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Ve gin Practical considerations in Powder mixing
p-B- <

e geble When mixing formulations where the proportion of active drug is low, a Lo

) )P,D;”ﬂmf;f\ more even distribution may be obtained by building up the amount of— ““°
??g'u;w,@ﬁ material in the mixture sequentially (geometnc dllutlon) S D s Al T 1D
2408 M,_,(_,Jadb JMJ L alv J,\J\p)

e, D ey iyj

ffp’gg” The volume of powder mixture in the mixer should be appropriate. Both

Lapsees=2 overfilling and underfilling may reduce mixing efficiency. ;5w ,.weh 2l
under f'l‘l\ﬁy yovel Y ueite

u»/y a3

j"(ﬂ) e The mixer should produce the mixing mechanism appropriate for the
ol mixer O
S5es o=t formulation: colid : Gomvechion ety _purile Jifaiin
miy )\ T . .
9 — Potent drugs: diffusion is necessary ) i 1 Dok movement gty = malecnlsr diflostn
— Cohesive material: shear mixing
v
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Practical considerations in Powder mixing

1. In order to determine suitable mixing time, the mixing process should be checked

by removing and analyzing representative samples after different mixing
lntervals U[,f,c-u_;\l P20 —)"7'00""’ L)L‘L)—\/‘—A/ é—qom{f')/lc M/X_ﬁ —))_»/\SL.\ %L\_Ll/_z} ¢ le'V'L? time SIPVEY UC\—‘/(—

Moness e by SPrmea e, o1 s
2. Static charges may be generated during mixing that result in reduction in diffusive
o mixing. O«_é_) Loow me2 & polsfure o poudey 3y g\ \'_5\®charu,£ U 44
v3) . ®

3. This is enhanced by low humidity in atmosphere. The mixer should be suitably
earthed to dissipate the static charge. _ wpoVol=2 é s 8l o 6,3 L |

4. Vibrations may cause segregation in normal mixes and dislodging of adsorbed
particles in ordered mixes. lobeoe Al po bl )Vl dsledgug 320 e vibrabion

P9 \W;gas%tcwitf )ectese J)
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Jeb_Chenge 3y i)
NEUTRAL PARTICLE (electrical charge
evenly distributed over particle)
CdNJIhDYUI)] 5)(4”@)[_\4“

M h 5(,,,/ qcc PROCESSING AND/OR DRY PARTICLE
ﬁ MOVEMENT CAUSES POLARIZATION
el/!f)/@j OF FINE PARTICLES (static electric

S @@5&3 TOrees) oo 55 dry comdibion 1.1 prosshg 31 e

fb/,\a.:, +u¢£,\ — s LK ¢ [ polaviabion ) P,mcle e
{,.Lmd_‘d_‘_é) enefyy _)M.L oL«»cd}aow TN en:gl 3 o P;V?)LICJ(—L%“)"»

R e POLARIZATION CAUSES AGGLOMERA-
TION OF FINE PARTICLES (electrical
charges inducted by one particle on
another van der Waals forces)

0193 omeratn
chang ) 3515y S+

zero (e<(f th‘jﬁ I\ Aol SLp

Figure 22  Effect of electrical forces on fine particles.
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Powder mixing equipment

@ Tumbling mixers omicHon : Bulk movement Fem

lebt to the vight / Tep- bottom
o . axis
Mixing containers are mounted so that

they can rotate about an axis.
Commonly used for mixing of free

°
whesive 50 flowing powders and are not suitable for
dys a5 71, —cohesive powders 042 Fwaer N Bhosy (A= i
niler ycahesive of » \ Sl bl Ws’,wp‘up vy Free Flowin
Sreo slas @Sa 2lle .j

Y-cone mixer Rotating cube

oSNl o Commonly}used for mixing granules with Double cone Obiique cone
lubricant —u&ghdant and external
di t t e / \ obYigue D el
isin egran _%_ S dowble 3~
Ml)li‘tﬁd;oudu 4Ll d b =§||d~p q.;[m}{/m}hv_lj J<£tome @ agymetic o op\jque )
T hell (V) r

gy“"ul“h”’ J J“’ "J v\:::::a‘;nator?;e landomnage N3\ _9) /<5\/-'~$
glawies jp>) Y1 Beap 00 S Jn OS2l s Tladl miting  dE) 0L I b Sl S bl
) it 12 @iy Leksls T ORI R DU
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A2 wdlls 3, ds b“’tﬁt& —mixet L2 B agittion bed” ) oblique 0

{ardomegT =) e 120 pe>- pouder | Cos =3 particles S\
Veyular movement _ppales
%Jl-"‘/;’\’w\; (J:l":a’\@#’

Rovdopnegs AN

Figure 28  Double-cone blender. (Courtesy of Patterson-Kelley Company,
Division of HARSCO Corporation, East Stroudsburg, Pennsylvania.)

