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6 Planetary Mixers

6.1 Review

Planetary mixers are mainly usedto mix medium viscousto high viscous medias, i. e.
liquids, pastes,creams,susgensionsor dry powder mixtures, which are being processed
in the chemical, pharmaceutical,cosmeticand food industry.

There are planetary mixersfor laboratory requiremers with bowl sizesfrom 2 litres up as
well as for production purposeswith more than 1250litres. Furthermore existing bowls
canbe tted with atop mounted planetary mixer asan addition.

An optimal mixing is achieved by the characteristic movemen of the mixing tool. This
moves on a circular path and at the sametime around it's own axis and in addition a
wall scraper movesalong at the sametime. This way no dead zonesexist in the mixing
bowl which resultsin guararteeing a thorough mixing even at low revolutions and little
energyneeded.This is of highestimportance for instancewith shearsensitive products.

Up to now a double planetary mixer had to be operated when the e®ectof speci ¢ shear
forceson the mixing product was needed. Today there is a cost saving alternative. A
newly deweloped mixing tool provides an optimal adjustmert of the shearforce to the
product by meansof a variable slot width.

The shearof a planetary mixer normally is not suzcient for the production of ne dis-
persedenulsions. A Rotor-Stator-System (Homogeniser)provides the necessaryforces.
The product is drawn out of the bottom valve of the mixing bowl then axially suded in
by the homogenisemand radially pressedhrough the slots of the rotor-stator-system. The
product is then pumped bad into the mixing bowl through the outside pipes.

The intensity of the shearing strain can be in°uenced by adjusting the slots and the
speed. The use of the homogenisercan be extended considerablyby adding a product
pump prior to the ertry into the bowl. The possibility of a dust-free dosageof powders
into the rotor-stator-systemalsois of advantage.

An almost cortinuousoperation is obtained by using seweral mixing bowls. While stirring
takesplacein onebowl, a secondbowl canbe emptied, cleanedand re Tled. This reduces
the operating cycle considerablysothat the production rate can be increasedor seasonal
°uctuations canbe cortrolled. In most caseghis alternative is more economicalthan the
operation of a larger mixer.

If requested,all planetary mixers can be equipped with a jacketed bowl with electric
heating, a vacuum installation and further accessories.

All macines parts in cortact with the product are normally made of stainlesssteel.
Special materials or surfacecoatings,suc as Hastelloy, Te°on, etc. are alsopossible,as
well as mixers suitable for usein explosionzones(ATEX 94/9).

The suitable electroniccortrol technology- from cortrol cabinetto fully automatic cortrol
- is also available. The standard of the madines complieswith the regulations of BG
Chemieand GMP/FD A regulations.
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6.2 Construction Types

One di®eretiates betweenthree di®eren models, up-right support construction, stand
construction and the planetary mixer with hydraulic lifting column.

Figure 45 shows the planetary mixer in it's classictrip od construction. A normal bowl
capacity rangesfrom 7 to 120litres. A typical aspect is that the bowl can be moved up
and down whereasthe mixing headwith the drive is stationary.

Figure 45: Vacuum Planetary Mixer HRV 50 in up-right support construction

With regardto the stand construction of the mixer it is possibleto move the main drive
unit, which consistsof the bowl cover, the stirrer drive and the stirrer devices,up and
down. As a rule the bowls are tted with rollers; sometimesthey are equipped with
suitable lashesfor fork lift trucks. There are three alternatives with stand mixers: the
wall stand, the °oor stand and the mobile stand. Figure 46 shows the planetary stirrer
with wall xing.

Figure 47 shaws a 120 litres planetary mixer combined with a rotor-stator-system (Ho-
mogeniser). This new construction is available for a bowl capacity of 100to appr. 1500
litres.

