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Furfuryl resins as well as those modified with furfuryl alcohol and used at foundries
contain between 45. and 95. of furfuryl alcohol [1]. The addition of furfuryl alcohol
accelerates resin curing, increases its setting ability, thus makes it possible to reduce the
amount of binder added to the sands [2].

Furan resins can be cured as a result of their heating or the addition of a chemical
agent. In the case of loose self-curing sands, the following acids are used as curing agents:
orthophosphoric (V), sulfonic or blends of sulphuric (VI), and p-toluenesulfonic acids.

Sands based on furan resins are becoming more and more important in iron alloy
casting [1]. The advantages of these sands include the ability to make moulds and cores of
complicated shapes, highly precise in their dimensions, setting in ambient temperatures,
and a small addition of binder relative to the matrix.

The disadvantage of furan sands comes from the noxiousness of gases emitted when
liquid metal is poured and of waste sand, in particular of post-reclamation dust. Producers
looking for more environmentally-friendly solutions are focusing their activities on two
subjects [1]:
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The European Union requires reducing the proportion of furfuryl alcohol to 30.,
it is sus-
pected to be harmful to the human organism (suspected cancerogenicity).
The practical con-
sequence is that currently there are no resins on the market that meet these requirements [1, 3].
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Another weakness of these sands is their relatively high cost, while the mechanical recla-
mation used in practice is of poor effectiveness, giving a reason to use more expensive
reclamation methods to get satisfactory results, i.e. high quality reclaimed material (e.g. the
thermal method) [4].

As a result of exposure to high temperature, a series of structural changes occurs in
binders used to prepare moulding and core sands. These may consist in the change to the
character, the disappearance of, or the formation of new chemical bonds. These changes
have a significant impact on the mechanical and technological properties of sands, but
also on the environmental noxiousness of sands or the ability to reclaim the sand. Infrared
spectroscopy offers a perfect tool for observing structural changes occurring in foundry
binders. This article presents the results of analyses of changes taking place in the structure
of selected furan resins and binders based on them, manufactured by various producers.

For many years, the Department of Casting Process Engineering has researched the use
of infrared spectroscopy to test materials used in casting [5–10].
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This research covered two furan resins sold by two different producers. They were
used to make a binder by adding the curing agent specified by the producer.
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Structural analyses were carried out using an Excalibur FTIR spectrometer with a stan-
dard DTGS detector and the resolving power of 4 cm–1. The spectra of samples tested at
room temperature were produced using the transmission technique (KBr pellet). Changes
occurring as a result of the temperature were analysed both in resins and binders, using an
ATR temperature module able to heat up to 200 oC, fitted with a temperature controller.
Samples were continuously heated and their infrared spectra were recorded at temperatures
of 25 oC, 50 oC, 75 oC, 100 oC, 125 oC, 150 oC, 175 oC and 200 oC.
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Figure 1 shows the FTIR spectra of a furan resin (1) and a furan binder (1) obtained by
the transmission technique at ambient temperature (20 oC).

Figure 2 shows the FTIR spectra of the second furan resin (2) and a furan binder (2)
obtained by the transmission technique at ambient temperature (20 oC). Both furan resins
have the same structure, which proves that their producers use the same components to
produce them.
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Bands typical for furfuryll alcohol can be observed in the spectrum of the tested resin
and binder. The following vibrations can be distinguished:
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Bands at wave numbers of 1560 cm–1 (C = C stretching in the furan ring [15],
1358 cm–1 (vibrations of the ring [13] or of the OH phenol deforming bond along the plane
[17]), 1260 cm–1 (C-O stretching vibration [11, 16]), 745 cm–1 (the skeleton vibration [11])
also come from bonds found in furfuryl alcohol. The presence of a stretching vibration of
the carbonyl bond (C = O) at the wave number of 1730 cm–1 can also be identified. The
nature of the broad 1600–1700 cm–1 band shows that it is more complex, and this is the
range in which deformation vibrations of –OH groups [18], C = C vibrations in the aromatic
ring [13] and vibrations of the C = O carbonyl [18] occur.

The FTIR spectra of furan binders show that the curing agent influences the develop-
ment of the foundry binder structure. One indicator of changes occurring during the setting
process is the shift of the 1640 cm–1 band towards lower wave numbers. Adding the curing
agent to the binder causes additional bands to appear at wave numbers of 1125, 1034, 686,
567 cm–1.

