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MATERI ALS BY USI NG HI GH | NTENSI TY ULTRASOUND. This invention relates to a
met hod for «crystallisation of ingredients that nay be suitable for 5 use in
phar maceut i cal T se of high intensity ultrasound to trigger nucleation
in a supersat tﬁ% 3é@?5§gl ution, so that crystallisation occ’c’ﬁg,gmi?’@“\?ﬁom, and
an apparatus for 10 this purpose is for exanple described in GB 2 276 567 A
The benefits of triggering nucleation inihis fashion are of particul ar

rel evance when very pure crystalline products are to be forned, as the
purity of the solution a i he v surfaces neans
that 15 crystallisation nﬁg?%ﬁﬁlslg i&i&%' T%I l"%é?ﬁ. Certai n conpounds
woul d be desirable for use in ' p ¢ I cat's,” put have been found
particularly diffieyll #rReatyshatdings tBi 8 n@lRiesokn particular to

di sacchari des such, as. D-gl.ucose or D-xylose,, Sim.|ar 20 prqghle arise with
ot her organic E5¥B53§dess%l}8ﬁ Sg 1%%’beaci§tein sag]acsf, deiahﬁug%%%&%r

a- L- aspart yl5 Lusghtnypharngicaetheahsd ester (aspartane). It has often been
found necessary to add crystal nodifiers to a saturated solution of such
conpounds to encourage fhe f.0 i Q f . t sat urated sol ution
may have to be cool ed l%:sof:nglfdfégg%l%/nr}t?glsé\%%tﬁ%e%f{%hrﬁgt?(gjn%fle?%é:r ature before
crystal | i sati opueéearison Wnt B SeperHtgwatedngeleriigns i Bhatunder- cool i ng may
be as nuch as $@QsKaliimitibs becwdy, id3 kAUPES Srldukat efpSltils Garmay remain
in a netastapl 3Q f r d L i y nont hs.
The use ofl%gn%lhringrﬁlgrepcfgﬁl ? %ag%‘ﬁi%a%[rbggedggé#%%ﬁ \f‘\_{g éﬁp?g%zté)gs.@gfur at ed

sol uti on to ul Thasbenrtits ednhbtgdeuis@dnupteation in this fashion are

of particular relevance when very pure crystalline
products are to be formed, as the purity of the solution

and the cleanliness of the vessel surfaces means that

15 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-xylose. Similar

20 problems arise with other organic compounds such as
aspartic acid, and the compound a-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 asncourage the formation of

25 crystals, as a saturated sclution may have to be cooled
considerably below the saturation temperature before
crystallisation occurs; with some organic materials this-
under—coéiing may be as much as 100 K. That is to say, a
supersaturated solution may remain in a metastable state

30 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, this causing erosion of the horn and

35 consequential generation of very small metal particles
(say about 0.1 mm in diameter); consequently this process



has 'been found that some cavitation occurs at the surface ofS NOYEYRER 2006 s
causi ng erosion of the horn and 35 consequential generation of very small
netal particles (say about 0.1 mmin diameter); consequently this process
28 NOVEMBER 2008 o293/ 101577 PCT/ GB03/ 01905 2 woul d not _be accg@t abl e for
generating crystalline rmaterial for use as a pharmaceuti cBFVFREOLES ent .
Accordingly the present invention provides-a nethod 5 for production of
crystalline material, the method conprising form ng a saturated sol ution of

the material, - changing.the te r-at of the .solutijion so it becones
super sat ur at ed,woggg'rsl% 'beectaf:ﬁagﬁelbefestﬁo%t PON 10 J’lnlréﬁ?’%ﬁ%lnlrﬁy high intensity
ul trasound, thaaterias us¢Q2aped Ry aappreeei el ynghedienthe solution is

