
Mixing eHandbook

Avoid 
  Mixing 
 Mix-ups



  2    

Consider More Than Static Mixers 6
A number of technologies can handle pipeline mixing

Improve Hydrogenation Reactions 9
Enhancements in mixing technology allow greater conversion rates and thus  
better space/time yields

Continuous Powder Wetting Ups Production 15
Modern inline mixing systems offer numerous advantages over conventional 
batch processes

Mix it Up 20
Modern in-line mixers are more versatile, modular units that meet changing demands

Additional Resources 23

Table of Contents

Product Release
Wet Grinder Withstands Abrasive Materials 4



  3    

www.ikausa.com


  4    

        

Wet Grinder Withstands Abrasive Materials
Handles large lumps at high flow capacities for heavy duty applications

THe Model 10 x 6 Megagrinder reportedly satisfies requirements for a more efficient wet grinder 
that can handle lumps as large as 4 in. (10 cm) at flow capacities upwards of 500 gpm (100 m3ph).  
Designed and built with six rows of heavy-duty heat-treated 17-4 PH teeth that mesh with the three 
rows of teeth on the unique three-prong helical impeller at a tooth/tooth tolerance of 0.030 in. (0.78 
mm), the grinder rips, shreds, hammers and disintegrates grindable materials until they are small 
enough to exit through the small openings in the discharge grid plates. The surrounding volute  
allows for the pumping flow to exit through the discharge grid holes and then be pumped against  
as high as 80 ft of head. 

Using hardened materials for the impeller and stationary teeth on the pump chamber liner enables the grinder to with-
stand the abrasive nature of chemical slurries. An oil-lubricated ductile iron cast and machined bearing housing with heavy-
duty support designed to meet requirements of the pulp and paper industry, backs up the heavy-duty grinding chamber. 
Heavy-duty cartridge type double mechanical seals, along with oil-bearing isolators suit offshore oil drilling applications. 

The Megagrinder has a 10-in. inlet and a 6-in. diameter outlet. Power requirements vary from as low as 25 hp at 950 rpm 
to 125 hp at 1,200 and 1,800 rpm.  Electric motors are specified based on the requirements of the specific industry group.

Arde Barinco, Inc.  •  201-768-6070  •  http://goo.gl/U0BsGT
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Bematek’s New Benchtop 
Laboratory Colloid Mill 

The wet milling community has long dreamed of a true benchtop colloid mill that produces scalable 
results. Previous efforts to solve this difficult engineering task have resulted in bulky and heavy colloid 
mills that produced non-scalable results. At long last, Bematek has stepped forward to fill this need with its 
new and innovative Model CBT-50-PB laboratory colloid mill. 

The Model CBT-50-PB is an accurately scaled-down version of the highly 
regarded Bematek production size colloid mills that fits comfortably on a 
standard-size laboratory bench and operates from standard laboratory 
electrical outlets. The truly innovative design retains all of the outstanding 
features that have set the Bematek production size colloid mill apart from 
its competition. This unique colloid mill, with its minimal hold-up volume 
milling chamber consisting of just a few components, provides precise 
scale-up of laboratory results to Bematek’s production size colloid mills, 
making the CBT-50-PB and related models an ideal R&D tool for the 
development of new products. These same features also make the 
CBT-50-PB well suited for small-volume production applications. 

To enhance the versatility of the CBT-50-PB colloid mills, Bematek 
offers a wide range of inlet/outlet accessories. These include various 
inlet/outlet adapters to allow connection of the colloid mill to other 
laboratory equipment, such as feed pumps. Also, small-volume feed 
hoppers and all of the required fittings 
and valves to configure a self-contained 
processing system are readily available 
from Bematek. 

The CBT-50-PB measures only 26 x 13 x 14 inches and weighs just 
75 pounds with a 1 hp motor and a built-in VFD motor speed controller. 
The milling chamber is fitted with either ¾” or 1” industry-standard quick 
clamp I/O fittings, and it has a hold-up volume of less than 50 ml. The 
conical rotor/stator set has a gap that is adjustable from 0.001 to 
0.090 inches while the mill is in operation, and the rotor speed is 
typically 5000 fpm at 60Hz. The motor and the milling head are connected via an ultra-smooth and 
quiet v-belt drive, and the VFD motor speed controller is operated with a panel-mounted user keypad. 

The many standard options for the CBT-50-PB make it 
easy to configure the mill perfectly for the intended 
application. Bematek’s experienced application engineers 
can help you select the optimum construction materials, 
rotor/stator type, inlet/outlet accessories, motor size (up 
to 3 hp) and motor speed controller (internal or remote 
mounted). Because of its Modular Engineered Design, 
these various options are easily installed in just a matter 
of minutes without any special tools. 

