WO 03/101578 PCT/ GB03/ 02017 - 1 PRODUCTI ON OF CRYSTALLI NE MATERI ALS BY
USI NG HI GH I NTENSI TY ULTRASOUND This invention relates to a nethod for
crystall i watosmo1s8 nmaterials that nay be suitable for use PE/GB03/02017
pharmaceuticals. The use of high intensity ultrasound to trigger
nucleation in a supersaturated solutiont so that crystallisation occurs,

is known, and an apparatus for 10 this ose IS bed in
GB 2 276 BRIPUATIONTRE %ﬁ%@qLﬁgEd‘fATfEFFPQI&eE ﬁ%lﬁﬁéflggﬁgﬁglé(%@?h Rgf% ﬂlon are

of particular relevance when very pure crystalline products are to be
formed in a sterile environment, as the purity of the solution and the

cl eanl i ness of tihg slS Messalors Wdlages mrRAns dtalodcrist al | i sati on nuclei are
not ot herw se pr ent . Certém n.conp un woul d l?%e}a desi.r for use in

phar maceut FEHFE 2GS AR aitCtﬁrlaé’? GReS ‘°1 fg us

crystal 5 sen tprhjas:rrraejattaszallra; parti cuI ar to disaccharides such as D gl ucose
or D 20 xylose. Simlar-problens arise with other organic conpounds such
as aspartic acid, and the conpound al pha- L-aspartyl-L-phenyl al ani ne net hyl
ester (aspartami)he luse leds hdfaten ifegys iftound treseswsr v a ¢ midigest yst al

modi fiers ,01a-8aldy ated %%ﬂgfs%%@a%@&mwd%& Qrgpcourage 25 the

formation of crystals, as a Saturated solution may have to be cool ed
consi derabP?YﬁéladWJtS@et% PCRITEN it AFEr Y uPe D o PERIERAH 15t i on
occur s; ow ﬁ:mll%owrpy@amsc ot el d Mesdinideid geoldme maye A much as

100C. That ersaturated S Iutlon ma inin.a
net ast abl e a%bc?r’reg'ér/ltac‘ p? 5&&.9(?%3 &lec ﬁﬁijl %&%&%ﬁﬁkﬁtﬁﬂ H5.® The use
of an i meprdegantiimdsonire lgnvelne eowheor vetny sg]liljee(ctry@tsadﬂum ed sol ution
to ultr aso%’%%du%t%omnlt% Yo ’oxl?r{'étd iitn ga%%%Qef %lflqg.ronment, as
the purity of the solution and the cleanliness of the

15 wvessel surfaces means that crystallisation nuclei are not
otherwise present. Certain compounds would be desirable
for use in pharmaceuticals, but have been found
particularly difficult to crystallise; this relates in
particular to disaccharides such as D-glucose or D-

20 xylose. Similar problems arise with other organic
compounds such as aspartic acid, and the compound alpha-
L-aspartyl-L-phenylalanine methyl ester (aspartame). It
has often been found necessary to add crystal modifiers
to a saturated solution of such compounds to encourage

25 the formation of crystals, as a saturated solution may
have to be cooled considerably below the saturation
temperature before crystallisation occurs; with some
organic materials this under-cooling may be as much as
100°C. That is to say, a supersaturated solution may

30 remain in a metastable state for a prolonged period,
which may be many months. The use of an immersed
ultrasonic probe or horn to subject a saturated solution
to ultrasound is commonly used, but it has been found
that some cavitation occurs at the surface of the horn,

35 this causing slight erosion of the horn and consequential

generation of very small metal particles (say about 0.1



t hat sonme cavitation occurs at the surface of the horn, 35 this causing
slight erosion of the horn and consequential generation of very snal
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di aneter); consequently this process would not be acceptable for
generating crystalline material for us€ as a pharnaceutical ingredient. 5
Accordingly the present invention provides a nethod for production of

crystal | i ng, nat egl ahec ke, WE&HQQquEQHEQIEhmg beprbag @osatunatesesol ution
of the material, . changing the erature gf t he olut OEOSO it becomes
|

