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Abstract—Chemical structure of the SFZh-3013 standard resol phenol-formaldehyde resin was studied by the 
method of quantitative 13C NMR spectroscopy.  
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Resol phenol-formaldehyde resins (PFR) are 
widespread commercial synthetic polymers, which find 
wide application in production of various glued 
products: plywood, fiber boards, etc. According to the 

classical theory of the synthesis of resol resins [1–3], 
the reaction of phenol and formaldehyde in an alkaline 
medium proceeds in two stages: (1) synthesis of 
phenol alcohols: 
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(2) polycondensation of phenol alcohols with the 
formation of oligomers [scheme (1)]. 

As a result of the polycondensation phenol frag-
ments combine with each other mainly through 
methyllene bridges. It has been shown [4] that aside 
from methylene bridges phenol nuclei can also com-

bine with each other through the dimethylene ether 
groups –СН2–О–СН2–. It is pointed out that tempera-
ture of the process essentially affects the poly-
condensation rate [1–4]. 

To refine the mechanism of PFR stucturization, we 
have studied standard commercial PFR of the SFZh-
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Distribution of carbon atoms in structural fragments of the copolymer of phenol with formaldehyde 

Fragment 
Relative content of carbon atoms 

13С chemical shift, ppm; assignment of signals [6] 
q, fraction Na 

C=O 0.002      1.7 210–200; carbon atoms of carbonyl groups 

C(O)O– 0.009      7.9 200–170; carbon atoms of quinoid, carboxylic, and ester 
groups 

Car–О 0.110 96 164–145; carbon atoms of aromatic rings linked with oxygen  
atoms  

СНar + Сar 0.561       492 142–122; tertiary and quaternary carbon atoms of aromatic  
rings  

СНаr ortho 0.014 12 120–117; tertiary carbon atoms of aromatic rings located in the  
ortho-position to the Car-О fragment 

СНО 0.019 17 80–70; carbon atoms of the aliphatic fragments =СНО– 

СН2О 0.175 154 69–60; carbon atoms of the aliphatic fragments –СН2О– 

СН2 0.109 96 44–30; carbon atoms of the aliphatic fragments –СН2– 

fa 0.685 600 Degree of the polymer aromaticity  
fa =Itot/Iarom. carbon atoms 

a N is the number of carbon atoms per 100 aromatic rings.  

3013 resol type produced by “IlimBratskDOK” Joint-
Stock Company. 

The 13С NMR spectra of the polymer were recorded 
on a VXR-500S Vаrian spectrometer with the noise 
decoupling from protons. The relaxation delay was     
10 s, impulse –90°, a NaOD solution in D2O. Working 
frequency was 125.5 MHz. The quantity of structural 
fragments is presented not only in fractions, but also 
per 100 aromatic rings (AR). Such normalization is 
allowable, as condensed aromatic rings are absent from 
the PFR structure. The relative error in the 
determination of the fraction of carbon atoms is 4.7%, 
the number of structural fragments per 1 AR calculated 
from the 13С NMR spectra does not exceed 6.7% [5]. 

The analysis of the 13С NMR spectrum of PFR has 
shown (the table), that the structure of the polymer 
under study differs from the structure presented in 
scheme (1). In particular, the presence of carbonyl 
groups of ketones and carboxy groups in the structure 
of condensation products was established. The 
presence of quinoid or quinonemethide fragments is 
not excluded, as is seen from the signals at 180–182 
ppm and also from the fact that not 100 Car–О 

fragments, but 96 correspond to 100 AR. Furthermore, 
as a result of condensation reactions –СНО fragments 
are formed in a small amount (see the table) [6]. 

The main difference a the structure of the 
investigated polymer from the canonical structure 
[scheme (1)] consists in the fact that aromatic rings are 
connected not only by the methylene and –СН2ОСН2– 
bridges, but also by the –СН2–СН2– ethylene bridges. 
Two groups of broadened resonance signals in the 13С 
NMR spectrum at 44–38 and 38–30 ppm, which 
correspond to the resonance of carbon atoms of the 
methylene bridge and the –СН2–СН2– fragment, 
respectively, point to this fact [6]. The quantitative 
analysis of the spectrum leads to the following 
averaged structure of the copolymer (without taking 
into account minor structural units) [see scheme (2)]. 

The characteristic signals in the region of 120–      
117 ppm of tertiary carbon atoms located in ortho-
position with respect to the phenolic hydroxyl testify 
that 12 ortho-positions per every 100 aromatic rings 
are not replaced. Apparently, the chain termination 
takes place at these rings. 
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The monograph [7] notes that ethylene bridges 
between phenol PFR units can be formed on the 
dimerization of quinone methides, which, in turn,     

are generated at the thermal hardening of resols     
from resol dibenzylester fragments according to 
scheme (3). 

(3) 

As it is known, the amount of oxygen dissolved in 
an alkali, can reach the concentration of 8 mmol dm–3 
for 1 N NaOH solution [8]. The occurrence of the 
oxidation reactions at elevated temperatures (boiling 
points of reaction mixtures) of the copolymer synthesis 
should not be excluded [9]. In this case quinone methides 
can be formed immediately from hydroxy-
methylphenols: 

(2) The process of phenol-formaldehyde poly-
condensation in an alkaline medium proceeds by a 
mechanism differing from the canonical mechanism. 
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CONCLUSIONS 

(1) It was shown that the copolymer resulted from 
the phenol-formaldehyde condensation, contains 
ethylene bridges, ketone and carboxy groups, and also 
quinone and quinone methide fragments apart from 
methylene bridges and ether bonds between phenol 
rings. 

RUSSIAN  JOURNAL  OF  APPLIED  CHEMISTRY   Vol.  82   No.  6   2009 

GOGOTOV et al. 1104 



 (Quantitative NMR Spectroscopy of Natural Organic 
 Raw Material and Products of its Processing), Moscow: 
 Khimiya, 2000. 
6. Kalynowsky, H.O., Berger, S., and Braun, S., Carbon-
 13 NMR Spectroscopy, New York: John Wiley and 
 Sons, 1988. 
7. Knop, A. and Scheib, W., Chemistry and Application of 
 Phenolic Resins, Berlin: Springer-Verlag, 1979.  

8. Perekis’ vodoroda i perekisnye soedineniya (Hydrogen 
 Peroxide and Peroxide Compounds), Pozin, M.E., Ed., 
 Leningrad: Goskhimizdat, 1951. 

9. Chupka, E.I., Rol’ nekotorykh okislitel’no-vosstano-
 vitel’nykh protsessov pri delignifikatsii drevesiny 
 shchelochnymi sposobami (Role of Certain Redox 
 Processes in Wood Delignification by Alkaline 
 Procedures), Doctorate Dissertation, Leningrad, 1974. 

RUSSIAN  JOURNAL  OF  APPLIED  CHEMISTRY   Vol.  82   No.  6   2009 

ON THE SYNTHESIS AND STRUCTURE OF RESOL PHENOL-FORMALDEHYDE RESINS 1105 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


