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Cold-setting MUF resin adhesive prepared with concentrated fomaldehyde
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Abstract: To research the influence of high formaldehyde concentrations on synthetic copolycondensation of
melamine urea-formaldehyde (MUF) resin performance, resins from a high formaldehyde concentration (MUF-
H) of 50% and standard concentration (MUF) of 37% were compared. Then glulam was prepared at room
temperature (20 °C) to test its physical and mechanical properties. Also, structural characteristics and thermal
mechanical properties of resins were studied using "C-NMR  (nuclear magnetic resonance), Fourier transform
infrared  (FT-IR) spectroscopy, and Dynamic Mechanical Analysis (DMA). Results showed that the high
formaldehyde concentrations enhanced solid content and viscosity of the MUF-H adhesive, shortened curing
time, and improved shear strength for 60%. The DMA test results revealed that the MUF-H resin also greatly
enhanced the adhesive elastic modulus. Additionally, the "C-NMR analysis indicated that the methylene and
ether bonds of MUF-H resin ware higher than MUF. Thus, the MUF-H system had a higher reaction rate and
crosslinking degree which improved the mechanical properties of the resin. [Ch, 5 fig. 5 tab. 15 ref.]
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1.1 sKigfal

RE, srbral, EZGERLEARARAR; =R M, fbra, EER kA ARARAR; H
B, srpral, R 37%, Kt Bum il A B A W A B, R 4 B 50%
ZHA B CARAERARA R BHER, /v, REm 2R L &%k (NaOH), srdral, K
HEAE2E R T BERR, PERRANE VI A BR AT, FKFEAE 15%L0F, %ERF 0.5 g-em™,
1.2 RFEFER

oA T 2 B MUF B S, 7ERREMBE R b B I L4, —Fh LA H ik (37%) 0 ik
B, 0 MUF, 55 —F DL e Jot et 40 50 6 o0 RGO i, i MUF-H, MUF & 1200 e A i
FEAS B0 = DR o A B RE F(37%), W pH 9.2, JHELE 50 °C, & 1 KRR (U), % 1 IR=ERR
e (My); JHEZ 92 °C, 4y pHE % 5.2~5.3, RN E—&ERE, #7 pH EZE 8.7~8.9, fn%h 2k =%
W (My), PRI N K IR A P 100%, S BIE pH {E % 9.0, [ = 45 CH, BN 2 WRE (Uy),
PR 10 min J57E pH 8.0~8.5 Z5 1 T BURHAAF

MUF-H & 120 & B B0 T8, Dlm B 80P g5 m m e, KR el 125 MUF
FHTA
1.3 RESRIE
1.3.1 MAgeg A AW M GB/T 14074-2006C A A4 1 7 77 S HAR G R 56 Jr i ), IS4 g 178 2 A
AE, R FRE . WELES . A
1.32 @ ygraemX 4% GB/T 26899-201 145+ HIAR it ), WA G AT K 1 125 232, ik vk Il
1.3.2.2; RHAJTRE 1A B0 ALHEA T 1B 2 59 D)% B2 0 2 (FE 48 % 5 mm-min™) .
1321 #YLHfdlfE S MERGRE, B AR DM E 1
WA R A R o BB AR B R T e 5 U &, % 30 mm x 25
mm x 10 mm B AR F S T E IR 10 min, Z JFHA L \T\
PUIMEEAL . RXRERI A A T 2S5 R . R & 260 g-m™
(W), TR, BamA: 25 mm x 25 mm, [E L7 K iR
i AR A EARR, 0 R B R AR S 3%, R

=
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.