47

ure 31 V-shaped blender with agitator mixing assembly. (Courtesy
Gemeo, Middlesex, New Jersey.)

Figure 29  Slant double-cone mixer. (Courtesy Gemc
Jersey.)

48
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Powder mixing equipment

Tumbling mixers Ifsin s & 15T

Ibies ) . .
Loes  * The shear mechanism occurs because of velocity gradient produced :5.:2\s-3u
. . . . . : o5 2ol \wsiss

while diffusion occur through voids produced during powder flow. ﬂﬁﬁ; ;jf)\;w

. . . . B \ I:
 The addition of prongs, baffles or rotating bars helps convective _ 57 i:
mixing. JbhsimloSheariny L | el SOy 2 el
zege9atin W~ o Care about segregation is necessary.
Aqﬁﬁ)as
-
4

Cee—

5@(@4\-1'&\ 3) < .
K————\F—f’/—} > XA
Ty oo acsu P, \ \\k

o=

49

C S heat mr'm‘wj D)l Cae
cadies g Viawd 1oV /p12 yisi / dilSerent W;Dcy L

Mixing ) 3= VS 48 Veloaity oredig fondomness AR 21/ G S

Fig. 13.8 Movement of the powder bed in a tumbling mixer.
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Powder mixing equipment

Tumbling mixers

 Capacity ranges from 50 g to 100 kg.

» The material typically occupies 1/2 to 2/3 of the mixer volume.

L éway:wuwl Glo b, 42l 00 Tou=o as, ot
* The mixing efficiency depends on speed of rotation. Speed of
rotation should be suitable:

— Very high speed will cause the powder to be held on the mixer walls

by centrifugal force.  s1v- spomips, comestion i L
— Very low speed will generate insufficient bed expansion and little
shear mixing.

I}\yl,u_‘/u[,-—‘L \mlﬁ-/jﬂ‘ﬂ Powoltf BAPS 2/3)9‘/0

51
C &‘J,._& 2 E,;,,f'/y)

Table 9 Effect of Powder Fill on Blending Time of Double-Cone

Blenders®@
Volume percent of blender Approximate blend time (minutes)
filled with powder charge in production-size blenders
50 10 R
e Lljeesd) |
w f 65 14 o =
- -
- \ 70 18 -
al oy
& AN 24 o
80° 40P = B
3;/\1(/ U/L"v’

aBlending done in double-cone blenders and times measured to obtain
comparable blends.

wniform ‘M;vaUniform blend not attainable with this fill level.
folend Source: Sweitzer, G. R., Blending and Drying Efficiency Double

choke »Free N Cone vs. V-Shape, GEMCO, Newark, New Jersey.
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Powder mixing equipment

Z\Js\>~\\ J’umb?‘m,),c;J,J':,c EPS

Tumbling mixers
\ple~ PU6LEKIN) |upy
o Intermediate bulk containers (IBCs) are containers used both as
C n H . . .
%m@" m_gg}%g/_bgyv_l ?}?dhto elthettr lffed thie hopper of a tablet or capsule
machine or as the hopper itself. S L s Labe s

ol ealo O The Turbula shaker mixer (WAB, Switzerland) 1s a more
up .= sophisticated form of tumbling mixer that uses inversional motion in
doun addition to the rotational motion leading to more efficient mixing.

G Yotmtion \a> /[ (yp ao\’;/:;c:owwcm o o Gl Lacs Lt 3L
53

2.
Wz slon (Up- doum) (nvexsion)

Up —down 2 \96 Godi®

7;;.{ 3 ]¥:L? — ] @

Fig. 13.7 Typical intermediate bulk container. ‘ 54
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Powder mixing equipment
Shentey 3,00, =, J1 5510
seqreytion) | High speed mixer granulators

2
Zupnz » They are used both for mixing and gmr111q>~ﬂigg1. two in one
s | Y

It contains centrally mounted impeller blade that rotate at
high speed throwing the material towards the mixing bowl.