supersaturated, and being applied only until crystals are fornmed, and then

allowing the crysta i n.the spl utig w,..Wthout.irradiation. 15
Preferably the ult r}g%%pnddtrﬁggya%ﬁ#iderfgfeé}o’ gﬁfﬁnﬁoﬁopgﬁ%lr%eﬁ ﬁaﬁe%ocsleconds,
for exanpl e 2 decopdadertiznset opristalinae matardgdndthprethosferably is

applied for a koinptising Goraingfa saturassdts@ntiosesontte mard-LAEN the

sol ution | nSpe%lhggg%r? 3&% lt%mﬁgy S bl §h$‘a§’o§u ¢6R &9 foTedy LT no

crystal s have been”tor ned tha the ul'trasound may again be applied for a
brief interval SUBRES2EHEtEEr LRRD P URGEFRIRASHECERAVEI Shay be repeat ed
until crystal Srappesiriomblenighiicitenst t aswitndsbsntp tengatragapphd ed.
Further gr al..co0l i : Yt eque | i cation of
ul trasound,aiqj\fvi })Iegﬁgaé tc%%t:l %"gﬁ% 39401;1% Bhe S ulB ?%r%epdé%gﬁtpgaé%)ﬁ’e

, the_crystals
ultrasonic ingBRaPeHHE 2RBALR 1Y H’BFH%dC%\f?é:B‘Ilésaﬁf%rfg:Em@rdysFa@s to be
grown. 30 The thénastlowdngayhdecryplaledinh ocHeheodupisrs atauabed

without irradiation.

15 Preferably the ultrasound is applied for a time no

more than 10 seconds, for example 2 seconds or 3 seconds.
The ultrasound most preferably is applied for a brief

interval of say less than 5 seconds, and then the
solution inspected to see if any crystals have been

20 formed; if no crystals have been formed than the
ultrasound may again be applied for a brief interval, and
the solution again inspected. This may be repeated until
crystals appear, after which ultrasouncd is no longer
applied. Further gradual cooling of the solution,

25 . subsequent to the application of ultrasound, will lead to
growth of the crystals formed during the ultrasonic
insonation. Hence this method enables large crystals to

be grown.

30 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
transducer being connected to a signal generator so that

35 the transducer radiates no more than 3 W/cmz, the

transducers being sufficiently close together and the
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attached to a wall of the vessel in an array extending both
circunferentially and longitudinally, each transducer being connected to a
si gnal gener ator S pat 35 the transducer radiates no nmore than 3 Wcn®,

t he transducers %el ng sufficiently close together and the HIGEREMER 2006
WO 03/101577 PCT/ GB03/ 01905 3 nunber of 3transducers being sufficiently high
that the power dissi pati on within the vessel is betvveen 25 and 150

Wlitre. The v [ QE@E e i cal power
delivered to tﬁe}r{?r ansfdﬁgégsdgéggt] bbﬁ% rs re %1%?& Q‘? th%tt %hét erm ne.

Such an irradi BPVSh diesieptips %@{f‘l B8 YFoR® A6/ BS 2n §u'5’r BrAsi?Yly it has
been found thwly\tﬁeh subb @avesself pbeee divenoheawi 484 it0Tosat oft fige sur f ace

of the wall, {z{:‘é}o ctaHe wé?lrg&:f%(}%h Fo qflbh ttQSn@@{l{:?Pé‘d &opggguent |y no

formation of sma arti e Cryst ine materral made by
this methodS cARlalealyr gaprke detexmdnei vaich énnb¥r?%’tﬁ]il1°é‘dvﬁﬁﬁelt he
crystallisati ohspdegcedived doewO mut/3567odumepréehhahy nantisms deethat it woul d

be sui tabl e bOrhu{PreRodiHSSuaNd LRbseNanEREeNt £8] charlBnl L i S

desirable to ensure no focusing he ultrasound, occurs, and this may be
achi eved by enE’P@%irrfg?‘cengu’b%e dfalédj Seertett FRREGUER IO i9TO8heReSSi on. Were
the vessel i stiylwaidr rodl consequgpaldyi ool mmatpref ef adad It pa20ialad d

