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The main subject of the Seminar in Havana, Cuba, from 2-9 July 1979 is the industrial 

application of microbiology in the pharmaceutical industry.  It deals in particular with the produc- 

tion of antibiotics.   I have no personal experience in this field and my knowledge on the subject is 

limited to information taken from textbooks. 

The reason that I have been asked to prepare a 'paper' can therefore only be attributed to the 

fact that I am the inventor of the submerged vinegar fermentation process (Annex 1 ) and have some 

experience as to how an invention made in a laboratory (Annex 2) was gradually adapted for practical 

use and the process of submerged fermentation then introduced into the vinegar industry, which 

formerly only had an empirical knowledge of surface fermentation either by the Orleans-process 

or the quick vinegar process. 

The vinegar industry is chiefly a small-scale industry, a cross between a business and an industry, 

which lacks the many advantages of trained staff and modern equipment enjoyed by the large-scale 

pharmaceutical industry.  It also deals with the manufacture of a cheap product for every-day use, 

edible vinegar, to which no development costs can be added as was, and sometimes still is, the case 

with new antibiotics. 

It should also perhaps be mentioned that, shortly after its adaptation for industrial use, the 

submerged acetous fermentation process was also introduced into the 'developing countries' (Annex 3). 

For these reasons the equipment and the development process had to be kept as simple and 

'fool-proof as possible. 

Some of the techniques originally developed for the technology of submerged acetous fermen- 

tation and some aspects which were considered when factory-works were established throughout the 

world could also be applied to a discussion on the production of pharmaceuticals by means of sub- 

merged fermentation. 

Vinegar fermentation differs from all other submerged fermentations in that the alcoholic 

substrate and the final product, the vinegar as a watery solution of 10-14% acetic acid, show high 

osmotic pressure such as a 40% glucose solution, a milieu which makes the survival of life and, in 

particular, the increase of microorganisms, extremely difficult. Our research work also showed that 

the production of vinegar of a standard concentration by means of the submerged fermentation 

process could only succeed if the vinegar bacteria were aired thoroughly in all parts of the mash and 

if there are no areas in the contents of the vessel left unaired.  If the aeration is interrupted for even 

a few seconds, most of the bacterial culture will die. 
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Sufficient aeration can be easily achieved by means of glass frits at the lower end of the 

fermenting pipe through which the air is pressed. The aerators formerly used proved to be inadequate 

for practical use and a new, self-aspirating aerator had to be specially manufactured. This model, 

a specially constructed hollow agitator surrounded by a stator, was further developed by the 

machine-factory Heinrich Frings in Germany (Annex 4> and the largest types can now aspirate 

1800 and 2400 m3/h against a 4 m liquid flow.  Driven by a flange-mounted electromotor (Annex 5), 

the rotor turns at a rate of 1450 or 1750 rpm, aspirates the air after overcoming the hydrostatic 

pressure of the liquid flow in the fermenter and forms small bubbles of almost equal size. 

In this research work it was particularly important to carefully observe the way in which the 

oxygen was passed to the air bubbles in the liquid. Oxygen is hardly soluble at all in water. With 

atmospheric pressure and at a temperature of 30°C only 4-5 ml 02/l are dissolved in nutritive 

solutions, whereas the oxygen requirements for microbial processes lie between 500 and 5000 ml 

02/l, h. By measuring the oxygen concentration in the liquid, either by using a simple, chemical 

sulphite method or by means of the more expensive paramagnetic, Polarographie or galvanic 

measuring devices, it was found that there was often no parallel to metabolism or increase of the 

microorganisms. Measuring the size of the air bubbles in many areas of the fermenter proved to 

be very helpful for the method of submerged fermentation and for the construction of a suitable 

aerator. The method proved by E.K. Todtenhaupt, Chem. Eng. Techn. 43, 336 (1971) consists in 

aspirating the aired liquid through a capillary tube, sending a ray of light directed onto a photo- 

transistor to a certain point on the capillary tube and converting the different refraction of the light 

from the air and water through the phototransistor into an electric signal which is proportional 

after altering the length of the air bubble. The test is made with normal bubbles' rising from a 

nozzle. Dr. Ebner at Frings has taken up this principle and developed a device for measuring 

bubbles with which the aeration in different areas of the fermentation contents can be measured 

fairly easily.   - H. Ebner in H. Dellwig (publisher): 3. Symposium on Techn. Microbiology, 

Berlin 1973. 

As a result of extensive experiments, special calculations and by controlling the bubble- 

measuring device, aerators could be constructed. The largest model is now Type 12000 which, in 

a giant fermenter containing 80 m3 of liquid, provides an aeration resulting in the formation of the 

same size and number of bubbles, calculated at the same pressure and measured at different radii 

and heights in the fermenter. The average diameter of air bubble is about 1 mm and there is very 

little variation from this size. No other aeration system today can produce such even and thorough 



aeration which is a prerequisite for the manufacture of vinegar of up to 14% acetic acid content, 

although it must be admitted that vinegar of a lower concentration can also be produced using 

other modern aeration s /stems. 

If the effect of the even distribution of fine air bubbles in the fermenter-substrate is a factor 

of prime importance, the power requirements for this distribution of air is naturally another point 

which should be included in discussions about profitability, particularly in the manufacture of a 

cheap product like vinegar.   In modern development methods the figures are 0.8-0.9 kW h for the 

distribution of 10 m3 of air under normal conditions.  I will later come back to the point that the 

method of thorough aeration specially developed for the submerged vinegar fermentation processes 

can be equally well applied to other aerobic submerged fermentation processes and has led to 

unexpectedly good results. 

For the moment, however, we are talking about vinegar fermentation. It was noticed that in 

some natural raw materials used for the production of vinegar such as malt mash etc. there is a 

heavy foam formation. This was also the case when parts of the bacterial flora died due to irregulari- 

ties during the fermentation process, such as sudden changes in concentration or a disturbance in 

the aeration. The chemical foam-removers formerly used in the manufacture of antibiotics were not 

allowed in the production of edible vinegar   A mechanical foam-removing device was therefore 

developed which can also be used for processes other than vinegar fermentation wherever foam 

problems occur, such as in cellulose decomposition and in numerous other cases. 

Vinegar fermentation is a semi-continuous process by which as much ready vinegar is taken 

fro.r the contents o' the fermenter with a remaining alcoholic content of 0.2-0.3% and enough 

alcoholic mash added to ensure that the amount does not exceed the 5.5% ethanol which is toxic 

for the bacteria. 

