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Quantitative °C NMR Analysis of Urea-formaldehyde
Resin for E-type Plywood
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Abstract; The urea-formaldehyde ( UF) resins for E,-type plywood synthesized by specific procedure were quantitatively
examined by the "C NMR spectroscopy. It was proved that 70.27 % of formaldehyde molecules were transformed into hydroxy-
methylurea and 24.83 % formaldehyde molecules were transformed into methylene-ether bond during the initial alkaline reaction
stage( pH value 7.2-7.8). About 64 % of hydroxymethyl groups formed in the initial alkaline reaction stage were polymerized
during the subsequent acidic reaction stage ( pH value 5.4-5.6) by forming methylene or methylene-ether bonds and releasing
some formaldehyde. The free formaldehyde of resin could react with the second dosage of urea during the next acidic reaction
stage( pH value 6.5-6.9) to form hydroxymethylureas. More than half of methylene-ether bonds were decomposed during the last
alkaline cooling stage( pH value 7.5-8.0) and reacted with the third dosage of urea to form hydroxymethylurea.
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1.1 MREERIASE (UF) & X

TEA B PE AR FIREE A5 19 500 mL B hin A 200. 000 g H#E ff pH I % 7.2 ~7.8, A 73.000 g
JRZ , FHELZE 90 °C JJ¥ 30 min  BUEER 17590 pHAEZE 5.4 ~5.6, W BFE N 11 ~ 12 s(F-4 #) L
B 2798 pHAHZE 6.5 ~6.9, Jll A 24.000 g JRZE , W EF R 14 ~ 15 s(l-4 #0) , BURE N 3% FRfg
pH {HIH % 7.5 ~8.0, 1A 27.800 g JRZE ,F&iEZE 75 C, R 0.5 h, R HIHUKL BURE Ry 47,
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FHAE LR LB K o JO2 VR T B BE AR 5 10 mg, ITA 0.1 mL 45t fk — W L AR ( DMSO-d, ) . ik
i B SR FH 145 5 ik (zgig) , ST E] Ky 6 s, 451485 v £k 24 000 ¥k, 3% 5% 300 x 10 ~°,
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M) R EHUE 1 h, SRIEHE, RS 1.0 MPa & B 105 ~ 110 °C , 4R B[] 4.5 min,
1.4 #®M7Fx

We B P Ay R GB/T 14074, 16 — 1993 I 52 ; 2 /1 3 4 -39 GB/T 14074. 17 — 1993 I 52 5 i & ML ot
JiE 2 GB 9846. 12 — 1988 | % ; F B B i 4% GB 18580 — 2001 1l 5E .

2 HgiR5R

F 1 R 4 A R B BOR B 25 i Ak 2 S5 48 BT I ) 3 0 67 B R TR o TR R B B AR
FEAE S Ak B O K A W L AR RS 8 TE 157.29 ~ 161. 24 i 2 W £ DXV ok T 4 i A P 4 48, 1
SR U 8 O . BT &1 b I e R e i 9 PR TR Ak L PR AR e A A 1) AR 43 T AR O R A X — R T
FEOGT I ) 2 5% U0 25 T =2 A/ Ay IS B8 R B, AR i 0 6 3k i, BV R B3 o 4% 5 4 T o HR B 1R 4 R R i 2
[Hg

£1 BHLREESHER"
Table 1 Results of quantitative °C NMR analysis

AN TR B BE i AR 43 1T B

1225 H chemical structure F) integral area at different stages
1 2 3 4
BB IR monosubstituted urea NH,—CO—NH— 161 ~162 1.0000
B IR disubstituted urea —NH—CO—NH— 160 ~ 161 0.2416
—NH—CO—NH—CH,0H 157 ~ 158 23.584 6.8426 21.670 5.6800
% formaldehyde HCHO 83 ~95 0.3980
P 3£ — ¥ methylene glycol HOCH,0H 82 ~83 0.1543
) —NH—CH,0CH,0OH 66 ~70
V. 3£ methylene ether —NH—EHZOCHZ—NH— 68 - 69 9.3170 3.2820 5.7955 0.6172
H;COCH,0H 90 ~91
¥ —NH—CH,0CH,0H 86 ~ 87
hydroxymethyl CN(—CH,)—CH,0H 11273 26.363 2.5879 8.9849 3.1334
—NH—CH,0H 64 ~ 66
FH 42 3t methoxyl —CH,0CH, 55 ~56 0.7620 0.5839 1.7059 0.3224
—N(—CH, ) —CH,—NH— 53 ~54
V! X methylene . - 3.0193 9.1427 1.7144
) —NH—CH,—NH— 46 ~48

D) Fh8dE-hC Ak 2% 57 #2{H data in table are chemical shift of C
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REARHC T3 A F BV U (36. 51 % )200.000 g JRZR 73.000 g, ML) F/U 2 2.0 1, A2 000 ds i 2 i
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Fig. 1  The formation of methylene
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Fig.2 Formations of methylene ether and formaldehyde
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Table 2 Contrast of hydroxymethyl data between NMR and chemical analysis

S iz B B W(F) () pH i NMR 63‘1‘)?2%5&_/% 1&#%#&23%/%
stages pH value NMR analysis chemical analysis

1 2.0:1 7.2~7.8 19.28 17.32

2 2.0:1 5.4~5.6 7.07 8.09

3 1.5:1 6.5~6.9 9.32 9.38

4 1.17:1 7.5~8.0 13.18 11.68

M 2 Bt T DL NMR A7 20 ) 8 FY 55 B 2 i i o BT L NMR 43 2 /9 730 4 45 3=
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Table 3 Testing data of plywood and decorative plywood made by UF resin

B i J& & 9/ MPa AF 5 A% R/ % R R / (mg - L71)
samples bonding strength qualification rate formaldehyde emission
W AR-E G T-ply of Populus 0.92~2.02 100 1.36
WA =AM 3-ply of Tilia sp. 0.90 ~2.09 100 0.56
W AR =& 3-ply of Populus 0.69 ~1.86 92 1.26

B & W i Okumen decorative plywood 1.18 ~2.15 100 1.13
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