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Abstract.

In cooperation between Chemical Works Organika-Sarzyna, Poland, and KVK
Agro, Kpge, Denmark, the latter has investigated the possibilities of
implementing a new process for producing MCPA in the plant in Sarzyna.

KVK Agro has developed a new method for said production, which is
simpler and in our opinion better than hitherto known methods. The
method will significantly improve the quality of Organikas MCPA.

The plant in Sarzyna is suitable for the process and only minor changes
is necessary before the process can be started. Part of the process
already employed at Organika can be used as it is, followed by the
inventive step of KVK Agro's process giving a great deal of the
improvements (a better quality of the product). According to Organika
the necessary chemicals are available in tha neighbourhood of the
factory.

The process has been demonstrated to people from Organika and their
consultants from the Institute of Industrial Organic Chemistry in
laboratory scale and in big scale.

A project is going on at KVK Agro with the aim of recirculation of the
wastewater and conversion of sodium chloride in the water to a useful
raw material.
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1._Introduction.

I april 1987 Chemical Works "Organika" in Sarzyna, Poland, initiated a
project on expansion and modernization of their MCPA-plant. The project
was expected to be supported by United Nations Industrial Development
Organization (UNIDO). The project is described in a paper from The
Slover Group, Texas. A member of this group contacted Sven Mansson at
KVK Agro and asked for cooperation and technical assistance.

Chemical Works "Organika" wants to have a new process for production of
MCPA with the purpose of improving the quality of the product in order
to be able to sell to export markets. In cooperation with Institute of
Industrial Organic Chemistry, who developed the process imployed now,
they lTook for companies with technology for MCPA-production and
possibility to help with this technology.

Organikas initial intension was to be able to work with a well-known
technique, used by many companies including Kemisk Vark Kage, the
company from which KVK Agro is derived. Recently, however, KVK Agrc has
developed a new process, for which a patent is applied. This process
will significantly improve the quality of the product and possibly
benefit the environment.

KVK Agro proposed to bring this method into the discussicn, because it
is a much simpler method. We proposed a visit to the factory in order to
find out, whether some of the equipment was suitable for the new method,
to learn about Organika's method and to introduce our ideas.




2. Contact between the parties in_the cooperation.

In the following text the companies/institutions are mentioned as
1) Organika = Chemical Works Organika-Sarzyna.

2) KVK Agro.

3) IPO = Institute of Industrial Organic Chemistry.

2.1. People involved in the cooperation..

The following people has been in contact with each other and
participated in meetings, laboratory work and/or visits at the factories

Mr. Wladyslaw Pilat, Organika.
Diplom chemical engineer, General director.

Mr. Tadeusz Jakubas, Organika.
Diplom chemical engineer, Production director.

Mr. Kazimierz Ratajczak, Organika.
Diplom chemical engineer, Research and technology manaqer.

Ms. Stanislawa Murzyn, Organika.
Chemical engineer, Production chemist.

Mr. Wieslaw Moszczynski, IPC.
Professor, D. Sc., Director.

Ms. Iwona Gorska, 1PO.
M. Sc. chemistry, Research chemist.

Mr. Janusz Ostrowski, IPO.
D. Sc. agriculture, Professor of plant protection.

Mr. Kurt Jenser, KVK Agro.
Director.

Mr. Sven Mansson, KVK Agro.
Export Manager.

Mr. Bjarne Holm-Jensen, KVK Agro.
Chemical engineer, Production manager.

Mr. Arne Oxbsl, KVK Agro.
Chemical engineer, Agrochemical research.

2.2. Visits at Organika.

In november 1937 mr. Holm-Jensen and mr. Oxbg] visited Organika and met
mr. Pilat, mr. Jakubas and mr. Ratajczal..

During the meeting, we were introduced to Organika and the presently
employed method for production of MCPA. We inspected the factory to have
a short introduction to the plant.

There was a mutual interest in continuing conperation.
In april 1991 mr. Jensen, mr. Minsson, mr. Holm-Jensen and mr. Oxbgl

visited Organika together with mr. Moszczyn<ki, mr. Ostrowski and ms.
Gorska.




Mr. Holm-Jensen and mr. Oxbpl demonstrated the process to ms. Gorska and
ms. Murzyn through laboratory experiments and we went through the
factory again to get a more precise description.

Mr. Jensen and mr. Mansson discussed the cooperation with mr. Pilat and
mr. Moszczynski.

2.3 Visit at KVK Agro.

In july 1990 mr. Pilat, mr. Moszczynski and mr. Ostrowski visited KVK
Agro and met mr. Jensen, mr. Minsson, mr. Holm-Jensen and mr. Oxbsl. The
polish side received a description of KVK Agro's method and the project
including descriptive examples of the method.

After the first days meeting, the polish side discussed internally and
showed on the second day a very positive attitude to the project. They
put many questions, which were answered. The main problem seemed to be
content of sodium chloride in the wastewater. KVK Agro told about an
idea to lower this content and promised to send further informations
with mass-balance for water and sodium chloride.

Mr. pilat and mr. Moszczynski received a copy of our method for analysis
of MCPA, and mr. Oxbg)l received a sample of MCPA-formulation from
Organika.

2.4 _Visit_at Esbjerg Kemi.

In january 1992 ms. Gorska and ms. Murzyn visited Esbierg Kemi together
with mr. Holm-Jensen and mr. Oxbel. The process was demonstrated in big
scale, and ms. Gorska and ms. Murzyn was satisfied with what they saw.
On the other hand they put many quastions about equipment in generel
and methods, which was answered by letters after the visit.




3. Description of plants_and chemistry.

3.1._ Organika.

3.1.1. Introduction.

The factory is build in 1939 but due to the war the beginning of
production was postponed to 1950. Since 1960 the factory produced
agrochemicals, 50% of the factorys total production. Among other
productions are epoxy resins, silicone products and polyesters.

In the agrochemical division i< also formulated imported, active
ingredients. There is a mill installatinn present in the factory.

The productions are based on own technology, own chemical equipment made
in own silicon cast iron foundry.

