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plant, howevcr, this ratio js nx,re likeh.to be
..Lour t .2.  lhFturbl lc l r  In ix i ls  d(hiFVc, l  ur , rhe
bencb can thereforc becone a gentle btending
(almost laminar l low) in scalcuD, which can
dranatically allecr the prodlrct's rheotogl. arrl
even make it nearl), nnpossible ro dissolve some
difficult ingredients. Ol cou$e, nrixer and tLeir
moton can be designed and built to h.nrlle al_
'nosl  dr ' r  r . , ru i rFr, .  at .  I ,ur  thc) th.r  Lerun,.
\pFL ia l  orLlcr  i ter , \  whi ,  h are v.  D c\pcn5ive
ar 'J ,arn l , , r rq lFd, l  ' i ,ne\ .  lhF nu$Fr Fq,r i re-

' , ,cnts 
nl  a rr i \ - r . r re rc l . r r . , j  ro i l rp-  er  . | - r . j

md dirnrcter ar ' r l  pr" ,u.r , len, i r \  
"n, t ,  

is ." . i , . . "
Ior  rh 

'  
pr ' r lu,1.  r ru$e'  o \5D< $lr . rF \  i \  r le

i r ,p- l l " r  mrn .  r l  t )  is  th,  ihrr- l lcr  , t idmptcr
l 'or  hFa! \ .  \  r5. , ,u,  I ' rn. lut  t . .  p i r$,  r  o YD-.  O!(
(rn. .F l rum.Firh.r  re laIor, .h ip rhlr  th" i r rp, l -

h,r  more ct lA. t  on pn$. I  rp,ruir ,
Illents_ than irnpeler specd, anrl yet the jm;e er
t-o tank diameter ratio has a largc beanng on the
degrcc ofnrixnis that \.itl occuiin a batJ tank.

A\ ' ' r r i  ,g .one l ; rc l r , ,$ l .dsc . t  the t \pF
Jn. l  ' lcgrcr ol  mir i r 's  re ' tu in.d i I  pr , ( . . . ing rn
eL,r ls ior .  a \  i ' l -  !dr ict \  o l  r iv  rs crr  t , .
. ,nplnw, l  Tr i tcad 

^f  
th.  wcl l - l , r ,o$ r  pn, ! . l lFr ,

a mirer a harn r : r le, .  crres.  .prrals.  pr , l ,  cs,
.a i r l  nus ru,h, , ,e a, l iat  i toq r , i rb i , , . . , , , ,  cu, , -
I ' r 'u ld l i rg hlJ, lFs.  \ l rherr  .c.al i r re up a ! , ru i  c\ !
q i rh rr  cmtl l \ i , , , ,  that  i \  h.a\  i l )  , l .p.rdi  r l
upoD mixing, one shorld investiaate not orh,
, l i { I i r -nr  ryp, ,  o i  i r r rp, .Uer.  l l r r  i t . "  ,1;11.," , ' ,
nnpeller to tank diameter ratios.l This optnniza
tion can lcad to a more economical process, sub-
startiat capital savnrss. and somctirnes eve,, ar
impn'v.merl  

'n 
th.  prudr 'cr  propcrt iF. .  Ar rh.

\cn tca\r .  t r .$FvFr.  t r tar , l  mi \ i  r . j  .o i l i t i , , r , :

'hould b- 4upl i (arc, l  rs, lorc l !  as ru.s ibte i f rh, .
product is planre(l for production nr cxisting
equipment.  lh is is a common source of  scaleup
problems. Not onlv can the nixer at fect  th;
product viscositw, but the pmduct viscosib, can

i    ix ins EquipmodCo., Inc. ,  Rochener,  Ny
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Effects of processing on
the rheological behavior of emulsions

B,v Rouurr
ChesebroLrgh_pond'