%y 1.5 MPa, JUERS A 1 h, FEA4RHE 72 b ST .
1322 #IEFREERIE SRR BN E ) X H %, H% 400 mm 10 pa
x 150 mm x 10 mm HLF 948 BF 0K % 1585 P4 T 2 6L R B 10 FAL: mm

min, 2 J5HCAEGUINE B A6, MR RE . R 3 B i B i) 45 5 g A1 #Bke+EH

[ 1.3.2.1, 204 GB/T 26899-2011( %544 FHE&E LAY, 4r #4740 Figure 1 Bonding test picture of samples
K KRB S, AR RS RS IRARHEREST

133 ## kI (PC-NMR) 547 {XER AL . Bruker Avance 570 Bl AU REILIRIL . AESALRE . IR
A H RS A(DMSO-d6) /= 0], HORE i 100 pum, 755 300 wm i ARZLREAE P i 520 o E 240
kP8 zgig, R DMSO-d6, ZANYck 500~800 Yk, Il ¥ 39 062.5 Hz, & &34 Z WICHK[ 11 ],
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1.34  zeshskid (FT-IR) A AN 261 BB 20 m AR e 21 AR 6 3% 4% Varian 10005 4514 . 34k
PR A, I 400~4 000 em™; FAHERE: 32 K.
1.3.5 3 & #AA AL (DMA) 47 WAL #s . NETZSCH DMA-242; 43 #r#ff: NETZSCH Proteus; |
A R A = A AL, FHEEE 5 Kemin™, J5EE Y5 F R 40~280 °C, M%)y 20 Hz, s
S 15 Ny RS . 50 mm x 10 mm x 3 mm, #AKRKF, EEKE N 0.125 ¢,
2 #RE5H#®
21 BRESHBEEX MUF kijsE A4 aE20m

e T TR A B W ) 4 MUF A i 5 308 R IS o 4 A0 B 1) AR P B B o COeG Joi i 50 P s 3
i A ) MUF AR, LM SR B E R, B EEuEn, 58 TRAARMN A #E; @
o IO 43 5 P I A PR D 4% ) MU WA, LRGBS )40, A R 48 e A R AR 1], 48 i A
R s B T 23 B B 5 30 S R 4 19 MU B Jlig , HLoie 5 F R SR et 20500 TR AT, PRl 30%

®1 SRESHRFENMEEAREERME

Table 1 Influence of high concentration formaldehyde to the basic performances of resins

JB Fof B/ (mPa-s) [ 1k I [R] /s I#i 5 45/ % F B W/ (g-kg™) 176 01/d
MUF 50 89 54.1 2.9 >60
MUF-H 465 63 68.0 2.0 >60

22 BERENHBEX MUF RIS I2 512 20

2 2 R S BT BE XA AT YIRS . A SEIR A R AT U e (DL 43 45 I N SR
A P S O i RE A R R B AR TARBTUIS S, SR 60%, TS I3 A R ¥ 7K 56 JEE B
W K IR R A AR S 0 R s (D feg T Ak 4 PR B TR A MUF-H RS AR I35, A6 35 18 O S A
KRG BER T K, UL MUF-H W Jig BA KORTRE M, B B R A 7K e T 250 ol Je 5 e 88 eI, (EL(EL A S 0 1Y
&, RIEGG, FEI SR B4 RE W A2 B 5 45 M S b AR HE 25K

K2 BRESHPEIKREAEYIREERMN

Table 2 Influence of high concentration formaldehyde to glulam shear strength

JiE F T3 i /MPa AW % 24 h ¥ /K50 EE/ MPa K6 4/% 2 h /K i B2/ MPa ENIEL
MUF 5.12(1.29) 20 6.08(0.58) 100 5.93(0.34) 100
MUF-H 8.18(1.00) 70 5.90(0.35) 40 6.20(0.47) 90

Y] R AE S RO O S 9 MO b e 22

3 XA AR IR . BhoRFI B AR . 45PREN . G MUF W ERA R4 K rEGE, il i
ARV KR AR KR B R AR 00 Z545 3% 2 R BUR A A mI R, VA R TR 0 BB I8 5 ) MUF-H
AR TR 7K BRI5E FP S K fige 1 A5 5 5 B2 T B, AELATD R ORI 5 AR O I JZ AN R LR R 5 T B RS & AR IR 5
D7) i JEE IR ) A i AT A3 e v K il K Ak PR R B R A B U B B e T TR B R
VLA TS b T 8 A R RV O R, (BT R SE A A, HAR REIE A7 6 2ot $ T 23 1] o

