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Description

Summary and field of the invention

[0001] The present invention relates to a method for
manufacturing mineral wool insulation products, from
which the emissions of formaldehyde are low. The meth-
od comprises continuously adding a resorcinol derivative
as an additive in the on-site preparation of a binder com-
prising a phenol-formaldehyde resin, immediately before
the binder is applied to the mineral fibers.

Background

[0002] Mineral wool products are widely used for the
thermal and acoustic insulation of different parts of build-
ings, transportations, or other appliances, as well as for
fire protection. Mineral wool materials are mainly ran-
domly interlaced masses of mineral fibers with varying
lengths and usually bound by a resin-based binder. Three
types of mineral materials are most commonly employed,
glass, stone or slag. Processes for the production of min-
eral wool products are well known in the art, and usually
comprise the steps of melting the mineral material to an
adequate temperature, fiberizing the molten mixture into
fine fibers, application (e.g. spraying) of a binder compo-
sition to the individual fibers while they still have some
residual heat, collection of the fibers and formation of a
primary fleece on a foraminous conveyor, densifying the
fleece, and curing the binder at elevated temperatures.
The cured mat is then cut to the desired size with trans-
verse and edge trimmers, before it is packaged for trans-
port.
[0003] The mineral wool products have traditionally,
and still currently are, widely being manufactured by
bonding the glass fibers at their cross-over points with
cured binders based on phenol-formaldehyde thermo-
setting resins. Most common phenol-formaldehyde res-
ins used for this purpose are resols manufactured by con-
densation of formaldehyde and phenol in aqueous solu-
tion, catalyzed by strong alkalis, and using a large molar
excess of the formaldehyde in relation to phenol. This
excess of formaldehyde avoids the possibility of phenol
emissions during manufacture. In some cases, urea is
included in the resin formulation to scavenge some of
the not reacted excess formaldehyde, and to extend the
resin.
[0004] Phenol-formaldehyde (and phenol-formalde-
hyde-urea) resin based aqueous binders have been pre-
ferred for very long time, due to their good performance
and attractive low cost. These phenol-formaldehyde and
phenol-formaldehyde-urea resins are nowadays com-
mercially available from specialized resin producers and
usually contain from about 40 to about 60 % weight solid
content, and from about 0.5 to 8.0 weight % of free for-
maldehyde (the lower values are obtained when urea is
present).
[0005] For good processability, these resins should

have a good stability during storage, good dilutability with
water, suitable curing rate, and particularly a low viscosity
to facilitate the application and the subsequent distribu-
tion of the binder in the cross-over points on the glass
fibers. The low viscosity is also necessary to obtain sat-
isfactory recovery of the thickness of the primary uncured
mat after it is formed. The resins shall have an alkaline
pH to assure stability and to avoid or minimize potential
corrosion issues on carbon steel equipment. This com-
bination of requirements is specific for the glass wool
industry. In order to fulfill these requirements, the resols
must be prepared in a definite manner, for example by
using low amounts of alkali catalysts, low temperatures,
and short reactions times. These specific reaction con-
ditions have the objective that the level of condensation
of the phenol-formaldehyde resin obtained is low.
[0006] Both the viscosity and the dilutability with water
of the resin are related properties, and are an indication
of its level of condensation. In fact, in the preparation of
the resin, these parameters are frequently monitored on-
line by the manufacturers to determine when the reaction
needs to be stopped, depending on the intended appli-
cation for the resin. The higher the viscosity and the lower
the dilutability with water, the higher the condensation
degree of the phenol-formaldehyde resin.
[0007] Phenol-formaldehyde and phenol-formalde-
hyde-urea resins as manufactured by the resin producer
(and as commercially available) are not directly applied
to the mineral fibers in the production of mineral wool.
Instead, an aqueous binder solution (also known as bind-
er, binder composition or binder formulation) is prepared
by the mineral wool manufacturer. In the preparation of
the binder, the resin is largely diluted with water and
mixed with additives. By additives it is meant the sub-
stances which are usually needed either to assist in the
manufacture of mineral wool products, or to improve the
properties of the manufactured products. This dilution
and mixture with additives is commonly done continu-
ously in the same mineral wool production line, as the
resin is transported to the binder application station. Fre-
quently used additives include urea (e.g. if not already
contained in the resin), dedusting oil, emulsifiers, dyes,
silanes, latent catalysts (ammonium sulfate), ammonia
(ammonium hydroxide), as well as additional extenders.
[0008] Environmental and toxicological concerns relat-
ed to the formaldehyde released from the products man-
ufactured with binders comprising phenol-formaldehyde
and phenol-formaldehyde-urea resins have however led
in the recent years to a movement in the mineral wool
industry to reduce, or even completely eliminate, the use
of formaldehyde-containing resins, or to reduce the
amount of excess formaldehyde they contain, with the
ultimate objective of reducing the level of formaldehyde
emissions from the manufactured products. Thus, differ-
ent methods to reduce free formaldehyde in phenol-for-
maldehyde resins have been described in the art.
[0009] One group of such methods refers to the use of
formaldehyde scavengers, substances capable of react-
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ing with the free (excess) formaldehyde contained in the
resin. Those formaldehyde scavengers are generally
known in the art and some illustrative examples are given
here. US 2011/111226 A1 describes the use of substanc-
es with active methylene groups as formaldehyde scav-
engers. A second set of solutions consists of the use of
a compound able to form condensates with both phenol
and formaldehyde. For example, WO 2008/043961 A1
describes the use of monoethanolamine that reacts with
free formaldehyde and phenol via Mannich reaction. The
method described in WO 2012/25699 A1 relates to a
method for reducing free formaldehyde in resins using
glycine as formaldehyde scavenger. A third group of so-
lutions consist of the treatment of the mineral wool prod-
uct with formaldehyde scavengers which reacts with the
free formaldehyde being released from the fleece. For
instance, the method described in WO 2008/005635 A2
consists of the use of sodium bisulfite, sodium metabi-
sulfite and tetraethylenepentamine as formaldehyde
scavengers. Another method disclosed in WO
2011/148076 A1 consists of the use of dihydrazides as
formaldehyde scavengers.
[0010] The amount of free formaldehyde in a phenol-
formaldehyde resin can also be reduced to less than 0.5
weight % by treating the resin with a phenol or aniline
derivate as formaldehyde scavenger. In this method, the
phenol-formaldehyde resol is treated with a certain
amount of phenol or aniline derivative, preferably at room
temperature, to produce the condensation reaction be-
tween the phenol or aniline derivative and the free for-
maldehyde. This modification of the resin presents how-
ever some limitations, e.g. it requires mixing the phenol
or aniline derivative with the resin for long enough (pref-
erably between 30-100 minutes) to produce the reduction
of the free formaldehyde concentration to the desired lev-
el. This "premix" needs to be done as a prior step to the
preparation of the binder and the application to the min-
eral fibers.
[0011] It is an object of the present invention to provide
an alternative method for the manufacture of mineral
wool insulation products with low level of formaldehyde
emissions, and which does not suffer from the limitations
and drawbacks of the methods of the prior art.