Mixing'is basic to the compouldnrg and pro,
cessing of enrulsions in the cosnretic rrouur1,,
but its potential effect on the rheology of a
product is often overlookect. I{ixins is recessaN
ro blFnd a sater phase an, l  o i l  p1, , .  tnto,r .
emul\ ion.  hur cun. i , ler  thc p. tent i i l  Ff iF,  I  o l (he
, lcgrcr ul  mi\ in{  or  th.  produ, r  v i {cosir) .  Frrsf
ol  d l l .  a In in i r ' ,unr amorrnr Uf crrersr mLrst  be
developed to evenl) mix the two phases ancl
subscquent additives. A high amount of nrixnrg
errersv.  howerer ha'  rhF p, ' rer , r id l  ot  , l .crcdsirg
the paticle size of the dispcrsed ohase and
hence affect i rg the emulsion viscosity.  The
t in, i r 'g of  lhr \  r r r i r ing cncrgr (ar al .n 1, .  i r , ,por-
taDt, as the pmclucr is finishcd off aDd cooteil to
f i l l ing te perature. In the case of a lor ior,
which is usuall)' cooled to room temperature,
viscosity carr increase trcmendouslr ,  as the
proJur I  is  ro, , le, l -  l f  the n, i \ i rg rn.rg\  i \  lcpr
c.n\ tJnt  Jur ing rh. ,ool i , ,g (v; lF.  i r  b.qins 1, ,
have more ofarr effect as the viscosity incre.ses.
This means that a short period ofmixing at g(}F
can have a greater eflect on viscosity than a long
periocl at_t5OF. If the prcduct is shear-thnrning
lp.eUduplast ic . r  th ixntroprcr.  rh,  \  i {cosib $ i t l
, lc . rease. ln IndnI cdsci .  th is v iq i .o,rh rFJu( t ioD
is Dot completelv reversible.

Drrr i rg lhc.prn(cs.  dev- lopm"nr , r . rge ot  n
ncw pru. lu. l  , r ( \ . lopr,(nt program, r) ,^-  arrer.
t inn rhuuld be pr i , l  ru rhc inrerrelat iurships
Lcrwccn mirrng xn, l  prodr, t  rhcolos. .  Berr ; .h
Ibrm', ldhons rr-  usual l l  dorre in smxti  hearcrs
(4-5 iD dian,erer) with laborator l ,  Lightnin
mixels' with perhaps a Z' diameter propeller
moving at 1800-3600 rpm. This represents a
prop to tank diameter rutio of about b.4. In the

a36t43a7l7alsro76to1$a2aolo.sr teTsa uredpubkh^qcorp.  cosmerics ond roi terr ies/61



also affect the degree of mixing lf a propeller is
utilized to mix a viscous product that is shear-
thinnine. it will ctt a hole in the center and
leave t-he bulk of the product unmixed. If a
prcduct happenc to be shear- lhickening. i t  could
gradual ly bui lJ up in \ iscosi ty to the point
where the mixer motor i5 overloaded.

The tyDe of mixinq required aJso has a bearing
on mixeiselect ion. For dispenion and emulsi l l -
cat ion aoDlicat ions. a hieh level of .hear is usu-
alh reouirert .  This can be achieted bv a smal l
i -pel lei  ru '  at  high speed For blending and
h"at Lransfer. a hish level of flou is desirable.
This can be achieved with a large impeller run-
nins at a low sDeed. In the case ofheat transfer,
viscous lotioniare usually handled with a con-
trarotating agitator with side-scraping blades
The blades are needed to remove the cold, more
viscous Droduct (or sol ids baked on during
heating) from the heat exchange surfaces to
maintain heat tmnsfer e{Eciencv. Sometimes two
dif ferent t}?cs of mixer (high shear and high
[ow) are used in lhc same lank to perlbrm mrr-
ing at different stages in the product manufac-
ture. Wherc this is not feasible, the mixer is cho-
sen on the basis of the most critical mixing step.
For examole. if heat transfer and blendins dur-
ing th€ vi;cous stage ofthe product cycle are the
m;st imDortant. then contrarctating side scmped
aqitatio; (low shear, high flow) will be used for
emulsion formation as well as during the cool
do$ n crase. l f  h ish shear is as (  r i t ical l )  impor-
tanl  as sidc scraped contrarolat ing agitat ion. the
tuo can be accomplished 

'n 
equipmenl such as

the Eppenbach Agi-Mixer,b which combines the
hieh shear of an Eppenbach Homo-\'lixer. cen-
lral lv mounled, lv i th a side \craped conlrarotat-
inq aqitalor.  On the bench, (ontrarotat ing agitd-
t ion can sometimcs be approximated wi ih a
Planetary Mixer."

