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Method for thermal separation of a volatile substance from a 

non- or less volatile substrate 

 

  The invention relates to a method for thermal 

separation of a volatile substance from a non- or l ess 

volatile substrate with a phase boundary in relatio n to a gas 

space that receives the volatile substance after va porization 

and/or sublimation. 

 

Prior art 

 

  The thermal separation of volatile substances fro m 

nonvolatile substrates in liquids or pastes is a wi dely used 

chemical engineering process. It involves subjectin g the 

substrate to be treated to such thermodynamic condi tions that 

the vapor pressure of the volatile substances lies above the 

partial pressure of this volatile substance in a su rrounding 

gas phase that encloses the substrate to be treated . Since, 

by definition, no thermal separation takes place in  the 

starting substrate, the substrate is to be treated by heating 

or lowering the partial pressure of the volatile su bstance by 

gassifying a third substance or lowering the pressu re. 

  It is known in chemical engineering that the proc ess 

described above is limited either by the heat trans fer or the 

mass transfer or a combination of the two. The heat  transfer 
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may be a limitation because the vaporization of the  volatile 

substance is an endothermic process. In order to ma intain a 

vaporization at a constant partial pressure, energy  must 

therefore be externally supplied to the substrate. The 

process is determined by the heat transfer whenever  the mass 

transfer is very rapid and it can be assumed that t he 

substance is increasingly very close to the point o f 

equilibrium between the gas phase and the boiling m ixture. 

For the present invention, this possibility of limi tation is 

not considered, but rather the possibility of limit ation due 

to the mass transfer. 

 

Problem 

 

  The present invention addresses the problem of 

increasing the mass transfer, and in particular inc reasing 

and accelerating the extraction of the volatile sub stance 

from the substrate. 

 

Solution to the problem 

 

  The problem is solved by supplying mechanical ene rgy 

to the phase boundary from the substrate to the gas  space in 

order to increase the mass transfer of the volatile  
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substance. 

  It has been observed that, particularly in proces s 

spaces that have good mixing throughout, the limita tion of 

the mass transfer is usually of a convective nature . The 

volatile substance already vaporizes in the mass of  the 

substrate, but must still be transported to the sur faces. If 

the substance is of low viscosity, the uplift by bu bbles may 

be sufficient to transport enough bubbles to the ph ase 

boundary in relation to the gas space. If, however,  the 

substance is a paste or is viscous, the substance m ust be 

mixed. The transfer rate of bubbles can in this cas e be 

described well by the penetration theory, which est ablishes a 

relationship between the available surface area in relation 

to the gas space and the number of mixing events. 

  More recent studies have shown, however, that not  

only the transfer of the bubbles produced has a lim iting 

effect on the process but also their rate of destru ction at 

the surface of the substrate in relation to the gas  space. 

Only if the bubbles burst at the surface do they tr ansfer 

their contents to the gas space, otherwise they are  mixed 

again into the substrate. In the case of a low-visc osity 

substrate, such behavior is evident as frothing. Ho wever, it 

has been possible to show by a simulation calculati on that 

the rate of destruction is decisive for the mass tr ansfer 



 
WO 2013/050568  PCT/EP2012/069784 

- 4 – 
 
 

 

also in the case of high-viscosity pastes. 

  In order to increase the rate of destruction of t he 

bubbles at the surface of the substrate, according to the 

invention this surface is acted upon in such a way that these 

bubbles are effectively destroyed. According to the  

invention, this is achieved for example by metering  in a 

partly volatile additive. This volatile additive ma y be the 

same as that which is already present in the substr ate and is 

intended to be separated, or be different, whereby an 

additional stripping effect is achieved. According to the 

invention, the metering in of the additive must tak e place as 

uniformly as possible on the phase boundary for the  mass 

transfer of the substrate. It has been found by sim ulation 

calculation that with this measure the mass transfe r is 

increased by a factor of 100. 

  The method of metering in a volatile additive 

presumably leads to a cavitation effect by vaporiza tion or 

sublimation thereof, which then provides the energy  for 

destroying the bubbles. 

  According to the invention, it is advantageous fo r 

example to meter the volatile substance in from abo ve onto a 

rotating shaft on which the substrate is located, t he shaft 

being located in a process space in which the therm al 

separation takes place. In this case, it must be en sured 
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according to the invention that a free phase bounda ry onto 

which the additive can be metered is always availab le, i.e. 

the process space must not be completely filled wit h 

substrate. According to the invention, that is brou ght about 

for example by using a kneader shaft. The additive is 

distributed well over the substrate in the circumfe rential 

direction by the turning of the shaft. 