» The side-mounted chopper blade helps in granulation.
e Care if material fractures easily. —» &0 13
Dremlttngazlo 318 ) Powder aon ) Woh V>l gentle spred 5 T ( }V%Pc o els
. N?t norme‘tlly used for blending lubn&cants.\;’ VS e o
sl oo =l Py g0 Sleaate ) \oricant  Gm | 55
&J-.\sdu\oih‘b 1o hydrophobic P pouder )\ A, overwwxi\y,w N

J:"—-é bowl Qb ue fY\W\\'vxﬁ M S powJeJ(_J; NP

/ « Impelr™ J)
Chopper ’ N ® o .
/ N L @ hasparert 203
Py JY// » \I__ Sensor ogl,d\,g &)
I
e e — — 6003 Mitng W Ps'ass
e T 2 i T R 2 RS .| " -

worle? G’_;-_H spr 3\5}3

W G Impeller blade
v - C @(anu\o\)ﬂ'nﬂ ’l

Flui
Fig. 13.9 Diagrammatic representation of a hugh-speedwe b rags 488 > L0 Gm Sadls
mixer—granulator. X RUIe 3y s 01U 15) Semsor

RESETN IS P Oup > Bz o o [LL)
OLb Small gramules 3 Ldozs Chopper 2 4l
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Pewder mixing equipment »
S0l 3
a- 3 - A gitator mixers ;? Cas

i{j{ 2’ "« These types of mixers depend on the motion of a blade or paddle
Ui /'-wj o

PE——

though the product, and hence the main mixing mechanism is
CONVECTION. dpdoons 1t g2 2077 s

» There are three main designs of agitator mixers:

— Ribbon mixer up-down 1

' I ‘ b G Sepe—

— Planetary (Orbital) mixer | / wsm ;;ff;d

— Nautamixer | ’li(p,wén b ool b _
Fig. 1210 R

57

Powder mixing equipment

Ribbon mixers

* Mixing is achieved by the rotation of helical blades in a cylindrical
tank.

Advantages

* Suitable for mixing of poorly flowing materials. G552 O AT s T

- .. : . . : feiduve
_}/i[”d-“ —* Segregation is less likely to occur than in tumbling mixer g gic ey Flui - Rikon 1 bl

Iin
v Disadvantages
Dead spots are difficult to eliminate.

» The shearing action caused by movement of the blades may be
insufficient to break up drug aggregates.—» o5 shering 01 -

sphesie| oo

’ e fd mLsU 6
o SN s08 S4l e s e ss g Dzl 6P = .
£V ted dparte ( D&JJSP(A— yalJl L bl bsl o (/a/ﬂ?bi@!w gxte
Corbaminaizy o > piadl €02 hoilr) e

(o A S ) i1

C;‘#\aal,wg/
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Powder mixing equipment

Kneadexr — =00l 9/*

mt X\'v\j

5752 o) planetary mixers —+0o inone < oraiciion T e
b ~—> « The rotational path of paddle is
e  Similar to that of a planet. o
e It is used: i g R
— for mixing powders and semisolids =
— Wet massing (granulation) Ckneader) s e 2
N

Qj”f o>
Js el E g
Mgy asm J

Fig. 12.11 Planetary mixer for powders and semi-solids

59
e T Container
Mixing 3 ‘
blade // \\ Rotational path
[/ \\ of blade edge
[ \ “\
(| [
Rotational path
of blade shaft
Body of mixer
Fig. 12.12 Planetary mixer - top view, showing path of paddle. 6
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Powder mixinoe eaninment

Nautamixel" =vmB ] 'J] il 1 i Ij(.in\‘n;

Containey — ] _arn

» It consists of a conical vessel that ' -
contains inside a helical conveyor |
that conveys the material up to
near the top where it cascades

back into the mass. )
* This mixer combines convective, wp-dsn |
, . o . . INE 7
¢ = shear and diffusion mixing ekl dgar
hbll'(q[ )lr @ &d Discharge
wal )
vessel ),l}i_’ Z_;/; Particles, Jyg [ {\PJ Fig. 12.13 Nautamixer (courtesy of Nautamixer Ltd)

other ;,uh’clcs J Alepvnsl'ah ) Ots‘_}’_):p—_!_v
/ \, \bides
Solid Viquid
(parttles ) (pmotednr”
dihusion b

Nautamixer
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e 9 Powder mixing equipment

N/
Fluidized bed mixers a0 in swe de o by cas

» The fluidized bed equipment is used mainly in: *
— Drying
— Granulation
— Coating

However it can be used for mixing of powders before
granulation. No ol G s o opasl B VsL LRy

Blown air fluidized and mixes the powder.

Fluidization is very efficient mixing process. pide 5 sonas

GG A $ % PeeCreShs

Diffusion of particles occur.

