
WO 2006/054964 PCTmS2004/037735 Preparation and
Characterization of Formulations in a  High Throughput
Mode Inventors: Stephen Bysouth, Sid Hite, Amrish
Bohara, John Hammond, Karin  Bergstrom, Rowena I
andham and Ingrid Lu'a:kari Feld of the Invention This
invention relates generally to an automated robotic
system for the production and,  testing of
formulations at a very high throughput. More
specifically, 3t is an integrated s stem of hardware
and software capable of preparing and evaluating
hundreds of dispersed multi-phase  soi utio is per
day. The system can process fhrmulat'ion s rapidly in
an automated way and enable  very flexible formulation
recipes to be introduced. Up to i 200 formulations on
the i to 20 nit  scale can he made per day. This
includes tracking of processes from start to finish
and the  integration of analytical data with the
as-designed and as-formulated experimental results.
Materials and consumables can be distributed from
storage systems to the work stations where  dispensing
of in gedients in various stales can l: {= pert
orme.d, iiiciu t ['o S:)lids, li( uids, V .S., 15
pastes, suspensions and waxes.. The cmukions,
dispe:lions, andior solution formed can be  haSe
dIa-~El'JSLS', ti.lrt7ld[i~ F'  characterized
USillf.', methods 1i3i`3U(:171Nli - v analysis-
viscosity and particle  siz3Ag The mod Ulai: svsiem
$lli)VJS tutu processes and testis to be added, to a
sta'ion, or  as A ne"'v station" Background of the
Invention } Formulation chemists in the Surface
Actives Ingredients (surfactants) and agrochemical
markets realize the potential for applying Design of
Experiments (DOE) methods to assess the  impact of
tunny variables on the performance, shelf-life,
delivery characteristics, contamination
susceptibility, and custom er_satisfaction of their
products. Due to the complexity.ofthe  formulation
recipes and the number of variables to be evaluated,
DOE techniques generate 25 matrices of tens of
thousands of experiments that must be conducted to
explore and refine the  experimental space for ,'iese
products. The shear number of experiments required
renders  typical bench chemistry techniques
ineffective. The invention describecl herein provides
the  



formulation chemist with a means of tackling these
large DOE matrices in an automated fashion.  DC:233
G82v 1 WO 20061054964 PI"7US2004/037735  The Summary
of the Invention is followed by a Detailed Description
ofthe systen<. Finally, a Process Description pros
ides step-by-step preparation and testing
methodologies for a  typical olution in Water (SL)
recipe and a Suspension Concentrate (SC) formulation
recipe that  5 is prepared and tested on the
invention. Summary of the Invention The invention is
an automated robotic system for the production and
testing of  formulations at a very high throughput. It
is an integrated system o; hardii'ar, an( so t,ware
capable, of preparing and evaluating F undreds of
dispersed multi -phase solutions per' day. The 10
system can formulate aqueous solutions (SL), oil in
water emulsions (EW), suspo-enrulsions  (SE), rrncro
cap sure suspensions (CS), rrricr'o-emulsions (ME.),
and suspension concentrates (SC)  at the I nil to 25
nil scale- The system can process emulsions rapidly in
an automated way and  enable Very flexible
formulation. recipes to be introduced. T],(-, system
allows chemists to generate experimental samples of
varying recipe and  5 method to be conducted in
parallel with protected throughput Of lip to 1200
formulations  processed and characterized per dav.
Materials and consumables can be distributed from
storage  systems to the work stations where dispens
naa of ingredients in various stairs can " n
performed,  including solids, liquids, gels, pastes,
suspensions and waxes. The emulsions fonne.9 can bec,
characterized using methods irctudirg phase diagnosis,
turbidity analysis, viscosity and particle 20 sizing
using aui.omated test ecjuipment. An iriteguated
module can aisb perform Tank Mix  Compatibility
testing in high throughput -note. The modular system
allows future p;r:rcesse nd  tests to he added, either
to a station, or as a new station. The software
capability includes  tracking off processes from start
to finish and the integration of analytical data with
the as- designed and as-formulated experimental
results. 25 It is an object of the present invention
to provide anautoniated rrbotic syste E for the
production and testing of formulations. It is a
further object of the present invention to provide a
systern for the research,  



development, n-manufacture, and sale ofproduc.ts for
use in agriculture, horticulture, fb:estry and
protection during transport or storage or use of the
harvested products of agriculture, horticulture WO
2006/054964 n1?t1fi2904/037735 or forestry and the
treatment of the envixonnaent to cothbat inibstafioils
of pests harmful to public  health, safety or
convenience. It is a further object of! e present
invention to provide s<{ruff a system for the disco;
cry  and development of crop protection or crop
enhancement products and products for the treatment  5
of the nvironm nt to combat i ifestation of pests
harmful to public health, safe_y or conveni once. it
is a further object of the present invention to
provide such a system for the research,  devolomnent,
inarn:Ef<:cture anrlror sale of surfactants, fatty
acids and rheology control agents in  formulations for
fabric care, personal care, textile, Fniningg, mineral
coating, asphalt, petroleurn,  Fuels, viscose,
cleaning, building, coatings. paper processing and
manufacture and in all 10 applications of nitrogen
derived surfactant Brief Description of the Drawings
Figure I illustrates rack and vial storage system 100.
Figure u illustrates consumables store 200.  Figure 3
illustrates robotic arm 300. Figure 4 illustrates
solid dispensit:r; station bOC. Figure 5 llus; raies
an embodiment of liquids, suspei',4ions, gels and
nleii&bles dispense  station 500,  Zt`L F3i-e 6 flux
tza+e'~ nor{rlallic aids ca.;i13:.~ c n? a Fsl
?xpttt3t~f:y. ,.3 {~.! t. tip' acif.'f'1.2 t1on ct <
tio71 Figur'e 7 illustrates mixing or homogenizing
station 700_ Figure 8 illustrates flexible ardi
station 1100 used in alternative embodiment.  Figure 9
illustrates curnuzinutorr station used in an
alternative enlbodimeat 9010.  Figure 10 illustrates
phase stability and cloud point station 1000, Figure
11 illustrates buffers 1100. 2i Figure 12 illustrates
dispensing, pipetting, and characterization station
1200, included in  alternative embodiments. 



WO 20061054964 P TIU52004t037',35  Figure 13
illustrates an exemplary now diagram for system
set-up. Figure 14 illustrates flow diagram of
experiment for preparing and testing Solution in
Water (Sl formulation. Figure 15 illustrates flow
rdia`-rani of experiment for preparing and testing
Suspension  5 Concentrate (SC) emulsion torruutation,
Figure 16 illustrates an embodiment of the present
invention. con,prisi ,g rack and vial  storage system
100, consummables store 200, robotic arm 300, mixing
or homogenizing station  700, phase stability and
cloud point station 1000, buffers 1100, and
dispensing, pipetting, and  characterization station
1200. 10 Figure 17 illustrates an embodiment of the
present invention comp ising rack and vial  storage
system 100, con surnables store 200, robotic am, 300,
solid dispensi:rg station 400,  liquids, suspensions,
gels and -teitables dispense station 500, liquids
dispensing and pipetting  and characterization station
600, mixing or homogenizing stations 700, flexible a:
(n station 800,  emnirlinutor station 900, phase
stability and cloud point station 1000, and buffers
1100, 15 Detailed Description of the Invention n
automated robotic system is di closed herein for the
production and testier; of .  forxnulatiuiis at a very
hiaft ttiroughlaut In a ptetearcil c_nihot3i_rieri n
6n=le cndeto `oe die. d  rperatio r f the sy etn aver
a 21 ho xr period, including a n apprc lrnateiy L. }ii
ux ,.pUratiot;.  period and an approximately renr hour
se:-up period. Further, the disclosed, preferred
embodiment is based upon the use of a 25 nil-, vial to
hold about 10 iL of t st f umnulation. The
erabodirnent disclosed herein is disclosed for
illustrative purposes only, alternative enrbodir_aents
are envisioned. Figure 1 illustrates rack and vial
storage system 100, eampnsing rack 102 and vial 104.
25 Vials are of the order of 25 err, and :24 mm
diameter, 7 tent 1=nigh. They are racked in racks with
a `well-plate' foot-print containing 6 vials per rack.
Each vial is bar coded and each rack is bar- coded- As
these are custom racks, there is likely co cost
differential between having plastic racks  