ener gi si ng 1@i agetfdical. | ¥noppersidA 1tihansduasns ﬁ&det)&? SAErktABy The
non-focusi ng can al so be achi‘eved b enerqgisin acent tr nsducers or
adj acent groupS@Hf°e Fa¥sduter £° ei‘fj dFtYes g‘ﬁ? 8Eqﬁ% i a3[4tR% parti cul ar
to vary the fremgsedyisatiwbn ghresdhrer desdoosr inbrodparup 25 of transducers
is energized o¥&itamihbAts£dss ande®, itOkould be suitable both for food

use and for pharmaceutical use.
15
It is desirable to ensure no focusing of the
ultrasound occurs, and this may be achieved by energising
groups of adjacent transducers in succession. Where the
vessel is cylindrical it is particularly preferable to
20 avoid energising diametrically opposite transducers at
the same time. The non-focusing can also be achieved by
energising adjacent transducers, or adjacent groups of
transducers, at different frequencies; and in particular
to vary the frequency at which each transducer. or group
25 of transducers is enzrgized over a limited range, for
example between 19.5 kHz and 20.5 kHz.

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

irradiator.

Referring to the drawing, a batch crystallisation
35 irradiator 10 includes a stainless-steel vessel 12 of
internal diameter 0.31 m and of wall thickness 2 mm. To



exanpl e between 19.5 kHz and 20.5 kHz. The invention will ndf BeVEVBERZ006n
nore particularly described, by way of exanple only, and with 30 reference
to the acconpanyi ng drawi ng whi ch shows a cross-secti onaI vi ew of a batch
crystallisati iator. Referring to the draw ng,

crystallisati ﬁooﬁgif}?r adi ator 10 includes a stainless- st e ‘?’C’e%‘?@éﬁ"s 12 of
internal diameter 0.31 mand of wall thigkness 2 nm To 28 NOVEMBER 2006 WO
03/ 101577 PCT/ GB03/01905 4 the outside of the wall are attached Si xty

t ransducer | es 1 packed i t ransducer
nodul e 14 corrpgkjlgeg uts \R%gFéfo‘é?tgtaﬁecat?? dél §¥WC§ ¥ esonat es at
20 kHz, attachaddubes B cowisedl| packed do @i %Wﬁﬁﬁnac—”e‘aw i nBadil ock 18 by which
it is connectedahOadder Wddulet D& ¥éniR1i seBda 050 aacﬁielabemgctﬂej ng of diameter

03 ™ The T a03EHERIIP AN B, CRT Dby LLE,E1 SOl gBLL gk g g3 cach of

t wel ve nodul estfin centres ng . on a square
pitch 10 of B2camcahy iflexglat bFanims CeBP HD é8 Pyrédchsignal
generators 20 @entynrsrecs tohom)waldch tbé wmideh endr b¥esatheliocansducers 16

in a pair of agg@ﬁﬁrgf Al%mltgydw%rowe%ﬁm%rmaa&fewgﬁﬁé rows- one

third of the circunterence ag fromthe first pair. In_use of the
irradi ator 10 fhEe@gmierep l‘?Jr |Ti0gs Gpeh of MWFOHO%HJCFS( Hért Efper ature

of the vessel tentxgsadhfalthg towelid Gadssksn IRy Hdimgsohubi squarededttelmses as

the te"peraitoursfd@frne@se%}leumgdfatfoqohbnglé@%%rggra@é@ &Qefehe contents of
the vessel 12 are stirred. Cons [ution wll K%COWB sat ur at ed