The lifting column of the mixer which lifts the completeheadwith drive and stirrer tools
hydraulically represems a new dewelopmen. Disadvantagesof a folded coat respectively
greaselubrication are being avoided by a dry running lifting column. A specially simple
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Figure 46: Planetary Mixer HRV-S 120in stand construction

Figure 47: Planetary Mixer HRV-K 120HO with hydraulic lifting column
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and e®ectie cleaningof the complete mixer is possiblein conmbination with the smooth
stainlesssteel surfaceof the macdine housing. It standsto reasonthat alsothe mixing
spacewhich has cortact with the product as well as the stirring tools are constructed
"easy-to-clean”. After lifting the drive headthe bowl, which is tted with rollers, canbe
moved to other parts of the site.

Thesetwo construction typesare being usedspecially with larger bowl capacitiesbecause
the bowl doesnot needlifting.

6.2.1 Product Models HR-S 2 to HR 10

The planetary mixers HR-S 2 to HR 10 are designedfor usein laboratories and small
production runs. The e®ectiv mixing volume lies approx.. between0,4 and 1,6 litres for
the planetary mixer HR-S 2 and between 2,0 and 8,0 litres for the planetary mixer HR
10.

The stainlesssteel mixing bowl of the planetary mixer HR-S 2 (seeFigure 48) is either
single or double jacketed with a volume of 2 litres. By using a glassmixing bowl, the
mixing processcan be viewed through the glassjackets which is especially advantageous
in the researt and dewelopmern eld.

Figure 48: Planetary Mixer HR-S 2
a) stainlesssteelmixing bowl, b) glassmixing bowl

The driving unit with the planetary gearis xed ontop of the mixing bowl cover. The level
adjustmert of the cover is manual; for weight equalisation purposesa courter weigh is
installed on the inside of the column. Alternativ ely the level adjustmert can be regulated
electrically by a linear drive.
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Starting with the large planetary mixing unit, all known standard mixing tools can be
usedfor stirring purposes;complete with a wall scraper made of Polyamide, Te°on or
stainlesssteel.

A double jacketed bowl can be cooled respectively heated by an external system. The
unit can alsobe equipped for vacuum operation.

The support column, °oor plate and all parts in contact with the product, with the
exceptionof the scraper, are of stainlesssteelconstruction. The bowl cover and the drive
unit are, for weight reasonsmade of aluminium.

Figure 49 shaws a 7 litre vacuum planetary mixer unit HRV 7. The bowl is xed to the

Figure 49: Vacuum Planetary Mixer HRV 7

vacuum cover by meansof a bayonet lock. An illuminated sight glass tted with a wiper
permits obsenation of the mixing process.

An especially userfriendly designof a stand constructionis shavn in gure 50. The double
jacketed, electrically heated,bowl is tted onto the stand baseplate. The completemixing
head can easily be manually lifted by meansof the guides tted with ball bearing and
a courter weigh in the stand column. A hydraulic, electrical or pneumatically operated
level adjustmert can also be provided. Figure 63 on page 84 shavs a 3 litre vacuum-
planetary mixing unit with an electric level cortrol.

The 7 litres planetary mixer is tted with a protection hood. The speedis cortrolled by
a medanical cortrol gearand not by a frequencytransformer.

A customisedbasisstandard version of the mixers { asillustrated in gure 51{ canbe
‘tted onto a mobile stainlesssteeltrolley togetherwith a 2 Itrs. vacuum planetary mixer
and an external heating/cooling system.
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Figure 50: Planetary Mixer HR-S 7

Figure 51: Vacuum Mixing Plant HRV-S 2
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6.2.2 Product Models HR 15 to HR 120

These planetary mixers are designedforemostfor usein production units, but are also
suitable as laboratory units. The available mixing capacity is betweenapprox. 3 and
100litres. Thesemixers can be constructedas classicstand versionor the more versatile
stand model. Figure 27 shows a 15| vacuum planetary mixer with homogeniseHRV 15
HO asa classicversion. Figures 45 to 47 showv designvariations.

