vaPue in enabliry dranul ation of slimes, sd@klas clay slinmnes.

The latter materials frequantky are waste materials wgggla present a problem
in safe disposal. 30 However, granul ation of sli ng cgn facilitate

di sposal or, as with clay slimes, it can produce a us Purt commer ci al

product. Cay granul ati oWiddcsughngeed,t bt was efaungh that tbenrésubtant be a

product readily abl@rddudie corpRigsacge e £ iéﬁd%o&du@hﬁ% L@rBRGEh! The
producti on of good raj her than start,

ricks. 35 Al so, %_Bgl\g\ntha
Dbl g bedlef 7| RPLISkS WiRe GFLAARROY GA 1 FERE TR | MEARCERR, SYSERSE o
tunbl i ng bed of sarsizs mingdng feonm BAemertalin ldxdessudeddt todlb hmh, vari ous

modi fi cations and/ Qe dfindd bANSH Ee S8y Wiileout departing fromthe
spirit 40 and arﬁa% ofn%-t he | nve Jtrél;oen as ou trégrjled above. CLAI MS:

- 25- 1. ‘Appar at ushoPeitheds BFawided Ry Yreaddventden; g, wel} gsuited
* §pparatus conprisinfpr theconel stepi pedcdysing\df rblidsl iahel inbfyrmlyits
axis substantially | ; egl.l a : d.of the
shel I, rreansiéor' ch%%%_a g‘lta?egg?r@nﬁ%%?ﬁ%o%%&%e%sog???g% %Psource
t hereof , and means FHPeRFECHSngOBr EBRsAPPILFAEAT Gt B0 CORELDESSEFLER R a
source th_ElrlEEOf;l_SSigfkatﬂﬂ.‘é@. behagfopego g Séhfan;ﬂruish iu%uemaatedmﬁw%m@,
raw material solids; . ar on ugus/ y.,t hrough one_end thereof .into
the shell and to 101%%aq191e?)grgﬁﬁ?ﬁ%"%ﬁ?d@%‘b héa (ﬂrs?%ﬁgl’:'gga Egﬁ?lgﬁﬁo?éllilse
from . in a wide variety of ways to provide composite granular
20 - material. Thus, the initial tumbling bed may, as in

coating urea with sulphur or the resultant sulphur coated
urea with wax, be of a material different to that of the
feed liquor to be formed thereon. This different material
may be an inert material such as sand or, again as in

25 ' coating urea with sulphur, it may be an active material.

As also will be appreciated, the invention is of
s particular value in enabling granulation of slimes, such
as clay slimes. The latter materials frequently are waste
materials’which present a problem in safe disposal.

30 However, granulation of slime can facilitate disposal or,
as with clay slimes, it can produce a useful commercial
product. Clay granulation according to the invention has
been found to be a product readily able to be compressed
and fired, such as to permit production of good bricks.

35 Also, rather than starting with a tumbling bed of fine
clay, the granulation can be facilitated by use of a
tumbling bed of sand or other inert material.

It is understood that Qarious modifications and/or
alterations may be made without departing from the spirit

40 and ambit of the invention as outlined above. '



the other end thereof; said shell being rotatable at from 20%to 80% of its

critical “speed of rotation so that a tunbling bed oﬂmuﬂlmjllw IL'"H e

sol i ds A3 fornmed and retained during rotatjprn substitmmal lawlmL iIfl t he :

secon in 1SLARMSdi rection of said rotation, of the l'ower quadrants of .

the s 7/ sai d gas chargi RgARaRAsCEBR" L Ré NHorfm&kesors WIP!gk RNAPEIEAE,
i p

I nto the~vessel rough an end thereof, and a pluraljty of qas discharge
conduits in commARiGEPHRTRLS Fﬁﬂpﬁé?g%bp‘?y"%i)@el adrﬁ)é/’éB&de | ﬁgc\)ﬁiﬁﬁfiﬁlﬁﬁa
al ong sub- 20 st asHdidl Inavihe fitkl akésgshbstantivakhelHgr icapitadf, sairéspastive
-di scharge condui t | fixe i Lhikn.salfa s el i