supersatur%ﬁ%@@t%hﬁesﬁBFe@?FﬁﬁaFHE sGEYEFah Lt 861@a FradratPén 6y Aigh
intensity @I@ﬁ@@@gagutibglf1ﬁgued¢¢ntof the ul trasound bei ng scanned over a
range of frequencies. For exanple the ultrasound may be generated by 15
transducers activated to generate signals at a frequency that varies

bet weens 19. 5 antic26r8ikgzy thed phessngnahwventiom girbvéfest at mehsedcers nmay

vary, | ndeneogently. et seachr, QLpeta1Tancl reguensy, Texrsotsnusol dally

(with tinge WEEN such may vary in a sawt ooth fashlon 20 The
frequency mmpmsmgdﬁpammg AagafsrasRangPe Utiien Bét Woen™EERA380 Hz,

typically Eﬂ 5tﬁedtéépé¥atu¥€rbEnﬁhbh@otbQQ@ﬁn@b ok baeokkr asoni ¢
waves has een oun tqQ inprove the ¢ryst Ills§t|on process. 25 Preferably

the ul trast@perFatepplred Bﬁﬁys%ﬁﬂﬁétﬂﬁg t86| GOLGTIPE SQpersat urated, and
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?gegpstggg$oF a Wi ﬁﬁaﬁguﬁaaﬁggﬁgggféaaggl%%%or exa %;%%ls o£h§ g!t;ﬁzound
ul t rasoundtnegtiepcéterably is applied for a brief interval of say |ess
than 5 s, and
For example the ultrasound may be generated by
15 transducers activated to generate signals at a frequency
that varies between 19.5 and 20.5 kHz, and the signals
from different transducers may vary independently of each
other. The frequency may vary sinusoidally (with time)
between such limits, or may vary in a sawtooth fashion.
20 The frequency of this modulation may for example lie
between 2 and 50 Hz, typically between 5 and 15 Hz.
Varying the frequency of the ultrasonic waves has been

found to improve the crystallisation process.

25 Preferably the ultrasound is .applied only while the
solution is supersaturated, and is applied only until
crystals are formed, the crystals in the golution then
being allowed to grow without irradiation. Preferably
the ultrasound is applied for a time no more than 10 s,

30 for example 2 g or 3 s. The ultrasound most preferably
is applied for a brief interval of say less than 5 s, and
then the solution inspected to see if any crystals have
been formed; if no crystals have been formed than the
ultrasound may again be applied for a brief intexrval, and

35 the solution again inspected. This may be repeated until

crystals appear, after which ultrasound is no longer



then the solution inspected to see if any crystals have been fornmed; if no
crystals have been fornmed than the wultrasound nmay again be applied for a
brief inteovaliortsaad 35 the sol ution again inspected. This raayGhes/mepeat ed
until crystals appear, after which ultyasound is no | onger WO 03/101578
PCT/ GB03/ 02017 - 3 applied. Further d%adual cooling of the solution,
subsequent to the application of ultrasound, will lead to growth of the
crystals fappﬁdeduringtherugradaaﬂicooﬂd&gnaﬁiame Mexicer itdm,s et hod

enabl es | ar St t 5 rnat C uch
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aggl onmerat 1 ons. ternatively e ul trasoun appl conti nuously
during Scobfi @§°"Ehis will tend to cause nucleatlon and so lead to the
formation of very small crystals. 15 The uItrasound may be applied to the

supersaturated _solution in a, 6 vessel u5| licit rasonic
transducers attaghdh ?gtﬁr%éFFVSfaPﬁ€o9€ Pul % §9y5%¥%éﬂ%|ng bot h
ci rcunf er eal tabkbyuaddmbonpet agdbndkly atedal e2@afl candducerhded ndheconnected to

a signal generataor o, hat rangduc Q than 3 Wceng,
the trans ucérs 8?nghsuFPlglen Vy o %sg togg %a% gﬁé k1nunber of

transdmpersrbeta@ssuéﬁdctenagglbmgmatﬁataﬁh@h8p®M%eﬁmb§ﬂqﬁﬁ|Qﬁlvuthln t he
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t hose of t ectrical power delivéred to the transducers, as'this is
rel ati vel ytBasylE628ebBANTAE. LSUERPAR Py CRACATIVON SY¥s SRTing

cooling; this will tend to cause nucleation and so lead
to the formation of very small crystals.