molded Cor machined from metal. In fact, metal racks
can provide a simpler and fister means to
DC:235Nia:v~ - 4 WO 20061054963 PCTIUS20141037735
heat the vials, because placing a rack of vials on a
hot plate is t:'7stex than transferring vials from  a
rack to a heating block. in this instance too, less
space is needed on a robot deck, as empty,  racks are
not generated, diminishing the neect For storage.
Figure 2 illustrates consurnables station 200. "These
are used to, supply the rnateriais  d needed for a nun
including vials, pipette tips and, optionally,
materials to be dispensed. The  number and size of the
storage systems will depend On the manufiarturer, via]
size and functions  as above, selected by the
customer, There are many manufacturers of these
storage systems or stations (for example, Zymark,
CRS, Toth T ek, STRobotICs, etc.,) and custom versions
Can be obtained. Standard models work  10t with the
Ubiquitous ' 'e!l-Ptates' and it is intended that the
system disclosed herein Will rack materials in the
same format, be it vials, pipette tips or even solids
for dispensing. TI hese racks  can ads be referred to
as `plates' but their height will not be a standard
well plate height. The se stations are designed to
store and present to an arm or ,gantry robot,
individual  plates in a defined position_ At the
beninning of a rim ihey are loaded appropriately and
at the  15 end or ;1 71Ax, they contain finished tD;
12;t71af;.ORS, grouped as needed (l)ass, jell, M&
along With  empty racks a ad used source vessels,
read`, for unloading. 'Capacity requirements are
dependent upon the desired apphcanor7. For example in
one  cunhocurntent 2000 positions are provided to hold
1500 vials (leaving; 500 c. npty) and in a second
ernbo ,hart 1000 po itioiss are provided with 600
vial? (iraving.400 empty), Additionally; space 20 is
provided for co:isusnables (for e>.arnple 5000 pipette
tips) and for compound supply.  Figure .l illustrates
Moire art-ii, 300 showing arrn 302 and rail 301 There
are many  robotic arm manufacturers and the most
suitable aim and manufacturer are selected during the
design phase for each application. The robotic Earn
provides the transport connection between all  the
stations for making and characterizing the
errntlsions, by moving the racked vials between the 25
' stations as required. In some embodiments the system
is augmented by a second arm, More the  system is not
augmented by a second arm, the sole at-in also has the
task. of loading individual  



vials into the mixing systems; this requires either a
gripper tool change, or the design of a dual  function
gripper for both vial and rack h.andlling.
c.,.>4jy.~CrF -5 WO 2006/054364 PC HUS20041037735
Operation of the robotic a:-nr can be considered to be
divided into three parts: set-up, where materials and
racks are dispersed abort the system; run, where
sample: s 2nd supplies are  transported during making
of emulsions and; clean-up, whert_ at the end of a
run, dispersed  material and. samples are restored to
their rooter location. The. use of such an arm enables
5 '-andom access' type of ordering of processes sup
lied by the stations around the rail. in a  preferred
embodiment, the robotic ann has the ability to read
rack identity by bar codes.  Figure 4 illustrates
solid dispensing station 400. Such a station can be
obtained from multiple raantrfiac turers, including
Chenispeed, Autodose and Flexiweigl- The platforms is
adapted to suit individual requirements. The dispense
accuracy of each system is dependant on  10 the
material to be dispensed. Additionally, a
representative sample must be dispensed. born the
container in teams of particle size. and chemical
composition. If required, sarnple conditioning  such
as grinding and sieving can be used to prepare the
powder.;. Dispenses of I trig, can easily  be achieved
and pre-treatment of the powders will increase both
accuracy and precision. The solid dispensing station
400 can accept racks of empty vials, or vials f-m n
other 15 dispense stations in racks and can either be
p cloaded w iLh materials for a nun, accept racks of
materials to be dispensed, The station picks up either
whole racks of vials or" individual vials,  places
them on mass balance 402, dispenses by w;-eis;ht,
solids obtained from solid source  hoppers 404 into
each ilia!, returning the vials 10 the rack before
placing the rack at the delivery/collection po pt. It
also moves racks of rnatenals Lo be dispersed boa' the
20 delmiczyt oIlceyiari.point:_t;
r'1he.dislribr1tiI.pointonthed uk."S7ie,f ironaal
meludcsbar We  reader 406. Figure 5 illustrates Hr,
embodiment of ;squids, suspensions, gels and
rneltables dispense  station 500. This station is
based upon a gantry or Cartesian laboratory robot.
Again, there are.  many manufacturers of such systems
for example the Edit rn " Cybcrlab" 230,'240/400 type
25 plattor ns. '('hest robot systems allow op to six
tools to be mounted on the tool head above the  



deck, and the deck can be fitted with custom equipment
including sub-stations with other integral  tools. In
a preferred embodiment the tool heard. is fitted wvith
devices such as, but not limited to:  rackiplate
gripper, vial and cap gripper, ee di.spe nse g: pper
if required, pipet.or for small  plastic disposable
pipette tips, optional pipettor for glass disposable
pipette lips, and vacuum 30 canula for dispensing
grinding heads. RQ:.33U8PVi -6  WO 2006/034964
PCTJHS2004/037735  Some tools can require more than
one tool position. Some of these devices are
Ini:itifunet317713.I. For example, the vial ;;)leper
can also f3.31C,C3.Pn as the f; el dispenser gripper.
Additionally, in varying erobodinicrus, more than one.
size or pipette can be required foC'  precision and
accuracy in dispensing. It is envisioned that both 5
m1L and 500 fiL tips are used, 5 The deck is mounted
wvith associated devices such as, but not limited to:
movable gel  dispensers 502; rack or dispensing
locations 504; comminuting bead source 506, proloaded
with  beads; bar code readerlclecapper 508; orbital
shaker 510; one or more heated blocks 5l 2; heated
glass pipette tips 514; second mass balance 516;
pipette-tip rack space 518; liquid vial deck  space to
enable other sources of nomnal liquids to be placed on
the deck; enough space to contain 10 the racks
(likeely stacked) that. have been emptied into other
deck units; and trash collection chute  520 for
pipette tips and vial caps. Bar code reader/decapper
508 is used for identifying and  opening vessels that
arnve capped.. Mixtures requiring agitation, such as
unstable suspen ions.  are delivered to orbital shaker
510 after dc-capping. Orbital shaker 510 is also used
for nnild  mixing such as dissolution and with careful
selection of the shaker, even more aggressive 15
agitation can be achieved. Where needed, materials are
placed to melt upon/Whin Ic one or  [note heated
blocks 512, the materials are then readied for
dispensing. I seated glass pipette tips  514 can be
preloaded to he heated for dispensing small quantities
ofineltables. Second mass  balance 51(i is used for
confini in,; :e dispense by weighing. -Pecatise of the
distribution of the:tools on the -head of such robots
(where fixed tools are  20 .in fixed:positioJ s on I
e.head), not.all the deckspabe is acecssible hy all
tools. Specifically, for  exunple, in
certainristarices the tight hand tool cannot reach the
left hand side of the deck and  