Figure 52: Vacuum Planetary Mixer with HomogeniserHRV 15 HO

6.2.3 Product Mo dels HR-S 100 to HR-S 1250

Theseplanetary mixers are designedforemostfor usein production units. The available
mixing volume varies betweenapprax. 20 to 1000litres. These mixers are designedas
free standing mixer units, but are alsooptionally available aswall or °0or mounted units.
The free standing versionwith an integrated lifting column and a mixing bowl volume of
up to 500litres is also available.

Figure 53 shows a free standing planetary mixer. The complete drive unit is electro-
hydraulically lifted to permit the removal of the mixing bowl after termination of the
mixing process.
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Figure 53: Planetary Mixer HR-S 400 (stand construction)

6.3 Customised Designs
6.3.1 Double Planetary Mixer

Where higher shearforce ertry is required in the mixing process,a special mixing tool
(seealsochapter 6.4.4) or a double planetary mixer can be used. The special designand
position of the two mixing tools provide the necessaryshearforcesfor a free revolution
and an e®ectie mixing operation. The level of the shearingstrain is dependert upon the
rotating velocity and the clearancesdbetweenthe mixing tools.

6.3.2 Detac hable Planetary Mixer

Suitable bowls canberetro tted with a detachable planetary mixer. The planetary mixer
unit would then be attached to the certrally located bowl °ange.

6.3.3 A Combination of a Planetary and a Central Mixing Unit

In the researt and dewelopmert eld it is often of great importanceto cover the largest
possiblefunctional range with only one mixer. To adchieve this the planetary mixer can
be tted with an additional connectionfor a certral agitator shaft.

Figure 54 shaws a combination of a planetary gearwith a certral agitator shaft. On the
left is the planetary gearwith the planetary mixing tool and wall scraper, the certrally
located drive spigot for the agitator is clearly visible.
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Figure 54: Planetary Gear with ConnectionProvision for a Certral Agitator Shaft

The Figure on the right shavs the sameplanetary gear unit with a connectedcertral
agitator shaft. A high-speeddissoler plate senesas mixing device.

The madines in the following illustration were designedfor colour pigmert operation
in the printing industry. The left one shows the operating mode of a certral mixer.
The agitator shatft, dissoher plate and the pulled down mixing bowl supports are clearly
visible. The bowl is xed by meansof a tension strap (not visible in the illustration).

On the right is the samemixing unit, howewer, corverted for the operation as planetary
mixer. The bowl tting is pulled up and a 40 litre bowl is xed therein. The matching
bowl carriageholdsthe smaller15litre bowl which canalsobe operatedby this planetary
mixer by merely exchangingthe mixing deviceand the wall scraper.

Low aswell as high viscoseproducts can be processedn this mixing unit.

6.4 Mac hine Technique
6.4.1 Planetary Gear

The characteristic movemern of the planetary mixing tool is provided by the planetary
gear. The movemert courseof a speci ¢ point of the mixing tool can be seenin gure 56.
Construction of a planetary gearis shavn in gure 57.

The rotating shaft is sealedby meansof radial sealrings. For special duties additional
O-rings can be provided for gearbox seals.

6.4.2 Totally enclosed Planetary Gear

The new planetary gearis designedspeci cally for usein cortamination sensitive areas
sud as Pharmaceutical, Food and Cosmeticindustries.



6.4 Machine Tednique

77

Figure 55: Planetary Mixer with additional Certral Agitator Shaft HR-S 15-40Z

Figure 56: Plotted point of a Planetary Mixing Tool
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Figure 57: Construction of Planetary Gear

The standard designdoes not provide an absolute separationbetweenthe product area
and the transmissioninterior (see g. 57). This disadwantage is eliminated by the total
encapsulationof the planetary gear. Total enclosureis ensuredby the installation of
standard seals(seealso certrally mounted mixers) or the use of slip rings. The use of
quick-releasecouplingsallows for a quick and trouble free exdhangeof the various mixing
tools.

6.4.3 Equipmen t Design

Planetary mixers are normally tted with a variable speed adjustmert. The speedad-
justment can either be reached by a frequencycorverter or a medanical variable speed
gearbox.