15

The ultrasound may be applied to the supersaturated

solution in a vessel using a multiplicity of ultrasonic
transducers attached to a wall of the vessel in an array
extending both circumferentially and longitudinally, each

20 transducer being connected to a signal generator so that
the transducer radiates no more than 3 W/cm?, the
transducers being sufficiently close together and the
number of transducers being sufficiently high that the
power dissipation within the vessel is between 25 and 150

25 W/litre. The values of power given here are those of the
electrical power delivered to the transducers, as this is
relatively easy to determine. Such an irradiation vessel
ig described in WO 00/35579. Surprisingly it has been
found that with such a vessel there is no cavitation at

30 the surface of the wall, so that there is no erosion of
the wall and consequently no formation of small particles
of metal. The crystalline material made by this method
can be very pure, as additives are not required and the
crystallisation procedure does not introduce

35 contaminants, so that it would be suitable both for food

use and for pharmaceutical use.



is described in WD 00/35579. Surprisingly it has been found that with such
a vessel there is no cavitation at 30 the surface of the wall, so that
there i s wo ®rosi7zen of the wall and consequently no for n@tdoeBw@i2eITal |
particles of netal. The crystalline material nmade by this method can be
very pure, as additives are not requi?e4d and the crystallisation procedure
does not introduce 35 contam nants, so that it would be suitable both for
food use and fot pbagseieubileatocusesu® 03/ FormAd eCHECBORZ 02017 - 4 It

is desirable _to ensyre no_focusin f | tr this may
be achi eve‘dfgyﬂa%ﬂ’ﬁ" i SERg T Sgr 8&85%0 Sah}ggc]é)lr%t %C?li%g%%c%&g%lrn%r c%gétl si on.
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energi si ng,dLapt f LCaLLY apRosht ¢ o iansdueetsualy l i SRR The
non-focusing can also’be achi eved by nergi si ng adjacent transducers, or
adj acenf grvapé ehergigrsdudprgietay Cgililye PRRO SAtEy HEREISE CeAifd gt

particul aryn¥agyihagctihe . f r eauencwn -Fochiich eaeh dllansdueaihieivedy eyp 10 of

t ransducers is energizgd over alimted rangEJ f.ar exagg%e bet ween 19.5
kHz and 208kt SIPHuEdPREPFdes rPmEdUCEERef FE. 2FHE I e iV i now be
further andrape@udbrpar biccdidifleycthes Erichmenchy syayraf iexampitd crllay, and
with reference to,_the_acconpanyi_ng_ dr.aw i r -sectional
view of a Hﬁfgﬁn%riﬁfél?affffiegéﬁg?lg altr rwgl %\gft %%f:\pg(f}q%e er%ﬁg Otrg %qﬁ%pzravm ng, a
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the wall are attac sixty transducer nodules 14 closely packed in a
squar e arragneEath

The invention will now be further and more
15 particularly described, by way of example only, and with
reference to the accompanying drawing which shows a
cross-sectional view of a batch crystallisation

irradiator.

20 Referring to the drawing, a batch crystallisation
irradiator 10 includes a stainless-steel vessel 12 of
internal diameter 0.31 m and of wall thickness 2 mm. To
the outside of the wall are attached sixty transducer
modules 14 closely packed in a square array. Each

25 transducer module 14 comprises a 50 W piezoelectric
transducer 16 which resonates at 20 kHz, attached to a
conically flared titanium coupling block 18 by which it
igs connected to the wall, the wider end of each block
being of diameter 63 mm. The transducer modules define

30 five circumferential rings each of twelve modules 14, the
centres of the coupling blocks 18 being on a square pitch
of 82 mm. The irradiator 10 also incorporates three
signal generators 20 (only one is shown) each of which
drives the transducers 16 in a pair of adjacent

35 longitudinal rows and another such pair of rows one third

of the circumference apart from the first pair.



