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PRODUCTS OF ISOBUTYL ALDEHYDE
CONDENSATION AS ECOLOGICAL SOLVENTS
AND COALESCENTS IN PAINTS AND VARNISHES

The great variety of existing chemically diversifigolatile organic compounds
and coalescents are being replaced by so-callezbpgrsolvents or high-boiling
liquids of natural origin. The requirement to reeube emissions of volatile or-
ganic compounds (VOC's) is imposed by the laws efEropean Union and ad-
dressed, first of all, to the manufacturers of fmiand varnishes. The level of
VOC'’s in paints may be reduced by various methods, &y developing paint
formulations that contain coalescents and solvettisr than those classified as
VOC's. A method to achieve the above objective iseflace alkyl ethers (classi-
fied as VOC's) that are commonly used in water-bgsedt and varnish formula-
tions, with hydroxyester HE-1, which is not proldéa. The concept for develop-
ment of production of the hydroxyester HE-1 in Pdlas based on the possibility
of management of the existing raw material basetecinological facilities of the
Oxo Plant in the “Kkdzierzyn” Nitrogen Works, Kdzierzyn-Kale. The product is
safe in use, not classified as VOC, and shows niedimgical or ecotoxicological
properties.

1. Introduction

Solvents are predominantly used for making protectioatings. From the
point of view of chemistry, there are a wide ramjesuch coatings, including
liquid hydrocarbons and chloroorganic derivatiwesich are a serious burden to
the natural environment due to their physical amghtical properties. Such sol-
vents are being regularly replaced by new genergiroducts, which are more
environmentally friendly. The tendency is basedtm EU legislation, intended
to reduce the emissions of volatile organic compisuivOC'’s), including a new
regulation in the matter of registration, evaluatamd authorization of chemicals
in the light of the requirements of REACH.

Consequently, it is expected that major restruatuprocesses will be re-
quired in the solvent manufacturing industry, réegl from changes in the
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structure of their consumption in the paint anchisr industry, which is the key
industry for the solvents market, and from othetdes.

Starting from the % of January 2007, the so-called “Decopaint Dineti
(European Directive 2004/42/EC) came into force [3je Directive relates to
reduction of the emissions of solvents from dedegapaints and automotive
varnishes which were not covered in the previousctive (1999/13/EC), limit-
ing solvent emissions. Restrictions of the levél¥©C’s were imposed in the
directive and they are implemented in two stepshéyear 2007 and in the year
2010 (Fig. 1 and Fig. 2).
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According to the Directive 2004/42/EC, every substathat has an initial
boiling point at a temperature of Z&Dor lower, as measured at 101.3 kPa, is
classified as a Volatile Organic Compound (VOC).

The environmental burden on the part of VOC's ttsstrbm the fact that
they tend to react with the stratospheric ozorthénstratosphere, thus depleting
the ozone layer, a natural UV filter. When in thepbsphere, at elevated tem-
peratures and in the presence of solar radiatiee MOC react with nitrogen
oxides (NOXx), generating the tropospheric ozondachvis a component of the
smog. Regulations have been established to retheceniissions of VOC from
various sources, including products that contaluesas, in order to reduce the
volume of the tropospheric ozone generated.

2. Substitution of hydrocarbon and chloroorganic stvents

The main alternative for the hydrocarbon solventheir chloroorganic de-
rivatives in the paint and varnish industry is osgeghased alkyl-ether organic
solvents. This is connected, among other thingdy) widynamic growth in the
share of production of water-based paints at tise @osolvent-based paints.

Alkyl ether solvents are a group of more than 3fhpounds. As a rule,
they are characterized by excellent biodegradgkilihough their toxicological
profiles are highly various. Taking into account Hégislation, the use and
evaluation of glycol ethers ought to be viewedha tight of the European Di-
rective 76-769 that relates to “limitations in tinede and use of hazardous sub-
stances and preparations”, taking into considaraflategories 1 and 2 of prod-
ucts that are classified as being “toxic for repieitbn”. Part of the alkyl ether
products under consideration belong in this cldgsaducts.

Manufacturers of paints are required to modify thepduct formulations
in response to the requirements of restrictive Jdingting the level of VOC's.
This is one of the decisive criteria determining thirections of growth in the
area, in addition to the economic factor.