The MCPA plant is constructed in 1969/70 to produce 500 tons/year. It is
however now producing 2000 tons/year. According to mr. Pilat, the plant
1s not good enough anymore, and the buildings are not constructed big
and safe enough to build bigger and heavier equipment into it.

Organika has had a contact to Czechoslovakia and bought MCPA there, but
this contact does not exist anymore.

The domestic market is 3000 tons/year and the export market 1000
tons/year.

3.1.2._The MCPA-plant.
The plant is situated on four floors in one building, partly outdoor.
Equipment is listed below in short form. A more detailed description is

ir appandix 1.

3 reaction tanks with stirrer 3 m3 each made of steel for
neutralisation of monochloroacetic acid.

4 reaction tanks with stirrer 3 m3 each made of glasslined steel for
condensation of o-cresole with monochloroacetic acid.

2 reaction tanks with stirrer 2 m3 each for prachlorination.
4 tanks 3.5 m3 each for dissolving in tetrachloroethane.

3 reaction tanks with stirrer (3.5 m3, 4.5 m3 and 6 m3) for
chlorinaticn.

5 destillation columns for stripping the tetrachloroethane.
Storage tanks for formulations.

The plant capacity is 2000 tons/year (47 weeks in 3 shifts all week),
which means the capacity is 253 kg/h).

In our opinion the plant is in relatively qond conditinon and bhetter,
than we had expected. We helieve, that nur process can he performed in
the existing plant with good results. Minor investments are necessary,
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3.1.3. Organika's production method for MCPA.

The method employed by Organika is as follows in short form:

Initially a solution of 70% w/w monochloroacetic acid is neutralised
with 30% w/w NaOH solution to pH = 6 at --30*C, yielding a solution of
monochloroacetic acid sodium salt (app. 40% w/w of the menochloroacetic
acid salt).

556 kg o-cresole (5.14 kmoles) is condensed with 1300 liters (1670 kg)

of the abovementioned 40% w/w solution of monochloroacetic acid sodium

salt (668 kg = 5.74 kmoles acid salt). 480 liters (638 kq) 30% w/w NaOH
solution is added together with the other raw materials within 1 hour.

The mixture is stirred for 2 hours more at 95-98*C.

After the reaction the mixture contains 3-4% w/w unreacted o-cresole,
which is stripped in a celumn by steam and recirculated, leaving ~<0.5%
w/w o-cresole in the mixture. The product i< 2-methylphenoxyacetic acid.

App. 1 kmole chlorine is led into the mixture to chlorinate the phenoxy
acid partly. Afterwards tetrachloroethane is added, the mixture is
acidified and heated to 90*C in order to dissolve all the phenoxy acids
in the tetrachloroethane. The water is removed. cooled and filtrated
giving some phenoxy acid, which is recirculated. Chlorine is led into
the tetrachloroethane solution to chlorinate the rest of the phenoxy
acid. The temperature is 90-100”C. The product so obtained consists of
87% MCPA, 2% unchlorinated, 1% dichlorinated and 10% 6-chlorinated
phenoxy acid based on total phenoxy acid.

The tetrz-hloroethane is removed by stripping in vacuum, and the product
is dissolved in for example potassium hydroxide at alkaline pH.

Wastewater is treated together with other wastewaters on the factory,
much of the treated water being recirculated.

For further details plase see appendix 1.

3.1.4. The production method initially desired by Organika.

The method, Organika initially intended to learn, when the project
started, is practically the same, as Kemisk Vark Koge has used for many
years:

Chlorination of o-cresole with sulfurylchloride. The sulfurdioxid coming
from the chlorination is tn be recirculated as sulfurylchloride formed

‘n a regeneration plant.,

Destillation of raw chlarocresnle tn ohtain a good quality of 4-chloro-
o-cresole,

Condensation of 4-chloro-o-cresale with monachloreacetic acid.
Extraction of excess 4-chloro-o-cresole, which is to be recirculated.
The expectations is a product of 97% purity.

We were told, that a description of this project is mado by a
"projectbureav” before end of january 1990. Estimated pricelevel i< 8-10

mill, US dollar< for a completely new factory. We have not <een this
project.




3.2. KVK_Agro_and Esbjerg _Kemi.

KVK Agro is an independent, danish company. which produce, formulate and
sell pesticides.

Esbjerg Kemi is also a producer and formuiator of pesticides an
cooperates with KVK Agro on phenoxy acids. Pilot nlant and production
plant for phenoxy acids is situated at Esbijerg Kemi.

3.2.1._KVK Agro's production_method for MCPA.
KVK Agro's method is as follows in short form:

o-cresole is condensed with monochloroacetic acid in a manner different
from, what Organika does today thereby increasing yield and decreasing
sideproducts.

The reaction mixture is extracted with xylene  thereby decreasing the
content of unreacted o-cresole in the mixture significantly.

The mixture of 2-methy.phenoxyacetic acid is chlorinated with sodium
hypochlorite at temperatures lower than 40*C and at neutral pH. A
catalyst is necessary to obtain the better quality.

The mixture is acidified at app. 90*C, the product separated 2 a heavy
0il, washed with a minor amount of water and dissolved in for example
potassium hydroxide. The product so obtained has a purity of 98% based
on total phenoxy acid in solution. The yield is 95% based on
unchlorinated phenoxy acid.

Mecoprop (CMPP) can be made by this method as well as MCPA.

It is also possible to obtain technical acid by mean of well-known
methods as for example flakening of the oily acid. Thi; is outside KVK
Agro's invention.

For a more detailed description please see appendix 2, which is part of
the material, mr. Pilat and mr. Moszczynski received in July 1990, or
eventually our patent description as mentioned helow.

KVK Agro has applied for a patent in EP (PCT/DK 91/00208), US, Auctralia
and Poland. The first written opinion from the Furopean Patent Office is
very positive saying that the process is novel and inventive.

3.2.2. Necessary _equipment .

7.2.2 1. Concenzation betwe2n o-cresole and monochiornz-etic acid.

