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The art of urea,-formaldehyde resin formulation was 
developed around 1930 for the purpose of manufacturing cast 
objects. Recently, these resins have been increasingly used 
as adhesives j_n the forest products industry and for the 
production of foamed in-place urea-formaldehyde insulation, 
which has found a large, new market in the thermal insulation 
of residential and commercial building shells, and in the 
fire protection of structural steel in high rise buildings. 
About 500,000 tons of formaldehyde are annually converted 
into urea-formaldehyde resins, half of vJhich goes into wood 
adhesives for particleboard. These resins have me.chanical, 
chemical and other properties not matched by any other 
adhesive at a comparable price. Furthermore, they are 
biodegradable. However, in some of the new, large volume 
uses, problems have arisen from the slow release of formal
dehyde. Currently, chemists, forest products specialists, 
manufacturers, regulators, lawyers, and even consumers are 
debating whether these problems are due to unreacted formal
dehyde left in the finished product, or to hydrolytic or 
other degradation of the resin, and whether these effects are 
caused by intrinsic problems in the resin chemistry (1,2), by 

/the large surface area and uneven film thickness of cured 
resins in these applications, by improperly cured resin, 
improperly formulated resin, over-age resin, improper appli
cation, product design or other shortcomings in quality 
control. 

In our attempt to sort out these factors and correlate 
resin chemistry with product properties (3), we have found it 
difficult to obtain well characterized commercial resins 
suitable for basic research. l'!anufacturers in the U.S. and 
abroad frequently provide only information about solid resin 
content, viscosity and gel times of adhesives. Furthermore, 
we found that, contrary to the assumption of many resin 
users, the urea-fotnaldehyde resinsSJpplied by different 
manufacturers had different chemical properties. In fact, 
in some cases we found that some resin suppliers did not 
provide us with reproducible mater:!.als, and that the U:F 
ratio, if given, differed from that which we obtained by 
elemental analysis. We therefore found a need to identify 
resins. As a method of analysis, we selected C-13 NMR spec
troscopy, because it has established itself as the most 
reliable method for analyzing ·laboratory and commercial 
carbon containing chemicals, including such complex materials 
as coal (4). It provides a comprehensive inventory of all 
functional carbon groups, and thus eliminates the guessing 
whether some additives or intermediates might have been 
omitted or overlooked. The test can be conducted in situ, 
without shifting the labile equilibr:La among species, which 
makes chromatographic methods questionable. The method is 
quick, and thus allows identification of intermediates during 
reaction and kinetic studies. The tests cost only a fraction 
of wet analysis. Unlike proton NMR, used in the pioneering 
studies of Chiavarini (5), C-13 NMR yields excellent resolu
tion, as shovm by Tomita (6) and Slonim (7) using laboratory 
resins. Furthermore, gated decoupling (8) has made it 
possible to overcome the nuclear Offenhauser effect (NOE) 
vJhich previously prevented quantitative >~ork with carbon 13. 
Finally, NMR machines are integrated with computers, and it 
is easy to store a large number of spectra for future 
reference and comparison. Such comparison can be conducted 
directly on the NMR computer, and chemical analysis can be 
deduced in final, numerical form. 

Experimental: Commercial urea-formaldehyde resins v1ere 
used as supplied by manufacturers. 5 ml D2o was added to 
25 ml resin in a 25 mm diameter NMR glass tube. Measurements 
were made at 20"C. 400 to 2,000 scans were used to accumu
late spectra on an NMR instrument consisting of a Brucker 
magnet, a Nicolet computer combined with laboratory assembled 
electronics. Spectra were recorded at 4.3T corresponding to 
4SMHz carbon frequency. Dioxane was used as an internal 



2 

l !;() 

uf 
foux lliannfa.ctu:ce.rs o }'Lg,_rtEt:> la and lh 
:cesins ~ Resins lc·-<Le. Both 

pilr:de.Leboard dom:L11,C\n \: fnnc tionaJ. 
ln the foam contain up to 

t c.m:H:E:nt:ratious ., 

pu:ctson. \Vi th the 
l~_.she.d by 'I'owit:a and 

pr,~aks a:re d:Lsc:u.sse:d here~ 
Chem:l.ca11y tb.e ntost itnpoJ~L:1nt 

liqnl.d x·esin :Ls the aldc:hyd<~ group. 

glycol, 
methylene 

Only in 
the figure" Btrt 

C: O~flr}OU!:l.dS 9 

ia.boratory 
Only 

of. the 

fa:t' beJovy .1"0 wt%~ ln e011t:east 7 until 5 yea:-u:; ;;tgo~ 
eontail:1.ed at least 1,5 wt% or rnot.':?. methylene glycol (1), 
J,jtltt:nt fo:cma:Ldehyd£::. eau .:slso be ineo:rporated into 
methyloL In a.ll ·cesins the wothylol group 
ppm is the predomJ.nant specfes" p€"iak at 71 ~ 7 ppm, due to 
wN··SH20H methylo1 is also present in all :ces:bw, but it is 
more prom:i.n\;:nt in the adhesive J:esins than in the foaro. 
resi:ns a The total methylol concent:cat:ion anyv.YheJ:e 
fl·mu 5 to 25 -,~t.%, The. opdJnum concentration of wethylol in 
a resin dt;~pends on other resin eorupon.ent:s ~ but the ohst~rved 
levels are. obviously higher than Has eornmon in the 
Thus, <ve conclude that manufaetm:ers cm~t·ently favor methylol 
~Jhich :ts formcd by react:Lng methylene glycol tv:ith urea, 
either at the beginning of the synthesis, o-,; at the end 
by nsecond additionne 