Figures 3 and 4 show the spectra of tested furan resins subjected to the action of tem-
perature ranging from 20 oC to 200 oC.

The FTIR spectra of furan resin obtained using the ATR high-temperature module dif-
fer from spectra obtained by the transmission technique in the location of certain bands
(Fig. 1 and 2). These variations are due to the imperfections of the ATR technique, which
does not produce a high quality spectrum in certain ranges of wave numbers.

At 50 oC, the spectra of both furan resins show no structural changes compared to the
spectrum of the sample at room temperature. The most significant differences appear at
75 oC, where, as the temperature increases, the band corresponding to the deformation vi-
brations of the OH groups at 1640 cm–1 shifts towards higher wave numbers, and at 125 oC its
intensity rises.
In addition, the intensity of the 1504 cm–1 band (the C = C stretching vibra-
tion in the furan ring [11]) decreases compared to 1560 cm–1. Simultaneously, the 1560 cm–1

band is shifted to 1540 cm–1. Increasing temperature also causes the 808 cm–1 band (at
25 oC) to move to 738 cm–1 (at 150 oC). A similar behaviour was noted for the 1147 cm–1

and 915 cm–1 bands (the C-H deformation vibration [11]). At 175 oC, the vibrations of the
furan ring clearly weaken (738 cm–1) [15].

Figures 3 and 4 present the FTIR spectra of the produced furan binders heated within
the 20 oC–150 oC range. Above this temperature, the binder hardens, making it impossible
to obtain a spectrum using the ATR module.
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The changes taking place in the studied binders observed in the infrared mainly con-
cern the furan ring. Already at 50 oC, one can observe the increasing intensity of bands
associated with the vibrations of the C-H bonds (e.g. 1560, 1150, 915 cm–1). In the place of
the band at the wave number of 734 cm–1 (the skeleton vibration of the furan ring [15]),
a new one appears at the wave number of 791 cm–1 (the ring deformation vibration outside
the plane [17]). The temperature going up further to 75 oC causes a band to be distinguished
at the wave number of 760 cm–1 (ring deformation [17]. Then, increasing the temperature
still more (100 oC–125 oC) leads to a drop in the intensity of the 1560 cm–1 band (C = C
bonds in the furan ring [15]).

The ATR technique used in this research project can be applied to liquid materials.
Figures 5 and 6 justify the claim that the binder hardened completely (transformed into the
solid phase) at the temperature of 150 oC (spectrum ‘f’).

$� ������%

Both analysed resins behave in the same way at higher temperatures. At the 20 oC–50 oC
temperature range, it is mainly the intensity of bands associated with C-H bond vibrations
that change. A further increase of the temperature causes the structure of the resin to be
modified within the range corresponding to furan ring vibrations. The location and intensity
of bands within the range in which OH group vibrations occur also change.

A very characteristic change in furan resin spectra is the gradual decrease in the inten-
sity of the band characteristic for the C = C bond in the furan ring (1504 cm–1), which starts
at 125 oC. In the case of the binders, in turn, the addition of a curing agent causes bonds
within this band to stabilise more.

The analysis of infrared spectra of the studied furan resins has shown that in the initial
condition they are not structurally different. Also, their behaviour when heated is the same,
which is due to the same components being used to produce them.

It should also be noted that the action of the temperature accelerates the curing of the
binder. To observe structural changes at a higher temperatures, a different research method
has to be applied.

��������/	
�����
����	�	�����������01	�2��3���4���5���5��5���5���5

��	���
���

97: 6���7	�� 85	
 @&����&�
 �������A�
 ��B&�A�&�
 &
 B�%�����
 )��
 ���)����%���
 �
 ��B����&���
 ,��
 %C��)
���B��D�&����
��
E����&��%� 
��B���C�
8���&����&� 
�/3
16>772 
776/767

96: 9	������:��;59�	
�&��B�&�
��
���)�
����&���B� 
F���&����&�
G�"%�&�
�$��H� 
$��%I& 
7;;�

9�: <���	���� �5���	
 $���(
 "��
 !��)����������"��
 )��
 G�(-�%�
 -����)����������)�� 
 ���������
 /
 ���0�� 
3
16>><2 
777/77;