KVK Agro use a slightly different condensation technique though the
chemistry is princijally identical to the method employed by Organita.
Ms. Gorska has explained, “hat PO already hac improved the method hut
not yet implemerted it into the factory. Accarding to discussions with
ms. Gorska our method seems to be identical to the method developed hy
IPO.




The improved method can be perfcrmed in the same reaction vessels at
Organika as the present method. Only slight changes are necessary, the
difference between the methods being simultaneous addition of two

raw materials instead of one.

In our opinion the reaction vessels for condensation are really good,
so the condensation can continue in the system.

3.2.2.2. Removal of o-cresole.

Today Organika removes unreacted o-cresole by water-steam destillation
from the condensation product. It is possible to do it perfectly well
and we think this method can be continued. The cocsumption of sodium
hypochlorite in the foliowing chlorination reaction depends on how good
this destillation is done, since sodium hypochlorite reacts with and
destroy o-cresole.

We have seen very good samples and too bad samples of condensation
product from Organika. They all give the sam> good end-product and in
both cases waste-water contains no cresoles, but loss of o-cresole and
sodium hypochlorite increases with decreasing effectivity of
destillation.

Removal of o-cresole by steam destillation costs much enerqy, which is
an argument for changing this step.

At KVK Agro the o-cresole is removed by extraction with xylene. It can
be done in various systems either batchwise or continuously. Cur
experience is with continuous extraction while we have ceen it done
batchwise at Esbjerg Kemi. Organika has tanks enough for a batchwise
extraction while a continuous extraction needs investment in new
equipment.

According to ms. Gorska IPO has worked with this extraction but not yet
implemented in the factory.

In both cases - water-steam destillation and extraction - removed
o-cresole is recirculated, the yield based on o-cresole approaching
100%. In our opinion extraction is to prefer due to less energy
consumption and generally better condensation products. On the other
hand destillation has the advantage of using no organic soivents, and
the equipment necessary is already present.

We have chusen not to propose a definite <olution to this question since
both principles are useful and maintaining the present system makes it
easier to start the proiect and ohtain the mnst dosired zduintane - 2
better quality. Furthermore we find it uzeful ton discu-s in details with
the people of Organika and IPO.

3.2.2.3. Chlorination.

The inventive step of KVK Agro's process i< the chlorinatinn. In this
step the selectivity of the chlorination is improved considerably
compared to Organikas method and other known methods in producing
phenoxy acids. Furthermore it is a simple process operating at neutral
pH and ambient temperature.




ke process is to be performed in a ventilated tank with <tirrer and
equipment for m2asuring pH, redox-potential and temperature. There is no
particu:ar demands on the tank material, <ince the sodium hypochlorite
is consumed in the process momentary and pH is neutral. The

temperature can be controlled by direct additinn of ice, which give the
most effective cooling and at the same time <erves as a necessary
diluent.

In the process is produced app. 100 kg MCPA per 1000 liters of
waste-water, This is the disadvantage of the process giving more
waste-water than most other processes.

Beside the reaction vessel a storaye tank for sodium hypochiorite is
necessary, the material of which must be resistant to the hypochlorite
(rubber or some polymer material). Such a tank is available at Organika.

Other necessary storage tanks (for sedium hydroxide and hydrechloric
acid) are present.

3.2.2.4. Isolation_and formulation of the product.

when the chlorination is finished, we propose to set the MCPA free by
addition of hydrochloric acid thereby precipitating the phenoxy acid as
a heavy oil. The o0il can easily be transferred to another tank in which
it is washed free of sodium chloride with minor »mounts of water. The
washed, heavy oil can then be transferred into a suitable base f.ex.
potassium hydroxide or dimethylamine. This procedure is very close to
what Organikz does now, since they obtain the product as an oil after
haviny distilled the organic solvent from the chlorination step.

Acid-proof tanks for such a process is present (steel lined with carbon
tiles).

3.2.2.5. Proposal of how to use Organikas plant.

At the meeting in Kege, july 1990, we presented a scheme of the process
starting with o-c-esole and endlino with MCPA. We proposed to dn a
minimum of changes in order to be able tr start the improvement very
soon, which means that removal of o-cre-cle ha- to be done by steam
destillation. Please find the scheme in appendix 3.

We calculated the capacity of the plant tn be 5400 tons MCPA per year.

The main thing is, that we in principal are able to start "tomorrow"
with the existing plant.




4, Calculatior of cost prices.

Based on informations from mr. Ratajczak (copy of telex in appendix 4)
we are able to compare the consumption of raw materials in the two
processes. In the table below consumption of raw materials are listed
for the two methods together with savings of each material by changing
to KVK Agro's method. Savings with a negative sigh indicate, that KVK
Agro's method uses more of the raw material than Organikas method.

Tahle_1. Raw_material consumption producing 1009 kg MCPA.

Organika- KVK Agro-
Raw material method method Savings

(tons) (tons) (tons)
o-cresole 718 570 148
Chloroacetic acid (80% w/w) 881 709 181
Chlorine 577 410 167
haOH (28% w/w) 3461 750 1711
HCT1 (30% w/w) 957 1400 - 443
12504 (96% w/w) - 72 - 72
NaOH (50% w/w) - 950 - 950
Na2€03 108 2 106
Tetrachloroethane 144 - 144
Catalyst - 10 - 10

In KVK Agro's method less o-cresole, chlorine and monochloroacetic acid
are used. On the other hand more sodium hydroxide and hydrochloric acid
are used. Most o-cresole and monochloroacetic are to be imported, while
sodium hydroxide and hydrechloric acid are locally present.
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5._Advantages_of_ KVK Agro's_process.
Our process has in our opinion the following advantages:

1) The chlorinated product has a very favourable distribution between
the different, chlorinated species - ~97% being the desired
4-chlorinated product.

2) There is no handling of chlorinated cresoles and therefore no
smelling of them and no problems with discharging wasteproducts (6-
and dichlorinated products).

3) The wastewater contains no cresoles at all, since they are destroyed
in the chlorination process prior to the chlorination of the phenoxy
acid.