For more information: visit www.Bematek.com, call 978-744-5816 or e-mail Bematek@Bematek.com  

www.bematek.com
www.bematek.com
mailto:Bematek@Bematek.com
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Consider More Than Static Mixers
A number of technologies can handle pipeline mixing

THe TeRM “pipeline mixing” covers mixing of 
materials in a flowing line downstream of a junc-
tion. The mixing may involve miscible liquids, 
immiscible liquids and multi-phase mixtures. 
Options include just letting materials mingle 
naturally, using pipe fittings to spur contact, and 
installing static mixers, spray nozzles or spargers. 
Static mixers now dominate pipeline mixing — 
but that doesn’t mean they’re always the  
best choice.

Let’s consider a recent case that involved 
choosing a better pipeline mixer for a liquid/liquid 
service that included mixing both miscible and 
immiscible liquids.

This application has two mixing steps: 1) mix-
ing two miscible liquid reactants; and 2) adding 
the reactants to an immiscible liquid catalyst. 
Some reactions take place at the interface. Others 
occur inside the catalyst phase after the reactants 
dissolve into the catalyst. The catalyst-to-reactants 
ratio is roughly 1:1 by volume; the catalyst has the 
same volume as the total reactants in the system. 
Neither the reactant phase nor the catalyst phase 
is well defined as either a continuous phase or a 
discontinuous phase.

The idea was to improve yields by more-
thorough reactant/reactant and reactants/catalyst 
mixing. This would increase inter-phase surface 
area, which would help both types of reaction 
mechanisms. The current setup relies on a simple 
pipe junction upstream of the reactors. We evalu-
ated a spray nozzle, a sparger and a static mixer as 
a possible replacement.

Conventional spray nozzles accelerate a liquid 
to create a jet. The liquid then breaks up into 
smaller droplets. The major types of spray nozzles 
that might be used here are based on (1) rotating 
flow in a chamber that exits 90° from the liquid 
inlet, (2) swirl imparted by an internal vane or (3) 
a narrow stream cut by a spiral blade (pig tail).

These nozzles form droplets primarily through 
a combination of liquid ligament breakup and slic-
ing of liquid sheets leaving the nozzle. Both mech-
anisms vary with liquid velocity, surface tension 
between phases and other physical properties. Jet 
instability is a key factor in making lots of drops. 
The little data available show most mixing velocity 
is shed within 12 in. to 18 in. of the nozzle. No 
significant droplet formation occurs because the 
original liquid ligaments or sheets don’t form.
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A sparger is a pipe with multiple holes that cre-
ate a pressure drop forcing flow to distribute across 
the holes. (This pressure drop only is imposed on 
the liquid being injected, not the entire stream.) 
With the sparger installed into the main line, the 
injected flow of one stream would enter the second 
stream. The sparger could be aligned either across 
a larger pipe (at 90°) or along the same flow line as 
the larger pipe.

As with a spray nozzle, enhanced liquid mixing 
comes from local turbulence created by injecting 
a high velocity liquid into a second liquid. The 
mixing is likely at least as good as that of a spray 
nozzle. Design and installation of a liquid sparger 
typically is both cheaper and simpler.

Static mixers have become dominant for good 
reason. They use vanes or blades as elements. This 
enables mixing to occur at relatively low pressure 
drop, as little as 10% or 20% that of a sparger. The 
only potential downsides are that a static mixer often 
requires a longer straight pipe run for installation 
and pressure drop is applied to the entire stream.

Overall, the sparger and the static mixer are 
the best technical choices. Both have proven track 

records. In contrast, the spray nozzle, which is 
designed for liquid injection into gas, rarely is used 
in liquid/liquid services and should be avoided.

Despite this, the plant has opted for spray-noz-
zle injection for both mixing tasks. It considered 
spray nozzles proven technology because they have 
been used in this process by other plants. Here, 
though, hydraulic constraints limit the pressure 
drop to a fraction of that at other units; so results 
may not be as good.

Not agreeing with a decision doesn’t free an 
engineer of the responsibility to help the site derive 
the most benefit possible from its choice. So, we 
recommended use of pig-tail-type nozzles. These 
mechanically “cut” a solid liquid stream into sheets 
but don’t form as uniform droplets as the other 
types in conventional services. However, their 
mechanical design is guaranteed to at least do 
something. The cutting action will improve liquid/
liquid mixing somewhat. Also, the cutting edge 
acts as a minor mixing element in its own right. 
 
