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Abstract

Two chromatographic methodsag chromatography with flow ionization detection (GC—FID) and liquid chromatography with ultraviolet
detection(LC-UV), were used to determirfarfuryl alcoholin severakinds of foundry resins, after applicatiaf an optimisedextraction
procedure. The GC methatbvelopedjawe feasibilitythat didnot depend on resin kind\nalysis by LC was suitable just for furanic resins.
The presence of interferenagethe phenolic resins did not allow an appropriate quantification by LC. Both methods gave accurate and
precise results. Recoveriegre >94%; relativstandard deviationsere <7 and <0.3%, respectiveigr GC and LC methods. Good
relativedeviationshetween the two methods were found (<3%).
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1. Introduction

Furfuryl alcohol (FA) is a very toxic componentmaybe
fatal if inhaled,andirritating to eyes,skin and respiratory
tract; FA is listedascarcinogerby Nationallnstitutefor Oc-
cupationalSafetyand Health (NIOSH) [1,2]. It is a liquid
propellant,viscosity reducerantioxidantandflavouringre-
dient. Furfuryl alcoholhasusefulrangeof applicationdike
pharmaceuticalfungicide, insecticideand solventfields. It
is usedasprecursotto graphiticcompositionandadhesives
andto producetetrahydrofurfurylalcohol, abrasivewheels
or furanicresins[1,3], beingemployedaswettingagentand
solventfor resins,for celluloseethersand esters for ester
gum andfor textile printing [1]. Particularly,in foundries,
FA is oneof the compoundgresentin the wide variety of
organichind resins,as a resin solventbut also as a binder

of thefoundry sandspusedto producecoresandmoulds[4].
FreeFA quantificationis importantto the chemicalcharac-
terisationof the resinitself and for the evaluationof free
contaminantpresenbnwastegeneratedby thefoundryin-
dustry;accordingo FA toxicity, theseenvironmentahspects
are particularlyimportant.

FA wascontrolledby ultraviolet (UV) spectrophotomet-
ric method aftera micro-distillationusingwatervapourfor
synthesisand characterisatiorof epoxidizedphenolic no-
volacsmodifiedby FA [5]. Fouriertransforminfraredspec-
troscopy(FTIR), nuclearmagneticresonancepectroscopy
(H-NMR) andsizeexclusionchromatographgontributedo
theunderstandingf mechanismsf chromophordormation
andcross-linkingin acid-catalysegolycondensationf FA
[3,6—8].Amperometrywasusedo measurduranicsin trans-
formeroils [9]. Neverthelesghechromatographimethods,
including gaschromatographyGC) or liquid chromatogra-
phy (LC), havebeenthe mostappliedto quantify FA in dif-
ferent kinds of matrices.

Liquid chromatography with ultraviolet detection
(LC/UV) methodologywasusedto measureghe concentra-



tion of FA in a mixture of 11 phenols and 5 furans in 12 filtered through 0.4p.m polytetrafluoroethylene (PTFE) fil-
categories of distilled spirifd.0], as degradation products in  ter (TR 200200, Tracer) and degassed with helium. Before in-
fruit juice and drinkg11] and in cellulose insulation paper jecting into the LC column, all solutions were passed through
[12]. LC/UV was also used to quantify the FA trapped in 0.22u.m polypropylene filter (TR 200112, Tracer). Analyses
photochemical studies of a phototoxic muscle relaxant drug were carried out at room temperature.
[13]. LC is the recommended method for furanic compounds
in electrical insulating liquid§14]. 2.2. Reagents and solutions

GC procedure using flame ionization detector (FID) or
mass spectrometry (MS) detection was also developed to de- Water was deionised and further purified via an E-pure
termine FA in food and environmental samples: as volatile 4 system (Barnstead). Acetonitrile and methanol used were
flavour component of rice cakg5], of stored nonfat dry  LC grade (Merck). The chromatography standard was 98%
milk [16], of honey[17], of barrel-aged winefl8] and as furfuryl alcohol (FA) employed from Riedel-de &én; the
a volatile constituents of used frying oil obtained from a lo- other chemicals were analytical reagent grade from Merck.
cal food processing plarft9]. FA was quantified by these Stock solution, 4430 mgf FA, was prepared by dilution
methodologies in a list of 28 and 140 compounds, respec-of 0.1 ml FAto 25 ml with methanol. This solution was stored
tively. Determination of hydrophilic compounds, such as FA, in the dark, showing to be stable during several weeks. FA
was also performed by GC-MS in environmental water by standard solutions (10-150 mg%) used in chromatographic

solid-phase extraction with activated carbon fibber[t&0. determinations were diary prepared by dilution of the stock
GC-FID is the method recommended for the analysis of FA standard solution with methanol (GC analysis) or with a mix-
in occupational environmeffi21]. ture of acetonitrile and water (60:40, v/v) (LC analysis).