63

(/V\hk\'\j
W powder ||, \,p _9\>Jg Y rulc@lzarhbhw \ =YY jw\oﬁ/ | 2@ PoLA&\Cf Nﬁ}”@
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Fluidized bed mixers
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e Tty Powder mixing equipment
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_ | Continuous mixers  z.s oL o5 ki
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Scale-up of powder mixing

oI IS 2l hBSW o I

» The extent of mixing achieved at a small laboratory scale during
development work may not necessarily be mirrored when the same
formulation is mixed at a full production scale, even if the same mixer
design is used for both.

Often, mixing efficiency and the extent of mixing is improved on scale-

up owing to increased shear forces. — ¢y 4 DLITEN 2VEEN ) oo
dr "”wl&j)}zshmerL B SN 2 el Lq__._;\

» This is likely to be beneficial in most cases, although when blendlng

lubricants care is needed to avoid overlubrication.— U= a—pe 5L~
LS Y hgdaghdlc ) ¢ <= | (J'vzb)d)ﬂ I

5_@_/\0 BPWQWM/ }3 Lﬂb J!) sl Ju 4y | -
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Scale-up of powder mixing

« The optimum mixing time and conditions should therefore be ==

established and validated at a production scale, so that the —";;J;j’;t
wehd ) —appropriate degree of mixing is obtained without segregation, .l iU
r/$5sﬂ\(’a L . . . \o,{gr_,));
overlubrication or damage to component particles.

\«.Vgt, ]\r\»ﬂ«.(—\ ]
(ot e segrey Mm
* Minimum and maximum mixing times that give a satisfactory

product should be determined if appropriate, so that the
e éH_Lf.d_:.;;»u‘«'rob\iffsdtn"éhss' of the mixing process is established.
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Types of mixers used for(liquids and suspensions ) { lovy < <
e bl s, EEVPSEPP Sl Mtin S S IL 2 IS TS 5o ( SeSlEmer B3 s\ Se

Propeller (Impeller) mixers ARetion

» Three basic types of flow may be produced: radial, axial and

tangential. Sim Lol e
« Angled blades cause fluid to circulate in both an axial and a
radial direction. (Wovenes 7 ‘T“ﬂlﬁ ) ey Lo Lade 3958 o0 S|

1 JJ(‘{?;J * The ratio of the diameter of propeller to that of the vessel is
mpé <

B & 10 1:20 and it typically rotates at speeds of 1 - 20 rps.
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A C B

Ed

(]

-

FIG. 1-2. A and B. Diagrammatic representation of
cylindric tanks in which tangential and radial flow occur
respectively. C, Side view of a similar tank in which axial
flow occurs. These diagrams represent systems in which
only one type of flow occurs, in contrast to the usual situa-
tion in which two or more of these flow patterns occur
simultaneously.

N

Yy 4

NS LA AN
EALE

} i : : <~
S, L O |

' A A' . ."_ .'. ey lavsed

(A)Radial flow ~ (B)axial (C)tangential flow 69
J ey ALl ol L ost Maud 26, WA/ iy
st gy Grolf 9

wu r- Joun

Ay
00 8

B C

CD > Bedial dokial FIG. 1-3. Impeller blade types (only one blade shown), top
UPTEN -~ Cs and side views. A and B, Radial flow design: C and D,
s/ oo 4 mixed radial-axial flow design. For axial pumping, the
AN ¥ gglin) Sl Lselo blade must be set at an incline to the axis of the shaft.
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Types of mixers used for liquids and suspensions

Propeller (Impeller) mixers .
Ly pe 20 mh AL W

* A vortex forms when the centrifugal force — 0,50 :20.0 0 ¢ certehejefoec

imparted to the liquid by the propeller
blades causes it to back up around the sides

of vessel and create a depression at the
shatft.

‘ol el zpdiope—e An off-center mounting of propeller and ’

I oo . . . .
Prepelt 5 W'J,U{PgMPy vertical baffles discourage the formation of
(‘P’J(’ o;lrbo VOrteX w;hamgF‘)"ép\>;"9\3>
B39 235 (s Y 2 Viwld 3}, 0
Ay sleos

* Propellers are more efficient when they run
at high speed in liquids with low viscosity.

Deprexion  Yiuss psess

| i . 71
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Flow

|
|
|
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| - | ~
= J =]
-~ | i ! __Vertical
o [ ‘, 1 baffle
ﬁ “Vortex ;}
[
' [l
dL) e
Unbaffled tank Baffled tank

(a) (b)

Fig. 13.13 Propeller mixer with (a) unbaffled tank and
(b) baffled tank.