There are three methods to reduce the level of 6QCpaints:

« developing paint formulations that contain coaleseether than those
classified as VOC'’s (e.g., by using derivativesisaf-butyric aldehyde,
such as Hydroxyester HE-1),

» developing paint formulations that contain coaless@nd glycols classi-
fied as VOC's, in levels up to the limits estabédhn applicable laws,

« developing paint formulations that contain no ceedmts, by using alter-
native technologies for bonding the coating.

Paint formulations obtained without the use of esaénts are based on
polymeric additives with low film formation tem@ures (T) or on cross-
linking polymers. On the other hand, productiorhtexlogies for paints contain-
ing cross-linking polymers in the place of the esaknts are usually much more
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expensive, compared with traditional resins whilieaing the coating life as

well as the toxicological parameters, and also #teyw other disadvantages of
paints that contain polymers with low,.TAccording to the published compre-
hensive comparison of the performance of waterdakeorative paints, pre-
pared by the Paint Research Association Coatingri@ogy Centre as an inde-
pendent, leading international organization inghint and varnish industry, it is
shown without doubt that the quality of coalesdesé paints is much deterio-
rated [1].

As an alternative to typical coalescent solverts, harket has offered so-
called reactive coalescents that contain polyunatgd fatty acid residues (e.g.,
those of sunflower oil). The solution is based lo& ¢oncept of incorporation of
the reactive coalescents in the structure of tladireg formed by means of dou-
ble bonds, rather than evaporation from the surtter the film formation.
Archer RC from Archer Daniels Midland Company (ADMJSA, is the first
and best known representative of the reactive soatds for latex paints. From
the point of view of chemistry, Archer RC is aneesdf propylene glycol and
sunflower oil acids. The reactive coalescent i® $af human health and is not
classified as a VOC. However, the possibility adss-linking the double bonds
in the coating is questioned and there is evideficeerious deterioration of the
quality of the resulting paint product, accordimgpublished literature reports.
As a matter of fact, they serve as plasticizetserathan coalescents

A majority of conventional coalescents that arespn¢ in the market have
boiling points below the VOC criterion of 2%D, thus being classified as the
VOC category which involves applicable quantitatilimitations. Several
new products that are also offered have boilingnggsoabove the VOC criterion

(Fig. 3).
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Hydroxyester HE-1 is the best identified new tygeaccoalescent which
satisfies requirements for VOC's and of which theperties have been de-
scribed in a most detailed manner. New proposalsdalescents having ele-
vated boiling points, such as Dalpad Filmer, OpiinF400, or Opti Film 300,
are more expensive alternatives with shorter fi@wstof use. The paint quality
may also be compromised in this case.

3. Legislation relating to the use of chemicals (szh)

Laws requiring reductions of the emissions of VQUmposed by the
Council Directives 1999/13/EC and 2004/42/EC, hemabled reduction of the
emissions of volatile solvents having boiling peimf less than 25@. Other
regulations relate to improvements in human headtidition and environmental
protection against the risks created by chemichtsunces, implementation of
new methods for safety evaluation, and improvenretite scope of the safe use
of and trading in chemical substances by all iniest[5]. Thus, the new
REACH regulation (Registration, Evaluation, Autlzation and Restriction of
Chemicals) of the European Parliament and the Gbtirat came into force on
1 June 2007 (1907/2006/EC — REACH) relates tcsttie use of chemical sub-
stances.

The new regulation introduces rules of registrateomd evaluation of
chemical products and, in certain cases, also aflesithorization, restrictions,
and use. According to the provisions of the EU fyethe REACH regulation is
a direct obligation of every member state withoanihg to include such regula-
tions in their respective legislations. Before fREACH legislation package
came into force, evaluation of the risk involvedtire use of chemical sub-
stances, as well as preparation of information han safety of their use were
responsibility of state agencies and Community egsn At present, this is a
responsibility of respective industries. Manufaetarand importers of chemical
substances are now obliged to evaluate informatiorthe properties of their
products and report such information (starting frbrdune 2008) to the central
data base, operated by the European Chemicals pgeased in Helsinki.

The REACH system is basically intended to make theaiechemicals used
in consumer goods are safe for the human healtmandal environment. More
information about chemical compounds and their saf ought to be collected
to achieve the objective. Under the REACH systempufacturers and import-
ers of chemical compounds are required to reg&ieh compounds, report in-
formation about their uses, and provide evidenagiths possible to use them in
a safe manner.