The process of removing the finished product and adding new mash can be automised if it is 

controlled by the 'alcograph', an alcohol-measuring device, which, in two samples of continually 

refilled boiling liquid measures the difference in temperature between the gas-phase and the non 

alcoholic liquid phase with thermoelements and converts them into impulses for the control. The 

alcograph can naturally not only be used as a measuring and controlling device in the production of 

vinegar but also in all cases where the concentration of substances with greater volatility than water 

is to be measured. The example of alcoholic analysis in the production of yeast will be dealt with 

later on. 



The continuous process of measuring the alcohol content with the alcograph also greatly 

facilitates the process of continuous submerged vinegar fermentation.  It was proved that the 

increase of the vinegar bacteria in more than 10% acetic acid concentration was not adequate for 

continuous operation. The continuous process is therefore at present limited to the processing of 

mashes with a lower alcoholic content (8-10%). The addition of mash is so arranged that an 

alcohol content of 0.5-0.3 vol.% is maintained in the fermenter. If an alcograph is used, it is 

still possible to operate at 0.3% (Annex 6). 

With regard to the microorganisms themselves used in submerged acetous fermentation, the 

Genus Acitobacter belonging to the pseudomonoaceae, there is certain scepticism today concerning 

the classification attempts of past decades - T. Asai, Acetic Acid Bacteria, University of Tokyo 

Press, Tokyo 1968 and Shimwell, Atonie von Lesswenholk, 7. Microbiol. Serol. 25, 49 (1959).  In 

practice it is not as important to use a particular species as to ensure that the existing acetobacterial 

cultures are kept in the high-grade mash with few natural substances necessary for practical use, so 

that they can be re-bred and selected.  It is doubtful whether previous mutations are important. At 

least the application of chemical or physical mutagens have brought no improvement in the adjustment 

to the necessary milieu.  Even a temporary reduction in the concentration of the mashes can 

permanently impair the qualities of the cultures. 

The problem of the initial inoculation in newly-established works, particularly in developing 

countries where there is a lack of microbiologically trained staff, is a difficult one. We overcame 

this problem by sending large amounts of ihe products of a submerged fermentation process con- 

taining app. 10% acid and 2% ethanol to be used as an initial inoculum solution in recently 

established fermentation equipment.  Naturally most of the bacteria died due to the long-term lack 

of oxygen but a small amount survived with the remaining air and, after the aeration had been 

switched on they could breed within days or weeks. 

Another method was to dip large strips of cloth coated with agar in high-grade mash, to 

inoculate them and to breed a thick surface flora in a sterilised, aired thermostat. These agar plates 

could then be rolled and packed sterile, but with air holes, and sent by airmail to newly-established 

factories throughout the world. With the necessary adjustments, this method could also be used for 

the inoculation of fermenters for the production of pharmaceuticals. The use of lyophil ¡sed cultures 

of acetobacteria is not impossible but usually presents great difficulties because of the deterioration 

in the practical performance of the culture and this could only be overcome after a long process 

of selection. 
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In comparing submerged vinegar fermentation with other microbiological industries it should 

be stressed that the main difference lies in the fact that in vinegar fermentation the aeration of the 

cultures - also that of the inoculum -  is of major importance, whereas the infection from out- 

side microorganisms is unlikely considering the high concentration of the mash.  In other submerged 

technical processes the aeration of the inoculum solution is less important but in a neutral milieu 

infection from outside constitutes a serious problem. The production of yeasts for breeding and for 

baking which is done in an acidified milieu of pH 3-4, lies roughly between these two extremes. 

I do not wish to go into detail about the problem of nutrients, which is not only important in 

the production of vinegar from ethanol but also in the case of some complex, natural mashes where 

supplementation through certain, missing components is required.  Every submerged fermentation 

process has this problem.  It is .however, particularly critical in the manufacture of vinegar from 

pure ethanol, firstly, since only a certain, limited amount of nutrients can be added so as to produce 

the normal, colourless, crystal-clear spirit vinegar and, secondly, because the low cost of spirit 

vinegar does not permit the addition of expensive supplementary nutrients.  In the submerged pro- 

duction of pharmaceuticals neither factor is of particular importance. However, a scarcity jnd rise 

in price of the good, standard nutrient mixture of corn steep liquor and yeast autolysate used up 

till now could also make a more careful selection of essential organic natural substances and trace 

quantities of elements necessary. 

Under specific economic conditions it also proved an interesting experiment to manufacture 

glacial acetic acid for chemical purposes from alcoholic liquids by means of our newly developed 

vinegar fermentation process and the ensuing continuous extraction of the vinegar by solvents which 

boil at a lower temperature such as ethyl acetate and finally fractioned distillation of the extracts. 

The technology of the extraction and distillation process was already known. 

Whereas glacial acetic acid can be produced on a large scale by the catalytic oxidation of alkanes 

or by the catalytic oxidation of ethanol through acetaldehyde or, eventually, if an outdated process 

is used, through acetylene or acetaldehyde, the factory costs are too high to justify the production of 

only 1 -5 tons per day of glacial acetic acid.  In countries with cheap carbohydrates the production of 

alcohol by means of acetous fermentation may be interesting from the economic point of view.  In 

conjunction with the firms H. Frings and Zahn & Co., Hamlin, plants with a capacity for 1-5 tons 

of glacial acetic acid per day were set up in Formose, the Philippines, Turkey and Spain. 

The great experience gained by us - and I am referring here not only to the inventors but 

also to the manufacturer H. Frings - through submerged vinegar fermentation naturally prompted 



us to apply this knowledge to other submerged fermentation processes. Theoretically, we believed 

it possible to apply this knowledge to every process in which bacteria is used. Even for large 

concentrations of bacteria which should, technically speaking, be adequate for a quick sequence 

of reactions, due to its small size the bacterial mash remains of a similar viscosity to water and it 

could safely be assumed that in such a milieu the thorough ventilation system has the same effect 

as in the submerged vinegar fermentation process. An earlier known example was the oxidative 

fermentation of glucose to gluconic acid by means of submerged acetobacter stock cultures. 

We were, however, afraid that all the advantages of the thorough ventilation system would be 

rendered useless by the coalescing of the fine gas bubbles if in the submerged phase of the production 

of yeast for baking or for fodder purposes such large concentrations of cells much bigger than the 

bacteria were to appear - such as saccharomyces, candida and torulopsis - that in the final stage 

of the fermentation, whether in batch or in continuous process, a thick pulp is formed. The same 

thing could occur with streptomyces, aspi Herges and penicillin types and here there was the added 

danger of mechanical damage to the cells as a result of the shearing action of the rapidly turning 

rotor and the adjoining stabiliser ring. 