ANdReW Sloley, Contributing Editor

ASloley@putman.net

mailto:ASloley@putman.net
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Representative Machines
• Agitated Nutsche Filters 
• Basket Centrifuges
• Double Cone Dryers 
• Glass Alloy and Stainless Steel 

Reactors

• Hastelloy Reactors
• Heat Exchangers
• Inverting Filter Centrifuges
• Kilo Lab Process Trains and 

Reactors
• Stainless Steel Storage Tanks

• Stainless Reactors
• Vacuum Shelf Dryers
• Rotary Vacuum Dryers

Contact Us At 1.877.503.9745 or  
by Email at chemical@fedequip.com to get a Fast Quote.  
View Our Entire Inventory Online at www.fedequip.com

877.503.9745 

chemical@fedequip.com

 www.fedequip.com

When you think equipment, think Federal Equipment

Pharmaceutical, Chemical, and Plastics Manufacturing Equipment

With more than 50-years experience 
in the equipment industry, Federal 
Equipment Company serves the chemical, 
pharmaceutical, plastics, and related 
process industries.

We provide:
• Quality used equipment
• Outstanding service
• Competitive prices 

Major markets served include: 
• API
• Speciality and fine chemical
• Bulk chemical
• Pharmaceutical and biopharmaceutical, 

including solid dose, liquids, powders, 
aseptic filling, and packaging 

Go to fedequip.com and check out the 
latest additions to our inventory.

We are Your Source for 
Pfizer Surplus Equipment

30” x 18” Ametek Centrifuge Hastelloy C-276 
Federal Equipment Item #: 24980

1500 Gal LEE Reactor, Hastelloy C22
Federal Equipment Item #: 38605

8200 Bessemer Ave. • Cleveland, Ohio 44127 • T (877) 503-9745 
www.fedequip.com • chemical@fedequip.com

www.fedequip.com
mailto:chemical@fedequip.com
mailto:chemical@fedequip.com
mailto:chemical@fedequip.com
www.fedequip.com
www.fedequip.com
www.fedequip.com
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Improve Hydrogenation Reactions
Enhancements in mixing technology allow greater conversion rates and thus  
better space/time yields

By Werner Himmelsbach, EKATO RMT

NUMeRoUS GAS/lIqUId reactions, which 
are often used to synthesize specialty chemicals, 
take place under mass transfer limited conditions. 
Improvements in mixing technology allow greater 
conversion rates and thus better space/time yields, 
and usually with better product quality as well.  
Such reactors and agitator systems will now be 
described using the hydrogenation process as an 
example. The corresponding insights also apply to 
many other reactions with technically relevant gases. 

Hydrogenations are frequently encountered  
reactions in the chemical and pharmaceutical  
industries. As the name implies, they use hydrogen  
as a reaction partner. Examples include:

•	 Reduction	of	nitro	compounds	to	amines.	
•	 Conversion	of	multiple	carbon	bonds	to	 

 single bonds. 
•	 Reduction	of	carbonyls	and	nitriles	to	alcohols		

 and amines.
These reactions are generally carried out as 

heterogeneously catalyzed processes. Commonly 
used catalysts are palladium on activated carbon 
(alternatively platinum, rhodium, ruthenium or 
cobalt)	and	Raney	nickel.	The	process	conditions	
vary over a very wide range, depending on the 
specific reaction. The typical pressure range lies 
between a slight positive pressure of 1–2 bar and up 
to more than 100 bar, the temperatures range from 

30–350°C.	Reaction	enthalpies	can	be	very	high.	
These operating conditions and the handling of 
hydrogen and catalysts, some of which are self-ignit-
ing in air, present demanding requirements for the 
reactor system and particularly for the mechanical 
seal. The mixing system has the task of suspending 
the catalyst, intensifying gas/liquid mass transfer, 
recirculating unconsumed hydrogen and removing 
the heat evolved during the reaction. In continu-
ously operated systems there is an additional task of 
ensuring fast contact between the educt stream and 
the hydrogen-loaded catalyst.

SeqUeNCe ReACTIoN

The mechanism of a heterogeneously catalyzed  
gas/liquid reaction follows always the same scheme. 
The actual chemical reaction takes place on the 
porous surface of the catalyst. But before this can 
happen, the following transport steps must take 
place (Figure 1):

•	 Transfer	of	hydrogen	from	the	gas	phase	into		
 the liquid phase. The volumetric mass flux of  
 hydrogen is:

                        m ·   = kL · a · (c*– c)
If the reaction is sufficiently fast, this step can 

be decisively influenced by the dispersion system, 
particularly by the specific interfacial area. 

•	 Convective transport of the educts to the catalyst. 
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•	 Diffusion of the educts through the boundary  
 layer to the catalyst. 

•	 Diffusion of the educts into the pores of the  
 catalyst.  

•	 Chemisorption or physisorption of the educts 
 onto the surface of the catalyst. 

•	 Surface reactions, e.g. following the Langmuir- 
	 Hinshelwood	or	Eley-Rideal	mechanisms.	

•	 Desorption of the products (accelerated by the  
 heat released by very exothermic reactions). 