4) No hancling of chlorinated, organic solvent and therefore no emission
to the environment.

5) Improved economy due to reduced raw materials consumption.

6) Reduced consumption of imported raw materials.

To illustrate the effect of changino to KVK Agro's method is below

analysis of an Nrganika-product (Chwastox) and a KVK Agrc product

produced in pilot plant (50 liters).

Table 2. Analysis_of MCPA-products.

Bistribution of total phenoxy acids and chlorocresoles (% w/w).

Chloro- MCPA/

MPA 2C6MPA MCPA 2.4DC6MPA  cresoles  2CGMPA

Chwastox 1.64 9.32 8n.32 1.10 7.62 8.6

KVK Agro 0.14 0.35 98.76 0.74 - 280

The improved selectivity benefits the purprse of making products of
export quality.

Avoiding handling of tetrachloroethane seems to be a big advantage,
since tetrachloroethane is regarded as a very unpleasant chemical
(Hommel: Handbuch der gefahrlichen Giiter, ?nd. edition, 1988, Merkblatt
646)
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6. _Waste water.

As mentioned previously the amount of waste water is a disadvantage of

KVK Agro's process. It is necessary to remove phenoxy acids and most of
the sodium chloride from it before discharging to the freshwater River

San.

Removing phenoxy acids has to be done by extraction with xylene
according to our experience. This leaves a waste water basically free of

phenoxy acids.

Secondly sodium chloride has to be removed according to mr. Pilat and
mr. Moszczynski. We have calculated the content of sodium chloride in
the waste water in KVK Agro's and Organikas process and presented the
results to mr. Pilat and mr. Moszczynski (appendix 5). Changing from
Organikas method to KVK Agro's method raises the amount of sodium
chloride in waste water from 1417 kg per ton MCPA to 1495 kg per ton
MCPA which is 5.5% increase.

We do not consider this increase as a big disadvantage but we agree,
that the amount is too big. Our proposal to mr. Pilat and mr.
Moszczynski is to investigate the possibility of regenerating sodium
hypochlorite from the sodium chloride by electroiysis. If possible, it
will serve two purposes: Removing sodium chloride from the waste water
and lower the costs of sodium hypochlorite.

Electrolysis of an aqueous solution of sodium chloride to chlorine,
sodium hydroxide and hydrogen is well-known. The chlorine and the sodium
hydroxide can afterwards be combined to sodium hypochlorite.

2 C- memmeeee > (12 + 2 e- Anode reaction

2 HO + 2 e= -~—v--e- > H2 + 2 OH- Cathode reaction
C12 + 2 OH-  ====---- > 0C1-_+ Cl- + H20 Chemical_reaction
Cl- + H20  --=-==-- > 0C1- + H2 Overall reaction

Our idea is, that the sodium chloride in the waste water is to be
converted to sodium hypochlorite by this process without preceeding
purification of the waste water.

We have proposed use of a membrane cell, which represents the purest
technology in chlorine production. The main question in treating a waste
water with inorganic and organic impurities is lifetimes of electrodes
and membrane. Another important question is current efficiency.

In order to answer this questions KVK Agro has initiated a cooperation
with an expert in the field (Dr. Hans Holmberg, Svntheler, Lun'
Sweden). He presented a report showing that the process is possible but
not answering the above questions.

No optimization will be done before a principal decision about the whole
project is taken. Please see section 7.
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7. _KVK Agro's proposal for further action.
Z.1. Production using_KVK Agro's process.

As the new process in all aspects, except for waste water seems to be
better than the old one, we propose to begin a pilot production of MCPA
in almost full scale in parallel to the normal production. In our
opinion it is possible to find equipment in the factory in which it can
be done. We know, that IPO has a pilot plant in Sarzyna for such
purposes. Such a production will show to the people in Sarzyna the
benefits of the new process, and selling the improved product might give
improvements in the economical situation.

The waste water frem the new process is neither better nor worse than
the waste water from the old process and should cause no problems for
pilot productions.

We prepose to do the chlorination process only and to use the MPA
produced now, since the major advantages is in the chlorination step. Cn
the other hand we are willing to work with the condensation process,
too, if we can avoid a conflict with IPO. They have told us, that they
have started an optimization work, the results of which not yet are
fully satisfying. We do not know why, but have been told about problems
with pH-measurement.

Provided that we can find a suitable tank, the only things required by
us are redox potential measurement (one electrode and a mV-meter),
pH-measurement (one electrode and a pH-meter) and temperature control
(preferably by addition of ice in the reaction mixture). The cost for
electrodes and meters is about 1500 US dollars. We propose, that we buy
the necessary equipment at a danish company, with which we have good
experience.

We have been told, that ice and sodium hypochlorite is available in the
factorys neighbourhood. The necessary catalyst has to be supplied from
Denmark for the pilot production.

Since the season is over now, we propose to work quickly in orcder to
use spare time at the factory before the start of next season. Before
we start, negotiation between the parties should take place in order to
settle the financial problems and Organikas eventual export of MCPA.

1.2._Conversion of waste chloride to hypochlorite.

When the chlorination process works, treatment of waste water hecomes
the most importsnt part of the nri ect . We pranrea ol yun soedinga the
Cooperation with mr. Holmberg at Syntheles in order to get the full
information about the possibility of the electrolysis. This shall
include calculations of economical feasibility.

We know, that mr. Holmberg is willing to do the work. The price level
for necessary experiments is 15.000 US aollars. This work has to be
started as socn as mr. Holmberg has the time for it. If the process is
possible, we propose a contact to a swedich <upplier of membrane cells,
ElectroCell Systems AB, Tahy, Sweden. KVK has been in contact with them
before and discussed chlorine plants.
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8. Conclusion.
A new process for producing MCPA has been demonstrated to Organika and
IPO, and its advantages has been approved.

The MCPA-plant at Organika has been inspected and is considered suitable
for the new process with minor changes. It is possible to start the new
process very soon and obtain the major advantage - a better product.

The major advantages are a better product of export quality and
elimination of a chlorinated, organic solvent.