ue
and then supePi%af AXET2HREN %eqqm q’éfﬁfp@?%tjtﬁes C&NA BTN 19F KPEER ow

drives the transducers 16 in a pair of adjacent
longitudinal rows and another such pair of rows one third
of the circumference apart from the first pair.
15
In use of the irradiator 10 the vessel 12 is filled
" with a solution and the temperature of the vessel is
gradually lowered (assuming the solubility decreases as
the temperature decreases) using a cooling jacket 22, and
20 the contents of the vessel 12 are stirred. Consequently
the solution will become saturated and then
supersaturated. When the temperature is about 10 K below
that at which saturation occurs, the transducers are
energized briefly, each generator 20 being energized for
25 0.8 second successively. Each transducer irradiates 50 W
over a circle of diameter 63 mm, that is an intensity of

1.6 W/cmz. The ultrasonic energy 1s dissipated over the

cylindrical volume of the vessel 12, which is about 31
litres, so if all the transducers 16 were energised

30 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 second, a different
generator 20 1s energized, and so on. After 2.4 seconds

35 each transducer has been energized, and application of
ultrasound is terminated. The contents of the vessel 12
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each generator 20 being energized for 25 0.8 second successively. Each
transducer irradiates 50 W over a circle of dianmeter 63 nm that is an
intensity of 1.6 WcnP. The ultrasonic energy is dissipated over the
cylindrical voV8¥%¥ 7t he vessel 12, which is about 31 | i PFEEBOIOST 3 |
the transducers 16 were energi sed 30 sipudtaneously the power density would
be about 100 Wlitre. To avoid focusing, only one signal generator 20 is

energi zed at any one tine, so the energy deposition.is, about 33 Wlitre.
After 0.8 secor‘i’)c;‘f,e 5%8Pf ?‘ﬁ?’%‘?ﬁtedgnéf’af%glfga& RTS8V anPTE%n. After
2.4 seconds 33fedabkreransducerrysdslbadrisenctyivaehn pordcegpte dat i on of

ul trasound is tepjRated. odhe GQRLENS Sarldf obBer¥esselpph?cg8i HOYEVBER 2006 WO
03/ 101577 PCT/(i 3/01905 - 5 are %hgn i sggct.ed to,see i ny crystals
1% R VS

have for med. 8PBRGr &8 P TEHE S ctPiRASAHEBr ok ddifre i s
repeat ed. Onte vespefiald &s egxasbwdvgdlowgneldi.cati on of ultrasound is
term nated, and the tenperature of the 5 vessel 12 is gradually lowered. In

a nodification the sjgnal generators 20 may_.generate signals at a frequency
that varies bet WeenE aSmO%h%wf%.lgnkﬁ’f St a%i%%%eirftfo?fzso%@d?afﬁ erent signal

10 generators 2egneapye h@i@mﬁﬂép@rtdénf#@qu@pcﬁa‘éhafbtwiﬁswbewqem 49i.bradi at or
10 the power inhansoly kszsude stibadlLaviohatii orekloprs saghapccur at the

surface of e wall, so Qsi_on frH1 i i 12 does not occur. 15
Nevert hel es tﬁgnﬁﬁﬁﬁ?r%ensi‘fafﬁlggsh e%§P§§§€ ngns?ﬁrce O%ﬁ%’i'eati onin a
saturated solution. An experinent to investigate the effect of ultrasound

on crystallisation hashbgens gerhataesk 18stRO potdr0WsteABi BgUso-acE0l uti on of
D-xyl ose Contakﬂgggcgéiéhtion does not occur at the surface of the
wall, so erosion of the vessel 12 does not occur.
15 Nevertheless the power density is sufficient to ensure
nucleation in a saturated solution.