visa versa. This limits the position and access for
each tool to the bed. Alternatively, the gel,  paste
and high viscosity Enid dispensing or the me.ltables
dispensing can require a separate  Station or sub
station, especially when combined with mixing or when
the quantities that should 25 be dispensed, exceed :
nL. When mixing is not requir.d, the dispense volume
can be confir;m+d.  using a balance. However, since
order of addition and mixing do not allow the tip of
any  dispenser to contact the mixed fbnmulation, the
dispensing must be conducted without touch-off When a
mixer is used with disp sing, the station includes a
dedicated wash station in  which the mixers are
cleaned, along with a wash fluid reservoir, pumps,
drainage and valves as  30 required (specified during
the design phase) n1I, and 500 g L tips are used.
r7C:233i~32vi .. 7 WO 2006/054964 FC1'/US20)4(037735
Figure 6 illustrates normal liquids dispensing and
pipetting, and characterization station 600, which can
be included in alternative errioodir ients. This
station provides a pair of ;waste  stations where two
separated types of fluid can be pumped to waste, and
can he preferred when.  )aids are incompatible. The
tool head can be. fitted with items such as:
rackrplate nipper; vial, 5 filter and can g upper;
pipettor fir- plastic dispo able pipette tips;
dispense needle attached to the  off-deck dispensing
pumps, valves and manifold; and dispense needle for
dispensing a common  wash fluid. Again, some tools can
require more than one tool position and in a p'cferxed
en-tb:odiment, some devices are multifunctional. As
before, more than one size of pipette is 10 required
for precision and accuracy in dispensing.It is
envisioned that both S tnL. and 500 I_  tips would he
used. Additionally, a pipetto: suitable fir more
viscous samples can require a  separate tool or
replace those in the S niL, tip rack. The deck is
mounted with devices, the number and position of which
are dependent upon  the application. The devices
include but are not limited to the followirie: bar
code 15 e.ade 3rcappe.ri-decapper 602; caps source;
second pipette-tip rack space 604; lit uic via[ deck
space; second orbital shaker 606; tank in ix testing
milt 608; particle -size:-) injection port 61.0;
dilution port (i11; viscorr:etty injeet:ctai p_u1,s)
612; filtratioi-, device; filter elements source 614 ;



particle d te;;:lr 618; vrscoo-ter-y eeteclar_;:; 620;
cap supply 622; smash station 628; bead collection
630, trash 632, phorographv system 624, and parfiele
rieroseopy system 638. 20' The .,ar code
readeaieatpperldec:tipper 602 is used fur identifying
and opening vessels that  arrive cappedarid for
closint vials i)efore they are sent to torage. 1r. a
prefened e;rthodirnent, a  source for about 20000 caps
is provided. .in a preferred e; bodintent, pipette-tip
rack space 604  comprises a source of special slotted
tips for aspirating the comminuted mixture from the
beads.  Liquid vial deck space enables other sources
of urinal licfurds to be placed on the deck. 25
Similarly, in a preferred embodimenE, enough space is
provided to contain the racks and to  provide space
fur sorting sample vials into classes (e.g. once
pass/fail criteria are applied.  Orbital shaker 606
provides general mild to moderate mixing but is also
used for Tank Mix  Testing 608. Samples are pipetted
into the particle-size infection port 610, the actual
particle size  detector 618 being mounted off deck.
Dilution port 611 allows dilution 'of the formulation
for 30 particle photography. "iscometry injection
port(s) 612 allow ar measurement of viscosity at WC)
2006,'054964 P7 C/US2004; 0.i 77:15  different shear
rates. Filtration devices allow for timing the
filtration of tank mix test samples.  Filter elements
obtained from filter elements source 614 are used
f:,_lr the tank mix test.  Photography system 624 is
used for photographing' the tank mix test filter
surface. off the robot deck are f. ounce large
components of processing or measuring devices,  11
including but not limited to: particle size detector
618, photography system 624, viscometer  measurement
electronics 620, valve and pump system 626 fur
dispensing small (': O's of micro  liters) volumes of,
samples with a `rna;ority solvent' flush to the
dispense needle, and pump and  source of common Wash
fluid 616 connected to its needle. Insure 7
illustrates :mixer/homogenizer station 700 with liquid
addition- These station(s)  10 have the ability to mix
in both high and low shear mode in parallel. Stations
702 include a t wo  axis (one vertical and one
horizontal axes) Cartesian robotic system that can
move up to six  1"Elixer/homogenizers 704 mounted
1n"line on an arm, between several rows of tip to sill
(n x 6)  vessels and to a:: ultrasonic wash station
'106 and a rinse station '108. Additionally, the
vessels in  which miring is occurring can he heated or
cooled via a. tetnperature-controlled, fluid jacket
and a i ch ller nc,ater;cu"c:F.dat+,r 710 . The mixers
include hardware to mount 3 probes of l diameter  



with their working ends at the mixer blade. 'T'hese
probes can be for nmeasuring pH or tubes for  d;
speruin fluids into the mixture connected to a licuid
addition unit 712 as s determined by  aPplic.tion
requirements. The rmixerr'homogel~izer 704 preferred
capabilities include .the ability to in ixiiI high and
20 lobe' Shear modes; the aliihty to detethiine sonic
ineasux'e.,o thipir.. attc.h as cur re,t vs- speed.
to,...  all'GV.' r"1 C3"trdc' A1easute of viscoSfi?i;
;3:tid a ]Egad dfarheter of na ma3 e than I urn. flhe
liquid addition units 712 allow specific liquid(s) to
be dispensed while mixing. Th-e built from common
Components available from Companies such as  Hamilton,
Cavro, -Rlieodyne and Valco. The numbers of Cdesi ;ns
of such devices are infinite, and  25 those described
here should be thought of as proposals to meet defined
needs with the understanding that other component
Combinations can provide the appropriate
functionality. In a first embodiment of a liquid
addition unit, each of thc mixer heads is provided
with  one supply tube, each supplied from a separate
pump 714 and source battle 716. This allows the
addition of up to. six different tiguids chosen by the
mixer raw position where the target vial is WO
2006/054964 W-17U82604103773  loaded. These pumps are
able to quantitatively dispense moderate and low
viscosity materials  (flow at morn temperature). Err a
second embodiment ofa liquid addition unit, the mixer
system is provided with two  tubes along with a
combination pil electrode. is a preferred embodiment
an electrode of 1/8'  diameter which includes the
temperature probe, is used. Fluid is supplied to each
mixer; homogenizer head, one at a time, from valves
718. As described, if can be used for pI-1
adjustment; however, it can also be used for
dispensing other normal liquids if pH adjustment is
not needed. Additionally, off deck can be a pfi
rnuitimeter 720 such as that available from 10
NICO2000. Versions arc available that accept up to 24
pH probes and 24 temperature probes.  Figure 8
illustrates flexible axnr station 800 used in an
alten:iativo embodiment. Flexible  arm 802 acct lit::
racks of vials f osn the robot arm 302 deliver, point
and provides individual  vials to canoi.t gl
decaiJpin-JbaY cod. readrrlg~cau supply station 804.
For mixing. if. caps are  present, t ey are removed
and discarded in trash bit: 806 and the vials placed
in the appropriate 



15 mixer focation 704 Alternatively, caps can be put
on the . vial before it is placed in commimutor  902
by flexible arm 802. AFier processing, flexible arm
802 _ oves the vials to the .,appiny decapping/ bar
code reac'irgicap supply station 804 as needed and
returns them: to the.  appropriate racks vs ua '.`ra
bin t<:v rcpt `7i:x:1 1e. Inn off c .u i>tslucle t,ut
r ranf I3itiiicctia: te.ts2,iot aria  20 luz delivery
and rccec.cp ofra.,t of vials 805,stack'storage sp>aoe
od emptied racks 8101 capK i npjrr c ,rpp; :g bar code
r aging/cap supply station 804 (vials only- not
racks); if flexible  arm 802 is used during the
de-capping, trash chute 806; off mixer station(s); and
con-tminutor  loading receptacle 904. The reach of the
robot chosen is dependent upon. the dimensions of the
system, specifically the rack storage space and the c
ornmimutor. 25 Figure 9 illustrates cornminutim,
station 900 used in an alternative embodiment, In this
embodiment, planetary bail mill 902 is modified and
small vials of about 25 nil-, are placed  around the
periphery of vial holders 906 to provide the
comminution action required for up to 32  vials in
parallel Capped vials are delivered to the milt
containing solids liquids and beads. The  parr to
action aus the be ids to roil and `fly' in the vial,
causing grinding of the solid 30 particles. After a
prescribed time, the midi :-turns to defined stop
positron 908 and the vials are  oc2s30a2vi - 10 -. W3
2006,054904 PC'17US20041037735  extracted and racked
by arm 802. Before racking, the vial can be,
de-capped. WItether to de-cao  depends on. the future
of the vial. Further, vials can be stored in (It;-
space provided and de..  capping delayed to allow
material to settle off the lid. Figure 10 illustrates
phase stability and cloud point station 1000. Apart
from, torque feed- s back from the mixing stations,
phase stability and cloud point station 1000 is the
first station  visited by most samples where
characterization takes place. It is based on Cartesian
robotic  system 1002 such as provided by Gilson. In a
preferred embodiment, tl-ae only tool on the head
1004 is gripper 1006. This gripper has the ability to
invert the vials if needed. Mounted. on the  deck are
turbidity analysis instrument(s) 1008 such as `
urbiscat, (from Fomaulaction) or similar 10 systems,
bar code reader 1010, heatedlcooted zones 1012 and
space frr at least 3 racks. Samples  are delivered in
racks by al;n 302, and vials withdrawn and either
placed in the h.eatedicooled  