But particularly when dealing with biotechnology there should be no preconceived ideas which 

can hinder progress; it is much better to rely entirely on the experiment itself - in this case for 

production purposes. 

Ventilation experiments in the production of baker's yeast which were carried out in a German 

yeast factory showed the great advantages of thorough aeration with our self-aspirating aerator. All 

previously known processes and devices for yeast production had in common the fact that the 

aeration devices in the fermenters required compressed air. This is either pumped in through distri- 

bution pipes (steel tubes) perforated in several places or through rotating bodies of varying construc- 

tions. It is difficult to achieve thorough aeration through a steel pipe as the holes cannot be kept 

very small.  In the case of non-aspirating rotating bodies, which let in the air to only a very limited 

part of the fermenter, violent shaking movements of the water must be made to ensure that the 

oxygen admitted is distributed as evenly as possible over the whole contents in the fermenter. It is 

very important to ensure even and thorough ventilation as this has the undisputed advantage of making 

maximum use of the yeast fermenter.  In 1969 a series of tests was therefore made with a Frings- 

aerator driven by a 90 kW motor and rotating at a rate of 1.450 rpm which continuously aspirated 

1000 N m3 of air through the air passage and a Delbag-filter and distributed it evenly and thoroughly 

in the contents of a fermenting vat measuring 3.65 m in diameter, 5.60 m in height and with a 

4 
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capacity of 59000. At the end of a charge the container is about 2/3 full.  In this particular case 

a secondary cycle was enough to eliminate the reaction heat and to keep the temperature in the 

fermenting-room at 30°C.  Using a self-timing pump, fermenting liquid is taken from the bottom of 

the fermenter, conducted over a plate-cooler of 55 m2 and led back into the tank again. 

An automatic fermentation oil device keeps the foam at a steady level. The pH is measured 

constantly and by means of the alcograph the volatile components (mainly ethanol) in the fermenting 

solution are continuously and automatically registered. Molasses, which had been diluted to a 

35-37% concentration, acidified with sulphuric acid to pH 4.5 and sterilised at 95-97°C, was used 

as d raw material. 25% ammonia - or ammonium sulphate - and monoammonium phosphate 

were used as nutrients. 

The molasses intake is programmised and allows for the H-value - a log-phase - the 

logarithmic increase of the yeast until it is limited by the aeration and the ensuing linear phase. 

The opinion of the experts differs over the value of a small sugar surplus which results in 

the formation of volatile matter, mainly ethanol. Depending on the amount of volatile substances 

from 0.03-0.05%, the supply of molasses can be controlled by the alcograph in the last 2/3 of the 

charge and this has the advantage over the programmed method that the individual differences 

during the fermentation process can be allowed for to a great extent. Four series of tests of at least 

75 charges each were carried out under different testing conditions and using different yeasts. 

2.2-2.4 Nm3 of air per kg of yeast was needed. An average of 10-12% of oxygen was found in 

the waste air expelled from the fermenter. 

Annex 7 shows from another series of tests the differences in the aeration system. Since then, 

as can be seen from Annex 8, 27 industrial plants have been set up which have confirmed the 

experience gained from the first experir lental plant and have served to prove the advantages.  It is 

desirable to aim at maximum cell conce ntration in microbial breeding, e.g., 35-40 g dry matter 

per liter of fermenting liquid. This can Le achieved by ensuring a thorough passage of air with an 

optimal use of oxygen. The high cell concentration not only leads to a better utilisation of the 

fermenter volume.  It has the added advantage that only small amounts of sewage appear the 

removal of which is the main headache of the fermentation industry. The finished yeast product 

has excellent qualities. 

While on the subject of "sewage", it should be mentioned that a self-priming, air-aspirating 

aerator which has the excellent qualities indispensable for the production of high-grade vinegar, 

can also naturally be used for many processes apart from that of manufacturing yeast, in whicn 

the importance of the passage of matter from the gas phase to the liquid phase is stressed. Such 
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problen.s occur all over the world in biological sewage purification systems in which organic- 

chemical pollution can be reduced by aerobic microorganisms. The better the aeration, the greater 

the cell concentration will be and the purification of the sewage will then also be possible in an 

even smaller area. As we are dealing here with processes which, in general, operate at a lower con- 

centration and neutral solution, high-grade, acid-proof special steels can be avoided. The so-called 

"submersible aerators" as shown in Annex 9 are available in the models shown in Annex 10. 

Annex 11 gives a summary of the submersible aerators which are available today. 

By no means all of them are used for sewage treatment in towns etc. Several serve the biological 

purification of factory-sewage. In such cases the sewage should be kept separate as far as possible 

as it is then more likely that a microorganism culture can be formed which can reduce certain water 

impurities or at least similar substances. 

Some of them are used in water-conditioning. The introduction of oxygen containing ozone 

plays a major part in the purification of water for drinking and for bathing purposes. 

I hope that my lecture has shown that, based on the necessity for a special kind of fermentation 

process, we must develop another process for our requirements - that of thorough aeration - 

and then apply this as far as possible to the problem of the transition from the gas phase to the 

liquid phase, which is so important both in fermentation and in chemical processes. 

I also hope, however — and this seems to me to be more important still — to have proved 

that we must always aim at simple solutions. Particularly in the case of the desired industrialisation 

of the developing countries, processes and equipment which are as simple and 'fool-proof as possible 

will have to be selected. 

As concerns more complicated fermentation processes — and the production of pharma- 

ceuticals by microorganisms belongs to this category - the first step will probably be to set up a 

special microbiology centre which will be responsible for the procurement and upkeep of cultures 

and which can sometimes offer assistance regarding the process of cell-increase from the lyophilised 

or agar-sample of the cell-culture to production fermenter or when outside infections     other 

disturbances occur. Without using too complicated equipment we must ensure smooth operation 

even with workers who are only semi-skilled and, at least at the beginning, still inexperienced. The 

introduction of the submerged vinegar fermentation process was often confronted with such problems 

and it was precisely in the lesser developer" -¡ountries that the most modern plants were established, 

whereas in the fully industrialised countries it ¡staking much longer to replace the surface fermenting 

equipment which is still in use today. 
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ANNEX 1 

Hromatka and Ebner: 

Research into vinegar fermentation I. Surface fermentation and ventilation systems, 
Enzymologia XIII, 369-87 (1949). 

Hromatka and Ebner: 

Research into vinegar fermentation II. Oxygen deficiency in surface fermentation, 
Enzymologia XIV, 96-106 (1950). 