•	 Diffusion of the products out of the catalyst pores. 
•	 Diffusion of the products through the  

 boundary layer. 
•	 Convective transport of the products.

The reaction rates of slow reactions are governed 
by the reaction kinetics of the respective material and 
catalyst systems, which cannot be influenced by mixing 
technology in most cases. Fast reactions, like the afore-
mentioned reduction of nitro-compounds, are usually 
limited by mass transfer from the gas phase into the 
liquid phase. A fast reaction sequence is thus not only 
desirable in order to maximize the space/time yields: 
insufficient mass transfer and the associated depletion 
of hydrogen at the surface of the catalyst can also lead 
to undesirable side reactions with a low selectivity. 
Therefore, the agitator/reactor system must provide the 
maximum power for the transfer of mass and heat.

HydRoGeNATIoN IN MIxING VeSSelS

Mixing vessels are the most cost-effective and sim-
plest reactor design that can also be easily adapted to 
different reaction conditions in multi-purpose equip-
ment. However, the simplest version with external 
half-pipe coils has only limited cooling capacity, 
which limits its application range to slow reactions 
with a small reaction enthalpy. More demanding re-
quirements can be fulfilled with the modified mixing 
vessel described below.

Different types of gassing systems for such reactors 
are shown in Figure 2. These include: 

•	 Feed of hydrogen into the head-space, aspiration  
 via surface eddies and the vortex: this method  
 is inefficient owing to the ever smaller surface/ 
 volume ratio in larger vessels and is thus only  
 sufficient in very slow reactions. 

•	 Feed of hydrogen into the head-space, aspiration  
 and dispersing via a self-aspirating impeller, e.g.  

Figure 1. A simplified transport mechanism is used for  
catalytic hydrogenation.

TRANSPoRT STePS

H2, Gas

H2 HX-YH

X=Y Y H
HX

Catalyst
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 the Ekato Gasjet. The gas flow rate can be varied  
 with the impeller speed. The system is easy to  
 operate and higher mass transfer rates are  
 possible. 

•	 Feed of hydrogen beneath a gassing impeller  
 (e.g. Ekato Phasejet). High mass transfer rates  
	 are	possible.	To	prevent	the	feed	of	fresh	gas		
 being affected by pressure building up in the  
 reactor, unreacted hydrogen must be recirculated  
 from the headspace via an external pipe and a  
 fan. This solution, however, is unsatisfactory  
 from the production engineering point of view. 

•	 Feed of hydrogen beneath a primary gassing  
 impeller (Phasejet) and recirculation of unre 
 acted hydrogen using a self-aspirating Gasjet.  
 Process management of this combination is  
 simple. This provides the highest mass transfer  
 rates among the different industrially available  
 gas/liquid contact equipment. 

looP ReACToR ASPeCTS

In a loop reactor, the hydrogen is sucked into the cir-
culating reaction mixture through an injector. Heat 
is removed via an external heat exchanger. This reac-
tor provides the following operating characteristics: 

•	 Delayed removal of heat via the external heat  
 exchanger may lead to local overheating and  
 thus to a lower selectivity.

•	 After efficient mass transfer in the jet, hydrogen  
 depletes during the relatively long recirculation  
 period (byproducts, inactivation of the catalyst).

•	 Large spatial requirements, complicated  
 constructive measures to compensate thermal  

Figure 2. There are many different types of gassing in agitated reactors.

GASSING SySTeMS

       H2        H2

 Surface gassing 

External gassing with
external recirculation

Self-aspirating

External gassing with
internal recirculation

       H2        H2
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 expansion between the reactor and the heat  
 exchanger.

•	 The pump requires a shaft seal for  
 catalyst-containing products.

CoMPACT HIGH PeRFoRMANCe GAS/lIqUId 

ReACToR 

Figure 3 shows the aforementioned efficient combi-
nation of external gassing with internal gas recircu-
lation in a compact high performance reactor. The 
necessary heat removal — the second limiting factor 
in fast and extremely exothermic hydrogenation reac-
tions  — is achieved with an internal tube bundle or 
a plate heat exchanger. 

Fluids can flow unhindered through tube bundle 
heat exchangers, in particular. They represent a good 
compromise between the achievable internal heat 
transfer surface area, influence of flow regimes and 
capital outlay. This gives rise to the following favorable 
operating characteristics: 

•	 The evolved heat is removed where it arises with 
 out local overheating, thus providing high  
 selectivity.

•	 As a consequence of the short blend times, no  
 zones with hydrogen depletion, thus conserving  
 the catalyst and fewer byproducts.

•	 Shaft seal in the head space.

oPeRATING RelIABIlITy

Hydrogen has wide explosion limits. Hydrogen/air 
mixtures with a concentration range of 4–75 vol.-% 
hydrogen can be ignited. Furthermore, hydrogen 
is highly diffusive, which means that the entire ap-
paratus must be absolutely gas tight. High pressures 
often necessitate special metal seals for all detachable 
connections. 