zones and subsequently into the turbidity analysis
instrutr[ent systems, or ;3: 3etl7 ate 'y' into the
turbidity analysis instrument systems where they are
characterized for such properties as  turbidity, phase
separated, homogeneous, sedimentation, creamin g,
foaming etc. The ability to 1 5 invert the vial just
before measurement, also allows foaming and
sedimentation to be studied.  ,he vials are teen.
removed and either placed back into the o; 3ginal
rack; or sorter' into 'pass. and  `:ail racks as
determined by the selection criteria. Arne 3021 lien
removes the racks of vials, Figure I I illustrates
temperature buffers 1100. 'ypical;y, such complex
automated  systems reed space to.butler the stations
to allow processes occurring at different tines anti
2<0:... speeds to be synchronized. Each of 'solid
dispensing station 400; liquids, suspensions, LYels
and meitables station. s00;.normal liquids dispensing
and pipetE737f.'a and characterization :station ftG0 .
flexible arm station 800, phase stability and cloud
point station 10000; and alternate dispensing,
pipetting.:and characterization station 1200 naturally
provides some buffer capacity and space in  storage
systems 100 that can also be available during an
experimental campaign. How: ver, 25 additional space
can he required. For example, two embodiments could
include ambient and  temperature controlled buffers
1102 and 1104, respectively. Additionally, arm 302 is
,hen the  only service that the buffers would require
as these buffers would be `dunih'. Figure 12
ilustrates alternate dispensing, pipetting, and
characterization station 1200,  which can b e included
in alternative embodiments, This station is based upon
a gantry or 30 Cartesian Laboratory Robot. gain; there
are many manufacturers of such systems such as the
C'c:2330?2v1 11  t "i'; U5643tA$(037?S5  WO
20061054964 Gilson "C:yborlah" 230/240/400 type
platforms. These robot systems allow up to six tools
to be  mounted on the tool head above the deck, and
the desk can be f tted with custom equipment
including sub-stations with other inter;ral tools, The
toot head can be fitted will-i items such as: rack
plate gr pper; vial and cap gripper;  gel dispenser
gripper; pipettor for plastic disposable pipette tips;
pipettor for glass disposable  pipette tips; dispense
needle attached to the off-deck dispensing pumps,
valves and manifold; and  dispense needle for
dispensing a common wash fluid 



Again, some tools can require more than One tool
position and in a preferred  embodirnent, some devices
are multifunctional. As before, more than one size
olpipette can, be  10 required for precision and
accuracy in dispensing. It is envisioned that both 5
3;3L and 300 pL, tips would be used. Additionally, a
pipettor suitable for more viscous samples can require
a  separate tool or replace those in the 5 mle tip
rack. The deck can be mounted With the following
associated devices, the number" and position
dependent upon the application oar code
ruder/sapper/decapper 1202; caps source 1232; 15
pipette-tip rack:. space 1204; balance 1206; liquid
vial deck space; particle-sized injection port  1208;
visc.ornetry in ecti:i3: sort(s) 1210; drain: wash
static, ,(s) 1212; gel dispensers 1220: orbital
shaker 1214; heated bdo:_k(s; 1216 and h,eeated
pipette tips 1214;. Bat ode readcricappcr'decapper
1202 is used for iueim f ping and opening vessels that
are  capped and closing vials beffore'they are sent to
storage ..In a prefers n nobc.i r cent op ,so tro
1232 provides a source for about 2000 caps. Balance
1206 is use l foi eoiifirrng'he t 'spense. ... by
weight. Liquid vial deck space enables other sources
of normal hqutds to be placed on the  deck. Similarly,
in a preferred embocdiment, enough space is provided
to contain the racks and to  re-order the vials into
classes. Samples are pipetted into particle -sized
injection pert 1208,  Viscometry inection port(s) 1210
allow for measurement of viscosity at different shear
rates. 25. Orbital shaker with heating and cooling
capability 11,14 is where mixtures requiring
agitation,  such as unstable suspensions. are
delivered after decapping_ Orbital shaker 1214 can
also he used  for mild mixing such as dissolution.
With careful selection of the shaker, even more
aggressive  agitation can be achieved. Materials are
placed utpoa/wi hin heated block(s) 1216 for meelting.
The materials are then readied for dispensing. Heated
pipette tips 1218 can be preloadcd and 30 heated for
dispensing small quantities ofineltables.
D,cs130z2,-: 12  WO -2006/954964 PCVUS20041037735  The
off deck is mounted with devices, including but not
limited to: second particle size detector 1222 and
flush system; second viscometer electronics 1224;
second valve and pump  system) 1226 for dispensing
sirma?l (I O's of micro liter; volumes of samples with
a 'majority  



solvent' flush to the dispense needle; trash
receptacle 1234; dilution port 1236; second particle 5
microscopy system 1238, and pump and source of common
wash fluid connected to its needle  :1228. In this
embodiment, the gel, paste and high viscosity fluid
dispensing or the mcltables  dispensing (See Figure 5)
can require separate mixing station 12:30. When mixing
is not required,  the dispense volume is confirmed
using balance 1206. However, as order o raddition and
mixing; l l do riot allow the tip of any dispenser to
contact the mixed formulation, the dispensing must be
conducted without touch, off Process Description The
automated robotic system is designed to operate
without noanua interfere ::e fbr Fit: duration of, bLt
not limited to, once lay alter 3" is initiah'ed and
ioaded with r levant 15 components (raw rnateriais, c
onsunmables, vials and racks) in the set up phase.
m=uch vial 104 iii  any given rack 102 represents a
unique expenm ent am has its own set oy paIameters
such ds, but  not lmate to, nrmuber bt ccinpotl nts, t
pe and quantity oI each cornpr rtent, mixing tuna, can
-minution tanme, etc. Thetool heads on solid dspensing
station 400, squids, suspen5tor3.:, gels  acid
meltables dispctist station 500, norrnnl liquids dial
using, tend pipattmg, and 20 character, at(nn stab l
600 and tlexib e arn1 station 800 are capable of hanc
lhag both racks 102..  and single vials 1004. However,
ann 302, used fbr transfer between stations in one
ernoodtme3"It,  can riandle. only racks 102. 1-Tenc.e,
the vials 104 are always k;ouped toge her in rack; 102
w ;en  being transferred between stations. a Once on a
station, vials 104 can be picked Sip by the tool head
and talten to the required locations for processing.
25 The actual working of the system is descnbed in
this section with the help of twvc.- examples: li
experiment fbr preparing and testing Solution in Water
(S1 ' emulsion formulation;  and 2.% experiment for
preparing and testing Suspension Concentrate (SC)
errulsion foi nu taticn.  in the .first example, the
initialization and .set up phase have also been
elaborated upon to  illustrate the steps involved in
preparing the system for a batch of experiments.
DG237Ux2vi . 1 ;  WO 20061054964 PCTtUS20041037735  



