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The synthesis of N,N,N’,N'-tetraacetylethylenediamine (TAED) in two steps was approached, using as a
basic raw material ethylenediamine, this one being acetylated in the first step with acetic acid to give N,N'-
diacetylethylenediamine (DAED), DAED being acetylated afterward with acetic anhydride up to TAED; both
steps of the process are accomplished in a xylene medium. The purification of the raw product is made from
a mixture of acetic acid and ethanol, giving TAED with a purity that allows it to be used in detergent and
disinfectant mixtures. The activation capacity of the peroxidic compounds was tested using sodium
percabonate, as a single compound or in a mixture with TAED, on several bacterias.
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N,N,N’,N-tetraacetyletylenedyamine (TAED) is an
ecologic and extremely efficient activator for the
persodiums (perborates, alkaline percarbonates etc.) that
are part of the composition of the modern formuli for
detergents, with the purpose of washing away as efficiently
as possible the staind and the dirt agents, even at low
temperatures, having at the same time remarkable
disinfectant properties, without affecting cloth, colors or
attacking the skin.

Characteristic for TAED is the high degree of purity where
we can also get the high melting point, that ensures
appropriate processing properties. Having a theorical
content of active oxygene of 140mg/qg, it is capable of
achieveing a capacity of utilization superior compared to
the similar products. The quite acetic smell and the acid
pH are generated by the traces of acetic acid resulted after
the synthesis process and that adheres to the TAED crystals.

The whitening on base of active oxygene generally
represents a chemical process that takes place in at least
two partial stages. During the first stage, the perhydrolisi,
TAED reactions with the hydrogene peroxide resulted
through solubilisation of the percarbonate. After the
reaction two molecules of peracetic acid and DAED
(diacetyletylendyamine) are generated, which are easily
biodegradable compounds and without toxicity. The
reaction takes place for a few minutes in the field of pH
10-11, being practically independent of the temperature.

The second step is the formation of active oxygene and
the real process of whitening. Its mechanism, where the
peracetic acid reacts with the chromophore systems of the
dirt (stains) is not fully solved. The formation of active
ogygene, meaning the transfer of a peroxidic oxygen from
the peracid and after that the whitening process are
influenced by the nature of the secondary batch as well
by the value of the pH. On one hand, the atomic oxygene
functions as a whitening agent, on the other hand the
peracetic acid or its sodiums salt may act in the same
direction. The real whitening reaction is a rection of |
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degree in relation with the oxidation agent and depends
in great measure on the temperature in the field 20-50°C.
Another crucial factor for the process of whitening is the
access of the peracetic acid at the surface of the dirty fibre.
The action mechanism of the activator is based on the
formation of active oxygene according to the reactions in
figure 1.

Each gram of TAED releases 0,67 g peracetic acid (or
0,14 active oxygene). According to the reaction
stoechiometry, the relation between TAED and the
perborate tetrahydrate should be of 1:1,35 or 1:0,9 in case
of using perborate monohydrate. Still, in practice we use a
little excess of persodiums in order to compensate their
possible losses of activity because of the depositation or
the decomposition under the influence of certain enzymes.
In case of using the percarbonate, quite less stable than
the perborate, its concentration in formulations must reach
10-15%. Concentrations of TAED less than 50 mg/L washing
liquid will not produce an appreciable whitening activity,
but an increase of the dose to 500 mg/L is associated to a
constant increase of the degree of whitening.

Concerning the hygiene and decontaminant capacity
imposed to modern detergents, even at temperatures
under 40°C, where the activity of the hydrogen peroxide is
not very good, especially for short washing cycles, the
efficiency of decontamination can be substantially
improved using addings of TAED, realizing at the same time
a considerable enlargement of the antimicrobial action
spectrum. This way, the systems containing TAED and
persodiums are used in great proportion as disinfectant
agents with powerful antimicrobial action.