  If the shaft is formed as a hollow shaft, the 

metering in of the additive takes place according t o the 

invention in the clear center of the shaft. In orde r to 

ensure uniform distribution of the additive in the 

longitudinal direction, according to the invention the 

metering-in point of the additive in the process sp ace may be 

moved along the longitudinal axis of the shaft, or the shaft 

is moved analogously or a number of feeding points of the 

additive are provided along the longitudinal axis o f the 

shaft. 

  Other methods of destroying the bubbles by 

introducing mechanical energy at the phase boundary  of the 

substrate are likewise conceivable according to the  

invention. For example, sound waves or else electro magnetic 

waves may increase the mass transfer by improving t he 

migration of bubbles in the substrate. According to  the 

invention, however, they also contribute to an impr ovement by 
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the destruction of the bubbles at the phase boundar y. 

  A further possibility for which protection is als o 

separately sought, although with preference in conj unction 

with the first possibility, provides that a volatil e or 

partly volatile (vaporizable) additive is incorpora ted in the 

substrate and bubbles of the vaporizable component that are 

produced in the substrate are destroyed. In this ca se, the 

rate at which the additive is added is to be at lea st 0.1 

kg/h per kg of viscous mass per hour. 

  With preference, the additive is incorporated in the 

substrate by drop formation. In this case, the addi tive 

swells in the high-viscosity mass, for example beca use it 

vaporizes, and thereby creates surface area within the 

viscous mass. It has been found that the pressure w ithin the 

bubbles thus produced reaches a pressure of greater  than 1 

bar (abs). 

  The volatile substance diffuses via the surface o f 

the additive into the swollen additive. Then, in pa rticular 

as a result of being subjected to mechanical action , the 

bubbles produced, with the additive and the volatil e 

substance, reach the surface of the substrate. Ther e, as 

described as preferred in relation to the first exe mplary 

embodiment, the bubbles are then destroyed at the s urface of 

the substrate, so that gas phases contained go over  into the 
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gas space. 

  The additive lowers the partial pressure in the g as 

phase around the substrate, so that a concentration  gradient 

between the volatile substance and the additive of greater 

than 1:10 is produced. 

  The volatile substance and the additive leave the  gas 

space together and are then treated separately, for  example 

condensed and separated. 

 The entire process may take place under a vacuum, under 

atmospheric pressure or under positive pressure. Wa ter in any 

desired state of aggregation is used with preferenc e as the 

additive. 

  Devices that are particularly suitable for carryi ng 

out the method are mixing keaders with one or more 

horizontally arranged shafts, which turn with any d esired 

speed of rotation in the same or different directio ns and are 

fitted with mixing and/or kneading elements. Such m ixing 

kneaders can be found for example in DE 10 2009 061  077 A1. 

However, the present invention is not in any way re stricted 

to these mixing kneaders or to mixing kneaders at a ll. It may 

be used in all mixing apparatuses in which a gas sp ace is 

formed. 

  In the present case, what matters most is the 

distribution of the additive. A uniform distributio n of the 
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additive over the entire substrate is preferred, fo r which 

reason corresponding devices, for example spray noz zles, are 

provided. 
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Patent claims 

 

1.  A method for thermal separation of a volatile 

substance from a non- or less volatile substrate wi th a phase 

boundary in relation to a gas space that receives t he 

volatile substance after vaporization and/or sublim ation, 

characterized 

in that mechanical energy is supplied to the phase boundary 

from the substrate to the gas space in order to inc rease the 

mass transfer of the volatile substance. 

2.  A method for thermal separation of a volatile 

substance from a non- or less volatile substrate wi th a phase 

boundary in relation to a gas space that receives t he 

volatile substance after vaporization and/or sublim ation, 

characterized in that a volatile or partly volatile  

(vaporizable) additive is incorporated in the subst rate and 

bubbles produced from the vaporizable component in the 

substrate are destroyed. 

3.  The method as claimed in claim 2, characterized  in 

that the rate at which the additive is added is at least 0.1 

kg/h per kg of viscous mass per hour. 

4.  The method as claimed in claim 2 or 3, characte rized 

in that the additive is incorporated in the substra te by drop 

formation. 
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5.  The method as claimed in one of claims 2 - 4, 

characterized in that the additive swells (vaporize s) in the 

highly viscous mass and thereby creates surface are a within 

the viscous mass. 

