Quantitative and Miniaturized Assessment of Tooling Adhesion — Mapping the Boundary of Lubricant Failure/Effectiveness
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ABSTRACT

Furpose: To defing the design space for blend bricatiom by spick ond quankitstive
ineding adhesion prediziions using ministorized iooling besis

Methinl A d-optimal quadratic response surfice design stmined alhesive Blends
qacatupal i BICC 201 o T3 with folie ackd 1% s 6 chemical reer) with magnesims
slearale lubricant boads up e 2% This design focusal on the 1if
autaize within Blends. The impact of well and poordy dasigned embossing om pawder (o
blendi sticking fo stmnkess stee] ooling wes alse sereened. Compressions. were mn in
duplicste on mn instrumented rolary press (Picoola) ol 20 rpm for & minimam of 1000
sevolutions. Surfoce waler selvity (Hotronse Hyvgrolab) was seonioeed. Digital pusch
image analyses (Scalar USH and MATLAH progrsss) was emploved o peodicl the
percentage nsidus adhenng Lo the taling, The kalmg awhesion was comparsd swith
HPLT pssmy of the rirse of cach dooling faee,

Hesults: With less then 100g of blmd consumed i cach isbletting rnun, lecling sticking by
image analysis noled surface coverages from | e 98%. The resuls were congroent with
the coneentration of e iracer folic acid on the punch fees determined by HPLO feorr.
couell, L92) As eopeeted, higher lubrication levels showed reduced cjection foroes and
sticking #s mssessed by both smege and chemical smalyss. But similar blendk with
alevreisal surlace water achivity exhibilad kowver epcton lerees [Pl HI2) and selhesen
Thersfore, the dets may explan the day-lo-day vearistions in slisking cecwming durning
compression, Dedscisble punch mesidus wee linked with incressed homidity of the
environmenl during compression {p-0001 ) Punch sticking of these adhesive Blends under
vigious conddlions wis invanant o the bype of embossing design. The boundary of
angee Talure v dcfined pnmanly by the cflects of the lubacnt level, the dilulsm i
ol sorbato] ko WEOC smad the surbice maonstire keve] and i elfects on the seface o
chamsteristics of the blads

p pent ol lubricant

erial

Conclusdons:  This malerial sparing method uses oaly grem guantilies of APQ for the
prediziion of woling sdhesion. The results comelmed with iraddtionsl chemical malysis.
and may define and predict the design spoce lor peocessing Beomang bots of drggs sad
sxeipients,

INTRODUCTION

Alhough much has been keamed aboul the compression of powders in pharmaceutical
development. oar ability to peedict asd prevent weolimng adhesion ca seale up s poor.
Adhcason or sticking 1o pmch surfaces during comprsssion, creses deflisets om bl
surfices that drectly impact quality snd productiviey. Stiekisg dunsg tebler producton
seale wp s alben related ko boundary
prosessing designs, Sensitive disgnestic tools are valusbls o assess the robesines of &
formulaticn and process prior 1o regulmory commitments for formulation compositions and
processes.
An APL conserving method s evaluated o peedict the propensity for silesson of
powslers mnder comprission, A cahedve model compound, sochitol wis usad b gquantily
punch mdesion sd the effecis of lubricant levek on sticking, A d-oplimal quadrtic
meapenee aurfiee deaign sath poinl sibsn 14 rum with the adbcsrve Blaubs spakocd sath
a chemizal tracer [[olic neid ) and changing lubricant keads up bo 2% o
®  Dicfine the Dalun: anvelops B stickmg with dilTerent levels ol sdhanos excipant
= Cmantify and evaluate the effect of different levels of lwhricand duning compaction on
the propsanaity For adhesion

cale Formidlation snd

*  Examine the uiility of a diagnostic lool ko proba potentisl issues for sticking in
formulaticas

METHODOLOG Y

Minwturization relisn to lmiling the quamtitics af expensive APl msad, and mal 1o the
seale al the oy g The aim i L consume small amounts of AP
in order 1o gain more mformastion sbout dreg products. Adhssive powder Blends, gach
consisting of MOC (FHI102) mnd sorbitol (USP) with folic acid 1% were blended with
various amounts of magnesium sleaste 35 8 lubricant in s d-oplimal response surface
design (Table 21 Compression was man i duplicate nipically wing —100 gm for &

i of 30 manuies on 60 ins | rotary press (Puecolah s 20 mpa wath e types
ol minuatunizad Wnding: smbsesed with an “A7 sath inereascd Break plies, koaver pesd
arga, fapsred peninsula and comer radi contrsted with a poordy designed “A™ mini-
toclng. Upper nd lower punch bps were examined onder 5 porshle misrescops camera
and the degree of surface coversge (filming ) quentified by image analysis of digital scens
with & BLATLAR progms. Surfece waler pebivity (Aw) was mendored using o Kolrosic
Hygrolab, The toaling slhesion wis alsa messursd by HPLC assay of the ninsate af sach
toolig foce.

