Introduction
Auto-oxidizable resin systems represent the oldest family for surface coatings and still are widely use. Alkyds
are one of the largest part of this group. Presence of double bonds in the binder molecules enables the
reaction with air oxygen to give three-dimensional polymeric structure. This radical process known as
autoxidation, results in conversion of the liquid paint layer to firm coating1,2. Alkyd resins are commonly
modified by highly unsaturated fatty acids to improve physical properties of final film. High degree of
unsaturation provides autoxidation of resin without the addition of any curing agents. This process is generally
slow giving the paint film with very low final hardness. Metal catalysts, so-called driers, solve of this problem.
They propitiously influence autoxidation process, accelerate decomposition of peroxy bonds, increase
concentration of radicals in reaction and improve the final properties polymeric film3, 4.
One of the most powerful drying argents are cobalt-based driers, which are widely used in commercial sphere.
Recently published studies dealing with potential carcinogenic propertied of cobalt(II) compound5, 6 makes
legislative pressure on paint-producing industry to replace these compounds with less toxic alternatives.
Although replacements for cobalt-based driers (II) were already published (e.g. VO(accac)2
7, Mn-bipyridine8, ferrocenes9-11), the most of them still suffers from some disadvantages, such as intense color or lower activity at ambient temperature. One of the promising replacements for cobalt driers are iron derivatives of bispidon (diazabicyclo[3.3.1]nonan-9-one). Patent literature describes few iron bispidon chloride complexes as powerful driers. Expect patent literature, no experimental data have been published about catalytic activity of iron bispidon complex on alkyd resins (only de Boer et al. presented one study on ethyl linoleate as a system for airdrying paintys)12. Another problem is connected with presence of chloride or sulfate ligands. Hence, they lower the solubility in organic solvents and may cause corrosion of coated material. The aim of this study is preparation of new iron bispidon complex (octoate derivative; Fe-bispi) with enhanced solubility in alkyd resins and improved drying activity.

Results and Discussion
Fe-bispi is air stable yellow powder with good solubility in non-polar organic solvents such as toluene and
xylene. Drying activity of the complex was studied in solvent-borne phtalic-type alkyd resin modified with
soybean oil. The experiments were performed at various metal concentrations. Table I summarizes observed
drying times and relative hardness for each concentration under the study. Fe-bispi shows very high catalytic
activity at considerably lower metal concentrations than is recommended for commercial cobalt-based drier
cobalt octoate (1 x 10–1 wt.%), see Table I. The best drying performance was achieved at concentration of Febispi 1 x 10–2 wt.%. This formulation gives tack free film after 51 min. of drying and total dry coating was
obtained after 5 hours (total time). In the case of ten times lower concentration (1 x 10–3 wt.%), considerable
prolongation of drying times was observed. Hence, the tack free time is about 41 min. longer and total dry
coating is obtained after 6.15 hours of drying. Both suitable concentrations (1 x 10–2 wt.% and 1 x 10–3 wt.%)
reached almost the same relative hardness after 100 days of drying (~48%) and they are comparable to values
of commercial cobalt(II) octoate at optimal concentration (6.7 x 10-2). Further lowering of metal concentration
results in deterioration of the drying activity. At metal concentration 1 x 10–4 wt.%, the tack free film is obtained after 22 hours of drying and total dry time exceeds 24 hours. Due very low activity, this formulation
[bookmark: _GoBack]was excluded from the measurements of relative hardness development. Time-resolved FTIR spectroscopy was used for monitoring the first step of the autoxidation process. Figure 2 depicts decrease of the band at 3008 cm–1 in intensity. This band was assigned to C–H stretching of double allylic methylene group and is proportional to concentration of substrate. The shape of these curves indicates the reaction of pseudo-first order. The curve A shows performance of the Fe-bispi at concentration 1 x 10–2 wt. %. The high rate constant (kCHmax = 1.24) is almost same with rate constant of cobalt(II) octoate at concentration 0.1 wt.% (kCHmax = 1.39). However, at t = 45 min. considerable decrease of rate constant appears that is caused by overdosing of the drier. Hence, the autoxidation reaction is too fast. It creates thin film of cross-linked alkyd on top surface that blocks diffusion of oxygen into the bulk of the coating and rapidly slows down the autoxidation process. It causes deformation of the curve A at interval 45 min. to 7.5 hour. At 1 x 10–3 wt. % concentration (curve B), lower rate constant was obtained (kCHmax = 0.51) but no signs of overdosing were observed. Further lowering of concentration deterioration of drying process 5% of substrate is consumed in about 33 hours. The initiation of autoxidation process is further evidenced by rise of bands in region 1011–947 cm–1 those are associated with the vibrations of cis-trans and trans-trans conjugated double bonds, see Figure 3. Species bearing conjugated bonds are formed from starting substrate bearing isolated double bonds to yield hydroperoxide function bonded beside conjugated system of double bonds3. These reactive species are further consumed during the termination step of the autoxidation by the addition of present radicals. When cross-linking termination reactions predominate over the radical formation, this set of bands is slowly decreasing in intensity. Analyzing curves depicted in Figure 3, we could determine the time (tconj) when the maximum concentration of conjugated double bonds is reached. The shortest tconj was observed for 1 x 10–3 wt. % (3.9 h). At higher concentration 1 x 10–2 wt. %, overdosing is observed at the same time interval as in Figure 2. Despite steeper initial growth of concentration of conjugated double bonds, the time to reach maximal concentration was relatively long (7.5 h). The metal concentration 1 x 10–3 wt. % seems to be optimal for application because no signs of overdosing were observed and alkyd coating dries homogenously. It corresponds with obtained drying times (τ1)1 and (τ1)2. Hence, at 10 times higher concentration only slightly shorter drying times were observed probably owing to skin layer on the top of the film (front-forming drying). This explanation is further supported with curves hardness development (Figure 1). Five days after application, the coating with 1 x 10–3 wt. % of the drier is considerably harder (26.4%) than film with higher concentration (20.1%). The final hardness measured after 100 days was almost same for both formulations.
Conclusion
This study has described preparation of new air-stable iron-based drier Fe-bispi. This complex has very good
solubility in organic solvents commonly used in paint producing industry (toluene, xylene) as well as in alkyd
binder. The study on phthalic-type alkyd resin modified with soybean oil has shown his excellent catalytic
activity at concentration 10–100 times lower than usual for commercial cobalt-based dryers. Due to yellow
color and high activity at low concentration, Fe-bispi can be used in colorless and light pigmented alkyd resins.