An experiment to investigate the effect of

ultrasound on crystallisation has been performed, as

20 follows. An aqueous solution of D-xylose containing 25 g
D-xylose per 10 ml water was prepared, which would be
saturated at 50°C. This was than cooled at a rate of 0.2
K/min to 20°C, and the resulting solid products were
separated and isolated. As a zontrol, in one case the

25 transducers 14 were not energized; in this case crystals
did not appear until the temperature had dropped to 36°C.
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,

30 starting at 50°C, then the resulting crystals were very
small, and information on sizes was not obtained. Table 1
gives the temperature T at which solid first appeared and
also shows the effect on crystal size distribution by

indicating the crystal size (in pum) for different
35 cumulative percentiles (by mass):
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This was than cooled at a rate of 0.2 K/mn to 20C, and the resulting solid
products were separated and isolated. As a control, in one case the 25
transducers 14 energi zed; in this case crystal S pear
until the terrpg% ﬁrlg%had dropped to 36C. If the transducé’Fg/G%ﬁ /%é'g

energi zed for a period of 2 mnutes, stawting at 46C, then crystals
appeared at 43C. If the transducers 14 were energi zed continuously, 30
starting at 50G, fhem the resulting crystals were very small, and

information on Sizes was not obtained. Table 1 gives the tenperature T at
which solid first appeared and also shows the effect on crystal size

di stribution by lodn@ﬂficng; t he crrySCaT' siyes (1 h npos or di boerent 35

cunul ati ve per III.I ] LS Fass " S ENBER—P2666 r\')l 104577

PCT/ GBO3/ 01605 B - L1 Qals“’“ ' ondt i 8§s T c 0% 5 %5%% L asound 36 27
67 149 2 nmin pRtmigsodhdasguad 1064311 | U #Basoundl2® - |- 2Bl Si hce the

sol uti ons wer e BRIl Rd at o0U, Tdeallly Cfystpllisatipn shoul ¢ commence as
soon as the tenperatire—drops—below50c—Fhre—short—appH-eat+on! of

ul trasound mar kedly reduces the netastable zone wwdth to only about 7 K (as
conpared to about 14 K in the absence 10 of ultrasound). It also gives a

si gni fi cant sncgﬁac%eth@ sbm@tﬁdésm@kesgg@&att@t a8r 80 FO MR@a1Epnt i nuous
application of wultr es.t.he netastable zo dth even nore, to

one

about 4 K. 15 IF Xﬁ agb I?egm tlgdc?rﬁ%‘?nctehgsc%apt? r;cg’lthat applied in
this particul art@mmartmﬁtdmpm@teléy(a@@m/ The short application of
ultrasound markedly reduces the metastable zone width to

only about 7 K (as compared to about 14 K in the absence
10 of ultrasound). It also gives a significant increase in

the crystal sizes that are iformed. Continuous

application of ultrasound reduces the metastable zone

width even more, to about 4 K.

15 It will be appreciated-that the conditions that
applied in this particular experiment do not exactly
correspond to the method of the present invention, but
that the results indicate that it would be appropriate to
cool the solution to about 43°C before subjecting it to

20 brief irradiation.

In performing the present invention, the temperature
to which the solution is to be cooled before the brief
application of ultrasound will differ for different

25 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
described above. The solution is first subjected to
continuous ultrasound as it is cooled, and the

30 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
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indicate that it would be appropriate to cool the solution to about 43C
before subjecting it to 20 brief irradiation. In performng the present

i nvention; the tenPerature to which the solution is to be cooled before the
bri ef appl i caWPBHIT7ul trasound will differ for different POHGBHIOI0F ons,
depending on the material, the solvent ang the concentration, and nust

t herefore be found by experinent. It may be ascertained by experinents
simlar to those descrlbed ahove. iOI ution is first subjected to
conti nuous ul t r SERFFFEHLSFt V1008 FRF S5 288V E e Ur& B2 which

crystal s for m (fiind\iihehhighesie tee\panptereitnw@hmla da6tals dbseroed. Furt her

tests are therny rrda%qogusf z-.CQﬁ'llb@g ﬁf‘@e s&l Wi keRsbehdli f fropenh1 A3 NOVEMBER
2006 WD 03/10 PCT/ at res thin a few egrees above

