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VIRTAMO, M. and TOSSAVAINEN, A. Gases formed from furan binding agents.
Scand. j. work environ. & health 2 (1976): supp!. I, 50-53. Furfuryl alcoool and
formaldehyde concentrations in the air of coremaking areas of 10 iron and steel
foundries were measured. The mean concentration of furfuryl alcohol and formaldehyde was 4.3 cms/ms and 2.7 cmS/mS, respectively. Furfuryl alcohol exceeded
its threshold limit value (TLV) of 5 cms/ms in 22 % of the determinations; and formaldehyde (TLV = 2 cmS/mS) in 38 0/0. In addition phenol concentration was determined in one foundry; and phosphoric acid concentration, in two foundries. The
concentrations of phenol and phosphoric acid were far lower than their TLVs. The
question is raised as to whether exposure to furfuryl alcohol and formaldehyde in
foundries in combination with exposure to dust and smoking can increase the risk
of chronic bronchitis.
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Ever since 1960 cold-setting furan resins
have been used in foundries as binding
agents for sand, mainly in coremaking.
Cores made with these resins have the
following technical advantages: they harden fast, have accurate dimensions, and
collapse easily after casting (5, 7, 13).
Chemically, furan binders are copolymers of furfuryl alcohol (I) with either
urea-formaldehyde (II) or phenol-formaldehyde (III) resins. Urea-furan resins
are used in iron founding; and phenolfuran resins, in steel founding (15, 16).
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Prepolymers of furan resins are delivered to the foundries as liquids in which
the furfuryl alcohol content varies from
50 to 95 010. They are polymerized into
insoluble macromolecules by the action of
the acid catalyst. Phosphoric acid or ptoluene sulphonic acid is used for the
hardening of the resins.
Furan sand is prepared either in batches
or in a continued mixing process. First
about 1 010 of the hardener is added to the
sand, and then resin, equaling about 2 0/0
of the weight of the sand, is added. The

hardening of the core begins immediately,
and adding more of the curing agent will
speed up the process. The mixture is used
at once and hardens in the core box in
1 to 2 h (5, 13).
One disadvantage of furan resin is the
irritating gases that are formed during
coremaking. Unhardened resin includes
free furfuryl alcohol, small amounts (13 0/0) of free formaldehyde, and possibly
small amounts of free phenol; some part
of all of these materials vaporizes into the
workroom air during the sand mixing and
the filling of the core boxes. An exothermic
hardening reaction increases the evaporation.
The pyrolysis of furan resins during
casting produces carbon monoxide and
possibly smaJl amounts of formaldehyde,
phenol, and nitrogen oxide.

cohol in a 100-1 sample was 0.2 cms/m s.
The formaldehyde concentrations were
determined by the method of Goldman
and Yagoda (1, 8). In this method formaldehyde vapors are collected in an
aqueous solution of sodium bisulphite and
analyzed volumetrically. The detection
limit is about 0.2 Clffis/m3 of formaldehyde
for sample volumes of 100 1.
Phenol was absorbed in a sodium
hydroxide solution and analyzed spectrophotometrically as a coupling product with
4-amino-antipyrine (3). Sampling time was
1 h; and the detection limit, 0.1 cms/ms of
phenol for sample volumes of 100 1.
Phosphoric acid samples were taken in
water and analyzed spectrophotometrically by the molybdenic blue method (11).
The sampling time was 4 h, and the detection limit was about 0.1 mg/m s of phosphoric acid for sample volumes of 1,000 1.