25 transducer nodule 14 conprises a 50 W piezoelectric transducer 16 which
resonates at 20 kHz, attached to a conically flared titani um coupling
bl ock 18 b ashioct18it s connected to the wall, the w der rEmUGR(3/0@@Ch bl ock
bei ng of diameter 63 mnm The transducer. nodul es define 30 five
circunferential rings each of twelve nodules 14, the centres of the
coupling blocks 18 being on a square pitch of 82 mm The irradiator 10
al so incorporat 8a tbecef silgnadlrmalietatorld 2hg orassohel 3 sisHowWn)ekach of
which drl ¥esnt Deobhansgicelsy thd hahalde.ale ad asentydadong tudinal rous
and anot her “such pair of rows one thi of the circunference apart from
the first gaaduaw\%yo.é/omt@ﬁs PEHWEETY (el AoB1bY i LT e3RES r3%adi at or 10
the vessel (12 Lemblha@thraMddr @804t i@lr@% theo1atperaiwse of, thei vessel

[

is gradually |lowered (assum ng the _saql ubi t&y ,dece;ﬁase as th

t enper abur ENBeEPBESESE ¢ AdSa VE&FHSIng G et DL T d SHEREH e s of the
vessel 12 ape sbiutedn Gandeqiserdnsy sdthesnlditdrah stidd becone saturated and
then supersaturat ed. n et erature is _about 10C b at

whi ch satu?&??iﬁ%&%&t‘t\é\ﬁe‘th kierr’a?f ué:eep?eé?aetureenelrsgiaijloe%itbﬂ ef yg,%a“{:h
gener at or 2Babebhgweniehyisaedifadri k) EBirss s idee ssiarsducdEa r1ng ansducer
irradiates - r ircl 'E_@%; HS3SdMe thateds-andptensity of
1.6 chﬂfeg“%ﬁé\é%f%?r gslgr??clyg'ngerag/h i%ls I sagopat ed, oevle%?t%e §I i ndri cal

vol ume16f Ohé gesseiceEBivgHivch Bastabgingiicay tvediar¢3 A IV (heer

transducerg L6, weee gneligimad A% Sl tanraousd Yart hientovwer cdesrsit ys woul d be
about 100 Wlitre. To avoid focusin only qne 'Si?%r‘l*i%lso enerator 20 is

ener gi zed ¥/ Cany oﬁ]éetP%Fa§8nt’-ﬁeeé‘ﬁgéﬁylﬁe&}?igﬁp &oit*®33 Wlitre.
After 0.8 sylandifiteneniolgenerctl athe2@redselener giwteikh ainsl sloown.3After 2.4 s
each transgg%%%sba%o if all the transducers 16 were energised
15 simultaneously the power density would be about 100
W/litre. To avoid focusing, only one signal generator 20
is energized at any one time, so the energy deposition is
about 33 W/litre. After 0.8 s, a different generator 20
is energized, and so on. After 2.4 s each transducer has
20 been energized, and application of ultrasound is
terminated. The contents of the vessel 12 are then
inspected, to see if any crystals have formed. If there
are no crystals this activation procedure is repeated.
Once crystals are observed, application of ultrasound is
25 terminated, and the temperature of the vessel 12 is

gradually lowered.

When they are activated, the signal generators 20
generate signals at a frequency that varies between 19.5
30 and 20.5 kHz, the signals from different signal
generators 20 varying independently of each other. The
frequency of each signal generator 20 varies sinusoidally
with time between those frequency limits, at a frequency
of 10 Hz.
35
With this irradiator 10 the power intensity is such



20 been energi zed, and application of ultrasound is term nated. The
contents of the vessel 12 are then inspected, to see if any crystals have
forned. |IWwadanes7sare no crystals this activation procedurreT/GBI3@pedt ed.
Once crystals are observed, application of ultrasound is 25 termi nated, and
the tenperature of the vessel 12 is gréadoally |owered. Wen they are
activated, the signal generators 20 generate signals at a frequency that

varies betwegn 1A +a30 MURL hdtiocdlie i ol sedrpddidf erent signal

generators 20 _varying i ndependently of each other. The frequency of each
si gnal gendfatlor 20 SAGFEE Shudts 38951 W HFHE et WEEH t hose frequency

limts, atevidregueanss te KMbwda EnWEh 1diSuffiathrt ofo ldhdlee poner
intensity iscﬁucQ.V\() 03/ 101578 PCT/ GB0 2017 - 6 that cavitation does
not occur APFRETSSHE adk DT HE 2N 15O 88 HPbsi on of the vessel 12 does not