Ex perimental Design
Spatssticnl nnalvses wene performed usag stalistical soltware packages (I8P 3.0, 545 Insorale
el Dresign-Expert [T, Stml-Ease)
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RESULTS AND MSCUSSION

As gupeted, gjestion forss snd punch sudfsce covemnge — both orthogonal messures of punch
sticking — inoreased with inoreased levels of adhesive powder and lower levels of lwhricam
(Figure 13

Filgwre I-Sranstca aealias for respease aed o ! sarlintien oprk i

| i r

With compression on o rolary press, the hest generaled asssis i plastic deformation snd
interparticulste bonding, Healing alsc makes powders mone susceplible b0 sticking m embossed
mreas, (Waimer 19909 Wang 2004) Therefore, sticking often occurs on both the wppar and kower
punch faces as well s within the die cavity, Traditional monitoring of sticking has inoluded
hoth tebdet gjeciiom and take off Forees, bowever neither are a messure of upper punch adbesson.
Lcsirumented upper pundics ane ol robust and the signak e ofien pol isterpretable {Levine
20012, Fgettion musd oecur hefin: tahle serape off amd aecti
the Fores reguired o overtake residusl die wall pressure and the Fetion bebwen the
punches dies and the tahlet contained within. MMoreover vanialion m mechine setup, lower punch
position slignmend with the serape-off bar, mnd the angle hes been shown do influmae isblo
inke-ofl (amd adhesion) seadigs (Acki 1998 Oversll eiher gjection or remeval fores
messurements when combinal with physical visual abservations af sticking o uppenhower
punch fces md sticking 1o the dis wall may b wsed b0 se crilena 1o judgs polential sdhesion i
devekopmeant and durin g prosluction

 Fores ars s sompples measurs of

lsolimg Deskpn ~ Enmabossing

As shown bekow in Figures 20a) through {f), analysis of variance {AMNOYA) of the woling
surfice coversge siratilied 1o level of sorhitol, pusch design and placemendt showed thal stickag
or Fomation of & visible film o o precursor 1o sticking wos @varisd (o the type of embossmg
iprissin coammation nd quantificd malysis af The
punch tips, the embossed aren = prone bo adhesion as eipecied smes » concentration of shear
stresses oogur o the lmoral faces of punch engrovings (Rebers 2004). Dala from tooling desian
typs may therefore be pooled for subssquend model malysi= of gjection Forcees, and punch
surface coverage.

design m thas atudy, Risal dm posl @

Figure 2-ANOVA fur swabcing deviges, stretified fo sorbitel leel, spper or loser povition
fath % 5L T0% wardiied, e B FaK, B0 worbited, spperi 0,28 prof- 0.60)

= T b=

fovwer paanch{F 115, prob-0 200 fd) Epectivn foreslawen(F L8 prob- @.35)
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! upper il lower pescles
A statitically significant difference exists & w0 the exien of punch sticking when comparing
pamch posdtion placement for surfice covenge and rssate anslvss (Figuee 3. Table 2)

Frgwre AN for paancl position

fiwd e BA (F& 33; prob-0.00} th} Rinwmte conc. (I 5.00; prob- 0.00)

ha shown belonw m Table 2inlk punches were physieally soamined post compression 1o quanlify
the surfaoe area oovered with powder snd which zones were susceptible in the embessed area.

Table I-Represernarive digiral meleroseopic baages usad for baage aralyss of sdvelon
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Ardbsesion in Tooling within the Diesign Spece

Examining the dots within this design by mmlliivanale analysis for comelations bsbwean
varipbles revealed portial positive comelations bebwesn surfacs walier activity (Aw) snd relstive
hamidiy.

Figure d-Multivariare correlarion anmlysis

Egection Force anshwis whach e an mdseator of stickmg Toe e instrumental lower
pumches by stepwise Forwand hadkwand regression with Cp (vlallow’s slatistich — p
{numbsgr of perametensy showed (Figure 5) incmosed gjection foree with decrepsed
magnesinm sizarate levels and inoressed surface water sctivity (R 0.5

Figure 3-Srepwive model regression for Efection ferce lewer panches)
faa) feebricant Levad (F 7007 prob=0 0000} @ dw (F FOF0 probe 8800
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Therefinz, monilimmg The surface mosiuns e portant B cantrollng stickmg and
picking. Most malenal sticking occurs emily with on increase in woler condenk (Prtel
200461 However, il hos also been reporied that the adhesive sticking foroe {messamsd by
tnke ol foece) hud & pendency o nereise up 4o o waler contanl of 3% vwoiv md decrease
al ligh water content { Danjo 19971

Correlatisn of Panch Surface Image Snakysis with HPLE
The meangs resuls of testing from this design spasce are presented in Toble T (k) for
ejection force, punch surfse covernge and rinsste concentrations. Image analvsis of
sudnce covernpes are wall cormelsied bo HPLT resulis (Figure 61 As expesied, higher
lubrication kevels showed reduced sticking by both chemical and imaging methods as
shove i Teble 2o The severnty of sticking wie more readily detected by the imaging
technigue,
Frgwre 8—Correlaion of wpper puwck sarfvce adiverion with chemsical soalysy
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Figure *-Correlation of lower purok surface adiesion
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Proctleal Implicwtiens of Lubrlcamt EWectiveness

The resulis show gjection foroes and imege analysis of lower punches are effeative in
mecemaining adhesion issues, however smage analysis is o dérect probe of te stcking
probability for upper punch contral, As shown in Figurs 1, 5 lobrcat
mversely cormeloted with statistically significan) effects on pench adbesion (pead 001 L Low
Iwbrication kvels amplify sticking potential and & stalistically significanth sffecied by
surface moisiure levels (F=590.9, p=h0041 ). The boundary of Biilure for labricity varies per
surface moisiure properties from day do day. Thus, imer days testing of gram quantities of
bhends w0 defing this emvelope with argeted mvircamental controls will help acourataly
delime the envelope of Fulars,

n levels an:

CONCLUSIONS

A mpberin] sparing (minisbericed) proses was developed fo spalatively psses the
endeney of various formmlstions for loolng sdesion dunng rolary press compression,
Mlini-tooling may be used o5 8 predictive disgnostic ol in fommulation and process
optimizaiion md process mdersinnding. The sereening method & quanidstie. sccunaie,
aaml qquick and typacally requinss cnly gram quantitics of APL
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