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Theoretically dialysis as a technique for dealcoholization of beer operates with no transmembrane

pressure difference, but to avoid osmotic flux of dialysate into the beer it is necessary to achieve a small

pressure on the beer side of the membrane. Clearance and selectivity parameters: sieving coefficient and

permeability constitute the useful screening system for optimization of industrial process for beer

dialysis under pressure. The clearance of a dialyser is calculated under the most general conditions,

allowing for a variation of the local ultrafiltration along the membrane to reach relatively simple

expressions for membrane permeability and the sieving coefficient. These values are necessary to

establish optimal conditions which will be the compromise between investment cost for the total
membrane area and the medium flow rates as a measure of the plant capacity and the quality of

dealcoholized beer.
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Introduction

Over the last few years considerable emphasis has been

put on the development and operation of processes for the

production of beers with reduced alcohol content. The world

beer market has been considerably transformed and demand

for these beers has grown rapidly. It has long been known

that the production of beer with reduced alcohol content is

difficult. It is not easy to achieve quality equal or similar to

standard beer but with 75% or even 100% lower alcohol

content. Early known and simplest way to achieve reduction

in alcohol formation during beer production relied on

inhibited alcohol formation during brewing processes. This

has been the most economical way but lead to undesirable

changes in taste and flavour profile of the product. This

has led to the development of much more expensive post

fermentation processes that removed alcohol from normal

beer. The principal separation processes used are vacuum

distillation and membrane separation: reverse osmosis and

dialysis.

Dialysis is the most recent method of post fermentation

dealcoholisation of beer. It was first reported at the beginning

of the eighties7-8. During the last few years it has been

installed at a number of locations in the world2-3-9. Although
it operates successfully its potential has not been exhausted

yet and a small number of available theoretical results need

to be completed.

Beer is a very interesting medium for membrane separation

and fundamental studies on mass transfer kinetics. Because

of its complex, multi-component, one- or two-phase colloidal

nature, beer does not always behave as a normal liquid-

liquid dialysis system. For example, absolute pressure is con

sidered to be of no importance in membrane processes with

liquid phases on both sides of a membrane, but in the case

of beer it may have direct influence on the alcohol/extract

separation efficiency4. The beer flow rate influences both

efficiency and selectivity of the alcohol separation. The
results suggest that, in order to achieve a satisfactory selec

tivity in the alcohol free- and low-alcohol beer production,

the beer flow rate should be above the "critical flow rate"

for the extract molecules for the given type of membrane

and module3. Selectivity and efficiency of the process depend

directly on the mass transfer kinetics of dissolved molecules.

The basic parameters for mass transfer of beer components

are: membrane flux and molecular cut-off, flow rate of the

working medium, temperature and absolute pressure. Qual

ity of the final product depends on process selectivity. Process

selectivity depends on the sieving coefficient and the per

meability of the membrane for the given process conditions.

Theoretically dialysis operates with no transmembrane press

ure, but to avoid osmotic flux of dialysate into the beer it

is necessary to achieve a pressure on the beer side of the

membrane. In other words, in its industrial application it is

necessary to operate with dialysis under pressure, instead of

with pure dialysis. The question is how does transmembrane

pressure affect the mass transfer kinetics and in that way the

selectivity of the process and the quality of the final product?

One of the problems is to resolve if the methodology

is comparable enough to different inlet concentrations and

module characteristics. Flux of penetrants across the mem

brane define efficiency of separation process, and is useful

in predicting total membrane area and number of modules

necessary to achieve exact alcohol content in final dcalcohol-

ized beer. But it is of not much use in defining transport

conditions and concentration profiles in the boundary layers

adjacent to the membrane surfaces. By the use of different

inlet qualities of the beer and different module types were

the obtained results were not comparable enough. For such

conditions it is necessary to possess additional information

and parameters reliable enough to define determined

phenomena but in the same time suitable enough to be

determined exactly and easily. Clearance, permeability and

sieving coefficient are the key parameters which may be used

for adequate optimization of the process.

General calculation of these parameters may be derived in

a following way by a segment of a dialyser in countercurrent

operation shown in Figure I1". The effects of boundary layers

are included in the membrane. Allowance is made for a

variation along the axial coordinate x of the both ultrafilt

ration and membrane permeability data.

In Figure 1, the following notations are used:

k - permeability factor

L - effective length of membrane

A - total membrane surface

S - sieving coefficient

Ch - beer concentration of solute

Ci - dialysate concentration of solute

Qb - beer flow

qu - axial density of the ultrafiltration flow

x - axial coordinate from beer entrance end

Qc - clearance

Qu - total ultrafiltration

K = kA/L

Cm = Cb(L)

Here, k, S and qu are the function of x. Accordingly, Cb,

Cd, Qb, Qd and K are the function of x, too. Mass balance

yields:



288

X

BEER DIALYSIS

BEER

q dx

[J. Inst. Brew.

X * dX

Cp ♦ dCp

> Qp-q,,dx

(Qp-qpdx)(C ♦dC,,)

MEMBRANE

K(Cp- Cd) r dx ♦ 8Cpqudx

O (Qd-q,,dx)(Cd* dC,,)

mass Wow

Fig. 1. A segment of a dialyzer in countercurrent operation.

liquid flow

-Qb^ + quCb = (K+Squ) Cb - KCd

-Qd ^f + quCd = (K+Squ) Cb - KCd

Rearranged:

-Qt.^ = [K - (1-S) qu] Cb - KCd

"Q«^7 = (K+Squ) Cb - (k+qu) Cd

Furthermore:

dx
-q-

-r qudx

dx -qu

Qdo ~ I qudx = QdL + Qu -I qu'
Jo Jo

(1) -(

12) Introducing:

(3)

(4)

(5a)

(5b)

(6a)

,dx (6b)

wherein QW) = Qb(0), Qd() = Qd(0) and QdL = Qd(L).

A mass balance over the section from x to L gives, if

Cd(L) = 0 (the case Cd(L) ^ 0 is easily handled through
superposition of concentrations in the usual manner),

QbCb - QbLCbL = Q,

or

With (3), it can be found:

n _ QbCb - QbLCbL

(7)

(8)

it may be found:

Q,-/3Bxp[-£f(i,)di,] (12)

where jS is a constant.

Applying the method of "varying the constant", equation

(9) can be solved. Introducing:

g(x) =
KQbL

QbQd

equation (9) can be written as:

^ = -f(x)Cb-g(x)CbL

with solution:

Corresponding homogenous equation may be solved first:

(13)

(14)

(15)

Herein, Co is a constant, which amounts to the beer concen

tration of solute at x = 0, i.e. Co = Cb(0). Herewith, Cd is

found from equation (7).

The clearance of a particular solute, is defined as ratio of

mass lost by the feeding solution (or gained by the dialysate)

per unit of time to the inlet concentration. In the particular

case of beer it is the amount of alcohol, or extract removed

from the beer phase per unit of time divided by the incoming

beer concentration. It represents the volumetric rate at which

the given dissolved substance gets into the dialysate and is

washed by it.