Example I. Experiment for preparing and testing
Solution in Water (SL) enrnislea  formulation The
objective of this experiment is to p epare a clear
forma ation, within a certain  5 pH range, containing
one active ingredient and three different additives.
Successful fonnu:ations  are then further tested for
their chemical and/or biological activity. The steps
involved in this  experiment are as follows: 1) Add
additives in the vial 2) Add active ingredients in the
vial  } 3) Add water in the vial 4) Mix at low shear
for 30 seconds 5) Heat tli _mixture for 10 minutes at
60 t 6) Mix at birth :hear thr 2 rninutes  7) Conduct
phase analysis 1 > l Store the clear sari ples for 24
hours and re ect others 9)- After 24 hotn_s, conduct
phase analysis on stored samples  10) Store. the
clearsainp, ies for tuitlrer analysis, aril react
atlzars  hi'thecurrent eXainlile., the cortloil ntlrn;
ere es aria elt:antities in one particular experiment
are assumed to be as those described in the Table
below. - - ----- - -- - - ------ ---------------
--------- - Con orient Type Quantity (mT or g)  - - --
- ------------- - - - - ------- - - - ---------------
Additiv I Low viscnsih is id 0.6  Additive 2 F',igh
viscosity liquid 0.6  Additive 3 Solid 0.6 Active
ingredient Low viscosity liquid 7.6  G j  water Low
visccsi:v liquid It I -------------------------- - - -
- ------- 



DC::33082,; - 14  WO 2{4}6/O54%4 PC 11US200411137735
Before the experimentation can begin, the .system
undergoes a set-up phase comprising of  the following
steps: 1) Load racks and vials in the rack and vial
storage syste; 1041  2-) Load consumables in
eonsumables station 200 5 3) Load components on
appropriate stations 4) Transfer consumal}les to
appropriate stations The entire set-up procedure for
the current experiment is represented in Figure 13 in
ti.- fora of a wor=k-flow diagram and is further
elaborated herein, figure 13 illustrates the steps
involved in the set-up phase of the system before
experimentation can begin for preparing and testing
Solution in Vvrater (SLi emulsion  ormulation. The.
various steps involved in executing each block of the
flow diagram are  described below in detail, we note
that this desc ption is For illustration purposes
only, various  etrhodErncnts will necessitate vanous
steps in. various ord rs as will be readily seen by
the  exii.enenced practtuoner. 15 Start system
initialization step 1302, is the first step of
initialization. Here, the entire  system is switched
on and a primary system check is Conducted by 'he
operator. The next step is loading racks and vials
step 1304, where the re luired slumber al"ranks  192
and.viala104 are loaded in rack and vial s'to age:
system <4l(J,:_. . I-nloaClina ronsuniables'step 1306
all eonsuinab`es such as but not limiting t5piliette
figs  are b=oded in consumaliles storage system 200.
in load active ingredient step 1308, active
inggedient(s) are loaded on liquid dispensing,
pipetting" characterization station 600. In a
preferred embodiment, the active ingredients are-
loaded through the bottles connected to. valve and
pump-system 626. In load additive one, step 1310,
additive one is loaded on liquids, suspensions, gels,
and  25 iueltahles dispensing station 500. In a; ref:
ri-ode embodiment loading occurs at rack or
dispensing,  locations 504. oc:zs;;Navi 15 



Wt_} 20061054964 PMUS2004,037735  In load additive
two, step 1312, additive two being high viscosity
liquid, can se dispensed by movable ael dispensers 502
on liquids, suspensions, gels and rneltables dispense
station 5110 and hence are loaded in one of gel
dispensers :502. In load additive three, step 1314,
additive three being a solid, is dispensed at solid 5
dispensing station 400. It is loaded in one of, solid
source hoppers 404 and can be placed either  directly
on soled dispensing station 400 or in rack 102 in
c:onsumables storage system 2410. From  cocsumables
storage system 200, rack 102 containing hopper 404,
can then 'be picked up by  robotic arm 302 and
transported on rail 304 to solid dispensing station
400. In load water step 13.1.6, water is loaded on
liquid dispensing, pipetting, characterization  10
sta[xon 600 through a bottle(s) connected to valve and
pump system 625. In transfer ccinsumables step 13 18,
cons enables such as but not limited to pipette tips,
at, picked up from c: onsumables storage system 200 by
robotic ann 302 and transferred on rail  304 to
liquids, suspensions, gels, naeltables dispense
station 500 and normal dispensing,  pipetting,
characterization station 600, I ` Finally, in system
initialization complete step 1320. after all
components are loaded and  consuma les transferred,
the system is ready to start the experiments. Figure
14 illustrates the flow diagram of th expeninlent for
preparing and testing p (i Solution in Water(SL) fbrm
ulation.'The various steps involved in executing earth
block of'the  fro t diagram .arc dosenibed below in
&talk. As bcfb e we note that tins,deserrption is fog;
24. tlluistrationpurppses only, vvarious
c_mrcodicrierits will ncressitatY various steps
in-various orders  as will be readily seen by the
experienced practitioner_ At start of experiment step
1402, rack 102 containing as many as, but not lir s
itp . d to, SIX ,:  11 empty vial., 104 is picked up
by arm 302 and transferred to rack 102 entry point on
liquids,  



suspensions, gels, meitables dispense station 500.
From here, it is moved tna rack or dispensing  25
locations 504 by the tool head on liquids;
suspensions, gels and meltables dispense station 500.
In add additive one, step 1404, the tool head pi,a s
up vial 104 from rack 102, takes it to  barcode
reader/ dccapper 508 for barcode scanning and puts it
back in rack 102. Based on the  barcode, the,, control
software determines the component, in this case
additive one, to be  dispensed in vial 104, For the
current experiment, the tool head picks up a
disposable pipette  cc:2330ezv: 16 WO 2006!05.4964
PCT1 S2904I037735  from pipette-tip rack space 518,
aspirates 0.6 mL of additive I and dispenses it in the
appropriate  vial 104 in rack 102. The tool Bead then
moves above the trash collection chute 520 to dispose
of  the pipette tip. In add additive two, step 1406,
additive two being a high viscosity liquid, is
dispensed 5 gravilretr caliy. The tool head transfers
vial 1.04 from its rack 102 to mass balance 516, which
is  then initialized and tare weigjit determined by
the control software. The tool head them picks up
movable gel dispenser 502 containing additive two,
brings it over vial 104 and dispenses the  additive
two in discreet shots of 0.1 g until the balance
registers 0.6 g. It then takes movable gel  dispenser
502 back to its location and transfers vial 104 back
in rack 102. When all the dispense 10 'tasks of the
liquids, suspensions, gels, meltables dispense station
500 are comtuleted, rack 102  with all its vials 104
is transferred to rack -l 02 exit point on liquids,
suspensions, gels and  rneltables dispense station
500. Ili add additive three, step 1408, rack 102 is
picked up from rack 102 exit point on  liquids,
suspensions, gels and meltables dispense station 500
by ann 302 and transferred to the  15 rack 102 entry
point of solid dispensing station 400 for dispensing
additive three,Fiorn t icrc, Viz is 51 taken to
hflrCOde reader 406 for I7 arCOd SCanALn.g and p'
aired on mass  balance 40,2 by the tool head on solid
dispensing station 400. From t e barcode, the control
software Confirms the solid to be dispensed, in this
ease additive three, which I)CI-ds 'to 'Lie  dispensed
in vial 1.04. In the current example, hopper 404
containing additive three is picked up '0 by. the tool
head and 0 b r of additivechrce is at dedin vial 104
or: house b,_laz:e 4021 When all  solid dispensinf>
tasks are completed, rack :102 is f: ansfr reed to i
ack 102 exit point on solid' '  