Considering that GC-MS and LC-MS are not many

times available for routine analysis, other common tech- 2.3. Samples

niques should be implemented. The present paper describes

two chromatographic methods (GC-FID and LC-UV) to Different kinds of resins were kindly provided by different

determine free FA in several kinds of foundry resins. The suppliers: three furanic (FURAN1, FURAN2 and FURAN3),

complexity of their matrices and the presence of inter- two phenolic acids (FENAC1 and FENAC?2) and one pheno-

ferents were considered. The accuracy of the analytical lic alkaline (FENALC). An appropriate amount of the resin

procedure was assessed through recovery measurementsample (0.5-2 g) was dissolved in 50.0 ml of methanol. The

The resins selected are the most representatives for themixture was shaken during 30 min at room temperature, to

Portuguese foundries: furanic, phenolic acid and phenolic assure that the extraction of FA was completely. Afterwards, a

alkaline. suitable amount (between 50.00 and 5Q0)®f the sample
solution was diluted to 10 ml with methanol (GC analysis)
or with a solution of acetonitrile and water (60:40, v/v) (LC

2. Experimental analysis).
To check results accuracy of all resins, recovery assays
2.1. Apparatus were carried out. An amount of a sample solution was spiked

with 300p.l of FA stock solution and diluted to 10 ml, with

The GC system used was Chrompack CP 9000 equippedthe appropriate solvent. The interference of other compounds
with a FID detector and connected to a computing inte- eventually present in resins, namely phenol and formalde-
grator with a chromatographic data station (Maestro 2.4, hyde, was also considered. This study was carried out using
Chrompack International). Separations were done in a CP-22 mg ! FA standard solution, spiked with an excess of the
Wax 52CB column (25 nx 0.53 mm) from Chrompack, us-  supposed interferent.
ing nitrogen as carrier gas (flow rate: 7 mlmi); nitrogen
was also used as make-up gas. Column temperature was pro-

grammed from 150 (3 min) to 20@ (3 min) at 20°0C min~ L. 3. Results and discussion
Injection and detector temperatures were 230Direct in-
jections (1ul) were used. Aqueous solutions of FA are unstable, but FA and the

The LC system used was a Sykam 1210 liquid chromato- resins are soluble in alcohol. Therefore, the stock solution
graph, equipped with a 3200 UV-vis detector and connectedwas prepared in methanol and in this solvent the solution was
to a computing integrator with a chromatographic data sta- stable for several months. The chromatographic procedure
tion (PRIME 2.2.6). The system had an injection valve with a was optimised and adapted to these particular matrices with
20l loop. The chromatographic separations were done with very specific characteristics.

ET Nucleosil Gg column (250 mmx 4.6 mm; 5um particle For GC determinations, methanol was the solvent chosen
size) from Macherey-Nagel. To perform the isocratic elution between others tested (acetonitrile, ethanol). Methanol was
at a flow rate of 1.3 mImin’, a mixture of acetonitrile and  the solvent used in the sample extraction. Furthermore a good
water (40:60, v/v) was used. Both solvents were previously chromatographic separation between the solvent and the an-



alyte was achieved and no additional step was necessary. The
column temperature was optimised considering the complex-
ity of the matrices, being programmed from 150 (7 min) to
200°C at20°C min—1. The injection temperature chosen was
230°C. The retention time obtained for FA was 1.8 min.

In LC procedure, the determinations of free FA were car-
ried out at 220 nm near the FA absorption maximum. The
mobile phase was a mixture of acetonitrile and water (40:60,
v/v), since methanol is not transparent at this wavelength.
The flow rate was 1.3 mI mirt. The retention time obtained
for FA was 2.3 min.

Standard calibrations were used for the quantification of
free FAinresins by GC and LC methods. Using four standard
solutions, with concentrations in the range of 10-150mig
a linear response was obtained. For GC curve the corre-
lation coefficient was 0.9998 and two-tailed Student’s test
calculated was 3.54, for a significant correlation lower than
p=0.10. For LC curve the correlation coefficient and the two-
tailed Student’s test were, respectively, 0.99991 and 7.86
(significant correlation lower thap=0.02). The slope and
intercept were, respectively, equal to 4816 and 114 for GC
and 1192 and 64 for LC. It means that quantification can be
performed on this range.