The new process has a disadvantage in waste water. The amount of waste
water means, that the same amount of sodium chloride is ied to the
recipient - the fresh water River San - as by the process employed now.

A process for purifying the waste water and at _he came time regenerate
a useful raw material i< proposed and preliminary investigated. Further
inyestigation awaits a decision of the continuation of the project.




Appendix 1.

Description of plant and process at Crganika.




.a _the bottom floor are I rezciors fcr reutralisation af ;
tig acid. tach ‘s 2 m3, mace of stairless stesi and equ
rer and coil _and mantle for cooling water. The ze

stated. There sre 9 noles in the top each app.

7 monochlorosce-
ipped with stir-

of the ceoil was not
i ia

metar.

In the reactors are 70-80% MCA neutra:ised with 30% NaCH yieiding & 40%

solution of MCA Na-salt. The neutralication takes place &t 30"C.

On _the 3rd. (upper) floor sre 4 measuring “anks:

2 for MCA-solution wnich were rubberlined. Size ne* siated.

1 “or o-c-esoi mage of steel., Size not stated.

1 “or 30% NeOH made of sieel. Size not siated.

Additionally thare are 4 condensation :snks, each 3.6 m3 qiass lined.

The reacters are all equipped with cemister, stirrer and jacvet for

steam snd cooling water.

S50 1 o-cresoie with density = 1.07 kgs/1 &t 307C (eop. .14 wmoies) are

teken up in a condensation tank. Withis I hour 1300 1 MCA-solution wi

density = 1.28-1.2¢ ka/1 at 20"C (app. ~ "4 kmcies) are added ;oge;her

with 480 1 30% NaQOH with density = 1.2 T z¢ 40~ (app. 4 35z kmoies).
i 2 n

The temperature is 85-90*C. Stirring - ¢
eg~C.

nours at up

The gas vertilated from the rezctors is péssed through a demister to &
carbon cceier, wnere the vapour condenses. The condensate {o-cresaie &nd
water) is led o0 & sepzraticn <znk. Afler sanarztion, he wzier is used

for diiution of NaOH. The c-zresc.. s recircuiated.

-

P

A_storage tznk is s
mixsure (carton st

uated outside the bui'ding for MPA-candenszzicon

Also storage tenk{s) for stripped MPA-soiution are si:usted ‘there,

On the upper flgor is a dossce :ank (1200 ' of carbon steei) {or MpE-
congensation mixture hefare the si-ipning ~oiumns. There is snother,
smeiler cosace -an¥, wnicn secmetimes i35 uysag Sefgre the Ivd ~oiumn
(reserve).

Thers are 3 stripping coliumrs each zpp. 4.5 m nicn and G.8 @ in diame-

ter “he top of the csiumns are an “he upper 'nor.

Cn_the upper floor are <wo tanks ‘or des
ol

A
v
D

AR RS g LTI T Ll - . i
tank, “rom wnicn it is pumpeg 15 the Gosage tank for sir pping. rram the
dosage i r 2 2% -he zaiumns (230 1.n in aach). The
cgesti 4 * cargon Z20i&r Lo a separacion tank, tfraom
wnizh the ) ecircuiated. The stripoing is cCone with steam

(4 o) Was N0t sTated, ang there wis nn Teisuremenc
of er Zsiumn

The mixturae <oniains anout 25-277% M22 and 2-3% s-7resnla hefare sirip-

ping and 2%-23% MPA ang up w0 1.%% d-7resnie afne- sirinping,

Tf 2 hettar quaiity 27 MPA ‘5 casir~, *ne “ir-t saffing'n ‘7 aumned <5
the smailer zosage tank, from wnicn "t ‘5 run “arsugn tne Dr2. 2oiumna.




From th2 bottom of the columns the product is run to the :torage tanks
for MPA-solution.

On_the upper floor are 2 cdnks ror prechlorination, each 2.5 m3 and rub-
Jeriined.

For prechlorination 1980 1 MPA-solution (20%) with density app. 1.15
kg/1 (2.74 kmoles) and 390 1 tetrachiorocethane is pumped to & prechiori-
nation tank. 30 kg C12 {0.42 kmoles) is added within 0.5 hour at 90-
100*C.

On the 2nd. floor are 4 tanks for acidification, each 3.6 m3 and alass-
lined with stirrer and izcket for steam.

On_the 2nd. floor are 2 intermediate tanks (3.6 m3 - glass lined) with
stirrer for organic pnase after prechlorination and acidification.

The prechlerination mixture is run into the acidification tank and aci-
dified with 20% HCl-solution at 90*C in order to dissolve z11 MPA zrd
MCPA. 3 prechlorinations are mixed before acidification (2 from one and
1 from the other prechlorination-tank). The water-phase is removed,
cooled and filtrated. The filtercake is recirculated. We did not see the
the eaquipment for cooling and filtration.

The organic pnase is run to the intermediate tanks.

On the lrst. floor are 4 chiorination tanks (3.5, 4.5, 6.0 and app. 5.0
m3) each aiass lined and without stirring.

There is also s cooler for tetrachloroethane and an absorber for HC!

form in the chlorination.

To the chlorination tanks C12 is added with 60 ka/h at 90-100*C. HCi
formed in the reaction is absorbed in the HCi-absorption tower.

On_the around floor is § _2stillators 5 m3 each (steel lined with zarbon
tiles) for desiillation of tetrachliorocethane. there are tanks fcr sepa-
ration of destillate and finally storage %tank for tetrachloroethane.

There sre also storaqe tanks for MCPA-formulations.

After the chlorination, tetrachlorcethane is watersteam destilled. The
destillate i+ collected in a tank, where aqueous and organic phase are
separated. The organic phase is pumped to storage tank, and the aqueous
phase to waste (the aqueous phase is acidic).

T 2nmvaArwdses boog ryrn L Almpebitan Tra) e miimanA ba bk eaeca
e - - . » . .. -l 2 T \ oy . - - Y J i v - . . - . . .

nens in the aestiilator for dissolving the MCPA in the formuiaticn at

pH = 10-11 (8-9 for dimethylamine formulations).