rotation with t heesnsﬁg%gearﬁ %SSWnsnho?? {r:rg%n‘gﬁ%gprr'prl SI n%rgfrp?:g‘%g{%?ﬁv gf
out| ets spaced al Wifptans: 838i dptp pe vapeel offd™: 2 sV S idaneeireRd
fixed within sai dnednsaaan¢hauadngnpratessingal iquid uitttd hate vlisselg from a
rotation of the she fe.sal_d +C REN 1 1 1l e R | 4 bed by
engagenent t her ewl 1 ,dea%g‘%gt?%af'l %ggtdi g%gg%%hb%ﬁrzﬁm ‘%%—L‘ﬂ aztfa sgaalldé@g‘gnsg%iot s is
spaced from and ehaldifaRpssisnilatgasars BAFPFsabuiekids dvPmrharasshard
sﬂd shel | to causéhithddie d@a&hfr@ubﬁ dhapba&lageﬁewéhixmf@i?‘é)%eand' dnd to

ef fect contact,bet ween sai as and.particulate i of, t he
substantially ]bel%'\{wtfeknee ge“ié\ﬂug’laé‘t isgglggl %8[ ?eél?cgﬁr%%er i€ nets1 0 ogsg'sld%om
materi al ; the neafhe faheshang fepeofessriagd Fhell deebnd pratakdsstatyfaom 20%
outlet fixed withig §de cthalds alridicall 8pakhoss sHshat fed  selWndyy 4 Ghuibldfhg

f the shell, said Liquid. i, s, d.ab he bed .and |iquid
(i schar god t her o P Ebriat S BIA Pr SRABBYSS cFORIER 4 e P of

- the. length of saidusing | rwiteltioni dubstantnabdynyitpimethd regse drsthdm end/

of the shell Dbysa.fd @irect iR OBk $8LAti8AY B ERé dLGRSr Mdiis BFans
bei ng adapted to maintain said tunblin in a quasi-f]ujdized condition

_ bed
al ong subst anti al ¥§e t$hekka 1said,gas %é'&ilﬂgsﬂéf“!"suﬁﬁ'&?rﬁl’en%c? i SFURRLYY
downwar dl y di schapieel mess ingorintal dhe eeskelsthndugkcamnend| tioe sgef siomd of

the particul ate natey.i t d id.c ' d
to dlroy s;ig part?%ﬁ%lk%lrrla YEI’JI}:#%.\%I t‘@éfggg Ct gtggaﬁgﬁl%qfcr%%“slgf&fﬁf@ﬁﬁQh
char gi ng means prie® 935 BURHS 3PE GRds &*8eRPABY PoERIBNRE 3LPRE IBWyt h of

the shell. 20 stantially the full length of the shell; each of said gas
discharge conduits being fixed, within said second quadrant,
égainsﬁ rotation with the shell, and having port means
_'comprisihg a plurality of outlets spaced along substantially -
its full length; said conduits being fixed within said
.25 second quadrant at a location such that, during rotation of
the shell, each of said conduits is within said tumbling
bed by engagement therewith, and at a locatibn such.that k;J
- each of said conduits is spaced from, and discharges said
'gas.froh its outlets downwardly toward said shell to cause
30 the gas to be discharged within said bed and to effect
contact between said gas and particulate material of the
bed at substantially below the elutriation velocities for
particles of said material; the means for charging procesﬁing
liquid having at least one outlet fixed within the shell at
35 a location such that, during rotation of the shell, said
liquid charging means is spaced above the bed and liquid
discharged therefrom contacts the bed from above along a
major portion of the length of said shell with said portion
being spaced from said other end of the shell by a minor



10 2. Appar at us_ -according to claim1l, wh n each of said end
pl ates is annul ar and defines a central end opeaiﬂmlmlwﬂﬁl"ﬂlﬁ .