Description of the invention

[0012] In view of the above, a method for producing
mineral wool products with low formaldehyde emissions,
according to an embodiment, comprises adding at least
one resorcinol derivative as an additive in an on-site prep-
aration of a binder comprising a phenol-formaldehyde
resin, immediately before it is applied to the mineral fib-
ers.
[0013] "On-site" means in the context of this specifica-
tion that the binder is prepared in the mineral wool pro-
duction plant a few minutes, for example less than 5 min-
utes and particularly 1-5 minutes, before it is applied to
the mineral fibers. The treatment is particularly suitable

if resorcinol or alkyl-resorcinol is selected as phenol de-
rivative.
[0014] According to an embodiment, a method for pro-
ducing mineral wool products with low formaldehyde
emissions, comprises (a) preparing an aqueous solution
comprising resorcinol or a derivative thereof; (b) trans-
porting a phenol-formaldehyde resin or a phenol-formal-
dehyde-urea resin to a binder application station; (c) me-
tering the aqueous solution continuously to said resin
while it is transported to the binder application station,
thereby forming a binder solution; (d) applying the binder
solution to mineral fibers; and (e) curing the binder solu-
tion by applying heat, thereby forming the mineral wool
product.
[0015] According to an embodiment, a method for pro-
ducing mineral wool products with low formaldehyde
emissions comprises preparing an aqueous binder solu-
tion, applying the binder solution to mineral fibers being
produced by a fiberizer, forming an uncured mineral wool
fleece over a receiving foraminous conveyor, and curing
the binder in a heating oven, wherein
the binder is prepared on-site by continuously diluting a
phenol-formaldehyde resin, optionally also comprising
urea, with an aqueous mixture of additives, while it is
transported to the binder application station, and
the aqueous mixture of additives is selected such that it
includes at least one resorcinol derivative.
[0016] In embodiments, the at least one resorcinol de-
rivative is selected from the group of resorcinol, alkyl-
resorcinols, and mixtures thereof. Alkyl-resorcinols in-
clude methyl-resorcinols, ethyl-resorcinols, dimethyl-re-
sorcinols and diethyl-resorcinols.
[0017] In embodiments, the phenol-formaldehyde res-
in, optionally also comprising urea, is selected such that
it has a pH of 7 or above, a water dilutability of more than
20 times at 20°C, a viscosity lower than 100 mPa.s (at
20 °C and 40% solid content) and a curing B-time be-
tween 2-15 minutes (at 130°C).
[0018] Preferably, the suitable phenol-formaldehyde
resin is selected such that it comprises from 2 wt.-% to
8 wt.-% of free formaldehyde relative to dry resin meas-
ured according to ISO 11402:2004. In the case of select-
ing phenol-formaldehyde-urea resins, the preferred con-
tent of free formaldehyde is from 0.5 wt.-% to 1.5 wt.-%.
[0019] Through this description, it is considered that
the formaldehyde emissions are low if the mineral wool
products produce formaldehyde emissions lower than 20
mg/m3, more preferably lower than 10 mg/m3, and even
more preferably lower than 7 mg/m3, when stored in a
test chamber with air exchange and under controlled con-
ditions for 28 days and then, the formaldehyde concen-
tration in the air in the chamber measured according to
the standard method ISO 16000-3:2011.
[0020] Another aspect of the present invention is a
method for producing mineral wool, for example of the
previous embodiments, wherein the resin is selected
such that the molar ratio of free formaldehyde in the resin,
prior to the optional addition of urea, to resorcinol deriv-
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ative is from 4.0 to 0.8, and preferably from 3.0 to 0.9,
and more preferably from 2.5 to 1.0.
[0021] The method according to embodiments de-
scribed herein presents benefits in relation to other meth-
ods, particularly if compared with the previously de-
scribed "premix" method, where the phenol-formalde-
hyde resins are treated with phenol or aniline derivative
as a previous step to the preparation of the binder. As in
the "premix" method, the inventive method here also pro-
duces the aimed reduction of formaldehyde emissions.
Certain practical advantages are however obtained by
the inventive method compared to the referred "premix"
method:

a) The inventive method does not need the "premix"
step to take place, avoiding the need of extra instal-
lations and saving working time. The resorcinol so-
lution can be prepared simultaneously and together
with the solution of the binder additives. Therefore,
the inventive method does no need for extra reactor
or additional steps. Complementarily, the concentra-
tion of resorcinol derivative relative to the resin solid
content can be adjusted in-line, meaning that the
concentration can be changed while the mineral wool
is being manufactured. This might be advantageous
for example when products with different level of for-
maldehyde emissions have to be produced without
stopping the manufacturing line, or when a resin
batch having a certain free formaldehyde content is
replaced by a resin batch with a different free formal-
dehyde content. In this case, the resorcinol deriva-
tive amount added can easily be adjusted in-line e.g.
by adjusting the metering of its solution.

b) The stability of the resin is not compromised by
the preparation of the "premix", reducing the risk of
premature resin condensation and assuring that the
required high water dilutability and low viscosity are
not lost. The amount of resorcinol can also be higher
than in the "premix" process, since there is no risk
of resin pre-condensation. This can be useful if e.g.
resins are selected having initially high amounts of
free formaldehyde. So, it is observed that a phenol-
formaldehyde resin with 7% free formaldehyde treat-
ed with 2 mols of resorcinol per mol of free formal-
dehyde condenses prematurely and after 45 minutes
forms a gel with a viscosity that is not workable an-
ymore (over 20,000 mPa.s). This limitation is avoid-
ed with the method of the invention, since the binder
is applied immediately after the resin is contacted
with the resorcinol derivative (typically between 1-5
minutes) to the mineral fibers, before the premature
condensation reaction has developed extensively.