Qutside the byilding, in which the plant is situated, is a tank with ¢
champers for further purification/secimentation of process water.

A1l process water from the process goes into this tank, from champer 1
to champer 2 and so on leaving the tank from chamber 4. Within a year
the tank is filled with precipitate. Finally the waste water is treated
chemically before discharging. This treatment is an oxidation with NaOCl
taking place in a stirred tank.




Appencix .

Dneripsitag o8 EVE O Asro’s inveantion.

Detailed_descriptio

the_invention.

There are three important aspects in the invention, all of them being
responsible for a gnod result: The pH at which the chlorination takes
piace, the temperature and the catalyst.

The pH differs considerably from the pH reported in most other papers on
afterchlorination of phenoxy acids. We have worked with neutral or weak-
ly alkaline conditions because the chlorinating agent giving only mono-

chlorination is hypochlorous acid, HOC1. When chlorine, C12, is dissol-

ved in water, it enters in an equilibrium with HOC1. The equilibrium pH

is 4.3. When pH is raised, the salt of HOC1, having an acid dissociation
constant of 7.4, is formed.

It is therefore very important to have a pH higher than 6.3, at which

pH practically no C12 is present. On the other hand it is necessary,
that the HOC1 is not entirely converted to its zalt. So., pH must be kept
below 9.4, at which pH practically no HOCl1 is present. In practice we
have found that pH between 7 and 9 is suitable.

The HOC1 undergoes disproportionation into oxygen and hydrochloric ac1d
on prolonged standing and under influence of light and heat:

2 HOC1 ----- > 02 + 2 HO

We have found, that this reaction is of practically no importance at the
Tower pH-values in the interval compared with the chlorination reaction:

CHZ-C00-,Na CH2-C00-,Na
1 1
0 0
! !
C
/\ CH3 / \ 3
C C
| N l + HOCT ===mrmm > OT + H20
i C C
\/ N/
c C
!
C1
At the higher pli-values in the intervai, the disproporiionstion reaction

becomes move important compared to the chlorination reaction, resulting
in a lower yield of chlorinated phenoxyacid based on NaOCl and a requi-
rement of an excess of NeOC1. A pH of 8.5 nr lower ‘s found suitable to
ensure a satisfactory yield on NadCl.

The temperature is very impertant to “he ratin between 4- and 6-chlori-
nated products. So the ratio drops from approximately 180 to 100 in
chlorination of methylphenoxypropionic acid to produce MCPP, when going
from 10*C to 30*C.




The catalyst is very important to the ratio between 4- and 6-chlorinated
product. The ratio raises from 8.0 in a chlorination without catalyst to
178 in a chlorination with catalyst.

The process is as follows:

o-cresole is condensed in the same way as 4-chloro-o-cresol with either

a chloro-alkanoic acid or a lactone. The reaction mixture is water-steam
distilled or extracted to remove excess o-cresol. The resulting mixture

is cooled to the chlorination temperati.re, diluted with water to appro-

ximately 12-'4% w/w 2-methylphenoxy-alkanoic acid.

After the chlorination, the mixture contains approximately 8-10% w/w
4-chloro-2-methylphenoxy-alkanoic acid. It can be isolated in many ways,
depending on the end use. One method is to pump the mixture to equimolar
amounts of mineral acid -t ambient temperature. The acid crystallises as
a fine powder, which can be filtrated and washed to remove inorganic
salts. The wet powders can be formulated directly as aqueous solutions
of salts or dried to yield a technical acid of high purity.

Another methoa is to heat the reaction mixture to 90*C ind add the mine-
ral acid to the mixture. Thereby the phenoxyalkanoic acid is set free as
an oil. On cooling the acid crystallises as granules, which is easily
filtrated and washed. Alternatively the oil can be washed and formulated
without crystaliization.

A third method is to extract the phenoxyalkanoic acid at 80*C into xyle-
ne and extract the phenoxyalkanoic acid out of the xylere into aqueous
solutions of potassium hydroxide, dimethylamine or other bases, thereby
forming a commercial solution of salt of phenoxyalkanoic acid.

During the chlorination stage o-cresol remaining after water steam di-
stillation/extraction is oxidized by the NaOCl-mixture tc watersoluble
aliphatic acids. This oxidation is known in wastewater treatment, and it
is a further benefit to the method, that no o-cresol is present in the
waste water. Depending on the content of o-cresol an excess of NaOCI

is necessary.




Appendix 3.

Scheme on proposed use of Organikas plant with KVK Agro’s process.
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Appendix 4.

Cost price informations from Organika {cooy of teiex).

re: inrormations foOr Kvh

.

caiculated G Sase of oianned §61 1550 s5ta
Of raw materiais for groducticn of chwastcx extralis GJo mn 837
viscosity in 20 deg ¢ = 1,175 g,cm3)
1) G- crecscl F&8 o/0 - 7138 tons
Z2) monchlarihe acid (7)) - &&1 tons
31 sodium hvdroukide (in caic. for 1500/ &7 €
v ohel -in calc for 188G o/0 - 37 0t
S 4-Chnigroeithan (44Q
&) liquit chlorine 377 tons
7) s350a (wakteriess™; 1068 t
3y potassium nvdrocxide (in calcul. for 1060 /o0 - 63 tons
in nearst Lime we will send to vou 3ample Of chiwasiox exifa 1om3
with atest which 13 solivent oF sodiug PoLass5luMm 5&4 bt GFf ueda
(&6.7 sodium salth and 33/3 070 ooutassium 3alte




Mans=-haliance for sodium chioride In 3 processes for MUTA-productilon,

CHEMICAL WORr S "ORGANICA-SARIYNA"
Z7-21Q Nowa Sar:zvna .
POLEN

Ju HE. van Herrn Direitar., Dipleminaenieur Wiadvelaw P:rlat

Senr geehrier Herr Filat,

Wig Ihnen wéhrend wunserer 3itzung :@:n tece am  15.-20. Sull IRRG
versprochen, haben wir e:re ubers:cat oier gre Zilcung von Nell n zer
nesprachenen rnerstellungsverfahren {4r MCPA:  gem SG2CiZ-Verfanren, c=m
Na3Cl-Verfanren der KVK Agro A/S5S ung gem jetz:gen UOrcgan:iZa-vearfanrar
jucgearoe:tet. Wegen unseres Sommerurlaubs hat <sich der Versanc Zi=2ces
Srrefes und des zZ=richtes etwas verspaetet, was wir cecauern,