with said shell, said supply pipe extendip g t hr 3
and being in tommunic- ation with said conduits by nmeans of *at *l eadt ne

radially 15 extﬁmm Gy qtaO&th;es §a1d gas dAAUHRRId hAREObER

cl 8 m 1, wherei ch end ate 1S fixed Wgalnst rotatlon wth salgshell
and bears agai m$2R{Rd r@sﬁ@éﬁ‘ﬁ:@é"eﬁﬂlﬂf typRling (Red ime@ apagipifdpddized
covering suffi wamxnﬁorsaildmgndsbtseaneiamysanei el |1re:tgrtm 2F waidekhduti ng

rotation of the #?% the %% 1%% %@' B“QH&ﬁédP&#i”HEQE% Jr %@g Q?bﬂgsald
supports Wt hi n vesse one of said en ates an Iug

conmmuni cati oh vPYhleks (Pné’uﬂ'ﬁlc}‘aﬁllﬁélt ﬁ%é&@ﬁsé%ﬁ (PforFéleerﬁfrﬁ—lla’ atg material
Appar at us- accoréif I’lg'xé e pyoraidf cehaubds]! 4md &uﬂﬁ\emefdapteﬁaltd aea_nsaiar
PR Y a9 " Soofed A ke ML IS 81 hDELSILEDN LIS (RN [l A e L
sai d vessel avin rarar Of “Spr a3y nozzTes Pace erea ong. 5.
A net hod for thblqwrdrmhaml@rg g‘ﬁénﬁl BFigpl telsdischararetiradh Gadph MEPAg t he

steps of: 30 por&f;an @%ragldngeags;hl 5§|I ehe &/ At erl al feed solids to one

d of h t al di d. t hel | d
Caapect fve ol B are . BheeateopeeRbalnd] P8 EE e PR Raeoden

particul ate sol $asd wndplsa@si dssabsndari ahdyd@bines a centrraé-t alnlded’plenmbe

second one, in ey Qéa(&fitén@ 191fte§9kit WBnoLaidesindel | s Hfa g 19-"\"5&
guadrants of the vessel .mul t aneously with, rotatlon of "'said ﬁell

chargl ng treat n®hte %y °éeg oQPEeofhEpidropenings and binggin communic-
27 - supply papbomasiimegadink condeivesbyl méansn afieatenkasteronef ragdiadliyom

e supply pls)ee;@e,adﬂ{dlr@,;nte)étgfr glﬁghar ge conduits each extending within
and al ong substantially the ful th_of said. shell each

said conduit ha%¥ing port mét(‘:‘&rrﬁFgQFﬁgnﬁ ]5‘]"u"1’]<5ﬂ’r"'8yi'of“"'lfdiﬁr'?\ﬁaIe(TI""§l &BEni ng
gas outlets spapbsitelnd ideastagatinall yottsidnl itiengdid asie leiangl bears

against the respective end of the latter; the end plates

covering sufficient of said ends to retain said bed in the
20 vessel dﬁring rotation of the'shell, éach.of said conduits
extehding from and being supports within the vessel by one
of said end plates and being in communication with said supply
pipe through said one end plate. .
4. Apparatus according'to”any one of claims 1 to 3,
25 wherein said means for supplying process liquid comprises a
pipe extending longitudinally within said vessel and having
- a plurallty of spray nozzles spaced therealong.
5. A method for the formation of granular solids,
said method comprising the steps of:
30 "{a) charging particulate raw ‘material feed solids to one
' end of a vessel comprising a horizontally disposed
rotating shell and a respective end plate at each
end of the shell, to form a tumbling bed of
partichlate solids which bed is substantially
35 retained in the second one, in the direction of
rotation of the shell, of the lower quadrants of
the vessel; _ '
(b)' simultaneously with rotation of said shell,
charging treatment gas from a source thereof to a



fixed a.ggi nst rotation wth said shell at a loc- ation,, within said

t unbl £ ng \bedj the shell, such that each of said
condyiyt CumuﬂﬁmﬂﬂlIIIJH!lLrses particulate material of ‘the bed by

“enga t therew tth dnd®di Scharges sai @ gja?s “downwardly within said bed and
toward the shell to effecsuppAvapipdePareingalntyathernegrelt ifnvimaeeldnd

material in which-said befelrgofB ahal ﬁ?&n'ﬂ'xé‘ w@& glda Yz ed pqepdhkgn
al ong substantially the full Il ength of s % shel | under t-he action of said

downwar di y di schar ged gas °fr Sﬂrﬁggﬁﬁgﬁu???} WERH PHIL RIS dfdhdinoandsai d
cont act being substant- 2@long substanaihyljoetlmvﬁa.im rieaigtin ofelsadidt iske 1or

particles of ssaid materialg, agcéa%nygha@ggq%‘yl g)brgggqr{eg&%g rgfipq'ltsr ggt qent

gas, charging processing i I nto_sald vesse ease
therein fromat |east oneP&HFPétlt25°f downwardlyy RREN IO\ S IR tled ss gepced

that the processing |iqui dleast aﬁbStaheleﬂyfiwnmeleaim ahd BleQhg

portion of- the I ength of S | Qn. .S e fronlsal oLher
end of the shell; and si m??%‘gﬁeg F gﬁtgﬁaéljbl%lgthsaa?f‘ rsg‘a 6 °§nd

