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Abstract: To find the rule of structural progressing of phenol-urea-formaldehyde ( PUF) resin prepared under alkaline condition
and to provide theoretical basis for PUF preparation, quantification of main function groups and identification of different linkages
formed in PUF prepolymers were analyzed by "“C NMR spectroscopy when phenol, formaldehyde and urea were charged by
several times during the preparation of PUF. Results showed that PUF prepolymers obtained by different charging methods showed
similar chemical structure with almost same type of linkage but showed difference in structural constitution. Under definite materials’
ratio in this experiment, the final reaction progresses of synthesizing PUF resins were almost similar. The charging of formalde-
hyde by several times could decrease the formation of ether and was in favor of simplifying the reaction. Results of thermo-
mechanical analysis (TMA) exhibited that curing performance of PUF prepolymers were not much affected by different charging
methods.
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Fig.1 "C NMR spectra of PUFA, (a)and PUFB, (b)
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Table 1 Quantitative result of PUF resin by “C NMR
PUFA, PUFA, PUFA, PUFA, PUFB, PUFB, PUFB, PUFB, PUFC, PUFC,

IR I ) 2 B % phenolic methylol group

0-Ph—CH,O0H 0 0 0.15 0.22 0.28 0.3 0.35 0.26 0.41 0.23

p-Ph—CH,O0H 0.06 0.45 0.28 0.29 0.26 0.34 0.38 0.36 0.14 0.39

0,0-Ph—(CH,0H), 1.81 1.46 0.73 0.79 0.49 0.54 0.79 0.84 0.72 0.79

Ph—(CH,0) H(n=2) 0.99 0.59 0.14 0 0 0 0 0.07 0 0.11
JRZ 1Y ¥ B 3 urea methylol group

R—N(—CH,0H), — — — 0.05 — — — 0.09 — 0.11

R 2 1] 0 9 3

methtylene between phenols

0,0-Ph—CH,—Ph 0 0 0 0 0 0 0 0 0 0

o,p-Ph—CH,—Ph 0.41 0.34 0.14 0.26 0.08 0.08 0.08 0.17 0.2 0.26

p,p-Ph—CH,—Ph 0.37 0.23 0.22 0.16 0.11 0.15 0.17 0.22 0.26 0.24
Wy 2 8] ) Tk
benzylether between phenols

Ph—CH,—0—CH,—Ph 0 0 0.06 0.03 0 0 0 0.08 0 0.09
e 45 5 . VI
methtylene of condensation

R—CH,—N(CH,—), — — — 0.27 — — — 0.53 — 0.36
i 5 % phenolic hydroxyl 1 1 1 1 1 1 1 1 1 1
it B F B free formaldehyde 0.45 0.09 0 0 0 0 0 0 0 0
Wi IR &K free urea 0 0.24 0.18 0.18 — — 0.17 0.17 — 0.16
JE Y FH S i total formaldehyde 2.17 2.17 2.06 2.11 1.2 1.4 1.7 2.08 1.43 2.15
i B AEJE degree of condensation 0.78 0.76 0.41 0.38 0.17 0.19 0.2 0.35 0.18 0.41
A BB FEE degree of phenol substitution — — — 2.51 2.63 1.74 1.94 2.56 2.92 2.25 2.94
K E 1 degree of polymerization 4.55 4.12 1.7 1.61 1.2 1.24 1.26 1.55 1.22 1.69
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