Hromatka and Ebner: 

Research into vinegar fermentation III. The influence of aeration on submerged fermentation, 
Enzymologia XV, 57-69 (1951). 

Hromatka, Ebner and Csoklich: 

Research into vinegar fermentation IV. The influence of the complete interruption in the aeration 
on submerged fermentation, 

Enzymologia XV, 134-53 (1951). 

Hromatka: 

Submerged vinegar fermentation, 

Chemiker-Ztg. (Chemists' Journal) (Heidelberg) 76, 776-79 (1952). 

Hromatka 

Submerged vinegar fermentation, 

Chemiker-Ztg. (Chemists' Journal) (Heidelberg) 76, 815-17 (1952). 

Hromatka: 

Submerged vinegar fermentation. Some remarks on new publications, The Spirits Industry 

(published by the Inst. f. Gärungsgewerbe, Berlin) 74, 406-08 and 413-15 (1952). 

Hromatka, Kastner and Ebner: 

Research into vinegar fermentation V. The influence of the temperature on submerged fermentation, 
Enzymologia XV, 337-50 (1953). 

Hromatka. 

Methods of research into submenu vinegar fermentation, 

Lecture report by the Congrès International du Vinaigre, The Hague, Holland, May 1957. 

Hromatka and Ebner: 

Vinegar by submerged oxidative fermentation, 

Ind. Eng. Chem. 51, 1279-80 (1959). 

Hromatka and Stainer: 

Critical selection of a method for analysing glycerine in vinegar mashes and vinegar, 
The Spirits Industry 102, 507 (1962). 
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Hromatka and Polesofsky 

Research into vinegar fermentation VI.  Oxidation of monohydric primary alcohols and glycols, 

Enzymologia XXIV, 372-84 (1962). 

Hromatka and Exner: 

Research into vinegar fermentation VIII.  Further findings on the interruption of the aeration, 

Enzymologia XXV, 37-51 (1962) 

Hromatka, Kastner, Gsur and Gruber: 

Research into vinegar fermentation IX. The influence of CO2 on submerged vinegar fermentation, 

Enzymologia XXV, 52-64 (1962). 

Hromatka, Kastner, Gruberand Gsur: 

Research into vinegar fermentation X. Organic compounds as sources of CO? on submerged 

vinegar fermentation, 

Enzymologia XXV, 52-64 (1962). 

Hromatka, Kastner, Gruber and Gsur: 

Research into vinegar fermentation X.  Organic compounds as sources of C02 

Enzymologia XXV, 65-72 (1962). 

Hromatka and Gsur: 

Research into vinegar fermentation XI. Development of equipment for tests with 14CO?, 

Enzymologia XXV, 73-92 (1962). 

Hromatka and Stainer. 

Changes in the glycerine content during submerged vinegar fermentation, 

The Spirits Industry 102,608-10 (1962). 

Hromatka and Gsur: 

Research into vinegar fermentation XII. The effect of radioactive 14C02 on vinegar bacteria, 

Enzymologia XXV, 81-86 (1962). 

Hromatka and Stainer: 

The chromatographic paper analysis of glycerin and dihydroxyacetone in vinegar mashes and vinegar, 

The Spirits Industry 102, 703-04 (1962). 

Hromatka and Leutner: 

The antagonistic effect of two acetobacter cultures, 

The Spirits Industry 103, 114-15 (1963) 

Hromatka and Leutner: 

Research into bacterial flora in submerged vinegar fermentation. II.  Notification, 

The Spirits Industry 103, 174-76 (1963). 

Hromatka and Stainer: 

Research into vinegar fermentation XIII. Methods of reduction of 1-14C-glycerine in submerged 

vinegar fermentation, 

Enzymologia XXV, 317-29 (1963) 
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ANNEX 2 

Patents by the wine-vinegar factory A. Enenkel and the successor firm H. Enenkel. Austria. 

( 1 )   Production of carboxylic acids, 

first need for submerged vinegar fermentation. 
Prior, from 3.5.1949 

Argentina Pat. No.   74.847 Australia Pat. No. 151.162 
Austria Pat. No. 179.283 Belgium Pat. No. 493.100 
Brazil Pat. No.   42.707 Canada Pat. No. 510.417 
Denmark Pat. No.   80.147 Finland Pat. No. 26.761 
France Pat. No. 999.750 Germany Pat. No. 929.543 
England Pat. No. 686.849 Ireland Pat. No. 19.543 
Italy Pat. No. 473.916 Norway Pat. No. 85.666 
Portugal Pat. No.   27.844 South Africa Pat. No. 9.763 
Spain Pat. No. 191.519 Sweden Pat. No. 158.002 
Switzerland Pat. No. 279.616 

(2)    Fermentation process 

Prior, from 3.5.1949 

France Pat. No. 1,004.999 

(3)   Combined submerged and surface fermentation 
Prior, from 13.12.1949 

(4)    Equipment 

Prior, from 2.2.1952 

Austria Pat. No. 189.148 and other countries 

(5)    Foam-remover 

Prior, from 31.12.1952 

Austria Pat.No. 189.149 and other countries 
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Patents by the firm H. Frings, Fed. Rep. of Germany 

(1) Germany Pat. No. 898.134 Prior, from 25.11.1949 

(2) Germany Pat. No. 949.224 Prior, from 18.8.1950 

(3) Automisation of vinegar fermentation 

Germany Pat. No. 1,063.561 Prior. 1957 

(4) Alcograph 

Germany Pat. No. 1,264.108 (1965) 

(5) Semicortin, fermentation through 12% vinegar 

Germany Pat. No. 1,517.879 (1966) 

(6) Aerator 

Germany Pat. No. 1,667.042 (1967) 
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ANNEX 4 

The FRINGS-Aerator is a specially constructed agitator surrounded by a stator (Fig.1) (46) (47). 

It consists of a hollow body with six radially arranged air vents open against the direction of 

rotation.  In front of these, vertical blades are arranged in the direction of rotation. 

r°i 

FIG.1.   FRINGS-Aerator. 

a. Hollow body 

b. Air vents 

c. Working surfaces 

d. Stator 

e. Upper rotating ring 

f. Lower rotor ring 

g. Upper stator ring 

h. Lower stator ring 

i.  Stator blades 



Typ Baureihe1 

type model series * 
type série 7 

tipo serie de modele 

25 N 

75 N 

150 N T 

300 N T    S 

600 N T 

1 200 N T    S 

2 COO N T 

3 000 N T 

5 COO N 

7 000 N 

9 000 N 

12 000 N 

19- 

ANNEX 5 

Gasmenge 2 

gas flow 5 
quantité de gaz ' 
cantidad de gas 11 

mVh 

10 

25 

50 

100 

200 

4- 

8- 

16- 

40 - 

80- 

150-    350 

250 —    600 

400 -    800 

800 — 1 500 

1 100-2 000 

1 400 - 2 400 

1 800 — 3 000 

cft/min. 