The shaft seal of the agitator is particularly critical. 
Double- or triple-acting mechanical seals may have to 

Figure 3. The reactor provides an efficient combination of 
external gassing with internal gassing circulation.

HIGH PeRFoRMANCe GASSING ReACToR

              Educt

FIC

PIC

Mechanical seal or 
magnetic drive

Internal gas  
recirculation

Hollow shaft

Tube bundle or plate 
heat exchanger

Self-aspirating 
turbine

Primary disperser

H2
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be used, depending on the operating pressure. Mod-
ern triple-acting mechanical seals with an installed 
pressure splitter can still operate reliably at pressures 
of up to 200 bar. 

Due to the dangerous nature of many process me-
dia, the design of processing equipment must include 
adequate monitoring systems for the mechanical seals 
to guarantee their reliable operation. 

If media with an extremely high hazard potential 
are involved in the process, magnetic drives can be 
used so that the vessel can be hermetically sealed 
using only static seals. Mechanical seals are then also 
used to seal the bearings against the product side of 
the vessel. 

exTeRNAl CoNdeNSATIoN 

Some reactions afford gaseous or vaporous byprod-
ucts, e.g. water. These include both gassed (e.g. 
amination reactions) and ungassed (e.g. esterification) 
processes. 

Because esterification is an equilibrium reaction, 
water (one of the products) has to be removed from 
the reaction mixture to maximize both the yield 
and the reaction rate. This is particularly important 
towards the end of the reaction when the reaction 
mixture is already depleted in educts and small 
water fractions hinder the ongoing reaction due to 
the Law of Mass Action. Although these reactions 
are generally carried out above the boiling point of 
water, removal of water from the reaction mixture 
can be accelerated by means of an inert carrier gas 
(e.g. nitrogen). With conventional process engineer-
ing, the water enriched carrier gas is withdrawn from 

the headspace of the vessel and passed through an 
external condenser to remove the water. The gas is 
then blown back into the reaction mixture with a fan. 
However, this is associated with additional capital 
outlay and maintenance costs for the gas recirculation 
unit. 

Alternatively, a self-aspirating agitator can carry 
out the function of the fan. In this case, the gas is not 
fed directly from the headspace back into the liquid, 
but is passed through an external condenser to purify 
it. Back-mixing with the unpurified gas mixture in 
the headspace is avoided by feeding the gas back into 
the reactor using a dip tube flanged under the agita-
tor housing and concentrically about the shaft. This 
separates the returned purified gas from the head-
space of the vessel. The self aspirating turbine  
recirculates the carrier gas out of the dip tube and 
into the liquid. If the waste gas cannot be liquefied,  
a different separating principle can be used instead  
of a condenser, e.g. a gas scrubber. 

GAS/lIqUId ReACTIoNS eNHANCeMeNT

Gas/liquid reactions are often limited by physical 
parameters	such	as	mass	or	heat	transfer.	Reduced	
conversion rates and hence reduced productivities as 
well as increased byproduct formation are the conse-
quences. State-of-the-art mixing technology with a 
combined gassing mixing system can overcome such 
limitations and contribute to an increased profitabil-
ity of the process. 

WeRNeR HIMMelSBACH is Vice President, R&D for Ekato 

RMT. Email him at werner.himmelsbach@ekato.com.   

mailto:werner.himmelsbach@ekato.com
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Continuous Powder Wetting Ups Production
Modern inline mixing systems offer numerous advantages over conventional batch processes
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VeSSelS WITH stirrers are often used to achieve a 
homogenous mixture of solids and liquids. Industrial 
systems comprise a number of vessels, mixers and periph-
erals. Despite modern stirrer geometry and the possibility 
of increasing the speed of the mixer tools if required, the 
same problems always occur with batch systems, prevent-
ing a harmonious marriage of “solid and liquid.”

Even with modern stirrers, ensuring a long-lasting, 
high-quality mix is a huge challenge. “Open” batch 
operation encourages the formation of agglomerates 
and dust. As a consequence, solid particles which have 
not been successfully mixed in are found on the stirrer 
shaft, vessel wall or vessel lid. This not only increases 
cleaning costs between the processing of different 
batches, but also prevents production of a mix of 
uniform quality. If air is used as a delivery medium for 
the solid, the possibility exists of unwanted air being 
entrained into the mix. Dust and solvent emissions are 
a problem from the point of view of workplace safety, as 
they present a potential health risk to employees.

It also can be financially attractive to look for alter-
natives to conventional batch process. Depending on 
the type of operation, some product components may 
be “treated” more than actually necessary in a batch 
process,	others	less.	To	obtain	satisfactory	product	qual-
ity over the batch as a whole, lengthy mixing and/or 
dispersion is required. This increases energy consump-
tion and produces significant heat in the products. 