dispensing station 400. In add active ingredient step
1410, arm 302 picks up rack lilt from the exit point
on solid  dispensing station 400 and transfers it to
rack 102 entry point o n normal Iiglliids dispensing
and  25 pipetting, and characterization station 600.
The tool head picks up rack 1.02 f:ona entry
}iooitit'add transfers it to rack 102 buffer zone.
There, 7-6 :.ml.. Cif active ingxe;dient is added
volumetrically in  the vial 104 by the needle on tool
head from the active ingredient reservoir connected to
valve  and pump system 626. In add water step 1412,
after adding active ingredient, the needle on tool
head is rinsed in  30 wash station 628 and then '1
nit, of water is dispensed from the water reservoir
connect d tc DC23JDSZv1 - 17  WO 20061054964 PC f
T42trtr4/037735  valve and pump System 626. Racks 102
is then moved to rack 102 exit point on normal liquids
dispensing and pipetting, and characterization station
600. .In mix vial step 1414, ann 302 transfers rack
102 frotxt exit point on normal liquids  dispensing
and pipetting, and characterization station 600 to
rack 102 entry point 808 next to  5 flexible ar,n
802..F1exib e al rn 802 moves rack- 102 from' there to
the rack storage space for emptied rack 810. Vial 104
is picked up by flexible arm 802, taken to bare ode
reading station  804 for identification and then
placed on rnixerlhonlogenizer station 704 on
ri.x,r%horrragr:.nizer  station 700. Parallel mixing
stations 70 moves over up to six vials 104 placed on
six parallel  mixea!hornogenize; stat airs 704, moves
vertically down tilt mixers are in vials 104, and then
l J starts mixing at lost .shear for 30 seconds. When
the mixing time is c ornplete, six parallel
raixer/homogenizer stations 704 move vertically' up
till they are out of vials 104, move to the
ultrasonic 't;atl-h 706 to get washed and n prove to
tune rinse station "08 to get rinsed. The vials  are
moved back from rnixer7lorno,^,enizer stations 704 to
rack 102 in the rack storage space for  emptied rack
810. Rack 102 is moved to rack 702 exit point. 15 In
heat vial step 1416, aril 302 transfers rack tot Born
rack 102 exit moult on flexible  arm station 400 t0
the teal ;eta r hulIbrs 1100 w ere it is kept ai 60 l_
for 10 i_1tn utes. Al adjust off step 1418, after it;
r;_.r:utes, rash: 102 is again: trans:; rred to ray. k
102 entry  point 808 next to flexible aria 802.
Flexible ana 802 moves rack :102 Flom there to d, c
rack  



storage space for emptied rack 810. Vial 104 is pt l :
up C ; Ilvtirotk arm 802, taken to:barcode.. 20
readlrng station 804 for identification and then plrc
obi on r1rxur'iisoui genizer s:a`ion 70011r PI-1
adjustntent'. Mixerilrornogerrizer 704 s}iaft'has on
it a pH robe connc~c,rd t<~ pIf malt meter 720,  which
measures the pIl of mixture in vial 104 and controls
the addition of acid/bas.- via two  valves 718 to
reach the set-point value. In mix vial step 1420;when
the pL of mixture is within the desired range, the
mixture in  25 .vial 104 is mixed at high shear for
two minutes by the mixer/homogenizer 704. After
nhixiug, the  mrxerihomogenrzers 704 move vertically
up till they are out of the vials 104, move to
ultrasonic  bath 706 to get washed and then moved to
rinse station 708 to get rin ed. Vial 104 is moved
back  to rack 102 on the rack storage space for.
emptied rack 810 by flexible ann 802. The rack 102 is
then moved to rack 102 exit point by the flexible arm
802. eca~soaa"i -18 WO 20061t154%4 PCTfUS20041037735)
In phase analysis step .1422, arm 302 transfers rack
102 from rack 102 exit point by  flexible ann 802 to
rack 102 entry point on phase stability and cloud
point station 1000. Tool  head 1004 or, this station
picks up the 104 from rack 102 with gripper 1006,
takes it to barcode  reader 1010 for identification
and then puts it on turbidity analysis instrument 1008
for phase 5 analysis. In determination step 1424, the
analysis results are analyzed by the software and the
mixture is classified into categories such as, but not
limited to, "Transparent", "Turbid",  "Foamy",
"Two-phase" etc. lithe mixture in vial 104 is not
identified as "Transparent", in rejection step 1426,
it is  10 flagged as "rejected", and moved to rack
102, reserved for r jected samples, by tool head 1004.
This rack 102, when filled, is moved to rack 102 exit
point by tool head 1004, picked up by arm  302 and
transferred back to the rack and vial storage system
100. This brings he system to end point 1438, the
experimental run is considered to be  finished in the
system I S I-Iovvever, if the mixture in vial 104 is
identified as "Transparent" by the instrument 1008,  



in storage step 1428, it is flagged as "passed", and
moved to rack 1 02, reserved For "passed"  samples, by
tool head 1004. This rack 102, when filled, is moved
to rack 102 exit point by tool  head 1004, picked up
by arm 302 and transferred back to rack and vial
storage sysf a t 100 in a  space iuse'ved for passed"
samples and st F,-erl fo 24 ho=urs. In phase analysis
step 1430,. after 0. 24 hours, germ 302 picks up rack
102 containing "passed sarrtples again,frorn tack. and
vial  storage system 100 and transfers them to rack
102 entry point on phase stability and cloud point
station 1000, Tool head 1004 on this station picks up
vial 104 from rack 102 with gripper 1006,  takes it to
barcode reader 1010 fiar identification and then puts
it on turbidity analysis instrument  1008 for phase
analysis. 25 In second determination step 1432, the
analysis results are again analyzed by the software
and the mixture is classified into categories such as,
but not limited to "Transparent" "Turbid",  "Foamy",
"Two-phase" etc. As before, in second in rejection
step 1434, if the mixture in vial 104 is not
identified as  "Transparent", then it is flagged as
"rejected", and moved to rack 102, reserved.for
rejected DC 23308N] - 19  WEB 2066/054964
PC'i/iiS20e4f037735  samples, by tool head 1004.
'T'his rack 102, when filled, is moved to rack 102
exit point by tool  head 1004, picked up by arm 302
and ti:ansferred back to the rack and vial storage
system 100. This brings the system to end point 1438,
the experimental run is considered to be  finished in
the system. 5 However, if the. mixture in vial 104 is
identified as "Transparent" by the instrument 1008,
in storage step 1428, it is flagged as "passed", and
moved to rack 102, reserved for "passed"  samples, by
tool head 1004. This rack 102, when filled, is moved
to rack. 102 exit point by too]  head 1004, picked up
by arm 302 and transferred back to rack and vial
storage system 100 in a  space reserved for "passed"
samples and stored for Allure analysis. 10 This brings
the system to end point 1438, the experimental run is
considered to be  finished in the system Example Two:
Experiment for preparing and testing Suspension
Concentrate (SC)  emulsion formulations 



The objective of this experiment is to prepare a
suspension concentrate en;ulsion 15 forrnulation,
within a certain particle size distribution and
viscosity range, containing one active  ingredient and
two different additives. Successful firnulations are
Chen further tested for their  chemical and/or
biological activity. The steps involved in this
experiment are as follows: I) Add additives'in the
vitil 2) .k M acu\`e itig +ien s ix? (he vial  20 3)
add ;eater in the vial 4) Comminute mixture for 60
minutes  5) Measure particle size distribution 6) if
sample, is within the desired particle size range,
then measure viscosity. Else,  reject the sample. 25
7) If sample is within the desired viscosity range,
then the sample is stored for  further analysis. Else,
the sample is rejected. u:z,acsztis -20 WO 2006/054964
PCTI[1S20041037735  In this experiment, the colnp
roent properties and quantities are assmned to be as
those  described in the Table below, f nral>oxir,.nt 3
Quantity Oni- or  - -------- - ---- Additive: Low
viscosity liquid 1.0  Additive 2 Sd;ph vis:.csiiy
ligair: l.o Active ingredient Solid 4.0  pf Water Low
vcosit  liquid { 4.0 Before starting the expo-.rlr_
ent, the automated robotic system ai[dcergoes the
initialization  and set-up phase, as was described in
the earlier example. Figure 15 illustrates the flow
diagram of the experiment for preparing and test big
Suspension Concentrate (SC) emulsion fhrrrn3lation,
The various steps involved in executing  each bloc ,_
of the flow diagram are described below in detail. We
a ain we rtot:.e that this i escfiption is for
illustration nif3poses oilly, various embodiments will
necessitate various steps  