occur. 5Neverthel ess the power density is sufficient to ensure nucleation

[ t ted sl utj - j 1 [ ! ffect of
Ut rasound on c RSt AP dRToh TAS DG SErT or hed. - ST ol os, A aqueous

sol uti on ohblboadcossl conterya iR) 2By 1ap hADRePRPREHTSRL S was
prepared, waihqh,oul %Pea%féoi?é Watgd 3 SOG-Fhid é/\’aéo%t@{hﬁ%@@' gt a

rate of 0.2 K.mn to 20 and the resulting solid products_were
separ at ed &neYilssicamsE 4 B EHT0IVAS PR TGEe WHeED tYAhdkers 14 were

not eneroyi zediurdat ddhia: eawec cr ytiad svadlithiotcappearating itatdeot epperat ure
gad droppeq £9. 309G Ap I thes thansducerns; Lt Y88, qnerdiged for.a period of
separated and isolated. As a control, in one case the
transducers 14 were not energized; in thisg case crystals
did not appear until the temperature had dropped to 36°C.
15 If the transducers 14 were energized for a period of 2
minutes, starting at 46°C, then crystals appeared at
43°C. If the transducers 14 were energized continuously,
starting at 50°C, then the resulting crystals were very
small, and information on sizes was not obtained. Table 1
20 gives the temperature T at which solid first appeared and
also shows the effect on crystal size distribution by
indicating the crystal size (in microns) for different

cumulative percentiles (by mass):

25 Table 1

Conditions T/°C 10% 50% 90%
no ultrasound 36 27 67 149
30 2 min ultrasound 43 43 106 211
ultrasound 46 - - -

Since the solutions were saturated at 50°C, ideally
crystallisation should commence as soon as the
35 temperature drops below 50°C. The short application of

- ultrasound markedly reduces the metastable zone width to



m nutes, starting at 46C, then crystals appeared at 43C |If the
transducers 14 were energi zed continuously, starting at 50C, then the
resul ti ngwerossied7s were very small, and information on SiPAAIGBEBY20I0t
obtained. Table 1 20 gives the terrpergtyrg T at which solid first appeared
and also shows the effect on crystal size distribution by indicating the
crystal size (in mcrons) for different cumulative percentiles (by nmass):
25 Tabl e loGagdiabicans 7T/KC H¥ 60004 twm abdutasburkl 36 27e 6bdd®ce 30 2 m n

ul trasound 43 106 ul tra d 46 -_-_-_Slnce i re
saturated gggr 55 é“é]q])y'_ cI;tygat%;% i%g\felsona S %rpldf lc%oin}fcre?\lgjé&aés%;%o%ﬁas t he
35 t enper atbee cdysps bed ivessFha tTherss higrumerppl | et o@ts  ul trasound

mar kedl y rsggqga%ﬁtt edRiashakl e Aane Maided oo M0 Q3 101578 szglé@BOS/ 02017

7 only abo as conpared to about 14 K in the absence

ul traso@ndyidit &ve® Giorss &siedayt darft- increase in the crystal sizes
that are fornmed. Continuous application of ultrasound reduces the

nmet ast abl e zone wi.dt.h _even nore, to out K. 1t.wll be .appreciated
that the condi tilgnyjtqﬁ'atbe st aed ﬂipréaﬂbaiﬁﬁ T sl‘i%% do not
exactly ceppédpdndrt aitie metthethlefr tdepqpriosemt dovert iomctbly 10 that the
results i ndicate that il would be aphr aprd ghe ta,: coledhieasolyiion to

about 43C before su1e0|nge‘i _ brii Irradiation. Th performng the
presenfl.0i nedati ¢ tiveuldmpdrativase 151at hiwdthd S ARRT @RI 13E¢ o-de
goﬂ ed btef eER1t heebrdafy e appldLatd A of s 4 tyasonds b d i dd eft fe5
ifferen
brief irradiation.