The following conditions must be satisfied in ordermake REACH the
first step to making Europe a safe and healthyrenment:
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» replacement of hazardous chemicals with their safibstitutes, if there

are any,

« provision of relevant data on the safety of ussuath chemicals and their

substitutes,

« providing that the chemical industry shall be rasgilole for the safety of

its products,

« establishing the consumer rights to informationutamy chemicals pre-

sent in the products they buy.

Starting with the beginning of the year 2009, theities concerned in
a given chemical substance will establish a foromeixchange of information
and then will be able to register such substanmesly, acting as members of
a consortium, following evaluation of registratidncuments, specifically pro-
posals to make extra tests. The agency will pregacesions in the matter (start-
ing with end of 2011), providing supplementary enaion of high-risk sub-
stances.

Certain uses of those substances that createdghedtirisk to human health
and life will be subject to authorization startifgm 2012. Applications for
authorization must comprise an analysis of theipdigies and schedule for the
substitution of a given chemical, or a R&D plareimied to select an alternative
substance or technology (that raises a lesser amafuconcern), as well as
a social and economic analysis of the chemicaltanbs.

The REACH system is not intended to require thésteggion of all chemi-
cal substances. Exceptions from the obligationefgister chemical substances
have been made for some industries, e.g., the ffoackssing industry because
the issue is addressed by Community legislation.ittance, food components
that are subject to Regulation 178/2002 are natired to be registered under
REACH, however, the use by the food processing stigiuof other chemical
substances, such as those used for food packagipgrification, is subject to
registration under REACH.

4. A concept to launch production of advanced coadeent solvents

Hydroxyester HE-1 has been developed as an alieeniat toxic solvents
and coalescent used in the production of paintsvamdishes. HE-1 is obtained
from isobutanal in a sequence of chemical react{@n®) in which isobutyric
aldehyde (isobutanal) is the basic raw materighéenprocess of aldol condensa-
tion followed by the Cannizaro and Tiszczenko'sctiga:

« aldol condensation of 2 molecules of isobutanal

2 >J° 5 )\?C\O 1)
OH
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» condensation and disproportioning of isobutanal a&ddl obtained in
Step 1, according to the Canizzaro-Tiszczenko'shaeism

Aoy o Sy
o HO ° . 42—0 oH

3-hydroxy-2,2,4-trimethylpentyl 3-hydroxy-2,2-dimethyl-1-
isobutyrate (1-methylethyl)-propyl
isobutyrate

The hydroxyester HE-1 is an isomeric, equimolar tomix of 3-hydroxy-
2,2, 4-trimethylpentyl isobutyrate and 3-hydroxy-gjthethyl-1-(1-methy-
lethyl)-propyl isobutyrate (1). It is a highly comtjitive coalescent for emulsion
paints both in the aspects of economics and pedioce

According to a commercially viable process of teabgy, this valuable
chemical is obtained by catalytic trimerisation isébutanal according to the
Tiszczenko condensation reaction, referred toexarlithis paper.

HE-1 is a hydrophobic organic solvent which is mhaused as a coalescent
in formulations of water-based paints for architeak coatings. The level of the
coalescent in water-based paints is usually indhge from 2 to % [8].

Depending on the formal definitions and methodsaitdria of evaluation,
HE-1 is classified in various regions of the woeither as VOC or not VOC.
According to the EU Directive 2004/42/EC, adoptedoiling point of more
than 250C for classification as other than VOC's, the Hydmster HE-1 is not
classified as a Volatile Organic Compound. In thdén€se market, HE-1 is clas-
sified as a safe and environmentally friendly piddin the United States, HE-1
is regarded as a 1%®Volatile Organic Compound according to the EPAsta
dard, Method 24 [2, 7].

The concept to manufacture safe solvents and amalesis based on the
possibility of management of existing raw materiafsl facilities of the Oxo
Plant in the “kedzierzyn” Nitrogen Works in Kdzierzyn-Kale. Given the ex-
pected limitations in the use of phthalate solvengxle from isobutyric alde-
hyde, restructuring of the manufacturing procesy tma based on the use of
isobutyric aldehyde to obtain the hydroxyester HEA].