2- 

4 - 

9- 

23 - 

47- 

88- 

147 — 

235 — 

470 — 

647- 

6 

14 

29 

58 

117 

206 

353 

470 

880 

1 180 

820 — 1 400 

1 060 — 1 760 

Motorleistung 3 

motor • 
moteur • 
motor12 

kW HP 

0,75 

2.2 

3.0 

5.5 

11 

22 

40 

60 

100 

140 

180 

240 

1 

3 

4 

7.5 

15 

30 

55 

80 

130 

208 

240 

320 

1 Werkstoff ¿571 oder Kunststoff für alle mit der Flüssigkeit in Berührung kommenden Teile 2 Angesaugte Gasmenge abhangig von Füllhöhe 
Oberflächenspannung und Viskosität der Flüssigkeit. Regelung der Gasmenge über einen größeren Bereich durch Verwendung polumschaltbarer 
Motoren mosten   ' Effektiver Energiebedarf 0.4 bis 0.3 kWh j» 10 n1 Gss bei Tauchtiefen von ? bis 4 mWS. 

4 All parts ir contact with liquid in stainless steal or p:>üc 5 o-jan-ity of cas aspirated dependent on filling height, surface tension and 
viscosity of liqu i. Control of quantity over a wide rangs possible usmg multispeed motors 6 Effective power requirements 0.4 to 0 8 kWh tor 
every 10 rn1 of cas at 2—4 meters submergence, or 1  H?    tv for every 700—350 eft. 

f Matière 4571 ou plastique pour les éléments en contact avec la liquide 8 Quantité aspirée de gaz en fonction de la hauteur de remplissage 
tension superi•;.eli- et viscosité du liquide L'utilisation de rieurs à nombre de pôles variable tacilite le réglage de la quantité de g« 
pour un rayon ¿9 grande dimension. * Demande d'énergie afectiva 0.4 à 0.9 kWh par 10 mJ de gaz à des profundeurs de 2 à 4 m de CE. 

1" Materia 4571 o plástico para todas las piezas que llegan en contacto con el líquido. 11 Cantidad de gas aspirada en función de la altura de 
rellano, tension superficial y viscosidad del líquido Por la utilización de motores de polos invertibles se puede regular la cantidad de gas sobre 
un aicance na3 grande   « Energia necesaria efectivamen-e c i a 0.3 kWh por 10 m> de gas con profundidades de inmersión de 2a 4 m de CA 

Jiinmaij 
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ANNEX 6 

Continuous process fermenter 

Table 1.   Yield (average values) 

Acetator 
Alcohol processing 

per day 
(liter) 

converted to ready vinegar with 5% acid 
per day 
(liter) 

i 

Continuo   150 
Continuo   300 
Continuo   600 
Continuo 1200 

150 
300 
600 

1200 

2750- 3250 
5500- 6500 

11000-13000 
22000-26000 

Table 2.   Consumption figures (average values) 

Acetator 

Continuo 150 
Continuo 300 
Continuo 600 
Continuo 1200 

Power consumption 
per day 
(kW/h) 

70 
130 
240 
460 

Consumption of cooiing water at a fermenting 
temperature of 30°C at a water temperature of 

12°C 
(l/h) 

1000 
2000 
4000 
8000 

24°C 
(l/h) 

7000 
14000 
28000 
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ANNEX 7 

Table 1.    Characteristic data of two batches of baker's yeast production obtained in two 

fermenters equipped with different aeration systems 

Ft 

a 

jrmenteM 
(non 

spirating) 

15,000 

Fermenter 2 
(Frings- 
Aerator) 

Total fermenter capacity 
in gallons 15.000 

Diameter of fermenter in feet 12 12 
Filled to % of capacity at 
time of measurement 60 67 

Airflowincbm/hr 1,400 1,050 
Aeration rate in v/v/min 0.69 0.41 

Duration of batch in hrs 15 14 
Dry cell matter in kg 
produced per batch 1,540 1,930 

Yield expressed in g dry 
sell matter per kg of molasses 252 266 

Cell concentration at time 
of measurement in g/ltr of 
dry cell matter 25 43 

C in atmospheres 0.003 0.001 

C in atmospheres 0.163 Ù.127 

Rate of oxygen absorption 
inmioyiooml/hr 192 221 

Oxygen absorption coefficient 
in ml O2/IOO ml/hr/atm 1,200 1,740 

Oxygen utilization 
efficiency in % 22 39 

Aeration efficiency Er in 
liter Oj/watthr 1.0 1.0 

Power input in 
watt/liter fermenting vol. 2.1 2.3 

Power consumption expressed 
as watthours/g dry cells 0.6 0.58 

[ 
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ANNEX 8 

LIST OF REFERENCES FOR YEAST AERATORS 

£LH'T TYPE RAU MATERIAL PRODUCT 

Lindsnmeyar, Germany   5000 Beat Molasses Baker's Yeast 

5taniard Branda, Inc., 
USA 4 x 300C Cana Molasses Baker's Yec&t 

Fer-antaticn Industries 
Pry, Australia 5CO0 Cane Molesses Baker's Yeast 

Anchor Yeast, Rhodasia  7C00 Cane Molasses Baker's Yesst 

Prcpan, Portugal       2 x 9000 Beet/Cane Baker's Ysa&t 
30CC râlasses 

Fábrica de Levadura, 
Sp3in 12000 Best flolasses Baker's Yeast 

Anheuser-Susch, USA    Pilct Plant Cane Molasses Fesd Yeast 

Salico, CSSR 2 x 5000 Eret ridasses Baker's Yeast 
500C 

Bjtíapaster Alkohol-    3 x 1200 Beet Molasses Baker's Yeaet 
industrie, Hungary     900C, 2020 

Uhr'e, Höchst, Germany  Pilot Plant Hydrocarbon Feed Yeast 

Pleser, Germany        12CD0 usât Molasses Baker's Yeast 

f.ossul, Iraq 2 x 9000 Cana Baker's Ye--t 
3000 

Trabisov,   CSSR 2   x   1200 Beet Baker's  Yeast 
50CG 

Polinax, Warschau       2003 Various Baker.'s  Feed 
Yeast 
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ANNEX9 

Tauchbelüfter 
für Abwasserreinigung 
und Wasserkonditionierung 

SUBMERSIBLE AERATOR 
for sewage purification 
and water-conditioning 
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ANNEX 10 
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ANNEX 11 

HEINRICH FRINGS • 53 BONN l • Joncs-Cahn-Sfr. 9 • Tel. 
Client     Kunde Stück Units 

Brenneraigenasssnschaft  Schönsaa 

Messrs.   Bayer,   Leverkusen 

Ksssrs.   Allianca,   Singapore 

Ge~einds  Kir, ta 

Brennersicenasssr==haft  Kiessing 

Stadt  c.urg   e.F. 