In performing the present invention, the temperature

15 to which the solution is to be cooled before the brief
application of ultrasound will differ for different
solutions, depending on the material, the solvent and the
concentration, and must therefore be found by experiment.
It may be ascertained by experiments similar to those

20 described above. The solution is first subjected to
continuous ultrasound as it 1s cooled, and the
temperature at which crystals form (T, which in the
example above was 46°C) is observed. Further tests are
then carried out, cooling the solution to different

25 temperatures within a few degrees above or below T to
find the highest temperature at which crystals form on
application of a brief pulse of ultrasound. Typically
this is within 5 K of the temperature T observed with
continuous ultrasound.

30

Aspartame is the alpha-dipeptide ester L-aspartyl-L-

phenylalanine methyl ester and is an important synthetic
low-calorie sweetening agent. It is about 200 times
sweeter than sugar and does not leave a bitter

'35 aftertaste, and so is used in a wide range of products.

It is however difficult to crystallise without use of



sol utions, depending on the material, the solvent and the concentration,
and nust therefore be found by experinment. It nmay be ascertained by
experi menwo @iwid7ar to those 20 descri bed above. The sol utRamGB®/ROT7St
subj ected to continuous ultrasound as i8t is cooled, and the tenperature
at which crystals form (T, which in the  exanple above was 46C) is
observed. Further tests are then carried out, cooling the solution to

di fferent 25ytsmiermddl £semé i hharai febadeyr Eesmaboueocos bellowidnto find

t he hi ghest stal s f I of a brief
pul se of ulstJrgg?e %tléliﬁgpl ca Wgh?%%s{ %%ulémdtﬁ ggkea?B hgg%i{égrr%er ature T
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ester L-aspaniydud-sphemydalanine vgt keeéﬁermeeﬂoas an LEpQrhanl

synthetic [|aow cal orie sweetening, agen I's about 200 tinmes_ sweeter
than sudar SHd'dess dbtasRakese bﬁlt‘é?r‘35p‘é¥?e‘ﬂ?‘é§¥elSaHHegér?Qru§§é in a

wi de range ioft RsdDetisd Slntcbttlté xh@g\eaermh ffm@ll teﬁl}_@eﬁét’ﬁ’iz@ bEsenwi t hout use
of WO 03/101 78 PCT/ GB03/ Ofi? CL%ét rrB i flﬁ5 g ﬁ) i cg%arl y from
aqueous solSRYTUM-CN St 7% Jyy ??O bRePPPBuNnt pbsREHPY produce

sati sf act orhengrarsitakse cdt agparit aite Wonedt by éabmat\edaqaadu$ssol ution using
t he present 1 S aspa | ure water
i's prepar edg]ﬂ%% nt ro%ce%i&grfl?c %y%/%%%éf%li2§£T%ég{;§ﬁ%§?\ggégegof t he

sol uti gP i Sayr ety coohed for abourrle K. detow The sobwpérat ife at which
it woul d bepal uraded.and 4,5 §yb¢f§é€91éohg~lfér9§eﬂé& LE' gdigtjop as

descri bed above 10 Tor a short tinme, for example 2. . The solution is
then i nspe@fed:-Pardl FFa3emis a}%r%%t%%neiahee *éh@e%eqﬂperature of

the vessel i1s gradually cooled over a period of a few
hours down to room temperature.
15
This process has been found to produce aspartame

crystals between 100 and 250 pm in size, which are easy
to separate from the remaining ligquid for example by
filtration. By avoiding the need for additives the

20 purity of the product is ensured.

The inspection to check if any crystals have formed
as a result of the ultrasonic irradiation may be an
inspection by eye, while shining a light into the

25 solution, as the small crystals sparkle.

It will be appreciated that the method is applicable
using different apparatus, and may be applied on a
continuous rather than a batch basis. For example a

30 saturated solution may be caused to flow along a duct in
which its temperature gradually decreases, the duct
incorporating a flow-through ultrasonic irradiation
module at a position at which the solution has reached
the apprOpriate temperature, so that the solution is

35 briefly irradiated as it flows through the module. 1In

thig case the transducers of the ultrasonic irradiation



of the ultrasonic irradiation, then the tenperature of the vessel is
gradual ly cool ed over a period of a few hours down to roomtenperature. 15
Thi s proceskihass’Been found to produce aspartane crystal dreBsa000 and
250 min size, which are easy to separgte fromthe remaining liquid for
exanple by filtration. By avoiding the need for additives the 20 purity of
the product is ensured. The inspection to check if any crystals have forned
as a resul mogfultehanightty dsomiat ivatedl ardmnimmpude @r Imspeptisrd by eye,
whil e shinipga light into the 25 solution, as the small crystals sparkle.
It wll be appreciated that the nethod is applicable _using different

appar at us, and Ay BOAS iEP G aE 1 ¥bntd MAFHE 3R hetC Y HaP ™ B3 JPE basi s.