The level of the mixing bowl for stand mounted planetary mixers is normally adjusted
hydraulically, howewer, a number of mixer types have the possibility of a hand or foot
operated hydraulic adjustmert.

The mixer bowl and the planetary mixer headare built asa correlatedunit to ensurethe

correct all clearancebetween mixing bowl, mixing tool and wall scraper. The scrapers

are usually of either Polyamide or Te°on and are pressedonto the bowl jacket by the

product during the mixing process,thus preverting product adhesion. A stainlesssteel

scraper can be supplied but this requiresa manual adjustmert to provide the necessary
wall clearance.
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Single or double jacketed bowls can be supplied. Jadketed bowls are usually tted with
electrical heating elemerts which heat the transfer medium (water or thermo-oils). The
temperature is cortrolled by a thermostat. By operating temperatures above 60 *C
additional insulation around the mixing bowl must be tted. Operating temperatures of
above 90 *C and up to above 200 *C require a thermo-oil as heating medium. External
heating/cooling unites or steamheating, completewith the necessarysafely precautions,
may alsobe used.

It is recommendableo install an additional heating/cooling coil in the jacket should it
be necessaryto heat or cool the product during mixing.

The temperature indication of the vesseljacket doesnot presen a problem, however, the
product temperature indication is a di®eremn matter. There are a number of possibilities,
i. e. the temperature elemen may be tted into a tube which penetratesthe inside jacket
of the bowl, or is extendedinto the bowl which then requiresthe wall scraper to be cut
out to the extent of the thermometer.

In caseof planetary mixers with homogenisetthe temperature eleme may be mounted
inside the bottom discharge of the mixing bowl asthe total product is circulated during
the homogenisingoperation.

Both descriked mounting methods have accuracyproblems. Should correct product tem-
perature cortrol during the mixing operation be essetial then the installation of a tem-
perature elemen on the mixing tool itself is the optimal method as the measuremenh
values are transferred by infrared technology; alternatively a slip ring transmitter with
higher temperaturescan be installed (seesection3.5.2, page24).

6.4.4 Mixing Tools

Figure 58 shovs somestandard planetary mixing tools.

The tting of a quick releasecoupling allows for a trouble-free changeof mixing tools to
suit the speci ¢ needof various products.

Figure 58: Standard Planetary Mixing Tools

Form F1 is often usedto stir creams,ointments and pastes,F2 for light substancesF3 for
solid substancesand powder mixtures. Form F4 is usedto processemulsionsand foams.
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The stirring tool F4 is also applicable for a double planetary mixer and sois F5, which
can be usedfor solid and viscousproducts.

The straight-arm paddle agitator F5 can be combined with the shearingframe F5.1.
This frameis xed to the mounting support for the scraper. The stirring tool will comb
through this shearingframe at ewery revolution. The result can be comparedto the
one of a double planetary mixer, whereasthe relative speed between the stirring tool
bars is lower. The value of the transferable shearforcesdependsalso on the xed slot
width and the revolutions, and this moneysaving alternative is mostly sutcient for many
applications.

The planetary stirring tool F6 is specially suitable for stirring oil-in-water-emnulsions.

Speci ¢ designscanalsobe provided in addition to the standard mixing tools application.
Figure 59 shows a helical stirrer.

Figure 59: Helical Planetary Mixing Tool
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6.5 Application Examples
6.5.1 Vacuum Laboratory Mixing Unit HRV-S 2-ex

A further dewelopmen of the vacuum mixing unit HRV-S 2 (‘gure 51) is illustrated in
Figure 60. The mixing unit is housedin a stainlesssteelcabin with two wing doors. The

Figure 60: Vacuum Laboratory Mixing Unit HRV-S 2-ex

cabinet of the Ex-zone 1 construction is located in a non Ex-proof area. Operation of
the mixing unit is only possiblewith doors closed. The large glasswindows in the doors
enablea perfect sight of the mixing processinside. The cabin interior is vernted by an
external exhaustingsystemin order to remove solvernt vapours.