Using these conditions, the limit of detection were
173pgl~1 for GC method, which is equivalent to 173 pg
FA per injection (1ul) and 5.2 mgt? for LC method, which
is equivalent to 24.8 ng FA per injection (20 [22]. The
relative standard deviation for each solution was always less
than 8 (GC) and 1% (LC).

Using LC technique the time of extraction of free FA from
resins was studied based in FURAN3 analyBé&s.1presents
the mass percentage versus extraction time. According to the
results, 30 min was selected.

Figs. 2 and 3show typical chromatograms obtained by
both methodologies for standard solutions and for two differ-
entkinds of resins (FURAN1 and FENAC1). The application
of GC methodology on samples was well succeeded, leading
to a good separation between the chromatographic peaks for
the selected experimental conditions. Phenol and formalde-
hyde are compounds usually present in resin composition.

Therefore, an interference study of these compounds on theFig. 2. Gas chromatograms obtained for 44 MigHA standard solution (A),
for FURANL resin solution (B) and for FENACL resin solution (C).

developed method was performed, spiking the standard so
lution with an excess of the supposed interferents. Solutions

0.06

Volts
o
=3
b

0.00
0 2 3 4 5 6 7 8
© Minutes
0.08
0.06
i<
S
0.04
FA
0.02
0.00
0 2 3 4 5 6 7 8
(B) Minutes
0.08
FA
0.06
i<}
S
0.04
0.02
0.00
2 3 4 5 6 7 8
(A) Minutes

with phenol had its chromatographic peak at 4.5 min. Since ditional peak was obtained for solutions with formaldehyde.
FID is not sensitive enough to detect formaldehyde, no ad- So, these compounds did not interfere with free FA during
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Fig. 1. Extraction time optimisation of free FA in FURAN3 (LC method).

45

60

75

e
9 105
Uiy (min)

GC analysis.

The experimental conditions selected for LC analysis gave
a good separation between the chromatographic peaks for the
furanic resin (Fig. 3B). For phenolic resin, it was observed
an apparent FA peak (Fig. 3C) not in accordance with the
GC results (Fig. 2C) and with the value expected for that
kind of resins. To solve this problem, those solutions were
analysed using another wavelength such as 273 nm for the
UV detection, the same used to detect phenol presents in
samples. In this condition, FA did not absorb and the chro-
matograms of a standard mixture of these two compounds
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Fig. 3. Liquid chromatograms obtained for 44 m¢ FA standard solution
(A), for FURANLI resin solution (B) and for FENAC1 resin solution (C),

detected at =220 nm.
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Fig. 4. Liquid chromatograms obtained for a mixture of 44 migFA
and 10 mgt?! phenol (A) and for FENAC1 resin solution (B), detected at
A=273nm.

LC method can be applied. It should be noted that formalde-
hyde is not visible at the wavelength considered (220 nm) and
so it was not an interferent.

Table 1presents the results express in mass percentage
mean values of free FA content and respective recoveries for
several resin samples. Relative standard deviation (R.S.D.)
of the determinations (1 9) and relative deviation (R.D.) be-
tween the results of the two methods are also shown. It can be
observed that no free FA was detected for two of the phenolic
resins and in FENAC?2 it just appeared as a trace; this was the
expected result considering the constitution of the resins stud-
ied. According to the results obtained, it can be concluded
that both developed methodologies have a good precision
(R.S.D.<7%) and very good recoveries (close to 100%).
The relative deviation calculated for furanic resins showed

showed only a peak at 3.6 min for phenol (Fig. 4A). Chro- that the results for both methods are in good agreement. GC
matograms obtained with Samp|e solution had similar con- method showed the advantage of afeaSIblllty that did not de-
figurations (Figs. 3C and 4B) using both wavelengths for Pend on the resin characteristics. Nevertheless, as the time
FENAC1 solution, showing that interferent components are needed to perform two consecutive injections is smaller for
present in this resin. These interferents were also observed in-C than GC (latter method has the additional time of column
the two other phenolic samples, not allowing the quantifica- cooling), according to the temporal efficiency, LC method is
tion of free FA in these resins. Nevertheless, for furanic resins more advantageous when possible to apply.