For all these reasons, modern continuous powder 
wetting systems are seen as increasingly attractive, even 
for relatively small quantities.

SolId ANd lIqUId CoNjoIN 

Modern inline systems overcome the disadvantages of 
conventional batch processes. IKA MHD plant, for 
example, operates as a continuous process (Figure 1). 
Its name comes from the functions it performs: mixing, 
homogenization and dispersing of solid and liquid 
phases in a single pass. 

In an MHD mixing and dispersing machine, the 
product components are dosed in the correct proportions, 
then mixed, dispersed and discharged (Figure 2). Dosage of 

Figure 1. The IKA MHD plant operates as a continuous pro-
cess when mixing liquids and solids.

MIxING, HoMoGeNIzING, dISPeRSING



the solid in simple cases is via a volumetric dosage device. 
Here, dosage is dependent on the volume introduced per unit 
of time and remains constant for the same bulk density and 
uniform filling of the dosage hopper. 

If greater accuracy is required or complex sub-
stances are to be input, gravimetric dosage is used. The 
various solids and dosage quantities are weighed on 
scales and compared with the pre-determined requisite 
amounts. Any discrepancies are automatically adjusted 
via a controlled drive. Changes in the bulk weight or 
material properties do not affect the dosage result. 
Consequently, concentration accuracies within 0.5% by 
mass or better can be achieved. The slightly higher dos-
age cost is offset several times over. On the one hand, 
only small reservoir capacities are required and, on the 
other, no additional mixing machines are necessary.

MIxING, HoMoGeNIzING, dISPeRSING

While the solid is fed into the MHD from above 
(Figure 3), the liquid component of the mixture is 
introduced into the processing chamber at the side, 
for example by means of a pump. The liquid is sepa-
rated into a large number of individual streams in a 
special drum by means of a perforated injector nozzle 
and injected into a pre-mixing chamber. Gravity 
conveys the solid on to the spiral blades of a conveyor 
screw operating vertically downwards and feeding the 
solid into the mixing chamber, where it also acts as a 
“sluice gate”.

The design of the MHD module prevents splashes 
of liquid from reaching the solid inlet area, thus reli-
ably preventing lumps from forming and ensuring 
that no problems occur with feeding the solid into 
the machine.

The phases come together in the pre-mixing 
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Figure 3. The solid is fed into the MHD from above, and 
the liquid component of the mixture is introduced into the 
processing chamber at the side.

PlANT FloW dIAGRAM

Figure 2. The module mixes, homogenizes and disperses 
solid and liquid phases in a single pass.

CoNTINUoUS PRoCeSS

Solids Inlet

 Liquids Inlet

 Outlet



chamber and are mixed efficiently by means of a special 
mixing tool. The multipart, high-speed mixing tool 
creates a highly turbulent flow in the mixing chamber 
and thus results in optimum wetting and mixing of the 
solid particles (Figure 4).

Up to three rotor-stator tool systems can be used 
in the bottom section of the mixing chamber in order 
to disperse the pre-wetted mixture finely or to break it 
down wet. Depending on the initial materials, very fine 
suspensions can thus be produced continuously in a 
single pass. The product leaves the processing chamber 
through the discharge outlet, where a delivery pressure 
of up to 2 bar can be created.

HIGHeR SolId INPUT

Depending on the product, up to 80% solid content 
can be input in a single pass. The MHD can produce 

anything from high viscosity products to pastes in 
the 50,000 mPas range. As the product only passes 
through the machine once, only a small amount of 
heat is generated and the product has only a short 
residence time in the machine. This is particularly 
important in the case of reactive processes and rapid 
increases in viscosity. The particle sizes in the suspen-
sions produced by the MHD 2000 (Figure 5) depend 
on the initial materials and are frequently in the range 
approximately 10 to 100 µm.

INCReASe IN VeRSATIlITy

MHD machines suitable for sterile conditions are 
available for use in the food industry. The design 
and easy-to-clean components have 3A certification. 
On request, the MHD system can be supplied with 
silo, big-bag or sack emptying units or as a complete 
production line with all associated powder or storage 
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Figure 4. The multipart, high-speed mixing tool creates a 
highly turbulent flow in the mixing chamber.

Figure 5. The IKA MHD 2000/30 machine enables a number 
of different molecules suited for the liquid phase, including 
water, oils, kerosene and alcohols.

SeCTIoN VIeW oF MHd MACHINe

lIqUId PHASe



containers, pipe work and heating/cooling equipment. 
A full measurement and control system for automatic 
operation can also be supplied. The level of automation 
can be adapted to suit all requirements, from simple 
manual operation to a fully automated system.