05
or below T to JT‘FU J'tshé{ %?‘ f’énﬁ%‘? YA bcsrefé’FQI ¥ m on
appl i cation bf @prbmnelbupuht'er&ﬁouuldtrasound Typically this is wthin 5 K of
the tenperature T observed w t h 5 continuous ultrasound. Aspartane is the
a-di peptide ester L- aspartyl Ehenyl al ani ne nethyl_ester and is an
i nportant synt heti c ASP8Hteae dﬁ &he et infntd dggenter (1-3s92gbyttl200 times 10
sweet er than suyganyaadafoes nedhylleayeen did ter anafm@idtastesyatibise i s used

|0 @ wde range ol c@rlggsast efet'eklhé adanevere BLTIGH boorghystal ! se

wi t hout use_ of ularly from aqueous sol ution.

Sur pri si ngl ¥9 |%W%§rbégﬁnf%}{ﬂ?& Bﬁgs‘i"b?% nog E)?%’tﬂ%cae biftegti sfactory crystals
of aspartane diafetrtystepnarah socadseossd siol at wbde usamyg bifeppo@serd. net hod. A

saturated sol ytd qQu Of,oRSPAY,! ARl BuYRIHY RYLS Y] fle i tRBEPALEM oeand

crystal modifiers, particularly from aqueous solution.
Surprisingly, it has been found possible to produce

15 satisfactory crystals of aspartame directly from an
aqueous solution using the present method. A saturated
solution of aspartame in warm pure water is prepared, and
introduced into the vessel 12. The temperature of the
solution is gradually cooled to about 10 K below the

20 temperature at which it would be saturated, and is
subjected to ultrasonic irradiation as described above
for a short time, for example 2.4 s. The solution is
then inspected, and if crystals have formed as a result
of the ultrasonic irradiation, then the temperature of

25 the vessel is gradually cooled over a period of a few
hours down to room temperature.

This process has been found to produce aspartame
crystals between 100 and 250 pm in size, which are easy
30 to separate from the remaining liquid for example by
filtration. By avoiding the need for additives the
purity of the product is ensured.

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



i ntroduced into the vessel 12. The tenperature of the sol utzﬁ%oY@wﬁF%aﬂgqu
cooled to about 10 K below the 20 tenperature at which it would be
'saturated, and is subjected to ultrasonic irradiation as described above
for a short tine, for exanple 2.4 s. The solution is then_inspected, and if
crystal s have WOPHEE ™3s a result of the ultrasonic irradi%‘f?’ﬁﬁ",""opﬂ%n t he
tenperature of 25 the vessel is gradually gceol ed over a period of a few
hours down to roomtenperature. This process has been found to produce

aspartame crystals, bet ween 0_angd. 2 LNn_si which are easy 30 to
Separate fromt ﬁé)&}’”é%r%llg’niaﬁsg t%'lgqﬁr?}a chfq’ggghr@ sepaoxél&ﬁ'l tration. By avoiding

the need for additives the purity of the product is ensured. The inspection
to check if any crystalwiilave bppresiat3d 8Rat HRShethod idapplicasdai c

i rradiati on may n,. 4 t e ' hi i ight into the 28
NOVEMBER 2006 ﬁ%ﬁﬁgliﬁ@%&e‘g&?@%ﬁ%ﬁ%g&@h& 5 h?#’gg?éaésﬂt e smal |
crystal s sparkl EONFiNyRYS BENGHpERRN &t BdtERRatife nEORRKIWPLEPAI i cabl e

usi ng different sappasiaddisolandonayabdecapphsed tan faob &birid UAustr &4 her t han

a batch basis. Far . gxanmphe derSALY %ﬁgﬁﬁgi%t&eg}egggsp&}g@g%%g to fl ow al ong