Mixinq is so basic to the formation of emul-
sions and can have such an important effect on
oroduct rhcolosy that lhe sman formulator wi l l
ieam to *orh \ ' / i th i l  in achie\ ins the dcsircd
end oropert iec instead of f ight ing againsl  in a
dogmaric .caleup l rom .benchtop lo plant.
Co\metic emulsions mar be shear sensit ive lo
.ome desree, and mir ing (an bc used as a tool  in
achievins thc desired producl v i \ (osi tv b) proP
erly manipulating the mixing variables.

Hedling ond .ooling

The variables involved in heat transfer opera-
tions are the mass or volum€ of product and its
soeci{ic heal: the temperature diffcrential of the
heat ine,coot ine medl,m and lhc producf:  the
heat eichanee surfsce el f ic ien(] ;  and the rela '
tive flowra6s of the heating/cooling medium
and the Droduct. Practically speaking, however,
several oT these variables are summed up in the
process palameterc of heating/cooling rate and

b Gifiord Wood Co., Hudson, NY.
c Ho6odCorp,,Iroy, Otlr orChorl.s Ro$ & Son!, flouppouse,
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the work input (mixing) during the heat transfer

Heat ing is general ly less of a problem in
cosmetic processing because the product or
nhase is usuallv fluid at elevated temperatures
aviscosity being inversely proportional to tem-
Derature for e;ulsions commonlv encountered
in the cosmetic industry). It can be a problem
when heating a viscous product liom room t€m-
Deratu re because the Droduct ma! lend to bake
on the heat exchansc flrrface. This is where side
scraped. conrrarolai ing. or \ inglc sweep agita-
t ion is ef fecl ive.  l f  the maler ia l  is  qhcar-
dr inning. thcn high shear agiur ion is usual lv
effective if it is not permanendy detdmental to
ultimate Droduct viscosity. Cosmetic emulsions
such as water-in-oil creams are usually filled
while hot in order to rcduce the viscosity to aid
fflling. The rate ofheating is not usually consid-
ered an imDortant parameter, assuming tiat the
desired end point i i  nol  overshot Work input is
also of mino; importance b.causc less energr is
imDarted to the Droduct when it is in the fluid
state, and because the material is amorphous at
this staee.

Cooling is more commonly a problem with
cosmetic emulsions because it generally in-
creases product viscosity greatly. A side scnped
agitator is essential when cooling an emulsion
b;low its solidi{ication point, or the product will
form a heat exchange barrier on the exchange
surfaces and drasticallv reduce emciencv ofheat
tlansfer. In addition, as the prcduct thickens the
mass and heat transfer mt€s decrease This also
slows the rate of cooling. When temperaturc is
Dlotted a{ainsl  t ime. the (urve is usual ly a de-
creasine exponent ial .  The onlr  ual  around lhis
is to mlni ; ize lhe produ(r mass to be cooled.
maximize the heat exchange surface, and still
orovide tor lhe hcat ex(hanqe surface to be
icmoed. This is aecomplished in the industrv
with a Votatol which is a scraped surface, con-
tinuous heat exchanger. The Thermutatof is a
simi la '  uni t .  The ef f in ieney of  rh i t  l )  pc of
eouiDment i \  hich b"cause ol  i ls high tal io of
.ool ine capacin lo Droduct f lo$ratc This is i l -
lustr .Gd Lr rhe much hisher heat exchange
coefiicients (in Btu/hr-ft'-'F) obtained in a Vo-
tator as oDDosed to a stin€d tank.

Neat ins Cool ing

150 80

500 25O

The effect of cooling on product rheology can
best be illustrated by comparing the continuous
cooling of a Votator with the batch cooling in a
kettle with a side scraped contrarctating agitator.
The rate of cooling of the Votator is much faster
than that of the batch; the batch tends to form a
smaller crystallite (pafticle) size as the solid in-
gredients solidify. The distribution of these
crvstallites also tends to be verv narrow. In con-

d vd.ior Oiv., Ch€m6ton Corp.,loli{ille, LA
e Ch€ry-Burell Div.,AI\CAlnterioiionol, CedorRopi&, lA.



trast, the batch cooling tends to form larger
crystal l i tes over a much wider distr ibut ion
latge. Tl'e effect this ha\ on produnt rheology
dif fers from tormulat i .n t t ,  formulat ion, bur
somctimes thc emulsion heated to qui(  | '  cuol ing
in the Votator wi l l  be thir ler than ir , i  batchl
cooled counterpart (neglecting work input) be-
cause the crystallite size is snaller and more
evenly dispersed. lts uniformitT and sometimes
even stabililv is also usually superior because of
the nore narrcw crystallite distribution.6 Al-
though itjs theoretically possible to vary cooling
rale in a batch tanl  to achicvc a part i"ular cD s-
tal l i te groslh rate. the rate is usual lv f i red br
nonthrott l ing cool ing medium valves and
pumping l imitat ions. Switching from tower
water to chilled water, however, could have a
step eflect on crystallite grcwth.