Semerkuncen tum Sericht

Entscheidet man sich bei der Neutralisation fur die Verwendunc von
lediglich HC:, biiden sich beim 3SG2Ci2-Verfahrer 796 g Nall/Tonne MIFLA
gegenuber !460 kg NaCll/7onne MCPA beim NaQCi-Verfanren. Der Unterschiec
1st deutlicn aber allein die 796 ¥g massen vor der cinleitung in
Sulwasser.xus=e Zu Zrwagungen Aanlald geden. Die fir ces NaOCli-Ver<ghren
erforcderlicne Klarung scllte auch beim SGZCic-Verianhren statti:nden.
£ntscheidet man sich, wo nur moglich in den beiden Prozessen, for zZi2
Verwendung ve H2S0%, S:iden sich beim SU2liZ-Vsrfahren 252 rg ZSaize
gegenuber (530 kg Salze beim NaJCl-Verfanren. Wiegerum :€t zer
Jnterschied ceutlich, der aber «cigentlich chne Eeceviung (g1, ca <.e
Ausieitung von NacS04 nicht vie]l becsser sein kann.

Far zZi2 Verwendung von Schwetelsaure cpricht, cdal ci1e billiger :egt.

ror cie durchgehende Verwendung von HCl spricht, dafll das gebildetz Nall
eventuell Teil ei1ner Elektrolyse mit Bildung von CIE2/NsOCI wirde ung <o
wiaderverwendet wergcen wonnte. Das wurse eine teriweise Auesthe:i1dung ven
Mall in gcen #Abwaszern Heceuten und eine mogiiche  wirtscheitl:i:che
Vertesserung des Praozesses. Rls  ARliernativ kannte  man Zés wasster
s:ncamnfen und das gefallte 6Galz einem Chlororodurenten aic Te:lzahiurg
fur das NeOCl :zugehen lassen. Wir, ci2 KVK AGRO A/S. aroerien zur Ze:t an
cieser Mogiichkeit :ou : cem

ammen mit cxperten auf dem Gebiet
€. Guguet Herrn Mike Fosinskl ein 7T
r

Zusammenhars wurde am 2eIn1Cy T
mit 21nigen rragen an ganika, Sarzyna.

KVK AGRO A/S

L LYNGVES 2 &0 BOY 20 REG D 2802 LS LTRSS H BAN R
uVﬂﬂJ, GE LS LEAANT T PRGNS 0T S B T A IO
TR A AR ERCARACH A1 ANt 3 YIRS AT R 4




Wir mochten jedoch betonen, dad ein klarprozess, bei dem die Abwdsser so
sauber wie moglich werden, bei uns einen hohen Stellenwert hat. Wir
semuhen uns deshalb sehr wes diesen Eiektrplvsenpro:ess betrifft.

Wir sehen jhren audsrungen zu diesem Erief und zum Bericnt eontgegen und
hoffen, 1n naher Zukunit die Dickussionen faortsetzen tu k¢nnen.

freundliche Grude

e Gt/

Bijarne Haolm-Jensen und Arne Oxbal

KVK AGRO A/S

GL. LYNGVEJ 2. P.O. BOX 259 REG NO. 182422 PHONE. +4552657525 BANKERS
DK 4600 KOGE TELEFAX: -455366 2019 A'S JYSKE BANK, SILKEBORG
GIRO: 1 46 46 47 TELEX: 4 3589KVKDK SWIFT - JYBA DK KK




BERICHT

Das Ssl:zgleichgewicht bel drei Verfahren tur Herstellung von MCPA

In dem folgenden wird die Herstellung von MCPA nach dem S02Ci2-Verfahren,
gem NaOCl-Verfahren bzw. dem Organita-Verfahren mit der Angabe, wo sich
be1 den drei Prozessen Salz bildet, kurz beschrieben.

1. Das SO2Cle-Verfahren

Chlorierung:
o-Cresol + S02Ci2 ----» 4-Chlor-o-cresol + andere Chlor-o-cresole + 502 +

(ca. 92%)

Das Schwefeldioxid wird bei einer Reaktion mit C12 2u S02CI2 regenerieren
und die Salzsdure zur rallung der Phenoxysaure oder an anderen Stellen 1n
der Produktion verwenden.

Die Chlor-o-cresolmischung auf eine Reinheit von ca. 97-98% destillieren.
Die Remanenz verbrennen.

Kondensation und Nachbehandlung:

30 kmol 4-Chlor-o-cresol mit 42 kmol Chloressigsdure umset:zern. Hierdurch
bilden sich 356 kmol MCPA (7,2 Tonnen) und &6 kmol Glykolsadure. In der
Mischung befinden sich 14 kmol nicht umgesetztes 4-Chlor-o-cresol.

Die Mischung mit ce. i4 kmol HCl oder 7 kmol H2S04 neutralisieren und
extrahieren.

Nach Extrai-tion mit Xyiol, die Saure mit ca. 42 tmol HC1 oder 21 kmol
H2504 unter Erhitzung mit direkter Dampfzuleitung fallen.

Das £ndvolumen betragt ca. 30 m3, davon sind 7 m? MCPA und 23 m? Wasser.

Anschliefend die Saure mit ca. & m3 Wasser waschen (10 m? werden 5 mal
verwengdet).

HC1




Unterwegs bildet sich Natriumchlorid oder Na2S04 wie folgt:

NaCl Na2S04
(kmol) (¢mol)

Chiorierung .........ciceeeee.nnnn keines keines
kondensation .......ccvve. teaanaan 42 keines
Neutraltisation .......... cescscnns 14 oder 7
ANSauerung  ........ccesenncnscnaan 42 oder 2l
1.Q9. 98
oder 42 und 28

Entsche:det man sich fur die Verwendung von nur HCI, enthalten
Abwasser:

98 kmol NeCl x 58,9 kgq/Fkmol
23 ms = 229 +g NaCl/m3.