a duct in which 1ts tenperature gr ecreases, - du

i ncor porating alPFemPtatdtgnauft9Waddincadhr phidiaserer 1rErANE I8P a position at
whi ch the sol utinotuhasatr @aphetitidh tdte wapph ofhid aso@ut bopeliat weachsd that the
sol ution is,obrigl!ydadAdhat etedSe datulk P50 tﬂaeugne%@uﬁ%! §s In this

case the transducers.  of. 'the . ultrasonic irradiation m ght be
activat ed contilﬂﬁb%ébﬂ/ %Fagﬁa‘ée‘f)ﬁssé& fhg¢R thpgugh the module.™ In

this case the transducers of the ultrasonic irradiation
module might be activated continuously or in a pulsed
mode.
15
The method is applicable to many different chemical
compounds. For example it may be used for proteins and
amino acids, and for antibiotics. By way of example, the
following measurements have been made with the three
20 amino acids L-leucine, L-phenylalanine, and L-histadine.
Saturated solutions in water were prepared at 75°C,
the concentrations being 3.3, 6.2 and 11.3 g/100 g water
respectively (after 24 hours in contact with solid
25 material). Four samples were taken of each solution, and
were then cooled at a steady rate of 0.2°C/min. In half
the cases the samples were subjected to a 10 s burst of
ultrasound every 5 minutes until crystals were observed.
No ultrasound was applied to the others. The temperature,
30 T, at which crystals first appeared is shown in Table 2,
Tu being the cases with ultrasound, and Tx those without

ultrasound.
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crystals are larger. For exa shows neasur enent
resul ting cryst8Pe feFashprkls |2lﬂ5‘F| 6ﬁsdeca“%eaﬁﬁﬁsfﬁ% abputn22- et Fer

Mast ersi zer
sizes (in m fogy the crystal size distribution, so that the crystals

are larger.

n

For example Table 3 shows measurements of
10 the resulting crystal size distributions, as measured
with a Malvern Mastersizer 2000, for histadine and

phenylalanine, showing the particle sizes (in pum) for

different cumulative percentiles (by mass).

10%
15.8
20.6
133.9
159.9

TABLE 3
Histadine no ultrasound

50%
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89.6
352.4
420.9

90%

166.
370.
655.
776.

Histadine ultrasound

Phenylalanine no ultrasound
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Phenylalanine ultrasound
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As another application, a saturated solution may be
and then be added
to a larger volume of solution so that the crystals act

insonated so as to generate crystals,
as seed crystals for the entire volume. For example
20 there might be 4000 litres of a saturated solution in a
crystallisation tank, which is gradually cooled or to
which anti-solvent is added. When it is sufficiently
supersaturated, a small quantity (eg 40 1) is transferred
into an irradiation chamber (eg sucked up through a pipe)
25 at the same temperature as the tank; there it is
subjected to ultrasound so that crystals are formed; it
ig then transferred back into the tank. If no crystals

are formed, this operation may be repeated.
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different cumul ative percentiles (by mass). TABLE 3 10% 50% B0Y9VEMBERA0Q6
no ultrasound 15.8 59.9 166.3 Histadine ultrasound 20.6 89.6 370.8
Phenyl al ani ne no ultrasound 133.9 352.4 655.9 Phenyl al ani ne ul trasound
159.9 420.9 776.1 15 As another application, a saturated solution may be
insonated so as to generate crystals, and then be added to a |arger vol une
of solution so that the crystals act as seed crystals for the entire

vol une. For exanple 20 there m ght be 4000 litres of a saturated solution in
a crystalliéé&ﬂﬂﬁitank, which is gradually cooled or to which anti-sol vent
is added. When it is sufficiently supersaturated a small quantity (eg 40
1) is transferred |nteﬁfn i rradi ati on chanber sucked up throgg? a pipe)