The existing raw materials and facilities of thectigierzyn” Nitrogen
Works are sufficient to cover the entire nationem@nd on advanced coales-
cents, which is assessed to be a minimum of 5008stper year, plus exports.
The assumption that HE-1 will be processed to abhaither derivatives justi-
fies production growth to as many as several delzeansand tons per year for
the market of advanced solvents, plasticizers,samfhctants. The products con-
cerned are the diester HE-1 with isobutyric acightisesis of isobutyl isobu-
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tyrate, pentanediol, ethoxylated derivatives, att@ioproducts [9]. The target is
launching an entire production complex for proaggssobutyric aldehyde to
obtain a number of advanced chemicals on whicletlsea great demand in the
market.

Given the very good ecological evaluation of thie skerivatives as well as
the fact that requirements imposed by the EU latist are fulfilled by such
products, there exist conditions for the existingnofacturing potential and the
available volumes of isobutyric aldehyde to be usemhaking advanced chemi-
cals based on innovative Polish technology.

Two research projects relating to the subject aedl wnder way in the
Opole University of Technology, based on the raviemals and facilities of the
Oxo Plant in the “Kdzierzyn” Nitrogen Works. It is planned that protioc of
HE-1 is to be launched in two steps: the startih@ @-3 thousand tons/year
plant by the year 2010, followed by expansion &f ptant capacity to 10 thou-
sand tons/year at a later date.

This would enable replacement of alkyl ether-typecaalescent solvents
having boiling points of less than 2&I) and imports of less of the high volumes
of such products being purchased outside the Earopaion at present.

The target is a more advanced technology, bettatyat offer for the ad-
vanced chemical industry, and cutting emissiorth@fharmful chemicals classi-
fied as Volatile Organic Compounds by several tioaen or so thousand tons
per year.

In view of its envisaged marketing, the productlso subject to registra-
tion under REACH. As part of the R&D projects, tmological and ecotoxi-
cological tests are being made as necessary fgerdaict registration, to com-
ply with OECD requirements. The results so faréatk that the product has no
toxic properties and is safe for use. The prodwad used as a coalescent in wa-
ter-based paints formulations. Test results hawn lm@mpared with those ob-
tained for typical coalescents, and the performaaselts are evaluated as simi-
lar.

As part of evaluation of the toxicological and exatological properties of
the Hydroxyester HE-1, tests that are requiredHerproduct certification under
REACH [4, 6] have been carried out in the Institide the Organic Industry,
Department of Toxicological and Ecotoxicologicéh@es in Pszczyna, accord-
ing to OECD guidelines. The scope of the testsushetl determination of the
properties that are necessary for product registrat

Based on the test results it has been found tleatdst substance — Hy-
droxyester HE-1 — should be classified as one dégiay 5 according to the
rules of the Global Harmonised System (GHS). Bamedhe tests results ob-
tained for the Hydroxyester HE-1 it was found tafier running the test for 28
days the product was found to be 8&.8iodegradable, which is sufficient.
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PRODUKTY KONDENSACJI ALDEHYDU IZOMASEOWEGO
JAKO EKOLOGICZNE ROZPUSZCZALNIKI | KOALESCENTY
FARB | LAKIEROW

Streszczenie

Obszernie zrénicowane chemicznie lotne zygki organiczne i koalescenty zgsbwane
przez tzw. ,zielone” rozpuszczalniki lub cieczeuratnego pochodzenia o wysokiej temperaturze
wrzenia. Wymagania dotygze redukcji emisji lotnych zwrkéw organicznych (VOC) zostaly
narzucone przez prawo Unii Europejskiej iasiresowane przede wszystkim do producentéw oraz
importeréw farb i lakieréw. Poziom VOC w farbach iadby¢ zmniejszony poprzez stosowanie
w recepturach farb rozpuszczalnikéw i koalescent@ilasyfikowanych jako VOC. Aby to asi
gna¢, alkiloetery (klasyfikowane jako VOC) powszechniesewane w recepturach farb i lakieréw
wodorozciéczalnych mana zasfpi¢ hydroksyesterem HEL, ktéry nie jest zabronionynéapcg
uruchomienia produkcji bezpiecznych rozpuszczalikokoalescentéw oparto na mivosci
zagospodarowania istniglych zasobow surowcowych i zaplecza technicznegtalicji Oxo
w Zaktadach Azotowych &dzierzyn S.A. Zaproponowany produkt jest bezpieczrstosowaniu
(nieklasyfikowany jako VOC) oraz nie wykazuje wdavosci toksykologicznych i ekotoksykolo-
gicznych.
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