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three different procedures81
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The 1X'OP8rti8 aDd cb8Djcaj ~ of lUU-forma1debyde (UF) rSI8 syntbeBized by three
differ-. procedure8 W8e in~..-

The procedur8 employed W8e: 1) metbylolation und8' the cOIxIiti~ of pH 8 aDd a fonllalde-
hyde/1UU (F /U) molar ratio of 2, followed by condenutioo at pH 5 aDd by tile additional iJKorpora.
non of ur8. 2) cond8llation w.- tile conditiorw of pH 4.5 aDd a FlU molar ratio of 2.5, folio'"
by tile additional incorporation of urea. 3) condenution urxIer tile COrM!itiOl8 of pH 1 aDd a F /U
molar ratio of 3. foUo'" by tile additional i~tioo of urea.

Proced\In8 1) aDd 2) .ave resi1W of limilar pr,)P6'.-Jei: die boIIdinI ma.th of the rain syntbe.-
ized by ProcedIn 1) wu 1Ii8ht\" hiIII8' than that of the r8a 1JntI8- by PrOC8klre 2). whereu
the formaJdehyde SDi_~ of tile fon!*' reaD wu slilbtlJ hiibel' than that oftbe latter r8in. The
boMiII8 mewtb of tile r8n.~~-- by procedure 3) wu far inferior to tbO8 of tile other two
reIi-. HoW89W, thi8 ran !bowed vwy little formaldehyde emi8ioa.

'~-NMR (Carboa 13 nlM:lear maInetic reeonance) analysis sbowed that braIM:hed, ~
ilM:rea8d .. the pH of the condenution step lowered. In particular, methylene link... bet~
tertiary nitroaen atoms ... fonned by Procedure 3). The resin syntb8zed by Procedure 3) aIao
contail.t ID'OI8, aDd bad a far 8DalIer amoUnt of methylolll'OUP than tile oth8' two _ra

K~ : ur8 re8iI8o 8YDrJ.tic colMtitior-. chemical ~ boI1dinc ItreII8th. formaJdehyde
emi8oa.
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Fir. I. 'JC-NMR IPectnJm of UP-3.
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Fie. 2. 'JC-NMR spectnIm of UF-c.



Table 3. IIC-NMR Chemica! Mift8 of UP.I-8

UF-l UF-2 UF-3StnICtureI UF-A W-SUF-CU-rea reIid.ieI ~.NroNii. - - -- - ~ ~ ~

H.NCoNHCCH.-)

CCH;--)HNCONHCCH.-) 160.1 160.7 160.'
HOCH.NHroNCCH.OH). 19.3 159.4 19.5 159.4-- ~- -~-- - - -~--- ~~--- Uroa HN-CO-NH
I - I 157.5 157.4 157.2 157.7 157.1 151.&

CH.-O-CH.
HOCH.N-CO-NCH.OHI - I 155.1 153.9

CH.-O-CH.
CH.OCH.N-CO-NCHaOCH.I - I 156.2

CH.-O--CH.- MethYI8Ie stnx:tuIe -NH~H.NH- . 46.4 41.3 46.3 41.3 41.3

-NCCH.-)CH.NH- 54.5 54.& 54.7 54.5 54.5 54.5
-NCCH.-)CH.NCCH.-)- 59.4 59.4- - ' - - - MetbylollrQUP -NH~H,oH 64.3 64.4 64.4 64.0 64.4 63.9

-NCCH.-)CH,oH 72.1 72.2 72.1 72.2 72.1 72.1- - - ~-~ Dimetbyl8le ether -NH~H~H.NH- &1.4 &1.1 &1.4 &1.4 e.1 &1.4

IfOUP and -NHCH~H,oH 81.4 e.1 8.4 e.4 e.' 61.4hemiformal form --
of metbylol ~ -NCCH.-)~HaOCH.NH- 77.8 11.7 77.5 77.8 77.7 11.7