Detailed description of the embodiments of the in-
vention

[0022] The phenol-formaldehyde resin suitable for the

method of the present invention is a phenol-formalde-
hyde resol produced by condensation of formaldehyde
and phenol in a formaldehyde:phenol molar ratio greater
than 1.1, and preferably greater than 2. Usually, the for-
maldehyde:phenol molar ratio in the phenol-formalde-
hyde used as starting material in the process of the
present invention is not greater than 6. The condensation
process for preparing the phenol-formaldehyde resin is
usually catalyzed by NaOH, KOH, Ca(OH)2 or Ba(OH)2,
most preferably NaOH, and it is stopped while the level
of condensation is still partial and relatively low.
[0023] Optionally, the phenol-formaldehyde resin also
comprises urea. In this case, urea serves both as scav-
enger of a part of the excess formaldehyde and as resin
extender. Urea is usually added after the phenol-formal-
dehyde resol is prepared, and the mixture is heated to
produce phenol-formaldehyde-urea resins after cooling,
also called PFU-premix. Although urea might partially re-
duce the free formaldehyde content of the resin, formal-
dehyde is still released from the manufactured product.
As explanation it has been reported that the adduct
formed between formaldehyde and urea is not stable.
[0024] The method of the invention might be applied
with both phenol-formaldehyde and phenol-formalde-
hyde-urea resins. In both cases, the mineral wool prod-
ucts manufactured have low level of formaldehyde emis-
sions.
[0025] Ammonia (or ammonium hydroxide) might also
be comprised in the phenol-formaldehyde or phenol-for-
maldehyde-urea resin of the invention, to adjust the pH
and to improve the dilutability and storage stability of the
resin.
[0026] The phenol-formaldehyde resin applicable is an
aqueous solution comprising from 5 to 70 weight %, more
preferable from 40 to 65 weight %, and most preferably
from 45 to 55 % weight of said phenol-formaldehyde resol
condensates.
[0027] According to an even more preferred embodi-
ment, the phenol-formaldehyde resin in the present in-
vention contains from about 2 wt.-% to 8 wt.-% of free
formaldehyde, determined by the method ISO
11402:2004. When phenol-formaldehyde-urea resins
are used, the content of free formaldehyde is from 0.5
wt.-% to 1.5 wt.-%. The concentration of free formalde-
hyde is frequently provided by the resin manufacturer as
part of the specification.
[0028] The suitable resins are characterized by having
a pH > 7, particularly between 7-10, and by the fact that
they can be diluted with more than 20 parts by weight of
demineralized water at 20°C per 1 part of resin, deter-
mined by the method ISO 8989:1995. This is normally
referred to as ’infinite’ dilutability in water. The viscosity
of the resins is low, in particular lower than 100 mPa.s
(at 20°C and at a resin concentration 40 wt.-% solid con-
tent). Another feature of the resin is that its curing B-time
is in the range of 2 to 15 minutes at a temperature of
130°C, as determined using the ISO 8987:2005 method.
[0029] Particular examples of preferred phenol-formal-
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dehyde resins for the present invention commercially
available are Bakelite® PF 1230V from Momentive or
Borofen® B-1606A supplied by Fenolit.
[0030] Urea might be added as a resin extender to the
suitable resins of the invention in an amount up to 40 wt.-
% based on the phenol-formaldehyde resin solid content,
preferably in an amount from 10-35 wt.-% and more pref-
erably from 20-30 wt.-%. A too high amount of urea could
detrimentally affect the mechanical properties of the
bonded mineral wool products.
[0031] The resorcinol derivative useful in the method
according to the present invention is any resorcinol de-
rivative capable of reacting with the free formaldehyde
of the resin by condensation reaction. Particular exam-
ples of resorcinol derivatives include resorcinol and alkyl-
resorcinols, as well as mixtures thereof. Examples of use-
ful alkyl-resorcinols are methyl-resorcinols, ethyl-resor-
cinols, dimethyl-resorcinols, diethyl-resorcinols and their
mixtures, such as shale oil phenols. Resorcinol is partic-
ularly preferred since it presents suitable condensation
rate with formaldehyde, relative ease dosing and han-
dling, non-toxicity and affordable cost.
[0032] In the method of the invention, the phenol-for-
maldehyde resin is continuously diluted on-site, for ex-
ample in the mineral wool manufacturing line, with an
aqueous mixture of additives in order to prepare the bind-
er, immediately before the binder is applied to the mineral
fibers. The time from the moment the binder additives
are contacted with the phenol-formaldehyde resin until
the binder is applied to the mineral fibers usually ranges
from 1 to 5 minutes. It needs to be understood that the
aqueous mixture of additives may be formed by one or
several fractions, and that each of the additives may be
contained in one or several of the fractions. Thus, e.g.
one of the fractions may be formed by fresh water or
process water, without other additives. This part of the
method of the invention can be done e.g. by continuously
introducing the aqueous mixture of additives as one or
several fractions to the canalization where the aqueous
resin is being transported to the binder application sta-
tion. The ratios of resin solution and of the aqueous ad-
ditive mixture fraction or fractions can be controlled by
adjusting the flow rate of the respective pumps. Means
are adopted, which are well known in the art, to assure
that the binder components are thoroughly mixed before
they are applied to the fibers. This dilution is done to
reach a final binder non-aqueous content preferably in
the range 4-10 wt.-%.
[0033] To avoid detrimental premature condensation,
the temperature of the binder solution mixture is prefer-
ably not raised over 50°C, more preferably not raised
over 40°C and even more preferably the temperature
ranges from 10-35°C before the binder solution is applied
to the fibers.
[0034] The mixture of additives includes at least one
resorcinol derivative to produce the desired reduction of
formaldehyde emissions from the manufactured prod-
ucts.

[0035] The mixture of additives preferably also con-
tains other binder additives as those known in the art,
and in proportions described previously. Non-limiting ex-
amples of additives useful are urea (i.e. if not already
contained in the resin or in addition to the urea already
present in the resin), dedusting oil (e.g. paraffin oil), emul-
sifiers, dyes, adhesion promoters (e.g. silanes), latent
catalyst (e.g. ammonium sulfate), ammonia (ammonium
hydroxide), fiber softeners, hydrophobizing agents (e.g.
silicones), as well as additional extenders such as car-
bohydrates (e.g. sugar, starch, modified starch, dextrins)
and/or lignosulfonates.
[0036] The non-aqueous content of the final binder
preferably comprises 5-15 wt.-% of binder additives,
70-90 wt.-% of phenol-formaldehyde resin containing
from 0 to 40 wt.-% of urea, and 5-15 wt.-% of resorcinol
derivative. According to an embodiment, the non-aque-
ous content of the final binder consists of 5-15 wt.-% of
binder additives, 70-90 wt.-% of resin containing from 0
to 40 wt.-% of urea, and 5-15 wt.-% of resorcinol deriv-
ative.
[0037] In a preferred embodiment, the binder is applied
in atomized form to the attenuated individual fine fibers
being produced by a fiberizer from a hot molten mineral
mixture. The atomization can be produced by spraying
nozzles or similar devices oriented in a direction so that
the sprayed binder meets the attenuated fibers. The bind-
er contacts the fibers when they are still warm, producing
the evaporation of a large amount of water and other
volatile substances present in the binder.
[0038] The binder is preferably applied in an amount
to produce a content of solid binder in the final product
after drying and curing between 3-12 wt.-%, relative to
the weight of the mineral fibers. This amount of cured
binder is measured as LOI (loss on ignition) according
to ISO 29771:2008.
[0039] In preferred embodiments, the fibers impreg-
nated with partially dried binder are then continuously
collected on a foraminous conveyor located in the lower
part of a forming chamber, forming a low density fleece
of mineral fibers. Air is suctioned from underneath the
conveyor so that the formation of the fleece is further
assisted by the effect of vacuum. At this stage, the fleece
is said to be in an uncured state, meaning that the partially
dried binder (or the resin comprised in the binder) has
not started to set (cure) as a consequence of the heat.
[0040] The uncured fleece is then transported to a
heating (curing) oven, where the binder is cured to set
at temperatures > 100°C, preferably between
140-200°C, and more preferably between 160-180°C.
The curing time preferably ranges from 2 to 5 minutes.
After curing is complete, the fibers in the mineral wool
product are bonded in their cross-over points by the cured
binder.
[0041] Without wanted to be bound by theory, the in-
ventors believe that a reaction between the resorcinol
derivative and the free formaldehyde mainly occurs when
the warm fibers are impregnated with the binder, and