1 0 in various orders as will he readily seen by the
experienced x t clitioner. At start of experiment step
1502, rack 102 containing as many as, but not limited
to, six  vials 104 IS picked up by arm 302 and
transferred to rack .10.2 entiy po;frt on liquids,
suspensions, gels, nmoltables dlsnerrdestation 5041 1
rti3n'1 1 it is Zrfoved to.rack ortl[spensing
locations 504 by the tool head on liquids,
suspensions, gels and meliables dispense station 500.
in add additive one, step 1504, the tool head picks up
vial 104 r om rack 102, takes it to  barcode
reader(decapper 508 fier barcode scanning and puts it
hack it, rack 102. Based on the  barcode, the control
software determines the component" in this case
additive one, to be  dispensed in vial 104. For the
current experiment, the tool head picks up a
disposable pipette  from pipette-tip rack,. space 518,
aspirates 1.0 nmL'ofadditive l and dispenses it in the
appropriate 20 vial 104 it, rack 102. The tool head
then moves above trash collection chute 520 to dispose
of the  pipette tip. in add add -.:live two, step
1506, additive two being a high viscosity liquid; is
dispensed  Ftr avimetricaIly. The tool head transfers
vial 104 from rack 102 to mass balance 516, which. is
then initialized and the tare weight determined by the
control software. The tool head ti en picks
f1Q1iSCiiv; .. 21 WO 20061034964 PC''81US20041037739
Lip Movable gel dispenser 502 containing additive two,
brings it over vial 104 and dispenses the  additive
two in di street shots ^f 11.1 g until the balance
registers 1.0 g. It then takes movable gel  dispenser
502 back to its location. and transfers vial 104 back
in rack 102. When all the dispense  tasks c,f
iieluids, suspensions, gels, meltabies dispense
station 500 are completed, rack 102 with 5 all vials
104 is transferred to rack 102 exit point on liquids,
s xspensions, gels and rneltahfes  dispense station
500. In add active ingredient step 1508, rack 102 is
picked up from rack 7.02 exit point on  liquids,
suspensions, gels and meitahles dispense station 500
by arm 302 and transferred to rack  102 entry point of
solid dispensing station 4091 for dispensing active
ingredient. From there, vial 10 104 is first taken to
barcode reader 406 fix barcode scanning and then
placed on grass balance  402 by tool head on solid
dispensing station 400. From the barc:ode, the control
software  detenni:.es the solid, in this case active
ingredient, which is to be di spensd i,i vial 104. In
tht,  



current exam, ie, hopper 404 containing; active
ingredient is picked up by the tool head and 4.01 g
of active ingredient is added in appropriate vial 104.
When all solid dispensing. tasks are 15 completed,
tack 102 is transferred to rack 102 exit point on
solid dispensing station 400, ha add ;eater step 1510,
arr; 302 licks up rack 102 from exit 1: of nt on
soli,: dispensing  station 400 and transfers it to
rack 102 entry point on normal liquids dispensing and
pipettirg,  and characterization station 6000. The
tool head picks up the rack from entry point and
trans,ters it  to rack 102 buffer zone. Here, 4.0 mL
of water is added vc'lnmetricafly in Vial 104 by the
needle .0 on.too' d=cad from the a.,tive ingredient
reservoir :onnected tole valve and pump system 626.
After addingwateri the needle on tool head isrinsed in
wash'station 628 and rack 102 is then  moved to rack
102 exit point on normal liquids dispensing and
pipetting, and characterization  station 600. In
connninution step 1512, beads are first added in vial
104 using a solids canal;: on the  25 liquids,
suspensions, gels, meftables dispense station
500..A_sxn 302 transfers rack 102 from exit  point on
normal liquids dispensing. and pipetting, and
characterization station 600 to rack 102  entry Point
on liquids, suspensions, gels and nmeltables dispense
station 500, from where it is  moved to the rack or
dispensing locations 504. The canula on the tool head
of lighuids,  suspensions, gels and meltables dispense
station 500 aspirates the required quantity of beads
30 from the comrninuting bead source 506 and dispenses
them volumetrically into vial 104. The  DC aBOn^;a -22
WO 2006/0549(4 PC 1717 5 2 0 0110 3 7 73 5  rack is
then moved to rack 102 exit point on liquids,
suspensions" gels and meltables dispense  station 500
by the tool head and transferr d by arm 302 to rack
102 entry point 808 next to  flexible axrn 802.
Flexible arm 802 then moves rack 102 to the rack
storage space for empty  racks 810 Vial 104 is picked
up by flexible arm 802, taken to ca ping jecapp ag
aareode 5 reading/cap supply station 804 for
identification and capping. In the capping(decalapin,
3z?rcif:le  reading/cap supply station 804, when
capping vial 104 in one embodiment, a rap is dispensed
from the cap supply and held on the mouth of vial 104
by the tool head. Vial 104 is capped by  rotating it
around its central vertical axis and then placed in
one of comminution locations 904 at  defined stop
position 908 on viall bolder 906 of coraniurutiox:
station 900 by flexible arm 802 



10 '1 fie lid on comminution station 900 is closcd and
vial holders 906 are then rotated i:t planetary
motion for 60 minutes. At the end of the comminution
time, vial holder 906 stops at defined stop  position
908, and vial 104, is picked ap by flexible ai n S02
and transferred back to rack 102 in  the rack storage
;:?ace for emptied rack 810. Rack 102, when filled, is
moved by flexible arm 802  to rack 102 exit point 808,
born where it is transferred by arm 302 to xack 102
eniry point on 15 normal liquids dispensing,
pipetting, characterization. stinion 600 for bead
removal. Vial 104 is  moved to barcode nearer;
capoerrdecapper 402 by tool bad on normal liquids
dispensing and  pipetttng, and characterization
station 600. to one eni b'idirnent, the cap on vial
104 is ramped by  the bar-ode readerirapperldera 7p r
602 foul head and vial 104 is rotated to he dc-capped,
be  cap is disposed of in trash 632 and vial 104 is
roared to back to rack 102. Using spcx;ial pipettes 20
rznm the pipette:-tip:i'ark space 604, a-tb the
suspension .n vial 102. is aspirated and dispersed
into new vial 104 in a different rack 102 in the rack
buffer space. The bareode. of new vial 104  Co
ntaining'the suspension is read at the barcode r
aderican} rldecal):)er- 602 The original vial  104 and
rack 102 can then be sent to the rack and vial storage
system 100 using, arm 302 or  remain on the station
for characterization. 25 In particle size distribution
measuring step 1514, for measuring the particle size
distribution, the tool head picks up a pipette Enron
pipette-tip rack space 604, aspirates between  0.5 and
1-0 mt. of suspensi.x from vial 104 and injects it in
the particle-size detector injection  port 610. 'Phis
pritt allows dilution c?f the sample. l>efcn e,
reasuring. In determination step 1516, the injected
sampI: is analyzed in the off-deck mounted  30
particle analyzer 618 and the particle size
distribution profile is generated. This profile is
then  <C:es:Ia3+ks.oi -. 23 WI) 2006/9151964
PCT/US2004103 7 7 35  compared by the software with
the desired profile and based on the comparison; the
samples are  classified as "failed" or"passed". In
rejection step 1518, if the ineasnred particle size
distribution of the sample fiorn vial  104 is out of
the desired range, then the formulation in that vial
104 is classified as "failed" and  5 is not tested
further. It can be transferred in another rack 102,
reserved for "failed" formulation  and transferred to
rack: and vial storage system 100 when it is filled
,with vials 104. 