\iﬁr ﬁxarml & s o3 tet wcﬁta%g tﬁ?l@é%&f&ﬂ@k:ﬁﬁét@@,ﬂhﬁ@ W 19 afied duct in
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modul e mi gleryisé cddtiissation denwtd nuduistly ior dundaigdulsexbomstiedr As anot her
appl i cati of, ;s alinated 80l ution JRy be wHdsanated sor s i geperate
crystals, and then be added 5 to a larger volune of solution so that the
cryst alld astPersadeg@tadsttalFlor FHE MY redAUne. Fort Bamiptereher e
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subjected to ultrasound so that crystals are formed; it
is then transferred back into the tank. If no crystals
15 are formed, this operation may be repeated. Hence the

entire volume of solution is provided with seed crystals.



whi ch anti-solvent is added. When it is sufficiently 10 supersaturated, a
smal | quantity (eg 40 1) is transferred into an irradiation chanber (eg
sucked upwidhiougitsa pi pe) at the sane tenperature as the rGEaNEBoOther7re it is
subjected to ultrasound so that crystal.s,are forned; it is then
transferred back into the tank. If no crystals 15 are forned, this
operation nmay be repeated. Hence the entire volunme of solution is provided
with seed cryst&lsif@ 03/ 101578 PCT/ GB03/ 02017 10 dainms 1. A nethod
for production of crystalline material, the nethod conprising formng a
saturated solution of the 5 material, changing the tenperature_of the

sol ution sé-t “pasdnd sigerraediiqtten @hdosydiaeling nAbesdRrlbt i BRASt 0

irradiati opmdprdd Hbrditensid Ve skl 3s oansh tdhec & eg¥eREYonObrt BBe Ul t rasound
bei ng scanned over. a range of frequencies. 10 thod as clajinmed in

2. Anme
cl ai m 1 whéRdiST e (FRRJIERS thof tHEPFRtacound FeevariBEIeRnECot bal |y
over the saedonfeangipelsadurfetted hoshd@sshpddethd ntleé agoldtoonctai m 2
wherein the dk{f LenCﬁDbgg. en, t he hij he;&zand Io&est frg%uenCé of the
sai d range i'E AR HAPAIHD RS HERR UM FaaBRred f rRGuEheTIco8Y 4. A
nmet hod as clfaitimed ulit mEowNR lndindes preosdi oer ch arasgahefei n t he
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signal 0 fromdifferent signal generators varies independently of 25 each
other. 5. A nethocthaahdd aldresd d anyione HfmtheyReLsedi fle frequency

of the ultrasound is varied sinusoidally over the said

range.

15 3. A method asg claimed in claim 1 or claim 2 wherein
the difference between the highest and lowest frequency
of the said range is less than 10% of the mean ultrascnic

frequency.

20 4. A method as claimed in any one of the preceding
claimg wherein the ultrasound is generated by a plurality
of transducers energised by a plurality of signal
generators, and the frequency of the ultrasonic signals
from different signal generators varies independently of

25 each other.

5. A method as claimed in any one of the preceding

claimg wherein the ultrasound is applied only while the

solution is supersaturated, and is applied only until
30 crystals are formed, the crystals in the solution then

being allowed to grow without irradiation.

6. A method as claimed in claim 5 wherein the solution
is subjected to ultrasound for less than 10 s.
35 7. A method as claimed in any one of the preceding

claims wherein the ultrasound is provided to the
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frequenCIe%igh that the power dissipation within the vessel is
10 between 25 and 150 W/litre.

8. A method as claimed in claim 7 wherein groups of

adjacent transducers are energised in succession.

15 9. A method as claimed in claim 7 or claim 8 wherein
adjacent transducers, or adjacent groups of transducers,

are energised at different mean frequencies.