Types of mixers used for liquids and suspensions

we o olge
Paddle mixers &ste _anchor
* The mixing element is large in @ ®
£ & G D D)

relation to the vessel and rotates at
low speeds (10-100 rpm). ~ highviesty (-

Flowspesd [ —
=Sa| Propelles ) ﬁ
E — =
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Paddle mixers
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propeller
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Types of mixers used for liquids and suspensions

Turbine mixers

- Turbine mixers may be used for more viscous liquids than those
mixed by propeller.

- The impeller has four flat blades surrounded by perforated inner and
outer diffuser ring.

“-poEl - The rotating impeller draws the liquid into the mixer head and forces
the liquids through the perforations

- They can produce stable o \/f\SCo‘S\lD

Wesheor 50

75

L\ “ﬂ l/\ V\lSCoS\l_'_j

_ Central turbine

| sk 1+ plades

2

i-— Mesh collar, cut away
to show turbine

Gr (R S 0y HA ot
; n ofoted )

Emvlsion  ga2 e P {g?
Central aperture

Fig. 13.14 Turbine mixer. 76
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Types of mixers used for liquids and suspensions
Air jet mixers "o spesd Wit presuined oiv
Jet

» These mixers utilize jets of air or some
other gases. v, - coq.

J‘\"T
VAR WA
Wi !
2NN
» The liquid must be of low viscosity, non- \. i
e = foaming,  unreactive  with  the  gas \'.‘. f fank,
ue W& employed and reasonably nonvolatlle —s Cabieo) \idpls \
Bl ylpos Comtomie = !l
COZ/!‘/)_,(N_"“”“é Coz,uUl (5]

('cg\ )

o e, e \_Z( v
‘j""’*‘ Furbulent ey

FIG. 1-4. Vertwal
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Types of mixers used for liquids and suspensions
Fluid jet mixers

\03 PW"PW / \,'\0\\/»\5 _)\\55,\_)

* When liquids are to be pumped into a

tank for mixing, the power required
for pumping is often used to
accomplish the mixing

The fluids are pumped through a :
nozzle arranged to permit good

circulation of the material through
the tank.

Tank
Jet Mixer
It is also possible to pump the liquid
from the tank through the jet into the

tank. e 5Oyl 0/ i L

2 \op =3 ile dy
d\WV\&AV\J bwbulwl' daxb, dis
&Jol‘n
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Types of mixers used for liquids and suspensions

?owkef‘

Inline mixers (Continuous mixing)b Viquid
* In this case, mobile, miscible components are fed through an inline mixer
designed to create turbulence in a flowing fluid stream.

It can be accomplished essentially in two ways: in a tube (pipe) through
which the fluids flow,or in a chamber in which a considerable amount of
=< hold up and recirculation occur.

* Controlling the feeding rate of raw materials is necessary to ensure

uniform mixtures. A@%bﬂsﬁb Dy chock  _psle LT orn
- o= A

)

79

&(,Jo (A)C/\ab

P W

Chomber
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== il
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FIG. 1-5. Continuous fluids mixing devices. A, Baffled
pipe mixer; B, mixing chamber with flow induced recircu-
lation. |
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*On an industrial scale,
solutions are prepared in
large mixing vessels with
ports  for  mechanical
stirrers.

*When heat is desired,
thermostatically controlled
mixing tanks may be used.

FIGURE 13.1 Large-scale pharmaceutical mixing vessels.
(Courtesy of Schering Laboratories.)
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Mixing of semisolids

» Semisolids, unlike liquids and powders, do not flow easily.

* The suitable mixers must have rotating elements with narrow clearances
between them selves and the mixing vessel to avoid dead spots

82



Types of mixers for semisolids

1) Planetary mixers
2) Sigma blade mixer
3) Vessels (tanks) with counter-rotating mixing bars

» It is very difficult using primary mixers to completely disperse
powder particles in a semisolid base so that they are invisible to
the eye.

» The mix is usually subjected to the further action of a roller mill or
colloid mill, so as to 'rub out' these particles by the intense shear
generated by rollers or cones set with a very small clearance
between them. .

Fig. 13.15 Sigma blade mixer.
84
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CROSS SECTION - A TOP VIEW

FIG. 1-8. Schematic drawing of a top-loading sigma-blade
mixer with overlapping blades. The top view shows the
relationship of the counter rotating blades to the overall
geometry of the mixer.

85

Stainless steel tank, which
has counter sweep agitation and a
built-in homogenizer.

Fig.5 Large-scale manufacturing unit (Tri-mix Turboshear)
with counter-rotating mixing bars. (Courtesy of Lee Indus- 36
tries, Inc., Philipsburg, Pennsylvania.)
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