Since roethylol has 1cH,:rer foJ:1'11a.Idehyde ve.pn:e p:CE-!ssux·e 
than nK1thylene glycol, the use methylo1 re.duce.s the odcn: 
of resins and 1·educ:es the formaldehyde levce1 in the at 
the. ~YOrk place where the liqui.d resi.n is used, Fux·thE,X'Dtor·e, 
such resins rei'ld:Uy meet r·equ:i.rements for low 
methylene glycol analysis liquid resins (9). Unfortmlo· 
at ely, however, methylol readi.ly hydrolyzes, 'I1ms, excess 
methylol in fi.ni.shed products exposed to moisture will slO\vly 
release formaldehyde. 

From figure 1 one would expect all of the fiv<" 
~:esi.ns emit little formaldehyde at the >:vork place, but 
tha.t products -v1ith these resi.ns might be capable of 
x:e1-1dily releasing forn1aldehyde if excess toethylol not 
protected by other built~i.n hmetional g);·oups whid1 can 
as fo:nna1deh'yt1e seavengers, 

Urea and derivat:tv·es havt:; peaJzs cn:·onud 160 ppm Hh:tch 
not shO\vn in figure L Among the pz:odue t peaks, the 

p:rmu:Lnent lo\v<··sh:ift peaks the methylene linkages at !~.'7 7 
ppm 53 8 ppm. The fin;t peak is due to li.nkage muong 
~eeondary a.mines; the latter (:oun(~C t:;:;; one B€:~concla:ry ni t:co gen 
to a tEn:tia:ry nitLogen, The methylent~ 1:Lxtk8.gf~S a:ce 
stable and resist In 
bonds are vulnerable to 
due to the methoxy gx·oup cvhich i.s 
made from formalin, Formalin contains 
which solub:l.lizes formaldehyde polymers of 
lovY molecular weight ethe:cs ~ ':fhur; 9 the n:Ja:thoxy g:coups sta~·, 

b:l.lizc, l:Lqu:i.d , <J.nd preve.nt aging (1), but the bond 
nomaixw susceptiblf2 to hydrolysis. The 
fig. 1a and J.b, contai(i vgt·y l.:t 

are x::teh ix1 we thoxy" 'fhe to 
d:lmethylene ether·, Thi.s type of li.nkagc' to 
the cu:tfZd :fesin and helps px:·eve.nt shr:b:1k:1ge ~ Thus j! 
f.L~ttct:i.ona.l group :i.s do:~sirable for foam 

Resin Q le (:ontains t'l.<tO addi.tioxv:il 
61" 5 and 72. :Lu any 
peaks are due to glycol, tvhich 
to the resin ld to wod:tfy pt·oduct 
foam t:eslns sho\>Y a varfety of othc't: 
are not present in the 

:tn the shoW"t\ and othtn: 
i.lllpax·t to the ,,es:tn :l.nd:tvi.d,;al 



customized properties which foam resin 
claim for their products. 

The current work shows that adhesive and 
significantly in qualitative and quantita

tive composition, and that the differences in the C-13 NMR 
spectra can be readily recognized, even by an untrained per
son. In fact, the "finger prints" of resins are so charac
teristic that our NMR operators, who were not familiar with 
urea-formaldehyde resin chemistry, rapidly learned hmv to 
distinguish between particleboard or plywood adhesives and 
foam resins, as well as between different manufacturers and 
individual batches. Thus, we believe that the NMR method 
lends itself extremely well to quality control. Furthermore, 
NHR machines are connected with computers, and a large number 
of spectra can be conveniently stored and recalled if the 
necessity should arise for comparison. Such comparison can 
be conducted on-line, and if properly programmed, the full 
chemical analysis can be printed out. 

Since spectra recorded during aging of resins and during 
curing change substantially, and since spectra can be re
corded rapidly and in situ, the C-13 NMR method makes pos
sible quality contrOl du~i"ng resin manufacture. In fact, the 
NMR method makes it possible to modify resins during synthe
sis. Thus, chemical knowledge can be used to supplement the 
art and intuition of manufacturers. Furthermore, a full 
chemical analysis of the reaction products of the resin and 
of additives provides the potential for improving resins far 
beyond current standards. 

Finally, such chemical analysis Hill make it possible to 
correlate basic resin chemistry with properties of the fin
ished products. Preliminary work indicates that such a cor
relabon might be more readily achieved than formerly antici
pated. For example, there seems to be a direct correlation 
between the concentration of methoxy groups and formaldehyde 
release from hardwood-plywood. This correlation has been 
confirmed by the observation of methanol in the off-gas of 
such products (2). 
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!~: C-13 NHR of 5 commercial urea-formaldehyde resins. 
a) Particleboard adhesive with a U~,F ratio of 1.4; b) Parti
cleboard adhesive with a U·-F ratio of 1. 3; c) Reconsituted 
liquid foam resin; d) Liquid foam resin, and e) ManufactureT 
modified resin# d). 
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