Table 1

Mean values of free FA content in foundry resins and respective recoveries for GC and LC methods

Resin GC LC R.D. (%)
FA (%, w/w)? Recovery (% FA (%, wiw)? Recovery (%)

FURAN1 54 (+6) 103 (+8) 52.6 (+1) 96 (+2) 3

FURAN2 29 (+6) 101 (+3) 29.2 (+£0.3) 107 (£0.3) -0.6

FURAN3 72 (+6) 108 (+9) 72.7 (£0.1) 102 (+0.2) -1

FENAC1 nd 101 (+4) na na na

FENAC2 0.17 (£7) 104 (£8) na na na

FENALC nd 94 (+4) na na na

nd: not detected; na: not applied.

2 Relative standard deviation, R.S.D. in parenthese9).
b Relative deviation between the two checked methods.



51

4. Conclusions [3] M. Choura, N.M. Belgacem, A. Gandini, Macromolecules 29 (1996)
3839.
The development of GC methodology provided an effi- [4] A. Gardziella, A. Kwasniok, L. Cobos, Mod. Cast. 86 (1996)
. : o 30.
uent and' reproducible me.thod for thg determination of.free 5] I.R. Salabaria, P.A. Oyanguren, D.P. Fasce, R.J.J. Williams, Polym.
FA in resin samples used in foundry industry. LC technique Int. 37 (1995) 21.

was also succeeded when applied to furanic resins. Never- [6] B.C.S. Radovanovic, Eur. Polym. J. 27 (1991) 807.
theless, the existence of interferents in the matrices hindered [7] X.Q. Zhang, D.H. Solomon, Chem. Mater. 11 (1999) 384.
the use of this technique for phenolic resins. Although the [8] !-S. Chuang, G.E. Maciel, Macromolecules 25 (1992) 3204-3226.
. . [9] T. Bosworth, S. Setford, R. Heywood, S. Saini, Anal. Chim. Acta

complexity of the foundry resins, the sample pre-treatment 450 (2001) 253
selected was a simple extraction process, using methanol agig] p.m. Goldberg, B. Hoffman, J. Yang, G.J. Soleas, J. Agric. Food
solvent. It was concluded that the developed methods canbe  Chem. 47 (1999) 3978.
implemented in laboratories for routine analysis. [11] J.P. Yuan, F. Chen, Food Chem. 64 (1999) 423.

The limits of detection obtained make the developed chro- [12] Eijgéggl)lyzﬂl Le, M. Darveniza, T. Saha, Polym. Degrad. Stab.
matogra.phlc procedures apphcableforenwlronmen_tal ana!y—[13] F. Vargas, H. Mendez, A. Fuentes, J. Sequera, G. Fraile, M. Ve-
ses of this pollutant in foundry waste sands, if associated with ~ |asquez, G. Caceres, K. Cuello, Pharmazie 56 (2001) 83.

sample concentration techniques such as solid-phase extragi4] ASTM D5837-99e1, Annual Book of American Society for Testing
tion. and Materials Standards, USA, 1999.
[15] R.G. Buttery, W.J. Orts, G.R. Takeoka, Y. Nam, J. Agric. Food Chem.
47 (1999) 4353.
[16] Y. Karagul-Yuceer, K.R. Cadwallader, M. Drake, J. Agric. Food

Acknowledgement Chem. 50 (2002) 305.
[17] A. Verzera, S. Campisi, M. Zappala, |I. Bonaccorsi, Am. Lab. 33
M.T. Oliva Teles would like to thank the Ph.D. grant given (2001) 18.

by PRODEP Program [18] T.G. Cerdan, S.R. Mozaz, C.A. Azpilicueta, Food Res. Int. 35 (2002)

' 603.
[19] G. Takeoka, C. Perrino, R. Buttery, J. Agric. Food Chem. 44 (1996)

654.
References [20] K. Kawata, T. Ibaraki, A. Tanabe, H. Yagoh, A. Shinoda, H. Suzuki,

A. Yasuhara, J. Chromatogr. A 911 (2001) 75.
[1] Genium's Handbook of Safety, Health, and Environmental [21] Method 2505(2), NIOSH Manual of Analytical Methods, 4th ed.,

Data for Common Hazardous Substances, Genium Publishing 1994.
Corporation/McGraw-Hill, New York, 1999, p. 1726. [22] J.N. Miller, J.C. Miller, Statistics and Chemometrics for Ana-
[2] http://mww.intox.org/databank/documents/chemical/furfuryl/cie719. lytical Chemistry, 4th ed., Prentice-Hall, Harlow, England, 2000,

htm (6 February 2004). p. 107.



	Determination of free furfuryl alcohol in foundry resins by chromatographic techniques
	Introduction
	Experimental
	Apparatus
	Reagents and solutions
	Samples

	Results and discussion
	Conclusions
	Acknowledgement
	References