MATERIALS AND METHODS

RESULTS

Furan sand is used in 25 Finnish foundries
in which a total of about 400 workers are
exposed to furfuryl alcohol and formaldehyde. These workers include both
coremakers and those present in the coremaking vicinity. A furan resin made up
of 50 Ofo furfuryl alcohol and 50 0J0 ureaformaldehyde with a curing agent of
phosphoric acid is used for iron casting,
whereas one of 50 % furfuryl alcohol and
50 % phenol-formaldehyde with a curing
agent of phosphoric acid is employed for
steel casting.
Furfuryl alcohol and formaldehyde concentrations were measured in the coremaking areas of 10 iron and steel foundries. A total of 36 furfuryl alcohol and
43 formaldehyde samples were taken.
Phenol concentration was measured in
one foundry (6 samples) and phosphoric
acid concentration in two foundries (9
samples).
The air 'Samples were collected as close
to the breathing area of the workers as
possible with liquid absorption.
Furfuryl alcohol measurements were
made according to the method described
by Pfaffli (14). The vapors were absorbed
in water, and furfuryl alcohol was determined as a cyclic hydrazone compound
with an ultraviolet spectrophotometer. The
sampling time was 1-2 h and the lowest
detectable concentration of furfuryl al-

The distribution of the furfuryl alcohol
concentrations measured in the coremaking areas is presented in fig. 1. The arithmetic mean concentration was 4.3 cms/ms .
Twenty-two per cent of the furfuryl alcohol measurements exceeded the threshold
limit value (TLV) of 5 cms/m s. The highest
furfuryl alcohol concentrations (10-40
cms/mS) were measured when large core
boxes were being filled and packed manually.
Fig. 2 shows the distribution of the formaldehyde concentrations in the air during
the handling of furan sand. The mean
concentration was 2.7 cms/ms . Thirtyeight per cent of the measurements exceeded the formaldehyde TLV (2 cms/m S).
The highest formaldehyde concentrations
(5-16 cms/mS) appeared when large core
boxes were being filled.
The concentrations of phenol and phosphoric acid that were measured during
the coremaking process were definitely
lower than their respective TLVs. The
highest phenol concentration measured
was 0.35 ems/ms ; the TLV is 5 ems/ms. The
phosphoric acid concentrations were les!:
than 0.1 mg/m s ; the TLV is 1 mg/m s.
DISCUSSION
As the use of furan resins containing
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Fig. 1.

Distribution of furfuryl alcohol concentrations in the coremaking areas of 10 iron
and steel foundries.

Fig. 2.

furfuryl alcohol has increased, the toxicity
and potiential health hazards of furfuryl
alcohol have become important. The essential toxic effect of furfuryl alcohol is
that of a central nervous depressant. Although small doses stimulate respiration
in man and animals, large doses depress
it (4). The acute effect of furfuryl alcohol
vapor is irritation of the eyes and respiratory tract. Only irritations of the skin
and mucous membranes have been reported as a result of industrially used
furfuryl alcohol, and no systemic effects
or impairment of health have been recorded (12). The TLV of 5 cm3/m S for
furfuryl alcohol is believed to be sufficiently low to prevent systemic and
ocular effects in unconditioned workers (2).

The other volatile component in furan
resins, formaldehyde, causes acute irritation of the eyes and respiratory tract
already at low atmospheric concentrations.
Because of the solubility of formaldehyde
in water, the irritant effect is limited to
the initial section of the respiratory tract.
A concentration of 2-3 ppm causes a
slight formication of the eyes, nose, and
pharynx, at 4-5 ppm the discomfort
rapidly increases, and 10 ppm is tolerated
with difficulty even briefly. Between 10
and 20 ppm, breathing is extremely
difficult, the eyes, nose, and trachea burn,
and intense lacrimation and severe coughing occur. The TLV of 2 ppm for formaldehyde provides a very small safety
margin against its irritant effects (2, 6, 9).
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Distribution of formaldehyde concentrations in the coremaking areas of 10 iron and
steel foundries.

The present study of some Finnish
foundries indicates that during the use of

furan sand binders furfuryl alcohol and
formaldehyde can appear in the workroom air in concentrations often exceeding
the TLVs. Even though the irritative effect of these gases is primarily temporary,
the question should be considered of
whether exposure to these gases, together
with exposure to foundry dusts and smoking, can increase the risk of chronic bronchitis (10).
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