Dieses entspricht:

98 kmol NaCl » S8.5 kq/kmol = 796 kg NaCl/Tonne MCPA.
7,2 Tonnen MCPA

falls man, w2 nur moglich, H2S04 anctatt verwendet, enthalten
Abwasser:

42 kmol NaCl x 56,5 kgq/kmol + 28 kmol Na2S04 x 142 kq/kmgi =
esS m3

98 kg NaCl + 159 kg Na2504 pro mi.

Dieses entspricht:

42 kmol NaCl x SB,5 kg/kmoi + 28 kmol Na2304 = 142 vg/kmol =
7.2 Tonnen {.2PA

341 Lg Na3Cl + SS2 kg Na2504 pro Tonne MCFA.

die

die




1I.

Das NaQOCl-Verfahren

Kondensatior und Extraktion
S) imol o-Cresoi mit 42 kmol Chl

sich 38 imal MPA und 4 imol Glykolsadure.

mol nicht umgesetz2tes o-Cresol.

Die Mischung mit ca. 12 kmol

extrahieren.

Chiorierung und Nachbehandiung

Nach der Extraktion aufgelostes Xylol

HCl oder 6

oressigsaure umsetzen. Hierdurch bilden
In der Mischung befinden sich 12

kmol H2504 neutralisieren und

abkochen, und die 33 kmol MPA mit

ca. 42 kmol C12 in der Form von NaOCl als eine 12% W/W Losung chlorieren,

die auch 42 kmol NaC!
kmol H2504 neutralisiert werden.
NalOH, die mit 42 kmol HC] oder 21

Nach der Chlorierung die Saure mit ca.

und & kmol NaOH enthalt, die mit 4 kmol HClL

oder 2
Bei der Reaktion bilden sich 42 kmal
kmol HZ2S50% neutralisiert werden.

w2 kmol HCI

cder 21 kmol H2S04

unter Erhitzung mit cirekter Dampfzuleitung fallen.

Es werden min. (00 kg MCPA/m?
Chlorierung von ca. 95%. Aus 38

produziert mit einem Ertrag bei der
kmol MPA ist der Ertrag deshalb 3&6 kmol

MCPA {7200 kg) in 72 m3 Losung, wovon &5 m? Wascer sind.

Anschlieiend die Saure mit 2 x 7 m3 Wasser waschen, die dann fur die
folgende Charg2 als ein Bestandteil der 65 m3 Verwendung finden.
Un:terwegs bildet sich wie folgt:
NaCl Na2S04
ikmol) {kmol)
Eondensation .......... .. 42 keines
fNeutralisation ..........cc.on... 12 oder )
Chlorierung
mi1t Hypochlorit .............. 42 reines
Neutralisation .....venrienn.. 45 oder z3
Fallumg Lo e, a2 oder 21
1.9. 184
nder B84 und 50
tntscheldet man sich fur die Verwendung von nur HCi, enthalten die
Abwasser:
T dymoy el o2 S5.8 egrmc. = e v NaLicas
63 mi
Diesee ertzpriche:
1€v imzl WNalli SE.S tgiimni = (473 vg NaClsTonne MCPA
7.2 Terman oFAL




_[’_
Falls man, w0 nur moglich, 42504 anstatt verwendet, enthaiten die
Abwasser:

B4 kmol NaCl x 5B,5 kg/kmol + SO kmol Na2504 x 142 kg/kmol
&3 m!?

76 kg NaCl + 109 kg Na2S04 pro ms.
Dieses entspricht:

854 kmol NaCl x 58,5 kg /kmol + S50 kmol Na2S04 x l&2 kg/kmol
7,2 Tonnen MCPA

683 kg NaCl + 986 kg Na2S04 pro Tonne MCPA.




(@]

I111. Das Organika-Verfahren

Easiert auf duskunfte, die wir wahrend eines Besuches bei und aus eirem
elex. das wir von Irganiks erhaiten haben, Lonnten wir die feigende
Aufsteilung uber cas Nalli-5ieichgewicht 1m jetzigen Prozess aucarbeiten:

t‘ondensation und Extraktion:

5.19 kmo. o-Cresol mit 5,36 kmol Chloressigsdure umsetzen. Hierdurch
Siiden sich 3,55 Lkmol MPA ung !.70 Fkmol Glybclsdure. in cer Mischung
befinden sicn 1,53 kmol nizht umgeset:ztes o0-Cresci.

{ire Mischung 1.3 . 1.53 Fmol HCi neutralicieren und

1t z
wacsserdampfdectiiiieren.

[\7]
n
]

tondensation ung Nachtehandlu-qg:

Nach cer wWassergampfdestiilatien 1 kmo! Chlor in cie M:schung leirten,
wesch die Mischung durch Beigabe van ca. 4.36 kmGgl HCi veiiig angessuert
w.r2. Fnscnliefenc cie MPA-Mischung “ert:igzhliorieren.

KRach cer Thicrierung die Sdure tur Seizformuiieruns estrahieren.

Zur Hersteliung von 1000 Tonnen MCPA  werden 881 Tonnen (Chlorescigsidure
Ld% verwencet, entsprechend .S535 kmal MCPA/kmol Chicressigsaure. Aus
S5.3¢ tmel Cnloressigsaure werder samit 2.57 imol = 575 kq.

vnterwegs biidet sich Nali wie foigt:

Nall
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1.Q. 12.23

éssernzrgen sind urs nicnt bekarmt. Wir bonnen aber die I:{i-Biidung
ore Tenne MCPL ervecnnen:

igd.23 imoi NaCl » S5.S vgrsvmei = 24 g Nalis

G.973 Tonnen M_Fh4

cePLube vg kalh v T2.5 baobmsl faTio= jeiT vg Nallcoill o og MIPA.
@) vqiimal a0
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