Thp effecr uf di f terencc\ in mir ine cncrg)
(work inpuo is harder to define for the two pro-
cesses, but this parameter is important when at-
tempting to achieve a fiml product viscosity. It
is genelally found that wo* content, ifit has any
effect at all, is inve$ely proportional to th;
emulsion viscosity. The more work put into an
emulsion during cooling the lower the vrscosrtv
usual l )  is.  Thi\  ic becausc most cosmeric emuf
sions in creams and lor ions have thickening
systems that are shear-thinning and not per{ecrly
elast ic.  That is,  when sheared beyond a
minimum amount they will not rebuild to the
original viscosity. In this respect, the Votator
usually puts morc energy into an emulsion dur-
ing cooling than the batch process and hence
can have more of a reducing efect on product
viscosity. The rotating scraper blades ofthe Vot,
alor can be driven up to abour 600 rpm and $orl
on a relat ivel)  smal l  vnlumc ofproJurt ,  s" e,en
though the product i< erposed for onJl  a shori
pcr iod oi  r ime. i t  is \ubjc.red to high energ)
input.

Conversely,  the mixing blades of a side
scrapcd (.ntrarotdr ing agitator rotate at rela-
hvelv low speed, ( less rhan 30 rpm. alrhough
t ie r ip veloci ty can he quite hich tbr a tar le
diametcr agiratL,r)  and *ork on a lare" volume of
product.  The average work inout is rherefore
lo$. bur . i l  lef t  soing for a toni  penod of r ime
respecial l )  at  rhe loqcr tempcrature.)  thc total
level of  \hcar produced by such an agitaror can
equal or even exceed that produced by t],e Vot-
ator.  Mixing t imes are usual ly Lepr to a
minimum in a batch process, however, in order
to keep batch cycle times to a minimu'r.

In summary, an emulsion is usually heated
after it has been formed to reduce its viscosity
for fflling. Cooling has a more imponant re-
lationship to ffnal product viscosit/ because of
i ts effecl  on cDstal l i te size and dispersion, ard
because of lhe interrelat ionship of \^ or l (  inpul
and product viscosity. Scaleup probtems are
sometimes encountered because the cool ing
mtes and/or eneryy input achi€ved during bench
formulation cannot be duplicated in production
equipment. This is an area in which process de-

velopment can make significant contributions
towards a successful staftup.

Shecnng

Thc,ef lcct  of  shear on produ(t  v iscosirv
causco D) prope er mixers.  contrarotat ing
agitators, and the Votator have already been
touched upon. These are generatly considered
to be low eneryy input devices. Other equip-
ment which produces a shearing action of a low
9!rergy naturc are Lransfer purnp..  piping. f i l rer. ,
f i l l ing n'achines. and the t ike. l t rhougtr no,,-
Newtonian fluids can be either shear-thickening
or shear-thinning, many emulsions encountered
in the cosmetic industry are shear-thinning. This
discussion will therefore assume that emulsion
viscosity decreases with increasing shear, al-
thoush the effect of the processing will simply
act in revene for shear-thickenins fluids

The main emphasis in scaling up a new prod-
uut rs usual l l  on the compoun,l ing port ion . f  i rs
producl ion. Suh,equFnt handlJrrg. houe.er,  r  arr
sometimes cause permanent viscosilv reduction
to nonelastic systems from sheadng. In a typical
operation, a linished emulsion is cooled to room
temperaturc in a compounding vessel, and then
pumped through a l l l ter to a r turaqc tanl i  whcre
i t  is heid for f i l l ing. The pump i tcFI l  crcates
so'ne \hcaring energ) a\ rr  pushes rhe product.
The walls and configuration of the transfer pip-
i rg produce bac[-pressure rusualh expressed as
a lunct ion ol  p ipe lcngth\)  and in.rease rhe
shearing stress on the product. A stminer in the
Irne whiLh is uscd to trap large part ic les and
dcbris also produues backpres<ure and shearins
slre\\ .  I f  thc prot luet is pinicular ly inelasr ic rn
recovering ftom shear stress, viscosity will have
been reduced by this transfer step. The product
may or may not be mixed in the holding tank
p or to filling. If it is, this will impa( more
shearing stress to the product.