VAST oPTIoNS

MHD systems cover a broad range of applications. Sec-
tors where they are used include the chemicals, cosmetics 
and food industries. Continuous, proportional quantity 
mixing is suitable for a great many initial products. 

The following products are suitable for the liquid 
phase: water, oils, resins, kerosene, alcohols, liquid 
polymers, low to high viscosity dispersions, molten 
urea, syrup or solvents. The following solids can be 
mixed with the fluid in each case: starch products, 
Carbopol, Aerosil, nuts, ammonium sulfate, alumi-

num oxide, spice powder, talcum, mineral pigments, 
coating products, reactive powder, polyamide fibers, 
thickeners, cellulose, fuller’s earth, carbon black, 
pectin, pellets, etc. 

Suspensions with concentrations of 50% alumi-
num silicate, for example, can be produced in a con-
tinuous process. In the bleaching process used in the 
preparation of vegetable oils, the oil and the fuller’s 
earth are combined in a single pass in the IKA MHD 
2000 machine (Figure 5). 
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Figure 6. Polymer-modified bitumen can be produced by the 
MHD plant, which is used for the construction of roads and 
high-quality roofing membranes.

POLYMER-MODIFIED BITUMEN

Liquid Bitumen

Solid Polymer (SBS)

End product Polymer-modified bitumen for road building

Supplied as Complete plant for the continuous production 
of 35,000 kg/h of polymer-modified bitumen

INdUSTRy: PeTRoCHeMICAlS / RoAd BUIldING

• Efficient energy input

• Machine-guided product flow

• Variable, multi-stage rotor/stator systems

• Narrow particle size distribution and good reproducibility

• Compact

• Flexible production quantities

• No dust and solvent emissions

• Easy cleaning

• Reliable scale-up

• Ideal for relatively large production volumes

AdVANTAGeS oF CoNTINUoUS oVeR  
BATCH PRoCeSSeS



A modified version of the MHD plant is used 
successfully in the production of polymer-modified 
bitumen (Figure 6). Here a polymer (generally styrene-
butadiene-styrene) is added to the liquid bitumen 
which has been heated to approximately 180°C. The 
end product is used in the construction of roads and 
airport runways and also is in demand for high-quality 
roofing and waterproofing membranes.

ScALE-UP cAPABILITY

In times of increasingly short product cycles, efficient 
scale-up is ever more important. Scaling up new pro-
cesses to the required manufacturing level has become 
one of the key disciplines in process engineering. 
Already at laboratory level, IKA pilot plants (Figure 
7) give a realistic idea of the planned manufacturing 
plant, as the design is the same as that of the subse-
quent production-scale machinery and plant. 

At the same time, IKA magic LAB (Figure 8), 
LABOR-PILOT	and	PROCESS-PILOT	help	in	selec-
tion of the process technology to be used in each case. 
Interchangeable modules enable a wide range of process 
techniques to be used in response to actual requirements 
and formulations. The IKA pilots allow machine and 
plant sizes and the associated energy requirements to be 
defined. The required raw material quality and quantity 
can also be determined precisely at laboratory level. 

And the most important question of all can be an-
swered before scaling up: what quality characteristics 
should and must the end product possess? From the 
start, this gives project planners maximum certainty 
in planning and achieving a fully professional mix 
quality.  

IKA- WORKS, INc., based in Wilmington, N.C., offers a vast 

spectrum of equipment for high shear mixing, dispersing, homog-

enizing, grinding, milling, emulsifying, size reduction and kneading 

applications. For more information, visit www.ikausa.com.
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Figure 8. IKA magic LAB with powder input module helps in 
selection of the process technology to be used in each case.

PoWdeR INPUT ModUle

Figure 7. The IKA plant, is already at laboratory level and 
has a design same to that of subsequent production-scale 
machinery.

ScALE-UP

www.ikausa.com
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TodAy’S PRoCeSSING equipment must be able 
to multi-task to earn a place in the modern produc-
tion plant. The high-shear dynamic in-line mixer is 
well-suited both for processing multiple products 
and for handling variations in the formulation or the 
raw materials of a single product. All of this may be 
accomplished in a single pass through the high-shear 
in-line mixer, as part of a continuous processing 
system.	To	further	enhance	its	versatility,	the	high-
shear in-line mixer can be fitted with casters (Figure 
1) so it is easily moved from one production line to 
another anywhere within the plant.

Some dynamic high-shear in-line mixers for the 
wet mixing and blending of emulsions, disper-
sions and mixtures feature a modular design. Such 
a design makes it possible to quickly and easily 
reconfigure the mixing head on-site in a matter 
of minutes with no special tools required. When 
offered with a variety of high-efficiency rotor and 
stator options, the modular mixing head provides 
an unsurpassed level of versatility. Such versatility 
results in significant savings in equipment costs.