25 at the sane t €hgéd & A RERAYHnien tchfer"erlﬁ 1%65‘3&?(1@(?]['0 & r asound

so that crystidthed Q:Jngfﬁﬁéjmng tformfidden ddrisdtdd esbhaciord Mo die tank. |f
no crystals are for this operation may be repeated. 28 NOVEMBER 2006

Caims 1. A MatRiialor Frashaklnchantingtde ibrmparaiuLe oF Hde net hod

conprising f s h S8 W@tk?éi:&@élté@éﬁattdleat%&ﬁta‘%{d %ubggé@éiﬂ?é lghe
changi ng the terrperature of the solution so it becones supersaturated, and

subj ecting t HROLlWolqR iteh ixradiaddian ivh yghn igH-anfidns vl nageursbund,
wherein the nathad 4 el VESShe fdggig%ﬁ:he tenperature which provides the

| east 10 degree of supersaturation at ich crystals formfromthe solution
on brief appldlcafiinghing the rtasmanhtunsl whieh mroisjesttiheg kewstsol ution

while it {g SAatdl b gohr M uddt oo ?H) #L:cnn}é:l:al{é RSN - SiPrerfe bri ef

i nterval such hat crystals are torne
solution on brief appllcatlon of ultrasound, and then

b) subjecting the solution while it is supersaturated, at
this temperature, to ultrasound for a brief interval such
that crystals are formed, and then

15 c¢) allowing the crystals in the solution to grow without
irradiation by continuing to change the temperature of

the solution.

2. A method as claimed in claim 1 wherein the solution

20 1is subjected to ultrasound for less than 10s.

3. A method as claimed in claim 1 wherein the
ultrasound is provided to the supersaturated solution in
a vessel using a multiplicity of ultrasonic transducers

25 attached to a wall of the vessel in an array extending
both circumferentially and longitudinally, each

transducer being connected to a signal generator so that

. 2
the transducer radiates no more than 3 W/cm , the

transducers being sufficiently close together and the

30 number of transducers being sufficiently high that the
power dissipation within the vessel is between 25 and 150
W/litre.

10



15 ¢) allowing the crystals in the solution to grow wthout 28 NPXBMBERAV0py
continuing to change the tenperature of the solution. 2. A nethod as
claimed in claim1l wherein the solution 20 is subjected to ultrasound for

|l ess than 10s. 3. A nethod as clainmed in claim1l wherein the ultrasound is
provided to the supersaturated solution in a vessel using a multiplicity of
ul trasonic transducers 25 attached to a wall of the vessel in an array
extending both circunferentially and |ongitudinally, each transducer being
connected to 4 si gnatetgenkrast arlsiomddain dlkeint Bam&nhnedm ndctimmmda ireor e
than 3 Wcng, glu anssddjc ers bei uff| entl. é} tther and, t he 30
nunber of trar"r:)sp et st bel ng"s‘-’hf“fa%l gﬁ?%snl cﬂss"’[r}?atlon
within the vessailrd s between 25 and 150 VVIltre 10 28 NENENBER 2006 4. A
nmethod as clained in claim3 wherein ultrasound is applied in such a way
that no focusing of the ultrasound occurs. 5 5. A nethod as clained in
claim4 weren facusitigpd sas m]eaaeﬁdcbdubxclenmgi siHegregiTo Uiz ufi raglj iac ent
transducers in _successi 6. A nmethod as cl |qu in.claim4 wherein

oousi ng 13 B PHEVEn TG YL GIE SR o A S Sy en
groups of transshessison.at different frequencies. 7. A nethod as clained in
claim1 wherein the crystalline material is aspartane. 15 8. A nethod as
claimed in claiml1l wherein the crystalline material is an amno acid. 11

6. A method as claimed in claim 4 wherein focusing is
10 prevented by energising adjacent transducers, or adjacent

groups of transducers, at different frequencies.

7. A method as claimed in claim 1 wherein the
crystalline material is aspartame.

15
8. A method as claimed in claim 1 wherein the

crystalline material is an aminc acid.
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