®3 BRENUFEMBREAIEXRHZMN

Table 3 Influence of high concentration formaldehyde to delamination rate

B A 24 h % KK B /% | A2 3R E/ MPa 4 h PR /% R AR5k I/ MPa
MUF 0 5.02(0.30) 0 7.86(0.98)
MUF-H 0 8.63(0.75) 0 8.22(1.20)

BERT ;P 5 A S R 2
2.3 #ZHEHR (PC-NMR) 5

WA R A~ 0 R b B R0 T A, AR SR 1T XA Al 2 B, AN [ ik AT AR o o i o5 B9
P 2 AT 3 5] o LA 3 P P Al 5 MUF i i BC-NMR 335 [ e Joi #2080 il % MUF-HL 1) PC-NMR
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Figure 2 “C-NMR spectrum of sample MUF Figure 3 “C-NMR spectrum of sample MUF-H

& B AN R N ), SRR A T RE R . SCH RN B SRl o T S Y AT R B 1 AR X B A
BT AR A R L, LBtk s, AR AR, WM BR . e 4 I DA A A
F S 45 B 1 MUF-H B 15 o 58 B3 B A0 B0k 58.44% , 7 W 3L Mf i 8.73% , Wi W 3L ks 32.01%, Hip =
BT 5 R RIS R LB 9.97% , 4 ALK F] 40.74% . LI 38 HH S 4 i) MUF vp J2 H L35 i
9 55.90%, W HIBEEMREE 17.21%, W H BEEEEE 24.72% , b g5 577 A 1 kG 13.61%, 45 R AR I F)
41.93%, L WiE KM, MUF-H @ s & e iy i 4 %, 10 MUF 987 k6 & it L Bcdir, Ui
A8 I 5 R A R T R A R, R PR O R U R O A 0 B R A R 2 R AT A N, AR 4 R
BT B . MUF-H () 24 58 77 4 5 it MUF AR, U8 B PR R O o 20 B5OK s AN R F AL R R A, Wl R
S H R i oy B AT S R ER SRR B A, ML REEMIE R L A% R E, FEEE
PRI P=A: A A5 R =) . Al MUF-H (%58 356 & 548 MUF i, XA FF 5 0 A s Bk .

2.4 a5 HiE(FT-IR) 4347
2 Bl = REU- R R -F B IR B2 A0 o B T 0 DL IR 4. 2 BE SCHR [ 13-15 6 45 W e e+ B B A 1A 91 g

#* 4 MUF #3ig "C-NMR €25 &E R
Table 4 “C-NMR quantitative analysis results of MUF resins

Gy EEaE ) {21 R/ (mg-kg™) T
MUF-H MUF
SRR :ﬁ—mh 167.0~167.6
—C—NH(CH,.)_ 166.4~166.6
:(‘lfN(CHz_)Z_ 165.4~166.5
K% H,N—CO—NH, 161.0~162.0
H,N—CO—NH(CH,—) 159.2~159.8
(CHy—)HN—CO—NH(CH,—) 158.0~158.6
FRECRP R ) HOCH,OCH, 89.0~90.0
HOCH,OCH,OH 86.2~86.3 0.82 2.17
HOCH,OH 82.4~82.5
g 5 M—NH—CH,—0—CH,—N(CH,—)—U 77.0~78.0 9.97 13.61
M—N(CH;—)—CH;—0—CH,—N(CH,—)—U 74.0~75.0
PP 5L Tk —NHCH,0CH; 72.0~73.0 5.73
T TR B Tk —NHCH,0CH,(NH—/—O0H) 67.0~70.0 22.04 11.11
¥ H I M—NH—CH,0OH / U—NH—CH,OH 63.0~65.0 58.44 55.90
DA —N(CH,—)—CH,—NH— 54.0~56.0 3.93 9.24
—NH—CH,—NH— 46.0~48.0 4.80 7.97