Supplementary to the germicid action, these hygiene
systems can totally remove the smells that adhere to
clothes, as well as the smells of culinary products or of
tobacco. Here as well we can see a lifting, a special accent
of the activity by adding TAED in the combinations
containing persodiums. This property is especially useful
in the detergent perfumed formulas.
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Fig. 1. Mecanism of TAED for sodium percarbonates
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Fig. 2. Sterlizant effect of C. albicans germs

An eloguent example of synergy of the biocid activity
by TAED is the action of the disinfectant systems on cell of
Candida albicans. This one is proven to be greatly resistant
at disinfectants with active oxygen base. Its proliferation is
hardly managed by the detergents in the absence of
disinfecting systems. Even at 40°C the addition of only
perborate does not lead to the wanted effects. But, by
adding in the composition a dose of 3-5% TAED, even at
temperatures under 40°C, we can obtain a significant
reduction of the content of germs, as we can notice in figure
2, where: DFF = detergents without phosphate
compounds, 10PB detergent composition containing 10%
monohydrate perborate, 3% TED = detergent composition
containing 3% TAED, 5% TAED = detergent composition
containing 5% TAED.

According to the literature in the field, TAED is obtained
in the majority of the procedures during a two stages
process, from the reaction between the etylenedyamine
and the acetic anchydride.

During the first stage of the process, the etylenedyamine
is diacetylated at the diacetyletilendyamine (DAED) with
the help of various acetylation agents: acetic acid, acetic
anchydride, cetene. During the second stage, DEAD
together with the acetic anchydride are converted at TAED.
Through reusing all the resulted secondary products, the
procedure ensures an integrated and total protection of
the environmental production, and as well a quality
constantly raised of the product, of about 99%. The process
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permits a continuous stage development, in the context of
a high degree of automatisation of the installation.

As agetns of acetylation corresponding to the first stage,
the literature of the field describes a seris of compounds
as: the acetic acid, the acetic anchydride, the cetene etc.
The most used of them is the acetic acid, because of the
convenient price and the fact that the secondary product
resulted from the acetylation product is water, non-toxic
and easily removable from the reaction mass.

In case of the second stage, the acetylation acid most
used is the acetic anchydride, this one being generally used
in great excess in relation with the necessary
stoechiometric quantity. But in practice the utilization of
acetic anchydride is limited, because it is included in the
list of drugs precursors.

TAED raw resulted during the second stage presents as
a pulverulent product, with a yellow-brown color and
accentuated tendency of hydrolysis. But the utilizations of
the final product TAED impose severe quality parameters,
referring to purity and color. That is why the synthesis of
TAED must be completed with operations for its purifying.

TAED is usually used in formulas of detergents or
disinfectants in solid form, together with peroxide derivates
and alkaline compounds. Their presence, together with
the atmosphere humidity, diminish the stocking duration
of the final product. That is why we chose to protect the
TAED granules by covering with pelliculogen products and/
or organic acids in solid state.

After having done the experiments, there was elaborated
a procedure of obtaining purified TAED, ready to be used
in detergent and disinfectant compositions. The elaborated
procedure is made of three distinct stages, meaning the
synthesis of the intermediary N,N-diacetyletylenedyamine
(DAED), the synthesis of N,N,N’,N-tetraacetyletylene-
dyamine (TAED), the purifying and stabilization of N,N,N’,N-
tetraacetyletylenedyamine (TAED), according to figure 3.

As well, a testing was made for the capacity of TAED as
an activator of the peroxide compounds, made through
the point of view of their microbiocid activity on a series of
microbian cultures, alone and in combination with TAED.
The results of the biological activity tests, made on a series
of microbian steams, using TAED only and mixtures of TAED
and a series of persodiums (Tetrahydrate sodium
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perborate, sodium percarbonate) ar as well the object of
the present article.

Experimental part

Stages of the researches made

The synthesis of N,N’-diacetyletyleneyiamine (DAED) is
absed on the reactions between the etylenedyamine and
the acetic acid. (fig. 4).

The relation between the reactants is stoechiometric.
The reaction takes place during two stages. First is, the
neutralizing of the etylenedyamine with acid, forming a
salt, the diacetate of the etylenedyamine. The reaction of
neutralization is exoterm. During the second stage there is
the amidation, though the elimination of 2 water molecules
from the diacetate. The reaction is endoterm and needs
heating. Being a reversible reaction, for the favorable
movement of the equilibrium, the water must be
eliminated from the system and it has been chosen the
variant of its removing under the form of heterogenous
aserothrope, using xylene as a solvent. The water is

H,N-CH,-CH;-NH; + 2 H:C-COOH

separated from the xylene, and the xylene is introduced
again in the reactor. At first, there were used as solvenys
the xylene and the n-butil acetate. Advantages and
disadvantages have been quantified, related to the use of
these solvents, together with the necessity of using a unique
solvent during the two synthesis stages. The final option is
for using xylene as a solvent.