7 8 



EP 2 865 799 B1

6

5

10

15

20

25

30

35

40

45

50

55

during curing. The resorcinol derivative is thought to form
condensed products with both the free formaldehyde and
with the resin, thus irreversibly trapping the formaldehyde
in the cured products.
[0042] The amount of resorcinol derivative is not par-
ticularly limited. It is however required that this amount
is sufficient to produce the desired low emissions of for-
maldehyde from the manufactured mineral wool prod-
ucts. The maximum amount of resorcinol derivative is in
principle mostly limited by the economic viability of the
production. The amount of resorcinol also depends on
the concentration of free formaldehyde of the phenol-
formaldehyde resin or the phenol-formaldehyde-urea
resin comprised in the binder. It has been observed that
low level of formaldehyde emissions are obtained when
the amount of resorcinol derivative is calculated to result
in a molar ratio of free formaldehyde in the resin to re-
sorcinol derivative from 4.0 to 0.8, and preferably from
3.0 to 0.9, and more preferably from 2.5 to 1.0. In the
case of phenol-formaldehyde-urea resins, these ratios
are calculated considering the free formaldehyde in the
resin before urea is added.
[0043] After curing, the cured mat is subsequently cut
to the desired size with trimmers and optionally rolled,
before it is and packaged for transport.
[0044] The mineral wool products manufactured with
the method of the invention produce formaldehyde emis-
sions lower than 20 mg/m3, more preferable lower than
10 mg/m3 and most preferable lower than 7 mg/m3, when
stored in a test chamber with air exchange and under
controlled conditions for 28 days and then, the formalde-
hyde concentration in the air in the chamber is measured
according to standard method ISO 16000-3:2011.
[0045] The mineral wool products manufactured with
the method of the invention can be used for instance in
the insulation of buildings, transportations, air-condition-
ing ducts, or other appliances, or for fire protection. The
mineral wool product may further comprise additional fac-
ings made of paper, aluminum, glass veil or mixtures
thereof. Other non-insulation uses for the mineral wool
are also feasible.

Testing methods

1) Method for measuring free formaldehyde of resin

[0046] The free formaldehyde content of the resin is
measured according to the international standard ISO
11402:2004, using the hydroxylamine hydrochloride pro-
cedure.
[0047] This method involves the following general prin-
ciple: The formaldehyde present in the resin is converted
to the oxime with hydroxylamine hydrochloride. Then the
hydrochloric acid formed during this reaction is deter-
mined by potentiometric back-titration, using a sodium
hydroxide solution.

2) Method for measuring the dilutability

[0048] Resin dilutability in demineralized water is
measured at 20°C according to the international standard
ISO 8989:1995 method. Resin dilutability is a measure
of the mass of water needed to obtain turbidity in the
liquid resin.
[0049] This method involves adding water to the resin
until turbidity persists for a minimum of 30 s after agita-
tion.

3) Method for measuring the viscosity

[0050] The viscosity of the resin is measured at 20 °C
using a Brookfield viscosimeter, spindle 1, 60 rpm. The
viscosity as referred to in the present invention is based
on a resin concentration having a solid content of 40 wt.-
% in water.

4) Method for measuring the curing B-time

[0051] Curing B-Time of the resin is measured at
130°C according to the international standard ISO
8987:2005. In this method, the condensation of the phe-
nol-formaldehyde resin is carried out to the B-stage in
one heated test plate. The B-transformation time point is
reached when a stirring rod is briefly raised from the resin
and resin threads from the rod break.

5) Method for measuring formaldehyde emissions from 
mineral wool products

[0052] The amount formaldehyde emissions from
cured mineral wool products is measured from freshly
manufactured samples according to ISO 16000-3:2011.
The method involves placing the fresh samples into a
212 L acclimatized glass chamber equipped with a ven-
tilator and set at a temperature 23 6 1 °C, a relative
humidity of 50 6 5 %, air flow 0.2 6 0.1 m/s and an air
exchange rate 0.5 h-1 6 5% for 28 days. Other settings
are the loading factor of 1 m2 of sample surface per m3

of test chamber volume, and an specific area air ex-
change rate of 0.5 m3/m2 h. Emitted formaldehyde is de-
termined in mg/m3 from air samples of the air in the cham-
ber taken on to adsorbent cartridges coated with 2,4-
dinitrophenylhydrazine (DNPH) at the time of the meas-
urement (after 28 days in this case) and the hydrazones
formed are subsequently analyzed by high performance
liquid chromatography (HPLC) with detection by ultravi-
olet absorption.

