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Study on the Evolvement of Structure in Synthesis of Urea-
Formaldehyde Resins by FTIR

LI, Ai-Ping KAN, Cheng-You DU, Yi LIU, De-Shan”
(Department of Chemical Engineering and Key Laboratory of Advanced Materials of Ministry of Education,
Tsinghua University, Beijing 100084, P. R. China)

Abstract By means of Fourier transform infrared (FTIR) spectroscopy, the structure development of urea-
formaldehyde (UF) resins in synthesis process was investigated, and the structural difference of reaction inter-products
of urea and formaldehyde was observed in alkaline and acidic media and at different formaldehyde-to-urea molar
ratios. With the reaction process of urea and formaldehyde the variation of the FTIR peaks was obvious, the amide II
band frequency of FTIR spectra of UF resins shifted gradually from high to low, and more methylols, ether linkages
and —NHCH,— were formed. But in the cured UF resins, the contents of methylols, ether linkages, and —NHCH,—
decreased. With the increase of the formaldehyde-to-urea molar ratios from 0.5 to 3.0, the amide II band frequency also
shifted gradually from high to low, and the contents of ether linkages and —NHCH,— increased in alkaline media,
while in stronger acidic media the contents of Uron, methylene linkages, and methylols increased, but the content of
—NHCH,— decreased.

Keywords: Urea-formaldehyde resin, Structure, FTIR

JIRTEEARS Ji Rt 5 500 DXL G 2R 77 25 5 RN ARAIRBAR I FAI, 7 EL3E Al 7 PR 5 %, fa 5 A MR{a . i 2
245 | I O Y0 R SV P A R E R B NS 7 S v 5 I B 5.2 NUT I DR S 3 € (A% A e i e~ T
FA) TR OB 55 70). JDRTEE B AR 55 700 v oA S5z 7 £ 1 5 P F PR 2R PP 8 s oy A SR AR ARt 5 590 1 B oot A
T R0 N 38 AR i E O T R T RUBRE R AR 40+ AOTRARBIESY, DBl IR IEARS i v 2 A e Ak 1) 553 SR 11
B b s S R RS TR, NP BCTERERY AR RO, DU A ke R R T e = N BR B AR A
Received: January 24, 2006; Revised : March 6, 2006. “Correspondent, E-mail : hxh-dce @tsinghua.edu.cn; Tel:010-62773456.

E% 863 11X1(2001AA242041 ) ¥t BhI%i H

© Editorial office of Acta Physico-Chimica Sinica



874 Acta Phys. -Chim. Sin. (Wuli Huaxue Xuebao), 2006

Vol.22

AR, AR R A T AL E AR A, (HJRAT %
JURTRE AR AL BE 22 A AT A 58 A i A8 . T 4 g
JURTREAR R P R A0 A A YT P R T R, 2 R AT
KRTERBE . O T HE— DR R IR R A PR RE, K
PR JEORY G 790 ISR PR AU B e, X R ARSI
TG R AN R S5 R BORIAE £ B 565 7
MEEA TR R R AT IRADTTE, LUA ST
SERGAIVE RE A4 .

HT T R Jig S 0y o e 4 52 2 M RIS 5 T 4%
TERYRRFUIAT O ZR, AR A5 F 1 43 A 5 42 1 i A 5
AR DR IEAR R T A= 2, A — L R TEE R i BF 5 114
R WA B I ACEE A 3 A {3 4t BRI BE A0
AN, SRR IR S5 A P BT IS TARA T A
Wi . AR, ARG SR (45 °C Bimg 3t
PR H B REIR Y N A REILR®, 25N
UL A S i A5 6T R RS g 225 KA A 5 20 A A8 4R A
Wt B

PR 28 A0 R 5 7 8 A i B ] S0, R TRE AR fIiE
B IS R T T i R T X A i T i R A 5
3 ) 35 P 1) 2 A A T A SR TS JR v
i FR A R R R TR IBE I S FE A X LT A MGG
WSRO R R RNZL AN GRS o M BT R 1, R e
HIBIESE T DRI IR i 0 AS ) S5 AR RO A 8 19 2.
MAG L AR 21 51 53 (FTIR)AIF 55 B 45 21 Y R
FIPC B REIARE T B s 2 /0 E U (% 73 30k
), (A T X IR AR G- SR 1) 251 B B A
AN TR SEAA LT A A SRR, X T 2 A RS AN
2SR CIE WL Bl 20— 25 AR AR R

1 SEIeEpsy
1.1 FREERIBERI & R

37% W K IR VR (1R R Eh AR, F) PR R (U) FH A
DR A T B A A 4l R . e HE R DR 2R A e
SR — 7 125 A8 IR AR BE A b 5 LS 1)
AR T2 55 A S AT A 25 1.
1.2 FTIR &#f

{S#% . FZEE Nicolet /A F] 19 Nicolet 560 71 {#
B AR 2T AR FTIR)YL.

FE AR PR AL S e T T4, SRS Bk R
R KBr AT R R, BRSO AR5
KBriR &R

2 HR5iE

2.1 fnR R R ER —# R EARAY AR RY

PR 25 FI 5 B s I e — > B 4% B S g 3ok
B, A —A SO 7 RO AT B 2 T A X — i 7.
—MIEOUT, PRER 5 H B RN AT o R PR B T
FEAERI MRS IE T R B AL SRy, BV AR I, T g
¥ F LR (HOCH,—NHCONH—CH,OH) ; #X )& 7+
PR S5 A T 5 R IR A= 4 SR s, T 18RI g FH 1Y
JIRBEAR . S W 55— 20 W i i) — 38 B IR = 0
AoV A FEE AR, PR 2R RN H R (A T 55 PR R B IR L e/
ny=2.0)TESSBE S5 A SO — g B I], AR AD, T
B BTG, PR R IR BT, T G
R R 22 b A, B e T A AR TR
AAC B AETE T T s TR, W By FTIR 3%
P DLIET 1. FLASA IR e 15 22 SCHR™ b % H R IR
LTHME I FEAR—E(WLFR 1), X1 B H S 55 PR =AY B
IREER 2.0 B AINB0™ ) FE R — )% Y JETIR.

3000 2000
o/cem™t

E1 ZEREIRIIMEE

Fig.1 Infrared absorption spectrum of dimethylol
urea
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Table 1 The position of peaks in FTIR spectra of dimethylol

urea(cm™)

Band Assignment"™ This work
3384vs v(NH) 3342vs
3185vw 3160vw
3010vw v(CH) of CH, 3010vw
2960m 2961vw
1651vs v(C—0) of amide 1 1652vs
1601s v(asy. C—N) of amide II 1596s

1544vw
1457s 6(CH,) 1456s
1391m v(CH,) 1390m
1301s S6(OH) plus amide IIT 1299s

1253m
1050vs Y(C—O—C) as impurity ~ 1045vs
1013vs v(CO) of —CH,OH 1001vs
700m y(OH or NH) 714m

v:very; s:strong; w:weak; m:middle
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Fig.2 Infrared absorption spectra of urea-
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formaldehyde(UF) resins
a) urea; b) addition product; c) UF prepolymer;
d) cured UF resin
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Fig.3 FTIR spectra of addition products of urea
and formaldehyde prepared at different
formaldehyde-to-urea molar ratios
ne/ny:a) 0.5; b) 1.0; ¢) 1.5; d) 2.0; e) 2.5; ) 3.0
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formaldehyde prepared at different contents
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