The product mar then be pumped to rhe f i f
I ing l inc. This cnrai ls anorh;r  pumping opera-
t ion $ hi .h asain produ.. '  

'h""r  
st  e* t ;m bofh

pump and piping. In addition, the rcstricrions in
t]te filler create more shearing skess. The emul-
sion may be more vulnerable to permanent vis-
cosity damage due to shea ng stress at this point
too, Iecause it usually has had a chance to age
and build a network ofbonds. A portion oftheie
bonds, if broken, ar€ som€tin;s pemanenrly
destroyed. The interelationship of the pr'-p
and filler can be imDortant too. FiI".s a.. ..,,
stantly c)'cling on a"d otT. lf the ffller is purrp
led instead ol  sravib fed and i f  rhe putnp .1". .
not shur ol l  instantaneousl)  with dre nl ler.  prcs-
sure buitdup in the line occurs. Transfer purops
such as the Waukesha DO seriesr come wiih
intemal pressure reliefvalves which recvcle the
producr $ i {hi I  the Dgpp u.1;1 the DumD is shur
offor the pressure i '  o lherwisc rel icv;d. This
extra working of the product can have a great
effect on the product viscosity because of the

I  woute3ho Foundr/co. ,  wouteiho, wt.
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additional shear stress. Extemsl pressure relief
toops would have the same effect.

In contrast to equipment that produces a low
level of shearing energy. some device< are pur-
ooselv desisneJ and used lo impad high shear
ine levels tJa product.  A col loid mi l l  such as the
Charlofte Coll;id \4ill" is aften used to produce
a low viscositv emulsion &om one that initiallv
has a high viscosity. Th€ colloid mill is also used
lo homoeenize oroducts in lhe sense lhat part i -
.1".  

"re 
Lroken do*n to a uniform \ ize, but this

is sometimes considered seconda4 in impor-
tance to the reducing effect it hat on viscositv of
shear-Lhinning systems

Sometimes hiqh shear is necessary to clisperse
and dissolve troubtesome solids, such as guns
and resins, in a liquid phase. In these applica-
tions. hequent use is made of such high shear
mixers as the Va;kinetic High Shear Miaer,h the
Cowles Dissolver, '  and the Premier Hi-
visDersator.jThese mixers depend upon high
shear stress developed on sharp edged blades
rotat inq al  !crv hieh 

'T'm 
The Dispersato' '  is a

hish sh;ar mixer withoul blades \ahich rotale\ at
hiEh speed whi le i t  for(ec the nuid througi s lols
i"  i ts mixer head. This unit  has been u.ed suc-
cessfully to disperse Carbopol in an aqueous

In using high shear mixers it is-important to
realize that the mixing pattem can be important,
j ' rst  as i r  is for s imple mixins. The Jiameter rat io
of Lank to mixer impcl ler and even the vert ical
olacement of thc impel ler can ha\e a bearing on
ihe mir ins oal lcrn and hence the shear ing
stress. The tvoe of shear created bv the Cowles,
VanLinel ic.  and Premier mi\er\  is h)draul i '  in
nature \ersus lhe basical lv mechanical  shear
created bv the colloid mill The end result'
however, can be the same if th€ product being
processed is sensitive to sheanng stress.

Homogenizing

Homosenizal ion, or t }e reducl ion ol  paf ic les
lo a smal l  and uni lorm siTe and their  e\en dis-
l r ibut ion in a medium, is relatcd to shearing in
that high shear is fiequentlv used to create the
part ic le brealdo$n. But homogenjTal ion goes
Lerond shearing in i ls appl icat ion The cosmehc
i",i"strv usuaflv resorta to homogenization for
disoer i ine st , l id '  and insoluble l iquids in a
I io; id oh;e anJ rcducine ihc diqpersed part i '
clis to a mininrum size. The reasons for doing
this are numerous and include the desirc to in-
crease stabiliW by minimizing globule size and
hence decrease the chances of coalescence, to
reduce oarticle size of lhc disperse phase so as
to inhibi l  sett l ing (as per Stoles taw). and lo
increase ! iscosi t)  byforminga 6neremulsion