Example 1:

[0053] A 1000-L intermediate bulk container (IBC),
equipped with a mechanical stirrer, was charged with 349
kg of aqueous phenol-formaldehyde resin characterized
by pH 9.4, viscosity 20 mPa.s, dilutability > 20, and B-
time 2.2 min, and with 45 wt.-% solid content. The content
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of free formaldehyde of this resin was 4 wt.-%. Then, 69
kg of urea were added to the resin solution as a solid and
the mixture was stirred at 25 °C for 60 minutes. Sepa-
rately, 39 kg of solid resorcinol and 220 L of water were
mixed and stirred at 25 °C for 60 minutes to obtain a pale-
yellow solution. Small amounts of mineral oil, silanes and
catalyst were added to this solution. The phenol-formal-
dehyde-urea resin was then pumped through canaliza-
tion at a flow rate of 151 kg/h to a binder application sta-
tion. The resorcinol solution was simultaneously intro-
duced to the resin canalization at a flow rate of 93 kg/h
in order to prepare the binder. This flow rate ratio corre-
sponds to a formaldehyde/resorcinol molar ratio of 1.25.
Further dilution is obtained by introduction of process wa-
ter at 1530 kg/h. This binder was applied on the surface
of glass wool fibers, in form of small drops, by spraying
rings, as the fibers attenuated by hot air blowers from a
disc fiberizer fall to a foraminous conveyor belt. The fibers
were collected in form of an uncured fleece onto a fo-
raminous conveyor belt on the bottom of a forming cham-
ber. The fleece was afterwards densified and transported
to a curing oven. After curing, the produced material had
a density of 12 kg/m3 and a thickness of 200 mm. The
cured binder content measured as LOI was 4.9 wt.-%.
The formaldehyde emissions from a sample of the cured
glass wool mat at the 28th day were 6 mg/m3.

Example 2:

[0054] The same procedure of example 1 was repeat-
ed, with the following exceptions: the resorcinol solution
was prepared by mixing 20 kg of solid resorcinol and 110
L of water; the phenol-formaldehyde-urea resin was
pumped at a flow rate of 163 kg/h; the resorcinol solution
flow rate was adjusted to 50 kg/h. The flow rate ratio in
this case corresponds to a formaldehyde/resorcinol mo-
lar ratio of 2.5. The glass wool mat produced in this ex-
ample had a density of 12 kg/m3 and a thickness of 200
mm. The cured binder content measured as LOI was 4.6
wt.-%. The formaldehyde emissions measured from a
sample of the cured glass wool mat at the 28th day were
7 mg/m3.

Example 3:

[0055] The same procedure of example 1 was repeat-
ed, with the following exceptions: the resorcinol solution
was prepared by mixing 36 kg of solid resorcinol and 200
L of water; the phenol-formaldehyde resin used was
Borofen B-1606 supplied by Fenolit, having pH 8.6, vis-
cosity 15 mPa.s, dilutability > 20, B-time 2.0 min, 46 wt.%
solid content, and a content of free formaldehyde of 7
wt.-%; the phenol-formaldehyde-urea resin was pumped
at a flow rate of 225 kg/h; the resorcinol solution flow rate
was adjusted to 130 kg/h. The flow rate ratio in this case
corresponds to a formaldehyde/resorcinol molar ratio of
2.5. The glass wool mat produced in this example had a
density of 12 kg/m3 and a thickness of 200 mm. The

cured binder content measured as LOI was 4.8 wt.-%.
The formaldehyde emissions measured from a sample
of the cured glass wool mat at the 28th day were 9 mg/m3.
[0056] Hence, in view of the above a method for pro-
ducing mineral wool products with low formaldehyde
emissions according to an embodiment includes:
preparing an aqueous binder solution, applying the bind-
er solution to mineral fibers being produced by a fiberizer,
forming an uncured mineral wool fleece over a receiving
foraminous conveyor, and curing the binder in a heating
oven, wherein

a) the binder is prepared on-site by continuously di-
luting a phenol-formaldehyde resin, optionally also
comprising urea, with an aqueous mixture of addi-
tives, while it is transported to the binder application
station, and

b) the aqueous mixture of additives is selected such
that it includes at least one resorcinol derivative.

[0057] The at least one resorcinol derivative can be
selected from the group of resorcinol, alkyl-resorcinols,
and mixtures thereof.
[0058] The phenol-formaldehyde resin, which can op-
tionally also comprise urea, is selected according to an
embodiment such that it has a pH of 7 or above, a water
dilutability of more than 20 times at 20°C, a viscosity lower
than 100 mPa.s (at 20 °C and 40% solid content) and a
curing B-time between 2-15 minutes (at 130°C).
[0059] According to an embodiment, the phenol-for-
maldehyde resin can be selected such that it comprises
from 2 wt.-% to 8 wt.-% of free formaldehyde relative to
dry resin measured according to ISO 11402:2004, and
from 0.5 wt.-% to 1.5 wt.-% in the case of selecting phe-
nol-formaldehyde-urea resins.
[0060] According to an embodiment, the mineral wool
products produce formaldehyde emissions after 28 days
lower than 20 mg/m3, more preferably lower than 10
mg/m3, and even more 3 preferably lower than 7 mg/m3 ,
when measured according to the standard method ISO
16000-3:2011.
[0061] According to an embodiment, the resin is se-
lected such that the molar ratio of free formaldehyde in
the resin, prior to the optional addition of urea, to resor-
cinol derivative is from 4.0 to 0.8.
[0062] According to an embodiment, the resin is se-
lected such that the molar ratio of free formaldehyde in
the resin, prior to the optional addition of urea, to resor-
cinol derivative is from 3.0 to 0.9.
[0063] According to an embodiment, the resin is se-
lected such that the molar ratio of free formaldehyde in
the resin, prior to the optional addition of urea, to resor-
cinol derivative is from 2.5 to 1.0.
[0064] According to an embodiment, a mineral wool
product is produced with a method of any of the above
embodiments.
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Claims