Gemeines-  h'cc!"idcrf 

Gemeinde noor-i'rlsnd 

'•'essrs.   Dan.-.en 

Gs-.sinda  Oade 

Toray   Enginaarin^,   7ckyo 

K LT i ta   Industriss,.Tokyo 

f'Utsubishi  Kakski,   Tokyo 

leybold,   Tokyo 

LFEl Corporation,   Halden 

Gabr.   Karr^ann,   Kein 

Pattsrscn  Candy  International 

LFF.   Corporation 

LFE   Corporation 

Fuji  Saito,   Shinizu 

~r-2i   R = çjlatrr     = '-iruoka 

r.assrs.   fiantansri,    Italia 

Stadt   Nordarstsot 

T.assrs.   lippa-'Jasar-Zucker,   Lage 

.Tassrs.   Pfaif = r  i   Langan,   7itr.-Amsln 

rassrs.   Hoaohst,   Frankfurt 

!^33srs.   l.'nilavsr,   \'=>sdarland2 

f.essrs.   Montanari,    Italia 

f'essrs.   Franca  A.,   Franca 

Ge.- = inda  Uastoverledingen 

G?~e:nd5   !Jangariand 

Schlssuig-Kolstsinische   Zucker   AG,   Schleouig 

1 

10 

1 

2 

1 

3 

1 

1 

2 

3 

2 

1 

2 

1 

1 

1 

1 

2 

1 

1 

1 

1 

4 

6 - 

1 

6 

à 

1 

1 

2 

1 

2 

(0 22 21)63 15 71 
Type 

300 T - UG  . 

1200 T '- VA • 

150 T - VG 

500 7 - VG 

300 T - VG 

5CQ T - VG 

300 7 - VG 

150 7 - VG 

1200 7 - VG 

600 7 - VG 

1200 7 7 VG 

300 7 - VG 

200 7 - VG 

330 7 - VG 

150 7 - VG 

150 7 - VAS 

ISO 7- •  VAS 

. 300 7 - VG 

12C0 7 - VG 

300 7 - VG 

330 7' - -.3 

300 7 - VG 

3C0 7 - VG 

9C0 7 - VG 

1200 .7 - VA - SO 

Ì200 7 - VG 

eco 7 - VG 
300 7 - VA - SO 

1200 7 - VG 

600 7 - UG 

6C0 7 - VG 

6G0 T - VG 
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HEINRICH FRINGS • 53 BONN 1 • Jonas-Cahn-Str. 9 • Tel. (0 22 21) 63 15 7! 
Client        Kunde Stück 

n = ssrs.   P.   Duoisiay,    Naadsrlands 

riHssrs.   P.   Djoislav,    Ne8derland9 

Units Typ9 

Messrs.   Feldnühla,   Düsseldorf 

ÍTassrs.   Lang,   Italia 

r.sssrs.   Dechesna,   Belgium 

Messrs.   Stein-ann  ¿   Ittig,   Piindsn 

Zurkarfabrik  .rra.-,'<an,   Ochsanfurt 

ri3S3-3.   Fionta.nari,   Italia 

rassrs.   ficntanari,   Italia 

Messrs.   ricntanari,   Italia 

lïsssrs.   ficrtanari.   Italia 

r.assrs.   GIC-Exprrt-Ir-port,   Jugsslavia 

Ksssrs.   Leybold   Tapan 

r.sssrs.   Toyo  Gasai   Co.,   Japan 

ïïassrs.   Toyo   Grsai   C:.,   Jsran 

!*!sssrs.   Sanai   Regulator,   Shizuoka 

f'-sssrs.   Sanai   Regulator,   Shiz-cka 

T'assrs.-Mitsubishi   Kakoki  Ci,,   Ltd.,   Japan 

r-"assrs     Mitsukan-Su     Nagoya     Japan 

tTassrs.   Toyo  Gas   Kagakj  Co.   Ltd.     Niiçata   Pref.   i 

(\assrs.   Mitsubishi  Kokaki  Kais-;a  Ltd.,   Japan 

fisssrs.   Dai  Nishon  Plastics  Cc. 

Ks-ssrs.   Lsyrrlr1..   Zaran 

f'assrs.   Toyo   Gas   Kagaku  Co.,   Jaoan 

Messrs.   Toyo  G33   Kagaku  Co.,   Jaran 

Kassrs.   ting,   Gasrhar 

r.assrs.   Rasselstsin,   Neuuisd,   L'erk  Andernach 

r'assrs.   Dubislau,   N'iedarlanca 

Piessrs.   L'iltnann,   Varsncld 

Messrs.   Plichalcuski,   Vechta 

Crt  Uincerstactsr.stadt 

Ger,einda  L'allanhcrst 

6 120G T - VG 

6 1200 T - VG 

1 900 T - VG 

2 9C0 T - VG 

2 1200 T - VG 

2 600 T - VG 

2 12G0 T - VG 

2 500 T - VG 

2 SCO T - VG 

2 '300 T - VG 

A 150 T - VG 

5 30C T - VG 

1 3C0 T - VG 

2 300 T - VG 

1 600 T - VG 

1 15C T - VG 

2 300 T - VG 
1 300 T - VG 

1 300 T - VG 

i 600 T - VG 

2 600 T - VG 
1 900 T - VG 

1 300 T - VG 

1 300 T - VG 

3 * 300 T - VG 

1 600 T - VG 

2 900 T.-VG 

6 600 T - VG 

1 900 T - VG 

3 300 T - VG 

1  • 900 T - VG 

1 300 T - VG 

1 900 T - VG 
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HEINRICH FRINGS - 53 BONN 1 • Jonas-Cahn-Str. 9 • Tel. (0 22 21) 63 15 7] 