This brings the system to end point 1530, the
experimental run is considered to be  finished in the
system. If the measured particle size distribution of
the sample from vial 104 is within the desired  10
range, then the formulation in that vial 104 is
classified as "passed" and its viscosity is measured
at both high-shear and low-shear. In high shear
viscosity trieatsurement step 1520 and in low  sheer
viscosity measurement step 1522 the tool head picks up
a pipette from pipette-tip rack  space 604, aspirates
between 0.5 and 1.0 zmL, of suspension front vial 104
and injects it in the  visconaetry injection port(s)
512. The high shear and low shear measurements are
conducted it 15 two different viscometer detectors
620. After the measurement is complete, viscometry
injection  pot-`(s) 612 and off deck viscometer
detectors 620 are automatically washed and cleaned. in
viscosity determination step 1524, the measured
viscosities are compared with the  desired values. I
the. measurements are within the desired range, then
the satnrles are classified,.  as "passed". If-not,
they:are-classified as "failed": '20 In wiscosi y
resection step 15,26, samples classified as "failed"
at_re not tested .further and  can be transferred to
another rack 102, reserved for "failed" formulations .
This rack is moved to  vial storage system 100 when
filled with vials 104. This brings the system to end
point 1530, the experimental run is considered to be
finished in the system. 25 If the formulation in vial
104 is classified as "passed", then in storage step
1528 the  formulation is moved by the tool head to
rack 102, reserved for "passed" samples. This rack
102,  when filled, is moved to rack 102 exit point by
the tool head, picked up by aria 302 and  transferred
back to rack and vial storage system 100 in a space
reserved for "passed" samples  and stored fir further
analysis. rc:a:=>ska,.r 24  WO 2006/054%4 PCT/US20
0410 3 7 73 5  This brings the system to end point
1530, the experimental run is considered to be
finished in the system. Although the apparatus and
process of the present invention has been described in
detail  for purpose of illustration, it is understood
that such detail is solely for that purpose, and  



variations can be made therein by those skilled in the
art without departing from the scope of the
invention. The apparatus and operation of the present
invention is defined by the following  claims. _ 23
\VHAT IS CLAIMED IS: 1. A modular robotic system
comprising: a rack and vial storage system storing
therein a plurality of racks and vials;  a consumables
storage system storing materials; a first, second and
:turd location; a first robotic arm for transferring
said vials from said first location to said second
location, or for  transferring said racks from said
first location to said second location; a dispensing,
pipetdng or characterization station or solid
dispensing station for dispensing active  ingredients,
water or additives to said vials to yield a
formulation, wherein said first robotic arm  transfers
materials from said consumables storage system to said
dispensing, pipctting or  characterization station or
to said solid dispensing staion: a mixing or
homogenizing station for mixing or homogenizing said
formulation to yield a mixture;  a phase stability
station for phase analysis of said mixture.;
optionally a liquids, suspensions, gels or mcltables
station and optionally a capping and decapping,
bar-code reading or cap-Supply station:  wherein said
first location is said rack and vial storage system,
said dispensing, pipetting or characterization
station,  said mixing or homogenizing station, or said
phase stability station; and  wherein said second
location is said rack and vial storage system, said
dispensing, pipetting or characterization station,
-26 said mixing station, or 



said phase stability station; and a flexible second
robotic aria, wherein said flexible second robotic arm
transfers said rack or said vials  from said first
robotic arm to said third location upon said modular
robotic system where said third location  is said
capping or decapping or bar code reading or cap supply
station  said rack and vial storage system, said
dispensing, pipetting or characterization station,
said ;nixing or homogenizing station, said phase
stability station,  said solid dispensing station or
said liquids, suspensions, gels or meltables station.
"The modular robotic system of claim 1, further
comprising: a comminution station for grinding solid
particles, wherein said solid particles are active
ingredients or additives and wherein said flexible
second robotic arm transfers said racks from said
first  robotic arm to said comminution station. 3. The
modular robotic system of claim 1. wherein said racks
each holds up to six said vials, wherein said  racks
are each bar coded and wherein said vials are each bar
coded; wherein said materials are selected from the
group consisting of said vials, pipette tips, said
active  ingredients and said additives; and wherein
said dispensing, pipetting or characterization station
further comprises:  -27 a waste station, wherein fluid
may be pumped to waste; and a tool head, wherein said
tool head is fitted with at least one item selected
from the  group of items consisting of rack gripper,
plate gripper, vial gripper, filter gripper, cap
gripper,  pipettor and dispense needle. 4. A modular
robotic system comprising: a rack and vial storage
system storing therein a plurality of racks and vials;
a cnsurnables storage system storing materials; a
first, second and third location; 



a first robotic arm for transferring said vials from
said first location to said second location, or for
transferring said racks from said first location to
said second location; a dispensing, pipetting or
characterization station for dispensing active
ingredients, water or  additives to said vials; a
solid dispensing station for dispensing solids by
weight into said vials, wherein said solids are
active ingredients or additives; a liquids,
suspensions, gels or meltables station for dispensing
viscous fluids, gels, pastes, or meltables, wherein
said high viscous fluids, said gels, pastes and
mehabies are active  ingredients or additives; wherein
said combination of said active ingredients, water,
and additives from said  dispensing, pipetting or
characterization station, said solid dispensing
station, or said liquids,  suspensions, gels or
meltabies station yields a formulation; -28 a mixing
or homogenizing station for mixing or homogenizing
said formulation to yield a mixture;  and a phase
stability station for phase analysis of said mixture;
a flexible robotic arm station, including a flexible
second robotic arm that transfers said racks  f omn
said first robotic arm to said third location upon
said modular robotic system; and a comminution station
for minding solid particles;  wherein said first
location is: said rack and vial storage system; said
dispensing, pipetting or characterization station;
said mixing or homogenizing station; said phase
stability station;  said solid dispensing station;
said liquids, suspensions, gels or meltables station;
or  said comminution station; wherein said second
location is: said rack and vial storage system; 



said dispensing, pipetting or characterization
station;  said mixing or homogenizing station; said
phase stability station; -29 said solid dispensing
station; said liquids, suspensions, gels, or meltables
station;  said flexible arm station; or said
comminution station; and  wherein said third location
is: said rack and via[ storage system; said
dispensing, pipetting or characterization station,
said riming station; said phase stability station;
said solid dispensing station; said liquids,
suspensions, gels, or meltabies station; or  said
coinininution station. 5. The modular robotic system
of caim 4, wherein said racks each holds up to six
said vials, wherein said racks are each bar coded and,
wherein said vials are each bar coded; wherein said
materials are selected from the group consisting of
said vials, pipette tips, said  active iii eeierits
and said additives; and wherein said dispensing,
pipetting, or characteinzation station further
comprises:  a waste station, wherein fluid may be
pumped to waste; -110 a tool head, wherein said tool
[lead is fitted with at least one item selected from
the group  of items consisting of. rack gripper, plate
gripper, vial gripper, fitter gripper, cap gripper,
pipettor  and dispense needle; and a deck; wherein
said deck is mounted with at least one device selected
from Cae  group of devices consisting of: bar code
reader, decapper, cap source, orbital shaker, tank at



testing unit, injection port, dilution port,
filtration device, particle size detector,
vtscotnetcry  waste station, bead collector,
photography system, trash collection chute, and
particle  microscopy system. 6. The modular robotic
system of claim 4, wherein each said rack includes an
identifying bar code; that is read by said first
robotic arm  ?. The modular robotic system of claim 5,
wherein said liquids, suspensions, gels or meltables
station further comprises: a second tool head, wherein
said second tool head is fitted with at least one item
selected from the group of items consisting of rack
gripper, plate gripper, vial gripper, gel  dispenser
gripper, cap gripper, pipettor and vacuum canula; and
a second deck; wherein said second deck is mounted
with at least one device selected from the  group of
devices consisting of: movable gel dispenser.
comminuting bead source, bar code  reader, decapper,
orbital shaker, heated block, mass balance and trash
collection chute. 8. The modular robotic system of
claim 7, thither comprising: a second dispensing,
pipetting or characterization station, wherein said
second dispensing,  pipetting or characterization
station further comprises a third deck and a third
tool head, wherein  said third tool head is fitted
with at least one item selected from the group of
items consisting of  rack gripper, plate gripper, vial
gripper, gel dispenser gripper, cap gripper, pipettor
and dispense  needle; and ;herein said third deck is
mounted with at least one device selected from the
group  -31 of t'ft.tlt)Qs i fn.,CiSFi3lo of. bar CtAo
rea c3, capp c del api}c3, Caps 'win-cc, inlan C,
i531ih fl#S31 p rc  drain haste'?C#i:1f113;.
dispenser, orWtal shaker citld Ivated black . #, T ho,
rnadWar robotic sw ein of Claim. 8, further eoinp
ising': a,} tlt if4` , wherein said is mounted With at
font one device s::Eee edl from. the }t a.. of  LIZ'4
i~f.S cml, sk uig of second particle size detectt3i.
Siish `y tem, sec grid eisconietc and si=and  pitf
tick nuer escopy 54'+*I:c.Y37. -32 