The vacuum pump, the circulation thermostat and the main cortrol box as well as the
corntrol panel are located outside of the cabinet.

The special construction of the mixing unit permits the selectiwe operation of the high-
speed certral mixer or the low speed planetary mixer. The tted guide rail allows for
horizontal movemert of both mixing units. The integrated courterweight permits an easy
vertical movemern of the mixer driving gears.
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In addition, the mixing unit is tted with a simple bowl discharge device. The build-in
dischargeaid, shovn on the right sideofFigure51,which is manually operatedby meansof
athreadedspindle. This dischargeaid permits the product pasteto be dischargeddirectly
from the mixing bowl into a double chamber cartridge for which a special acceptance
devicehas beenintegrated.

6.5.2 Vacuum-Double-Planetary = Mixing Unit HRV-S 2 DP

Figure 61 shavs the Vacuum-Double-PlanetaryMixing Unit HRV-S 2 DP usedin the
production of dertal compounds.

The elewation adjustment of the mixing heard by manual meansis assistedby the instal-
lation of a courter weight housedin the support column and the carriageis mounted on
ball bearings.

Figure 61: Vacuum-Double-PlanetaryMixing Unit HRV-S 2 DP

Employed are intertwine operating mixing tools of a straight-arm agitator design. All
parts as well as the internal jacket of the bowl, which are exposedto the product, are
coatedwith polyamide.
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6.5.3 Vacuum Double Planetary Mixer HRV-S 2-4 DP

The planetary mixing unit shovn below in gure 62is tted with a double jacket glass
bowl. This bowl enablesthe product to be cooled with water and allows easyobsenation

Figure 62: Vacuum Double Planetary Mixer HRV-S 2-4 DP

of the mixing process,deally suited for developmen work.

The possibleuseof two di®eren bowl sizesallows for a wider range of applications.

6.5.4 Vacuum Planetary Mixer HRV-S 3

The vacuum planetary mixer, shovn in gure 663,is usedin the processdewelopmern of
new tooth past recipesand in trial operation. The stainlesssteelbowl, which is mounted
on the baseplate of the stand, has a volume varying between. 0,6 to 2,4 litres. An
electrically driven linear gearis installed to cortrol the level adjustmert of the madine
head.

6.5.5 Vacuum-Planatary Mixer HRV-S 7

The Vacuum-Planetary Mixer in image 64 is usedfor the production of gels. The single
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Figure 63: Vacuum Planetary Mixer HRV-S 3

Figure 64: Vacuum-Planatary Mixer HRV-S 7
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jacket bowl is xed on the stand °oor plate. The level adjustmert of the madine headis
manual. The mixing processcan be obsened through a sight glass.

The madine cover is designedfor the operation with di®eren bowl sizes,wherely only
the mixing tools and the bowl scraper have to be exchanged.

6.5.6 Planetary Mixer HR-S 25

Figure 65 shaws the stand versionof a basic planetary mixer. The 25-liter bowl is tted

Figure 65: Planetary Mixer HR-S 25

with a trolley. The height of the madine is manually adjustable.

6.5.7 Vacuum Double Planetary Mixer HRV-K 30 DP

The characteristics of the planetary mixer ( gure 66) shav the two separatedrive units,
which allow the operation of the slow rotating planetary stirrer without being dependen
on the high-speed dissoler. The two drive units have an independert variable speed
adjustmert, asrequired by the product mix.
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Figure 66: Vacuum Double Planetary Mixer HRV-K 30 DP

If selectiwe high shearforcesare required for a product mix, thesecan be provided by a
dissoler. The planetary mixing tool provideswell blendedproduct mixeseven at highest
viscosity.

The insulated jacket bowl is tted with a screw-moured electric heating elemen for the
heating media; with water as heating medium a product temperature of 90°C can be
realized. A vacuum pump for vacuum operation is provided.