6.  The method as claimed in one of claims 2 - 5, 

characterized in that the pressure within the bubbl es thus 

produced reaches a pressure of greater than 1 bar ( abs). 

7.  The method as claimed in claim 5 or 6, characte rized 

in that the volatile substance is diffused via the surface 

into the swollen additive. 

8.  The method as claimed in claim 7, characterized  in 

that, as a result of being subjected to mechanical action, 

the bubbles produced, with the additive and the vol atile 

substance, reach the surface of the substrate. 

9.  The method as claimed in claim 8, characterized  in 

that the bubbles are destroyed at the surface of th e 

substrate, so that gas phases contained go over int o the gas 

space. 

10.  The method as claimed in claim 9, characterize d in 

that the additive lowers the partial pressure in th e gas 

phase around the substrate, so that a concentration  gradient 

between the volatile substance and the additive of greater 

than 1:10 is produced. 

11.  The method as claimed in one of claims 2 - 10,  
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characterized in that the volatile substance and th e additive 

leave the gas space together and are treated separa tely. 

12.  The method as claimed in one of claims 2 - 11,  

characterized in that it takes place under a vacuum , under 

atmospheric pressure or under positive pressure. 

13.  The method as claimed in one of claims 2 - 12,  

characterized in that a boiling point of the additi ve lies at 

least 10 K, at most 100 K, below the temperature of  the 

substrate. 

14.  The method as claimed in one of claims 1 - 13,  

characterized in that a volatile or partly volatile  additive 

is applied to the phase boundary from the substrate  to the 

gas space, which supplies mechanical energy to the phase 

boundary in the form of cavitation energy, in parti cular by 

the vaporization or sublimation. 

15.  The method as claimed in one of claims 2 - 14,  

characterized in that the additive is water. 

16.  The method as claimed in one of claims 1 - 15,  

characterized in that the supply of mechanical ener gy is 

distributed such that the mass transfer of the vola tile 

substance is maximized. 

17.  The method as claimed in one of claims 1 - 16,  

characterized in that the supply of mechanical ener gy takes 

place approximately uniformly over the entire phase  boundary 
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from the substrate to the gas space. 

18.  The method as claimed in one of claims 2 - 17,  

characterized in that the additive is metered onto a rotating 

shaft, on which the substrate is located, the rotat ion of the 

shaft providing a uniform distribution of the addit ive over 

the circumference of the rotation. 

19.  The method as claimed in one of claims 2 - 18,  

characterized in that the additive is metered onto the phase 

boundary within a rotating hollow body, on which th e 

substrate is located, the rotation of the shaft pro viding the 

uniform distribution of the additive over the circu mference 

of the rotation. 

20.  The method as claimed in at least one of claim s 2 - 

19, characterized in that the amount of additive th at is 

applied to the surface of the phase boundary from t he 

substrate to the gas space is determined such that a desired 

temperature of the substrate is obtained by vaporiz ation or 

sublimation cooling. 

21.  The method as claimed in one of claims 2 to 20 , 

characterized in that the additive is added in a so lid, 

gaseous or liquid form. 

22.  The method as claimed in one of claims 2 to 21 , 

characterized in that the additive is fed in under 

atmospheric pressure in the gas space. 
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23.  The method as claimed in claim 1, characterize d in 

that sound waves, that supplies mechanical energy t o the 

phase boundary are applied to the phase boundary fr om the 

substrate to the gas space. 

24.  The method as claimed in claim 23, characteriz ed in 

that a transmitter of the sound waves is directed a t the 

surface of a rotating shaft on which the substrate is 

located, the rotation of the shaft providing the un iform 

distribution of the sound waves over the circumfere nce of the 

rotation. 

25.  The method as claimed in claim 23, characteriz ed in 

that the transmitter of the sound waves is directed  at the 

surface within a rotating hollow body on which the substrate 

is located, the rotation of the shaft providing the  uniform 

distribution of the sound waves over the circumfere nce of the 

rotation. 

26.  An apparatus for carrying out the method as cl aimed 

in one of claims 1 - 25, characterized in that a su bstrate 

space and the gas space are formed by a mixing knea der with 

at least one horizontally arranged shaft, on which kneading 

elements are located, the gas space and/or the subs trate 

space being assigned devices for introducing at lea st one 

volatile or partly volatile additive. 

27.  The apparatus as claimed in claim 26, characte rized 
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in that the devices are distributed uniformly over the gas 

space and/or the substrate space. 

28.  The apparatus as claimed in claim 26 or 27, 

characterized in that the devices are spray nozzles . 