Synthesis N,N,N’,N’-tetraaceyletylenedyamine (TAED) is
based on the reactions presented in figure 5.

Initially, the study of acetylation was made in two
variants: with high excess of acetic anhidride, this one being
also areactant and a solvent, and with little excess of acetic
anchidride and with xylene as a solvent. Analyzing the
advantages and the disadvantages of the two methods, an
option was made for the second variant, using the xylene
as a solvent, just like in the first stage of synthesis.

So, the synthesis of TAED was made by dosing
(dropping) the acetic anchidride over the solution of DAED
in the xylene, at the ebb temperature. The relation between

HzN-CHz-CHz-NHz . (H3C-COOH)2

———p
H,N-CH,-CH,-NH; * (H;C-COOH), H3C-OC-HN-CH,-CH,-NH-CO-CHj + 2H,0
—
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Fig. 5. N, N, N’, N'-tetraacetyletylendyamine synthesis
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xylene: DAED was of 1,3:1 (weight). The excess of acetic
anchidride compared to the stoechiometric necessary is
relatively low, compared to the former variant. The reaction
takes place at the temperature of 130-150°C, from the
reaction resulting acetic acid. The acetilation being a
reversible reaction, the movement of the reaction
equilibrium is favorised by an excess of acetic anchidride
and respectively by the removal from the system of the
formed acetic acid. This is realized through a system of
adjustement that permits the separation of the acetic acid
under the form of aseothrope with the xylene, from the
acetic anchidride. The aseothrope is separated in the
collector basin for distillation, and the acetic anchidride
comes back to the basin for reaction. The acetic aseothrope
xylene is being recirculated in the process, being used in
the first stage, of synthesis of DAED. So we distinguish a
time of dosing (by dropping) the acetic anchidride, while
the ebb distributor is being fixed on the total ebb regimen.
The ebb distributor is then adjusted so as to maintain the
temperature at the head of the column between 19£1°C.
It is registered the time of reaction when the distillate
formed mainly by acetic acid with xylene (aseothrope) is
collected. After the ending of the reaction, the product
obtaines is being crystallizes at cooling, is being filtered
and is being washed on the filter with acetic acid.

The pat resulted after washing is passed to the next
stage, of purification and stabilization of TAED. The filtrate
and the solvent resulted from washing the pat will be
reused for the next groups.

Purification and stabilization N,N,N’,N’-tetraaceyletylene-
dyamine

From the synthesis results TAED impurified with
compounds brown in color. The utilizations of the product
in the componence of some detergent formulas with
superior characteristics and in hygiene/disinfectant
compositions need severe quality requests concerning the
absence of the coloured impurities. By simple washing
with various mixtures of solvents, the proper
decolourization of TAED was not succeeded.
Recristalization operations from mixture of solvents in the
presence of decolourizing carbon was necessary.

The crystals of TAED resulted after the purification and
drying can be used as such. But in the compositions of
detergents and respectively disinfection, TAED is used with
perocarbonates, perborates and other alkaline
products.These ones, together with the humidity from the
ambient air, initiate a slow degradation of TAED, so
diminishing the decolorizing and disinfection capacity of
the composition. That is why it is usually used the
protection of the TAED crystals by covering them with
pelliculogen substances, organic acids or a mixture of
them. After the experiments concerning the establishing
of an optimal method of protecting the TAED crystals, in
order to ensure an effective protection as well simple
operations, with minimal material and energy costs, it has
been chosen the covering of the crystals with citric acid.
This is being realized after washing the TAED pat on the
filter with an alcoholic solution of citric acid. By drying the
alcohol is removed and the citric acid remains on the TAED
crystals.

The reactants used

The raw materials that are on the base of the synthesis,
the purification and the stabilization of TAED are:
etylenedyamine (Etylenedyamine p.s. made by Merck
Schuchardt OHG Germany, of purity (according to GC) >
99% and water content <1%), acetic acid (glacial acetic
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acid produced by S.C. Chimopar s.a. Bucharest, with a min.
content 96% and remaining after vaporization max.
0,002%), xylene (xylene p.a. produced by S.C. Chimopar
S.A. Bucharest, formed of a mixture of isomers o-m-,p-,
having a distillation interval of 138-147°C min. 95% vol.),
acetic anchidride (Acetic anchidride p.s. produced by
Merck Germany, with content of active substance
(according to the morpholine method min. 97,0%, etylic
alcohol (Etylic alcohol p.a. produced by S.C. Chimopar S.A.
Bucharest with a content of (C,H.OH), min. 96 % vol. and
metanol (G.C.), max. 0,1 %) and decolorizing carbon
produced by E. Merck AG Germany.