flessrs.   Nontanari,   Italien 

Plassrs.   Purator,   Österreich 

Hassrs.   Montanari,   Italien 

flessrs.   Riza,  Schusdon 

Messrs.  Meredith,   Grossbritannien 

Plessrs.   Südd.   Zuckar   AG,   Offstein 

flassrs.   Pfaiffar  t   Langen,   Titz-Ameln 

Plessrs.   3aager  Gn-4,   Uuppertal 

Messrs.   Lippe-Uesar-Zucker,   Lage 

Pïsssrs.   Zuckerfabrik   Franken,   Ochsenfurt 

Messrs.   Steinbeis  £   Co.,   Genmrighain 

Plessrs.   Rich.Baune/3ul.S3echt 
Sorgholzhausan l 

Plassrs.   Grewiga,   Grevenbroich 

Plessrs.   Allgäuer  Alpannilch,   PlQnchsn      - 

Plassrs.   Boahringar Plannhaiin, 
Uark  Fanzbarg 

Plessrs.  Plarck,   Garnshein 

Messrs.   Rütschi,   Schweiz 

Plassrs.   Purator,   Caterrsich 

Ga-iainde  Fllarau 

Messrs.   Zuckarfarrik   Frankan 
L'srk   Ochsenfurt 

Plassrs.   Ccndea,   Hamburg 

Plassrs.   Piono-PL^rs,   Neuseeland 

Plessrs.   Ri.-a,   Sr.-uadar: 

Landkreis  riappare 

flessrs.   Z-Jckarfabrik   Brühl 

^"3".   Montanari,   Italian 

Gs-sinde Ganderkesee 

1 
1 
2 

150 T - UG 
300 T - V'G 
600 T - UG 

2 1200 T - UG 

2 
2 
1  • 
1 

150 T-UG 
300 T-UG 
6G0 T-UG 
900 T - UG 

1 900 T-UG 

1 .600 T-UG 

i 3 900 T-UG 

2 12C0 T-UG 

3 3GC T-UG 

2 900 7 - UG 

2 3C0 T-UG 

3 
1 

930 T - UG/V2A 
300 T - UG/72A 

2 300 T - UG 

6 
3 

6C0 7 - UG/V2A 
1200 T - VG/U2A 

4 600 T-UG 

1 300 T - VA - SO 

12 503 T - UG 

1 3C0 T - VG 

1 300 T - VG 

1 600 T - VG 

A 
1 

12C0 7 - VG 
300 T - VG 

6 900 T - VA 

1 600 T - VG 

2 600 T - VG 

1 900 T-UG 

1 1200 T - VG 

3 503 T - VG 

4 300 T - VG 
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HEINRICH FRINGS • 53 BONN 1 • Jonas-Cahn-Slr. 9 • Tel. (0 22 21)63 15 7! 

Messrs.   Claus  Hölzer  KG,    Lockueiler 4 900 T  -  VG 

r"?3srs.   Rira,   Schweden 1 600  T  -  VG 

fiessrs.   Haschst,   Frankfurt-Hoechst 6- 1200  T  -  VG 

ïïassrs.   Decrement,   Frankreich 1 600 T -  VG 

Ruhrverband,   Essen 2     * 900 T - VG  -' SO 

fiessrs.   Gsbr.   Schnidt,  Mainbarnheim 2 900 T - VG 

Friedrich  Ebert Stiftung ^                       1 150 T - VG  -  SO 

C^einda  Edauacht 4 900 T  -  VG         - 

AR1-'  Unterà  Radclfzallar  Aach 2 900 T - VG 

Pïsssrs.   Ri.-na,   Sciyedan 2 300 T  -  VG 

Stadt   Aalan 1 300 T - VG 

Kessrs.   Sihi,   Frankreich 1 600 T -  VG 

Stadt   Dramstadt 2 9G0 T - VG 

Kreisstadt  Siagburg 1 600 T - VG 

Geieinde Kiltar 2 600 T - VG  -  SO 

tTsssrs.   Durc-Pe.-ta,   Südafrika     . 1 300 j _ \¡Q 

riassrs.   Montanari,   Italien  -     2     • 1200-T.-  VG 

T'isssrs.   Snedagaard,   Dänemark 2 1200 T - VG 

Ge-ainda  Ilshofen 1 600 T - VG 

Messrs.   Schweitzer,   riurrhard 1 300 7 _ VG 

Messrs.   Boanringar,   Tutzing 1      • 300 T - VG 

Plessrs.   Rica,   Sch-jadan "                       2 1200 T  - VG 

Messrs.   Pfeiffer  £   Langen,   Uavaiinghoven 2 1200 T  - VG 

FUssrs.   Franca  Assaninissent,   Frankreich 1 goo T  - VG 

r:e35rs.   Dubisla.«,   Niederlande 4  ^ 1200  T  -  VG 

P'essrs.   Spaya.r,   van   der   Vijar 
¿  Zuar.enburg,   Niederlande 3' 1200 T - VG/V2A 

Rjnruarbard,   Essen '                   4 900 T - VC   -   SO 

Pi-ssrs.   Zander,   Sarg.-Gladbach •                 6 1ÔG0 T - VG/V2A 

r.sssrs.   Dur = -? = nta,   Südafrika 1 300 T  - VG 

Messrs.   L'altrada  AG,   Srhueiz 2 600 T  - VG 

Pessrs.   Decrement,   Frankreich .1 1200 T - VG 
1 150 T  - VC 

fiessrs.   Lehrter Zucker,   Lehrte 3 12C0 T - VG 
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fiassrs.   Hornbach   Kläranlagen,   Hagenbach 