30 processing | P&4Pa, Wi§ hargﬁh@ Yerhing besl jansd st’P@I‘ﬁetdh(erF‘her

end of the véssel, said drcaehahged sgheRSthet r@a&Ub:Sﬁ aéuﬂcﬂlddhdmlt%dm%mn-
respect to said I|qU|d by . salq

cco
5, wherein said process 3B CALEY; lsgeﬁsﬁil?arEACJT%te m %ﬂo&&é5%8rgﬁﬁg
to claimb5, wherein said proeegsgengontdthereel detal fdimnheoiasts sad dagds

suspensi ons, and said treabmmaraa§ wstﬂmtgsiuprué& drfa hehr dichehahesd to
into said bed S ccording to claim 6,

- wherein said -process ||un5%e§t cﬂﬁF?CBfb%ﬁ%%f%r?%ﬂélﬁﬁixﬁ B Sheté&eand |
sul phur, witH%aid feed solitesibdi hg whichwheid sed di pmociessilnequiith ias qgaasi-

~melt of urea and being selfqatla@zéaoebﬁafeléadaf&ywbémraqﬁ;a't%eprfﬁtiﬁss
liquidis a nelt Of sulp ﬂr ngth of said shell under the action of said
downwardly discharged_gas from said outlets and
- mechanical dispersion, said contact béing substant--
20 | ~ially below elutriation velocities for particles
of said material;
(c) simultaneocusly with charging said treatment gas,
’ charging_processing liquid into said vessel so as
_ to be released therein from at least one outlet
25 'spaced above the bed such.that the processing
' ' liquid contacts the bed from above along a major
portion of the length of said shell which portion
is spaced from said other end of the shell, and '
sxmultaneously with charging said treatment gas and
.30 processing liguid, discharging granular solids from
the other end of the vessel, said discharged
sollds being substantially dried with respect to
said liguid by said gas.
. 6. A method according to claim 5, wherein said process
35 liquid is a melt.
7.. A method according to claim 5, wherein said process
| lquld is selected from solutions and suspensions, and said

treatment gas is heated prior to being discharged into said
bed. '
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9. A nme ccording to claim?7, V\/neréi'n said process |i s a
~solution of a i, E IH uﬂﬁw from copper sul phate, zinc sulp nd
manganese sul p C ! solids conprise particles of a ition

the same 10 as said material. "10. - R8ret hod according to cl
wherein said process liquid is a sline_suspension, such as a clay sline,
and the feed sdids conp® F&thef: REFREAERY et it i c SSTESIN §A4dr RECSEFE
as the solids ofigqsid s Gumélandfi achatppisl caddcteld Armineirala. ahd. sulphur,
Apparatus for Lhc [ orft el 0k 095 80uhalng ol L AR08 1iquia
herei nbefore described Wth rererence to; and as shown in, the accoﬁ‘ﬁanyl ng
drawi ngs. 12. is a meltefodresr anAebebranseertdd dirafuluneas @nddsuipnur

substantial |y amdes ejdileippioredestighed Y6td nefersauiphuidle acconpanying
draw ngs. 9. A method according to c¢laim 7, wherein said
process liquid is a solution of a material selected from
copper sulphate, zinc sulphate and manganese sulphate and
the feed solids comprise particles of a composition the same
10 as said material. .
10. A method according to claim 13, wherein said process
liquid is a slime suspension, such as a clay slime, and the

feed solids comprise'particles selected from compositions

\j/ the same as the solids of said liquid and inert partiqulate

15 material. _
11. Apparatus for the formation of granular solids
substantially as hereinbefore described with reference to,
and as shown in, the accompanying drawings.
12, A method for the formation of granular solids

20 substantially as hereinbefore described with reference to
the accompanying drawings.