There is more equipment available fbr accom-
olishjne hornoeenizalion than there are reasons
ior doing i t .  Onl l  few rep.esentat ive bTes of

s Chemicolloid Lobs, 1.c., Oord.nCityPo&. Nl
h Goulinco.p,, Evsren, l^A
I Mo€hd.ecowle! Inc. , Lo. Ans.let CA.
j Pr.ni.r Mill Co'p., N.wYorL NY
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homoeenizers will be discussed here. Thev will
be discussed in a roughly ascending order of in-
creasing intensib of homogenizat ion Some ot
these devices, although included here under the
qenenl classification of homogenizers, are sepa-
rltelv described as dissolvers, dispersers, reac-
tors. emulsi f iers.  and mil ls and may not be
homosenizers in the strict sense of the word.
Thev are inctuded in this section because thev
are a logical progression up fiom plain shearing

The orincioli of ultrasonics is utilized for
homoeenization bv the Sonolator.k This device
o""rui .s b" accel<rat ine a f lu id through an
orifice. The lluiJ e..ts.i as a thin, nal stream
which then impinges upon a blade This blade
oscillates in a stable vortexing pattem and sets
uD ul trasonic \ ibrat ions qhich creale part jc le

"ir" 
*a""tin". The Sonolator has been used for

homogenizing cosmetic creams as well as tomato
sauce. The Oakes Continuous Automatic Mixet
ronsists of a shear hcad with a circular rotor and
stator that have intermeshing rcws oI pins As
the rotor moves at high speed it breaks down
and disoerses one phase in the other. It has
been used for in iecl inq air  of  a uniform bubble
size into an emulslon at a confrol led ratc,  al-
thouqh it is claimed to be usetul for liquid/liquid
and liquid/solid as well as liquid/gas systems.

The Eooenbach Homo-Mixer,  sometimes
known as-an Eppenbach Colloid Mill,b depends
upon high velocib f lu id l low through a f low re-
str ict ion to create the shearing stress neces\arv
for homosenization. The blades at the bottom ot
t le unit  i immerscd in the nuidr rotate at high
soeed and pumo the crudc dispersion through a

'LLor 
whici c;ntains restricled apenings The

shear caused bv the turbine-stator arangement
breaks larse Daticles down to smaller ones lt
does havJ thl disadvantase of being a batch-
procer. ins derice, which means that not al l  of
ihe batch wi l l  pass lhrough except affer a sig-
nificant numbei of tumoven (and a statisticallv
smal l  Dercentase qi l l  nerer be ptocesse, l) .  l l
has o16ren effect l ' .  in dispersing Bentonc clav
oowder in a wax phase and similar applications,
where swelline of the thl"ke".t is dependent
uDon an oDtimUm Dani. le size distr ibul ion

'The nrer iouslr-  discussed Charlot le Col loid
Vi l l  a l io serves sherc homogenizat ion is qpe-

ciffcallv desired for particle size reduction lt
nroduces this reduction bv lhe mechanical at'
i lon of a eroo'ed rotor shearing the product
aqainsl  a siator whi le the f lu id is being forced
r}rough a specific gap clearance ttypicalll. 003'
to .02-(},. This d.vica has been used to good ad-
vantage in dispersing zinc o\ ide powdcr in a
gl lcer in nedium. where part i t le siz€ distr ibu-
i ion is importanr in minimizing seHl ing of the
solids. A different kind of homogenization is
achieved bv the three roll millc which creates a
sr indinq as wel l  as a shear ing act ion on the
;ro.Iuct to obtain a Darticle size reduction. This

K Sonic Co'p., Stotford, cI
I E. L Ook€! Colp., klip, tons ltlond, NY



mill is tlpically used to produce dispersion of
pigments in a liquid carrier, such as lip pastes
for lipstick man ufacture.