Stadt  Gebunden 

Messrs.   Purator,   Osterreich 

Aggaruerband,   Gü--.arsbach 

Abuassertechnische Ges.m.b.H.   Gummersbach 

Fìsssrs.   Hernbach  Kläranlagen,   Hagenbach 

Flessrs.  ("lontanati.   Italien 

Lippe-Ueaar-Zucker,   Lage 

Hasses.   Dynamit   ."c:;alt   Lülsdarf 

Fiessrs.   Assaninissanant,   Frankreich 

Dessrs.   Daimler  E = nz,   Stuttgart 

Cassrs.   nüt3chit   Scniiaiz 

Flannesmannröhren Uarka,   Düsseldorf 

Fiassrs.   H.   Veicht,   Arrstsrf 

Zuckerfabrik  Nordstemman 

r = 3s:s.   Ftaredith,   Elogiara 

riessrs.   France  Assainissement,   Frankreich 

Flassrs. .Callens,   Salgien 

Genainda  Nüdlingan 

Landkreis Visçpsn 

ïïscsrs.   Mena   Pu-:?»,   Neu  Zealand 

TiSnsrs.   0,_,r--can-3,   Südafrika 

ri.-s-rs.   Rima,   S=-yedan 

F.sssrs.   Puratbr,   Cstsrraich 

riassrs.   Dubislav,   Niederlande 

Messrs.   Smedegaard,   Dänemark 

r.assrs.   Linda   AS,   Höliri=gaiskrauth 

r.essrs.   Schräge,   Hsrau 

Stad;   Sisiefeld 

A g -j 2rv2rb3nd,   Gummersbach 

1 3G0 T - VG 

1 3CQ T - VG 

1 6G0 T - VG 

'<  2 12C0 T - VG 

¡3 150 T - UG/V2A 
! 3 300 T - UG/V2A 

'  1 300 T - VG 

'.  4 150 T - VG 
: 3 333 T - VG 
' i 6 3D T - VG 
i 12c3 T — VG 

3 933 7 - VG 

.' 4 eng T - VG/V2A 

1 300 T - VG 

1 303 T — VG - SO 

1 600 T - VG 

1 5C0 T — V4A - .3 

2 6C0 T - VG 

2 eoo 7 — VG 
1 330 7 — VG 

2 150 7 — VG 

3 300 7 - VG 

2 eco 7 — VG 
1 600 7 - VG 

1 303 7 - VG 

6 130 7 — VG 

3 .- 600 7.- VG 

2 300 7 - VG 

2 •600 7 - VG 

4 1200 7 - VG 

1 300 7 - VG - SO 

;*• 

600 7 — VG 

18 900 7 ~ VG. 

i 1. 3C3 7 - VG 
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nessr3.   Chenilits,   Johannesburg 1 150 T -   VG 

i\ = 33rs.   LFZ   Corporation,   Händen 9 150 T  -   VG 

F.sssrs.   Saba  XLo  Motors,   Bangkok 1 15G  7  -   VG 

riassrs.   L'3   Cromai-,   San  Francisco 1 150 T  -   V/G 

•Tassrs.   Laytcid,   Tokyo 5 150 T -  VG 

fassrs.   aatarson  Candy  Int. 3 3C0 T -  VAS 

•Tsssrs.   Laybcld.   Tokyo                                      .' 19 3C0 T -   VG 

.Tsssrs.   LFE  Corporation,   Haniden 7 3C3 T -  UG 

Messrs.   Ley'ocld,   Tokyo 2 600 T  -  VA 

nassrs.   Leybrld.   Tokyo 13 600 T -  VG 

ÏTessrs.   Patsrson   Cardy   Int. 3 6CQ T -   VAS 

i\assrs.   Lsybold,   Tokyo B SCO T  -   VG 

r.sssrs.   Elsktrcsohnalzuark,   Frachsn 1 900 T -  VG 

Hassrs.   Chr-niii^a,   johz-ìnaòóurc                                    •      1 Ì2C0 ï  -   VAS 

Lasars.   Trailioaz,   Paris 4 12d3 T -   VA 

flrssrs.   LFE  Corporation,   Ha~dan. 1 1200 T -  VG 

nassrs.   Trailicar,   Paris 1 12C0 T  -   VAS 

fiessr9.   Patarscn   Candy   Int. 3 1200  T -  VAS 

Garrainda   Kirchbarg .  1 3CC T.-   </G-~n 

Ganainds   Sobanhaim-Roxhaim '   1 120Ü       -   VG 

Niersuarband,   Viarsa-!                                           ' 14 1200 T -   VG 

fiassrs.   Sihi,   Frarkrgion 1 6oo  T -   VG 

fT=33rs.   S^adecaard,   Danatark 3' 600 T -   VG 

iTçssr3.   Ri^a,   Son\u?dan 2 300 T -   VG 
2 600  T  -   VG 

Plassrs.   Pfsifer  £   Langan,   U9U9Íinghou9n 3 900 T -   VG 

Zuckerfabrik  Srllh-l                                                    » 1 1200 T  -   VG 

Í13SS.3.   iTaradiih,   England 1          •        1200 T -   VG 

iTrssrs.   reno  Pumps,   rj?'j3 = aiand 1 300 T  -   VG 

flassrs.   Tlc.-.-tanari,    Italia 1 900  T  -   VG 

Hassrs.   Seiba-e,   Rjppertsuailer 1            '        150 T -   VG 

^:-3s:s.   Uabaq,   Kulnbach 4 300 T -   VG 

F.assrs.   Rira,   Scbuadan 3 600 T -   VG 

nassrs.   Dubislau,   Naaderlanda 6 900 T -   VG 

nassrs.   Artland-Dörffier,   Badbergen 1 150 T -  VG 

fassrs.   Hon-tanari,   Italia 1 900 T -   VG 



-31- 

HEINRICH FRINGS •  53   BONN   I • JÄGERSTRASSE 9 • TEL. (0 22 21) 65 17 51 

riessrs.   Sihi,   Frankreich 

Messrs.   Feldnühla,   Düsseldorf      VKU,  Obarhauaen 
Werk  Baienfurth 

risäsrs.   Fichtal 4  Sachs,   Schwainfurt 

Gemeinde  Oberar Kraichbach Züblin,   Stuttgart  4 

Piessrs.   Sihi,   Frankreich 

Fiassrs.   Flann9smannröhren  Iderka,  Dusseldorf 

Stadt  Freiburg  in  Breisgau 

flsssrs.   l/EBA-Chamia,   Brun3büttel  Sulzar, 

fiassrs.   Flaurar í  Sahne,   ïïùnchsn 

Cisssrs.   ?KuQ3ifisc.^er,   Wuppertal 

Nassrs.   Nsynhater-Cha.nie  GmbH,  Loxstadt 

fiassrs.   Hontanari,   Italia 

Hassrs.   Stahluarka Süduastf alan,   Hagen 

nessrs.   Dt.   Zündholzfabrik,   Baiarsbronn 

Hassrs. Bleihütta  Barzelius,   Stallbarg 

fiassrs. US-Ozonair,   San   Francisco 

fTsssrs. LFE,   Hamdan 

fiassrs. Gabr.   HBrrmann,   Köln 

1 150 T — UG 

6 900 T — VC/V2A 

3 150 T - VG 

4 900 T - VG 

1 •    900 T — VG 

3 600 T - V4A-S 

2 -300 T - VG 

4 1200 T - VG/V2A 

1 600 T - VG 

1 300 T - VG 

2 900 T - VG 

1 600 T - VG 

1 300 T - VAS 

3 900 T — VG 
i    ; 1200 T - VG 

3 . 25 T - VG-F 

2 25 T - VG 

1 1200 T - VG 

2 300 T _ VAS 
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