93: 1=:����	
-������
��������&����E��
B"J���A
)���
���)����%��A
B
J�&��C
�"����&C 
KH
$��������A�
����(
���B��
��������� 
6>><
16>><2 
;;/7>5



<>

94: <���7:�	��
7��5��6���7	��85��>������:���5	
!�HL
��������
��
-���������
��
M�"��
����� 
N�"����
��
M�(
���"���
���"��"�� 
7/�
16>><2 
7>;/773

95: 6���7	��85��>������:���5��3�����:�>�	
M���)����������	
�
��),������
��
)������
���
���
�����)�������
��
��"����
*��������� 
M����"���A� 
4>
16>772 
77;/766

9�: >������:�� �5�� 6���7	�� 8�	
 8B���B����
 B�&����E��
 ��86
 &
 ,���%"
 ����)���&�)
 )����C
 �,�%����%�,��
&O,���B��&���� 
��������
��
!�"����
#���������� 
7>
16>7>2
6 
7;/66

9<: -������
 ���
 &�%��B�������)
 �,�%����%�,��
 &
 ,���B��&����
 1!�HL2
 ��
 �����B�
 )������DI&
 �����&�����
&
����&����&���
���A�%�
*���&�B�
G�
G
G4>�
��><�4�
8%���
�����B��A�
16>></6>7>2

9;: 6���7	��85��>������:���5��?���:���: @�����A�	
��),����"��
����"����
��
���"��"���
�������
��
��"��(
��
*��������� 
N�"����
��
M����"���
���"��"�� 
7>>3
16>772
7/� 
7>6/7><

97>: >������:���5��6���7	��8�	
 F�%��B�������
 �,�%����%�,��
 &
 ,���B��&����
 ��
 *������
 )������DI&
 �����&(
�����
&O����&����&��
1F���%�A�%�E���&�
�����������
����&���B� 
)������D�
�O����&�	
)���������
,�B�(
����&���
 BO�%�BA�
 KHO)�P�B�������&�A
 %��������A�
 ��"%�&�A
   8,��)���B��A�
 �����)I&
 ,���"%��A����
&O����&�����Q
 ,��
 ����
 ������D�&�
 ������&�%����2 
 ����%�
 �%���)��
 G�"%�
 $�)��A�
 8���&����&��
 $�(
��&���/���&��� 
��
�4/3<

977: �	��	�65��6��!�	��35�� B�/���5��C��!���� 9�	
 ="����
 )������B)
 ��
 �"���
 �����
 )�������
 &���
 ���������
������
���
�����
����)��
�������� 
L�������R������,)��� 
4
16>772 
757/754

976: �����15������� 95��>�	���8�	
 ����)��
 ���*�����
 ��
 ������
 �"�������B���
 /
 �,�0�
 �����
 ���&��% 
 N�"����
 ��
����������
���
�,,����
��������� 
;6
16>772 
7>/7<

97�: >��:	���595���/!������5��8�	�
�
��5<5��1���"//��@5��#��	��65��	
�������
��
,�������
��
,����"��"(
���
�������
�������
����,���"�
���*�� 
=��*�� 
33
16>>52 
6;4�/6;5�

973: �	!�������D����5<5��>������595��D����@5D�	
����)��
���������������
��
��������(�"��
,�������
������ 
����)��
�����������
���
���*����� 
��
16>>72 
647/64�

974: 3��7E�	7��5��#�!�	���;585��3��7E�	7�6�	
!"��"���
��%����
,���)���������
*�
������
��
)��������
�������� 
#"��,���
����)��
N�"���� 
�<
16>>62 
6<�/6;�

975: ���
:�@5�5�� A�����5F�	
 M�������)�
 ��
 ���
 ,��������
 ��
 ,�������
 �����
 ��
 �
 ���*��S,�������
 ��),����� 
=��*�� 
��
17;;42
77 
74>;/7474

97�: ����� 95�����������8���	�	�� 95��������35��G	��� F515�� <	�
	� F58�	
 ���"��"��
 ��������
 �����������,
 ��
,�����(���)��������
��,�
������ 
����)��
�����������
���
���*����� 
45
17;;�2 
6�/�4

97<: 9���B5��3��;5��H��!���	
����)��
,��,������
���
���*�����
��
*����(����������
,�����(���)��������
�����
���)��
���)
,������)�������� 
����)��
�����������
���
���*����� 
��
16>>62 
3;4/4>7

L�������
N��"���
6>76



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