MIxING oPTIoNS

A modular mixing chamber can be configured with 
anywhere from one rotor and one stator for one 
shear action zone up to the maximum number of 
mixing elements the chamber allows. This may be 
as many as seven rotors and six stators for 12 shear 
action	zones.	Regardless	of	the	configuration,	no	

changes are necessary to the external profile and 
size of the mixing head. Simply choose the re-
quired number and type of rotors and stators to be 
installed in the existing mixing chamber housing. 
For a well-designed mixing chamber, there are no 
special tools or skills required to properly assemble 
the exact rotor/stator array needed for optimum 
performance in any intended application.

By combining a properly-configured rotor/stator ar-
ray with an optional variable-frequency drive (VFD) to 
control the motor speed, it becomes a simple matter to 

Mix it Up
Modern in-line mixers are more versatile, modular units that meet changing demands

Figure 1. Casters help easily move this high-shear in-line 
mixer from one production line to another anywhere within 
the plant.

MIxING MoBIlITy
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vary the applied shear rate from very-low to ultra-high 
shear in precise increments, to provide the optimum 
shear rate conditions for each product. Such a state-of-
the-art mixer can easily be the workhorse in any diverse 
manufacturing facility.

deSIGN IT RIGHT

To	further	enhance	its	multi-tasking	versatility,	it	is	
important that the modular high-shear in-line mixer 
can be fitted with a broad range of mechanical process 
seal types and materials and with whatever inlet/
outlet connections may be required. This ensures that 

the mechanical seal performs effectively regardless of 
the specific product being processed and that the in-
line mixer can be easily connected into any existing 
piping layouts. Again, a properly designed dynamic 
in-line mixer will permit all of these various configu-
rations to be implemented on-site in just minutes 
without any special tools and without any external 
modifications to the existing mixing head.  

BeMATeK, based in Salem, Mass., manufactures multi-shear 

in-line wet mixers and colloid mills. For more information, visit 

www.bematek.com.

Figure 2. Modular mixing heads and a variety of port options offer numerous configurations for optimal performance.

VeRSATIlITy

www.bematek.com
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High performance solutions with quick ROI
n Process review and upgrade analysis 
n Scale-up capabilities 
n Complete engineering package 
n Process solution with guaranteed results

YOUR FAST LANE TO PRODUCTION  
COMPLETE HYDROGENATION PLANTS

EKATO your one-stop source for complete process solutions!
Phone +1 201 825 4684 / hydrogenation@ekato.com / www.ekato.com

EKATO Corporation · 48 Spruce Street · Oakland NJ 07436 · United States 

http://www.ekato.com
http://www.ekato.com
http://www.ekato.com
mailto:hydrogenation@ekato.com
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eHandbooks 
Check out our vast library of past eHandbooks that offer a wealth of 
information on a single topic, aimed at providing best practices, key 
trends, developments and successful applications to help make your 
facilities as efficient, safe, environmentally friendly and economically 
competitive as possible.  
 

Upcoming and 
On Demand Webinars 
Tap into expert knowledge. Chemical Processing editors and industry ex-
perts delve into hot topics challenging the chemical processing industry 
today while providing insights and practical guidance. Each of these 
free webinars feature a live Q&A session and lasts 60 minutes.
 
 

White Papers 
Check out our library of white papers covering myriad topics and offer-
ing valuable insight into products and solutions important to chemical 
processing professionals. From automation to fluid handling, separa-
tions technologies and utilities, this white paper library has it all.
 
 

NEW!! Minute Clinic 
Chemical Processing’s Minute Clinic podcast series is designed to tackle 
one critical issue at a time — giving you hard-hitting information in 
just minutes.
 
 

Ask the Experts 
Have a question on a technical issue that needs to be addressed? Visit 
our Ask the Experts forum. Covering topics from combustion to steam 
systems, our roster of leading subject matter experts, as well as other 
forum members, can help you tackle plant issues.

Visit the lighter side, featuring drawings 
by award-winning cartoonist Jerry King. 
Click on an image and you will arrive at 
a page with the winning caption and all 
submissions for that particular cartoon. 

TOP  
COMICAL PROCESSING

ADDITIONAL 
RESOURCES JOIN US ON 

SOCIAL MEDIA!

http://goo.gl/eKQ7cM
http://goo.gl/LeNCr3
http://goo.gl/euET6s
http://goo.gl/uZ0ZKd
http://goo.gl/uZ0ZKd
http://goo.gl/KgUHcA
https://goo.gl/7TaFNa
https://goo.gl/sEjNcP
https://goo.gl/GIrbcS
http://www.chemicalprocessing.com/cartoon-caption/
http://info.chemicalprocessing.com/chemical-processing-webinars
http://www.chemicalprocessing.com/whitepapers/
https://www.facebook.com/ChemicalProcessingMagazine
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