-N CCH.-) CH.OCH,oH 77.8 11.7 77.5 77.1 77.7 77.7'- - - - ~ - - - - - - --

Methyl etb8' of -NH~HaOCH. 73.4 73.. 73.4
metbylollrOUP -NCCH.-)CHaOCH. 78.1 78.'- ~ -

Table 4. Quantitative analysia of UF-A r8n by ~-NMR "'w\'*O9"i.u
-

Structure A~on Abeorpti- Relative Relative= intel8ty ~ CO=aI

Urea ~~~ - - ~ lsi7-160.6 1.478 1.00 1.00 ~-=NH~H.N1i-- - 48.3 0.400 O~ - Tu ~

-N(CH.-)~H.NH- 54.5 0.372 0.25 0.23
-N(CH.-)CH.N(CH.-)- (51.4) 0 0 0
Total methylene IfOUP 0.772 0.52 0.41
-NH~H.oH 64.0 1.000 0.68 0.63
-N(CH.-)CH.oH 1Z.Z 0.8 0.14 0.13
Total methylollrQUP 1.201 o.a 0.71
Dimethyl.. eth8' ~and/or hemiformallfQUP 8.4 O.oaO.N O.N

Methyl etb« of methylol ~ (78.4) 0 O. 0
To~ 1.. 1.~-Combined fo:rmaldeh~ (b1-~1 WJY1ia) - - ~- ---

0' The other resins a1IO w«e analyzed In the same manzw u this example. .. CaJculated CMI the baIi8 of the
a~CMI inten8ty of ~ ~ " carbCMI multiplied by (1.38)/(1.28). . (total fOmlaJdehyde.free formalde-
hy"/(nitrolen/2). Total fonDaJcWl-,. aDd free fonnaldebyde W8W det8miD8d bJ the Kid bydrol,s.
method (acid bydl'olya.-- dimUatioa-idomcf,ry) aIxi the ammoailDD chloride metbGd. relPectively.
NitrOlell wu determiDed by- Kjeldab1 method.
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Table 5. ~CaJ ~ of * ax r8J8 clet..1~ bJ '8(-NMR ~bc.:op,.",
---~-~--

Combirled fomlaJdehyde 1.77 2.12 2.51 1.28 1... 1.27
-NHCH,NH- 0.19 0.11 0 0.25 0.2. 0.13
-NCC-H,-)CH,NH- 0.31 0.C5 0.88 0.23 0.22 0.25
-N(CH,-)CHzNCCH,-)- 0 0 0.25 0 0 0.12
Total methylene IrQUP 0.55 0.58 1.13 0." 0." 0.50
-NHCH.oH 0.58 0.81 0.13 0.63 0.53 0."
-NCClI,-)~H.oH 0.21 0.25 0.21 0.13 0.16 0.10
Total methyloll1'OUP 0.79 1.11 0.39 0.71 0.69 0.58
~r::l~~tf: ~ aDd/M bemiformai 0.28 0.39 0.11 0.0. 0.07 0.01

Methyl ether of metbylol ~ 0.15 0.. 0.. 0 0.0. 0.18
II ExpreiMd in tenns of the molar radw to ~

~Table 6. Cw!8e8 iD '+-==,_~I ~ by the additional i,-a:v.-p«8tion of ureLu

--~--- ---~ ~ ~-~.
-NHCH,NH- +0.12 +0.1. +0.10
-NCCH,-)CH,NH- 0 -0.01 -0.10
-NCCH,-)CH,NCCH,-)- 0 0 +0.01
Totalmethy~~ +0.12 +0.13 +0.01
-NHCH.oH +G.lt +O.~ +0.33
-NCCH,-)CH,OH 0 +0.02 -0.01
Total metbYlol &rOte +0.19 +0.. +0.32
Dimethylerw etb8'1I'OUP aDd b8aifmmal of 1Detb71o11J'ogp -0.11 -0.11 -0..
Methyl etbeI' of metbylol ~ -0.. +0.01 -0.15
F~ f~J:--- -O.Ot -0.10 -0.12-

AI Ex~ in tenna of tile molar rati8 to total fonnaidebJd8. M By ammonilDD diloria ~~
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