Description of the installation of synthesis of N,N,N’,N"-
tetraacetyletylenedyamine (TAED)

The installation for the synthesis of N,N,N’,N™-
tetraacetyletylenedyamine (TAED) is formed of a glass
baloon with 4 necks, with dropping funnel, thermometer,
system of electric stirring and sistillation column filled with
glass rings. The distillation column is coupled at the
superior part with an ebb distributor, a condenser, a cooler
and a collecting basin for distillation. The heating of the
installation is made with a system of electric heating, with
thermostat. The filtration of the product is made on a filter
funnel type Bichner, with a collector basin for filtration,
connected to a vacuum pump. The vacuum pump is
protected by a trap for catching the steam. The washing of
the TAED crystals is made with the same installation.

Results and discussions

Onthe product that we got this way and purified, a series
of physical, chemical and biological determinations have
been made: DSC, HPLC and testing the biocid activity.

The analysis of the final purified product TAED

TAED resulted after the stage of purification and drying
was analysed using the technique analysis DSC and the
analysis HPLC.

The DSC method

Experimental conditions: weight of the evidence 1-3mg
weighted with an accuracy of #+ 0,01mg,

Atmosphere: N2 at 50 cm3/min, initial temperature 80°C,
final temperature 200°C. the evidence is introduced in a
basin hermetically locked and weighed . The basin is then
introduced in the cell DSC. Starting from 70°C under the
nominal melting point the evidence is termically
programmed by its melting, whereas the termal curve is
registered in the memory of the computer. The evidence
is programmed under the melting point to ensure the
detection of the melting endoterm top. The low relation of
programming (< 1°C/min) and the evidences of low weight
(< 3mg) are used to ensure the equilibrium. Once the
experiments finish the data are analysed and the results
are printed using the Purity Program 1090.

Expressing the results. The determination of purity is
made by the van’t Hoff, ecuation, as follows:

RIS -2 1

T, =T
§° AH F

()

where:
T. - temperature of the evidence, °K;
T, - melting point of the pure evidence, °K;
R - gas constant (8.314 J/molK);
X - fractia molar fraction of impurities;
AH - melting heat, J/mol;
F - total fraction of the melted evidence at T.
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The evidence of TAED has been analysed, using a
mixture of water solution and acetonitril, the acidification
at a pH of 4 being made with fosforic acid. The relation
water/acetonitril may vary from 50:50 to 50:35 considering
the performance of the column and the nature of the
interferent possibilities of the extracted compounds
together with the TAED of the etyl acetate. Type of
apparatus: Chromatographe for liquids Agilent Sistems
1100 HPLC.

Operating conditions HPLC. Column: ZORBAX Eclipse
XDB-C18, 4.6 x 150mm, 5u; mobile phase: 50% w/w -A
(Acetonitril) + 50% w/w- B (distilled water); flow speed
mobile phase: 1mL/min; Detector: VWD, A=214nm,
peackwidth (Response time): >0.1min(2s); injection
volume: 20pL. The analysis of the TAED evidence has been
made in relation with a standard of TAED, of known purity
(98.55%), injecting 20uL as proof, respectively 20uL
standard TAED solution, and the surface of the TAED peaks
was calculated with the help of the calculator or of the
integrator.

Obtained results: the result of the chromatographic
analysis is presented in figura 6. This one underlines a purity
of 96,85% of the TAED resulted after the purification stage,
the major impurity being in the intermediary product DAED.