The completemixing unit is designedfor easycleaning. Cablesare installed in one of the
two lifting columns.

6.5.8 Vacuum Double Planetary Mixer HRV 40-60 DP

A double planetary mixing unit is shovn in gure 67.

This unit is intended for mixers tted with 40 or 60 litre mixing bowls. The two mixing
tools interlace with ead other, wherely the straight arm model (form F5) also provides
an upwards °ow of the product. In addition a wall scraper is tted which moves the
product from the jacket to the certre of the bowl.

The planetary mixer is usedfor the production of highly viscosepastes.
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Figure 67: Vacuum Double Planetary Mixer HRV 40-60DP

6.5.9 Planetary Mixer HR-S 100

The planetary mixer show in Figure 68 is usedin the manufacture of abrasive products,
i e. mixing of powdery raw material with binding agerts and hardeners.

The helical stirrer showvn in Figure 59 on page 80 sernesas mixing tool. When lowered,
it turns slowly into the product shortly beforeclosingthe bowl, thus avoiding a product
condensationbelow the stirrer.

After nishing the mixing processthe product is being evacuateddirectly into forms by
meansof the tilting bowl. The Tled bowl can be tilted without problemsmore than 90
degreedy meansof a special manual hydraulic.

6.5.10 Double Planetary Mixer HR-S 120 DP

The Double Planetary Mixer in image 69 is usedfor mixing di®erern dry substances.

The mixer aswell asthe matching mixing bowl is movable. The bowl is xed by a special
device which guararteesthat it is at the right place at all times, which is important,
becausethe mixing tools are adjusted to the bowl and operate in a preciseand wall-
adjacent method.

The bowl can be removed from the mixing unit by operating a °oor switch.

Two interlocking straight arm agitators mix the dry substances A circulating wall scraper
preverts the product to stick to the wall.
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Figure 68: Planetary Mixer HR-S 100 with tiltable Mixing Bowl
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Figure 69: Doppelplaneten#érwerk HR-S 120 DP

The cortrol technique, which is integrated in the control cabinet, enablesthe projecting
of di®eren processparametersand the courseof a xed mixing processand is operated
by a touch panel.

6.5.11 Vacuum-Planetary Mixing Unit with Homogeniser HRV-S 500 HO

This mixer is designedfor usein the manufacture of biologically based cosmetics(see
"g. 70). The designallows for vacuum operation, an inline homogeniserand an infrared
product temperature transmitter.

The mixer is of free standing, °0or mounted designadditionally tted with wall mourting
support installations. The electrically heatedjacketed bowl is xed to the baseplate.

6.5.12 Vacuum-/Pressure Planetary Mixer Unit HRVD-K 700 HO

The mixer unit shovn in "g. 71 can be operated either under vacuum or pressure. The
elewation of the mixing head is hydraulically adjustable. The lifting carriage support
column is non-lubricated (dry-running). Three CIP sprinkler headsare mounted on the
bowl cover which considerablyeasethe internal bowl! cleaningoperation, further assistance
is provided by circulating the cleaning°uid with the homogeniser.
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Figure 70: Vacuum-Planetary Mixing Unit with HomogeniseHHRV-S 500 HO

Figure 71: Vacuum-/PressurePlanetary Mixer Unit HRVD-K 700HO with Homogeniser
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6.5.13 Double Planetary Mixer HR-S 1000 DP

The double planetary mixer HR-S 1000DP, as shovn in "gure 72, is being usedby the
pharmaceuticalindustry for mixing predominartly dry substances.Special emphasishas
beenplacedon an easycleaningof the mixing unit. Furthermore, CIP-spraying headsare
“xed to the bowl hood.

The mixing unit is tted with two singlejacketedbowls, which allow virtually a cortinuous
operation. The bowls aretransported by a specialbowl carriage,which may, if sorequired,
be tted with a lifting/tilting device.

Figure 72: Double Planetary Mixer HR-S 1000DP