A high pressure pump can be used for high
intensity homogenization, such as the Gaulin
Homogenizer and Gaulin Sub Micron Disper-
sef or the Cherry-Burrel l  Superhomo Ho-
mogenizer." These. units operate on the p n-
ciple of hydraulic shear and intense tu$ulence
caused by product being put under very high
pressure (up to 8,000 psi  .onr inuous servi^e.
higher on an intermittent basis) and djrected
through a restricting orifice to an area of much
lower pressure. At this point, energy which has
been stored as pressurc is instantaneously re-
leased as a high velocity strcan and the product
impinges with shattering force and chanee ofdi-
rect ion on an impact r ing. This var iety of
homogenization is very intense and very effec-
tive in obtaining dispersion with a very fine
particle size. These homogenizers can be ob-
tain€d with single- or two-stage homogenizing
valves, in di{Ierent pressure and flownte capac-
ities, and even with pressurized feed pots and
explosion proof molors. Gaui in homogenizers
have been used in a wide variety ofapplications
such as cosmetic lotions, lacquen, nail polish,
and lomato sauce. This bpe of homogenizer is
useful mostly for low viscosity nuids (under 500
cps), however, since it depends upon the gener-
ation of high fluid velocities. High viscosity
systems which are shear-thinning can be pro-
cessed since they fluidize under shear stress.
Shear-thickening systems can also be processed
i1 they develop their  v iscositv after the
homogenizing valve.

One can see from this very sketch)' list that a
wide range of homogenization is possible by
choosing var ious types of equipment and
operating them within thetu design parameters.
Besides the selection of a homogenizer, how-
ever, one must also sometimes consider the pro-
cessing point at which homogenization is caried
out. For example, if homogenization ol a w/o
emulsion is desired, it very much matters at
what point this takes place. If done while the
emulsion is hot and both phases still liquid,
homogenization will tend to reduce the dispene
phase to a minimum size distribution which will
impart c€.tain properties (such as incrcased sta-
bility) to.the ffnal product when it is cooled
down and oaclaeed. I f  the orodu(t  is
homogenized af ier some cool ing has t-alen place
and viscosity has already started to build, how"
ever, th€ viscosity of the finished product may
be pemanently reduced. Since either situation
coutd be a valid application of homogenization,
the only generalization that one can make is that
timing as well as process step must be consid-
ered in developing a process to make a product
with the desired end properties, and the effects
of each on one another must be known.

Cosmetic processing and manufacture is still

somewhat of an art when one considers that no
two emulsions seem to behave exactly alike.
Forearmed with a basic knowledge of the pro-
cessing variables discussed above, one can make
ir lel l ig(nt gue.re5 on ihe effccts of var inuc pro-
cessing steps based on similar formutations. The
Law of Perverse Probability (also known as
Muryhy's Law), however, should remind one
never tn tale anv ant i( ipated result  for granted.
The importan, r  ot  a l , ig ieal ,  wctt-pta;ed in-
vesl igal ion i r to rhe et l ; ,  t  of  \adous pro(c$ing
sleps un product rhcolngy during scal iup cannor
be oreremphasized. This invesrigahon should
take place early in product development, so that
l iF proces' ins var iables .an be rcmolcmcnr"d
b1 formulat ion to a.hie\e the desirer l  end prod-
uct propeties. Too many times formulation is
sr l  betbre c\aluat ion ola Drocessins scheme is
' lune. and an exisr jng plant may har.  to be r"r le-
signed. Sometimes technology, when used intel-
ligently, can pmduce a unique product never
achieved on the bench. At the very least, the
pro, lucl  formula and Drocessin{ couiDment (an
be Jovctai led lo achieve an 
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on a least cost basis. To do this, however, one
musl know wbich of rhc numerous process var i-
ables are cr i t ical  and how they should be
chansed to obtain the desired results.

It is sometimes possible to predict the be-
havior of an emulsion in the plant by ful ly
analyzing its rheolosical characteristics. For
example, i f  one runs a viscosity versus shear
stress curve and ffnds that an emulsion has a
yield point, is highly shear-thinning, and has a
basically high viscosity even under shear, ore
can prcdict problems with gravity llow of rhis
product thrcugh a pipeline. Simitarly, if a prod-
uct loses viscosity irreversibly under shear, one
can expect viscositv losses due to transfer and
Iilling ope€tions. Just about an1'problem can be
overcome with enough time and money, but
these two ar€ rarely in adequate suppli.'The
best product in the world will not come to mar-
ket unless it can be made economically and sold
at a pro{it. The proper application of the funda-
mental  processing steps of mixing, heat ing,
cooling, shearing, and homogenizing in cosmetic
manufacture will enhance the chances for suc-
cess ofany new product.
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