FH CH;0H / —CH,OCH; 49.0~50.0
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FSo 2MAE MR T . IR EE S AR TR, I b bl S R R R RO B 2 R, SRR T
HIRE iy B 22 50, i MUF-H 5 MUF 7E2L5MERE I ARMEL, SUR—Seidmansgg 225, Wl 2 fia
JER IR E E BEA LA, DURR EAFEZR 5

&5 MUF #SHILSME IR R

Table 5 FT-IR spectrum peaks belonging

o/em™ & o/em™ S
3 300~3 500 N—H J O—H 4743 1 396 CH; 1t P9 25l 4R 2

2979 CH, fif 4 4% 3 1324 C—N i 454 3h

2 364 C—N =i 45 41 3l 1186 C—O Mg sh

1 675 Bk HE (C=0) il i 4z 3 1010 C—O0—C {45 %3

1577 N—H 25 fif| 4% 3

2.5 S MERE (DMA) 534

S ot 2 A RS AR 19 3 A BOHLBIE BE 20 BT o 2k MUF 305 LK 3 I8 Sy JEURL ) 4 3% i 79 DMA
[, ZE MUF-H 37 A o 43250 1 8 J50RH ) 45 0B 19 DMA . dli 1S e i el £ . (DA 4R
DA e Jo 80P I A 9 11 MUR-HL A I 170 5P 50 2 53 P P o) 2 S i MU A IR R B vy, SR AE 2
WL F Sk MUF-H () 32 e e 2 MUF A5 AR KOl BE R340, 33 5 81018 ) 2= ME AR I AR ) & 5 QRS 2 il
LRI UG [T A i BE BEA RO 22 57, (ELE e P A BT e i a2 381 e RO A il e A 3 T AR O 0 ) [ £
HORMHE, RSl DI E BN RN V™ Ve, 5 EGREIREE AT & Ok
MUF-H 5 MUF #R B B2 42 fb 2 BLAS 3 Ry, PR AR — B 2 JH iR R MU PR RE A RLAE , {HE
WEEAE, AR MUF-H W5 A9 3R EAR R, (HORRER R R SR s, SRR 2R, F
4 40%, T MUF FEBEA S 10% .y B W], g Joa 20 50 TR o 9 = SR UG - DR 3% - Y TRE Y i 0 G
ENERE, (ARIREA B 1R, X S Ok Kbk BRI AW £ . OMUF-H A3 fi i 452 05 3k 51 i (i
Ja e AR, 5 BC-NMR 73 #r P g s i 245 R A — 2, INBERE A AR 2 & 0 i EE 4
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Figure 4 FT-IR spectra of two kinds MUF resins Figure 5 DMA spectra of synthesis resins
3 Hib

(D3R FH 5 J 7 53450 (50% ) FEY IS 5 R 3 Y IS 4 0 = R T - R 35 - HH I A A i A 50 2 7o T 28 79 i
L BEE, e A E] ] A A AR I R R R D 818 MPa, A LU i PR R i 60%
T 7K A L R S R OGS bR v . A By PC-NMR G307, AT RN R A 43 0T I A
MUF-H B g 19 = 55U 55 bR 3R 3646 5877 ) 0 1 kb B 45 MU &, Ud B MUF-H 4 2% 14 s e B2 A 58 1k
BERETR, NIRRT 12 PERERS N IR R . Did it DMA WL 92 56, 75 60 Jok ik 43 450 % i 46 MUF-H
AR5 N BE W 2 3 5 R Py S, S 5™ i BT A PR RE 5 o I BE T A 1k ) e Y A A A
) MUF-H A i 151 £ 2 5 550 MUF PR 5 0 5 A5 4 ik B WD 2 A7 DR B8 2 ) a0, (FL A7) o P I A
MUF # g4, 5 "C-NMR Jp#fr s MUF-H [ s 10 45 R AW 5
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