Biological activity tests
For the biological activity tests we used the following
stems: Escherichia coli CIP54 127 (1) (ATCC 10 536),

aureus Oxford CIP 53 154 (1) (ATCC 9 144), Bacillus subtilis,
in spored and vegetative form. Conditions of doing the
biocid activity tests. The bacterian printed stems have been
cultivated in peptonate liquid medium, static culture in
tubes of 16/160mm, taking into account the following
parameters: incubation temperature 37°C, cultivation time
24 h, no stirring, no air. At the end of the cultivation from
every bacterian stem have been made smears (Gram
coloration) that have been examined at the microscope in
order to assess the bacterian purity and the fungic sterility.
The pure cultures have been used to test the bactericid
activity of the following substances: sodium percarbonate,
product p.a.; TAED (from 3 different groups); mixture TAED
+ sodium percarbonate (2:3), at dilutions 1/1, %2, Yaand 1/
8, after 5 and 10 minutes of contact (culture + disinfectant).
The antimicrobial effect has been tested with the method
of the binary dilutions in aqueous medium of culture. From
each dilution after 5 and 10 min of contact seedings have
been made with ansa in Petri box with nutritive agar. The
plates have been incubated for 48 h being examined at 24
and 48 h to assess the bacterian raising. The assessment
of the development of the bacterin cultures was made
taking into account the abundant raising of the culture on
the seeding line, the low raising of the culture in rare
colonies form and the absence of the culture raising. The
obtained results are synthetically presented in tables 1 and
2. We add that anaerob microorganisms are by definition
sensitive at the action of the oxidant substances.
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Table 1
THE RESULTS OF THE TESTS OF BIOLOGICAL ACTIVITY OF AN AQUEOUS SOLUTION CONTAINING TAED 2%

Incubation 24 h | Incubation 48 h
No | Bacterian Strain Contact Time 5 minContact Time 10 miniContact Time 5 min] Contact Time 10 min
V1112|1/411/8|1/1 | % [1/4|1/8 |1/1 11/2|1/4|1/8 {1/1(1/2|1/4{ 1/8
1 | E. coli* - x|l &2+ + 1+ |+ |+ | -] x|+ ]+]+]+ +
2 | S. aureus* +l+ |+t |+ |+ [+ |+ |+ |+ |+ ]|+ ]+ ]+]|+]|+ +
3 | Ps. aeruginosa* + i+ |+ |+ |+ |+ |+ |+ ]|+ + |+ P+ F|+]+ +
4 | B. subtilis* + |+ |+ |+ |+ [+ |+ |+ |+ ]|+ +]+|+]|+]+ +

Legend: + Abundant Raising (culture) on line of seeding; = Low Raising (culture) in form of rare colonies; - Lack of

raising of the culture; Culture of 24 h

Table 2
THE RESULTS OF THE TESTS OF BIOLOGICAL ACTIVITY OF AN AQUEOUS SOLUTION CONTAINING TAED 2% + PERCARBONATE 3%
Incubation 24 h Incubation 48 h

No Bacterian Strain| Contact Time 5 min | Contact Time 10 min | Contact Time 5 min | Contact Time 10 min
/1 12| 1/4) 1/8 | 11| 1/2| 1/4| 1/8 |1/1| 1/2| 1/4| 1/8 | 1/1| 1/2| 1/4| 1/8

1 E. coli* - - - - - - - - - - - - - - - -
2 S. aureus* - - - - - - - - - - - + - - - +
3 Ps. aeruginosa* | - - - + - - - + - - + + - - + +
4 | B. subtilis* - - - - - - - - - - - - - - - -

Legend: + Abundant Raising (culture) on line of seeding; = Low Raising (culture) in form of rare colonies; - Lack of raising of the

culture; Culture of 24 h

Conclusions

There were studied the synthesis, the purification and
the stabilization of N,N,N,N-tetraacetyletylenedyamine
(TAED), for using in modern composition of detergents with
superior capacity of whitening and disinfection.

The synthetized products were analytically
characterized using the DCS and HPLC methods.

The antibacterian activity of the mixture of TAED and
sodium percarbonate was tested, compared to the sodium
percarbonate single, using 4 bacterian representative
stems.

We notice an advanced inhibition of the raising of the
bacterian cultures when using TAED, together with the
sodium percarbonate, compared to the sodium
percarbonate single.

The tested product has real microbiocid properties, on
aerobic and anaerobic bacteria.

The antibacterian action is obvious from the time of
contact of 5 min, on all the tested species.

We consider that the product synthetised and tested by
us can be used in modern compositions of detergents with
high capacity of whitening and disinfection.
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The product TAED + sodium percarbonate fulfil the
conditions to be proposed for certification as
decontaminant and/or disinfectant from the group of
oxidants, according to the valid laws.
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