1. A method for producing mineral wool products with
low formaldehyde emissions, comprising:

(a) preparing an aqueous solution comprising
resorcinol or a derivative thereof;
(b) transporting a phenol-formaldehyde resin or
a phenol-formaldehyde-urea resin to a binder
application station;
(c) metering the aqueous solution continuously
to said resin while it is transported to the binder
application station, thereby forming a binder so-
lution;
(d) applying the binder solution to mineral fibers;
and
(e) curing the binder solution by applying heat,
thereby forming the mineral wool product.

2. The method of claim 1, wherein step (d) comprises
applying the binder solution to mineral fibers being
produced by a fiberizer, and forming an uncured min-
eral wool fleece over a support.

3. The method of claim 1 or 2, wherein the at least one
resorcinol derivative is selected from the group of
resorcinol, alkyl-resorcinols, and mixtures thereof.

4. The method of any of the previous claims, wherein
the phenol-formaldehyde resin or the phenol-formal-
dehyde-urea resin is selected such that it has a pH
of 7 or above, a water dilutability of more than 20
times at 20°C, a viscosity lower than 100 mPa.s (at
20 °C and 40% solid content) and a curing B-time
between 2-15 minutes (at 130°C).

5. The method of any of the previous claims, wherein
the phenol-formaldehyde resin is selected such that
it comprises from 2 wt.-% to 8 wt.-% of free formal-
dehyde relative to dry resin measured according to
ISO 11402:2004, and from 0.5 wt.-% to 1.5 wt.-% in
the case of selecting phenol-formaldehyde-urea res-
ins.

6. The method of any of the previous claims, wherein
the mineral wool products produce formaldehyde
emissions after 28 days lower than 20 mg/m3, more
preferably lower than 10 mg/m3, and even more pref-
erably lower than 7 mg/m3 , when measured accord-
ing to the standard method ISO 16000-3:2011.

7. The method of any of the previous claims, wherein
the resin is selected such that the molar ratio of free
formaldehyde in the resin, prior to the optional addi-
tion of urea, to resorcinol derivative is from 4.0 to 0.8.

8. The method of the claim 6, wherein the resin is se-
lected such that the molar ratio of free formaldehyde

in the resin, prior to an optional addition of urea, to
resorcinol derivative is from 3.0 to 0.9.

9. The method of the claim 8, wherein the resin is se-
lected such that the molar ratio of free formaldehyde
in the resin, prior to the optional addition of urea, to
resorcinol derivative is from 2.5 to 1.0.

10. The method of any of the previous claims, wherein
the time between metering the aqueous solution to
the resin to form the binder solution and applying the
binder solution to mineral fibers is less than 5 min-
utes, particularly from 1 to 5 minutes.

Patentansprüche

1. Verfahren zur Herstellung von Mineralwolleproduk-
ten mit geringen Formaldehydemissionen, umfas-
send:

(a) das Herstellen einer wässrigen Lösung, um-
fassend Resorcin oder ein Derivat davon;
(b) das Transportieren eines Phenol-Formalde-
hyd-Harzes oder eines Phenol-Formaldehyd-
Harnstoff-Harzes zu einer Bindemittelaufbrin-
gungsstation;
(c) das kontinuierliche Zudosieren der wässri-
gen Lösung zu dem Harz, während es zu der
Bindemittelaufbringungsstation transportiert
wird, wodurch eine Bindemittellösung gebildet
wird;
(d) das Aufbringen der Bindemittellösung auf Mi-
neralfasern; und
(e) das Härten der Bindemittellösung durch An-
wendung von Wärme, wodurch das Mineralwol-
leprodukt gebildet wird.

2. Verfahren nach Anspruch 1, wobei Schritt (d) das
Aufbringen der Bindemittellösung auf Mineralfasern
umfasst, welche durch eine Zerfaserungseinrich-
tung hergestellt werden, und das Bilden eines unge-
härteten Mineralwollvlieses über einem Träger.

3. Verfahren nach Anspruch 1 oder 2, wobei das we-
nigstens eine Resorcinderivat ausgewählt ist aus
Resorcin, Alkylresorcinen und Gemischen davon.

4. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Phenol-Formaldehyd-Harz oder das
Phenol-Formaldehyd-Harnstoff-Harz derart ausge-
wählt ist, so dass es einen pH-Wert von 7 oder dar-
über, eine Wasserverdünnbarkeit von mehr als 20-
fach bei 20°C, eine Viskosität von weniger als 100
mPa•s (bei 20°C und 40% Feststoffgehalt) und eine
B-Aushärtezeit zwischen 2-15 Minuten (bei 130°C)
aufweist.
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5. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Phenol-Formaldehyd-Harz derart
ausgewählt ist, so dass es 2 Gew.-% bis 8 Gew.-%
freies Formaldehyd bezogen auf trockenes Harz, ge-
messen nach ISO 11402:2004, und 0,5 Gew.-% bis
1,5 Gew.-% im Falle der Auswahl von Phenol-Form-
aldehyd-HarnstoffHarzen, umfasst.

6. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die Mineralwolleprodukte Formaldehyd-
Emissionen nach 28 Tagen von weniger als 20
mg/m3, stärker bevorzugt von weniger als 10 mg/m3

und noch stärker bevorzugt von weniger als 7 mg/m3

erzeugen, gemessen gemäß der Standardmethode
ISO 16000-3:2011.

7. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Harz derart ausgewählt wird, so dass
das Molverhältnis von freiem Formaldehyd in dem
Harz, vor der optionalen Zugabe von Harnstoff, zu
Resorcinderivat von 4,0 bis 0,8 beträgt.

8. Verfahren nach Anspruch 6, wobei das Harz derart
ausgewählt wird, so dass das Molverhältnis von frei-
em Formaldehyd in dem Harz, vor einer optionalen
Zugabe von Harnstoff, zu Resorcinderivat von 3,0
bis 0,9 beträgt.

9. Verfahren nach Anspruch 8, wobei das Harz derart
ausgewählt ist, so dass das Molverhältnis von freiem
Formaldehyd in dem Harz, vor der optionalen Zuga-
be von Harnstoff, zu Resorcinderivat von 2,5 bis 1,0
beträgt.

10. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei der Zeitraum zwischen dem Zudosieren
der wässrigen Lösung zu dem Harz, um die Binde-
mittellösung um zu bilden, und dem Aufbringen der
Bindemittellösung auf Mineralfasern weniger als 5
Minuten, insbesondere von 1 bis 5 Minuten beträgt.

Revendications

1. Procédé de production de produits de laine minérale
avec de faibles émissions de formaldéhyde,
comprenant :

(a) la préparation d’une solution aqueuse com-
prenant du résorcinol ou un dérivé de celui-ci ;
(b) le transport d’une résine de phénol-formal-
déhyde ou d’une résine de phénol-formaldéhy-
de-urée vers une station d’application de liant ;
(c) le dosage de la solution aqueuse de manière
continue dans ladite résine lors de son transport
vers la station d’application de liant, formant ain-
si une solution de liant ;
(d) l’application de la solution de liant sur des

fibres minérales ; et
(e) le durcissement de la solution de liant en
appliquant de la chaleur, formant ainsi le produit
de laine minérale.

2. Procédé selon la revendication 1, dans lequel l’étape
(d) comprend l’application de la solution de liant sur
les fibres minérales étant produites par un défibreur,
et la formation d’une toison de laine minérale non
durcie sur un support.

3. Procédé selon la revendication 1 ou 2, dans lequel
l’au moins un dérivé de résorcinol est choisi dans le
groupe du résorcinol, des alkyl-résorcinols et des
mélanges de ceux-ci.

4. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la résine de phénol-formal-
déhyde ou la résine de phénol-formaldéhyde-urée
est choisie de sorte qu’elle a un pH de 7 ou plus, une
diluabilité dans l’eau de plus de 20 fois à 20 °C, une
viscosité inférieure à 100 mPa.s (à 20 °C et une te-
neur en matières solides de 40 %) et un temps B de
durcissement entre 2-15 minutes (à 130 °C).

5. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la résine de phénol-formal-
déhyde est choisie de sorte qu’elle comprend de 2
% en poids à 8 % en poids de formaldéhyde libre
par rapport à la résine sèche mesuré selon ISO
11402:2004, et de 0,5 % en poids à 1,5 % en poids
dans le cas de la sélection de résines de phénol-
formaldéhyde-urée.

6. Procédé selon l’une quelconque des revendications
précédentes, dans lequel les produits de laine mi-
nérale produisent des émissions de formaldéhyde
après 28 jours inférieures à 20 mg/m3, plus préféra-
blement inférieures à 10 mg/m3, et encore plus pré-
férablement inférieures à 7 mg/m3, lorsqu’elles sont
mesurées selon la méthode standard ISO
16000-3:2011.

7. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la résine est choisie de
sorte que le rapport molaire du formaldéhyde libre
dans la résine, avant l’ajout facultatif d’urée, au dé-
rivé de résorcinol est de 4,0 à 0,8.

8. Procédé selon la revendication 6, dans lequel la ré-
sine est choisie de sorte que le rapport molaire du
formaldéhyde libre dans la résine, avant un ajout fa-
cultatif d’urée, au dérivé de résorcinol est de 3,0 à
0,9.

9. Procédé selon la revendication 8, dans lequel la ré-
sine est choisie de sorte que le rapport molaire du
formaldéhyde libre dans la résine, avant l’ajout fa-
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cultatif d’urée, au dérivé de résorcinol est de 2,5 à
1,0.

10. Procédé selon l’une quelconque des revendications
précédentes, dans lequel le temps entre le dosage
de la solution aqueuse dans la résine pour former la
solution de liant et l’application de la solution de liant
sur les fibres minérales est inférieur à 5 minutes,
particulièrement de 1 à 5 minutes.
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