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Table 1  Molar ratios of reactants used in the syntheses of microspheres

Factor Sample

Reactants( U: F: G: A)

Addition of glyoxal

Total amounts of aldehyde group

Kind of aldehyde group

UIFZGO
UIFZG]
UIFZG]
Ul FZv ZSCI, 125
LT] FZ.SGI.ZS
Ul F3 GO.75
UI F2,7(;0.9
Ul FZvZSCl, 125

1.00:2.00: 0. 00: 0. 00480
1.00:2.00: 1. 00: 0. 00480
1.00:2.00: 1. 00:0. 00480
1.00:2.25:1.125:0. 00480
1.00:2.50:1.25:0. 00480
1.00:3.00:0.750: 0. 00480
1.00:2.70:0.90: 0. 00480
1.00:2.25:1.13:0. 00480

1.2.2 R b ak L b SR i il 2%

# 60 mL IE fiE R £ B . 1. 00 mL 52 #1100
mL 53 F K = O IR A, KB I ET70 C
Joi TR L RE T FE 2 h A5 B K PR K i v
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PEREV %, M A 6. 00 mL FIEFI1 4. 60 mL 2, —
L P11 57, (ff FH 3R 0 TGS 2% S 0 S, M
WAR BLFL A, 4k s N 2 h A G = 2 0
I b 1 7K I 20T 53 3 0 U T A 1 €8 DD TE . K L
TEW) T 60 CRHEETHRS h, R5=h T
FHikL % 400 °C Bk & WREE R B , 75 21 010 Ak ik . R

J7 i 2 R R 4 h FHEF] 200 CHER 8 h,
25 h FHEE 250 CHEYE 8 h, 85t 4 h FHE &=
350 ClHI® 2 h,f )5 4 h FHE = 400 CHHiE 6 h
J R 3] % £
1.2.3  P2YIiR i RAE

4T HM Y 1% 7E Thermo Nicolet NEXUS 4 {# 37 -
AR LT SN A B, A R 4 em T K
#3280 Ph(SCN),YE 54,2050 em ™" fif 3547
— >R WS | 25 5% 7 W ik 2l Ol i B S 5 Ak R Y
AR, T A FEM e S 1 A & i T 1% Pb-
(SCN), By K IR A WS J5 75 KBr F Rl ik #F 4 19
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Effect of glyoxal on the resin microsphere morphology and particle size distribution

(a;) and (a,): SEM micrographs for U, F,G, and U;F,G,; (b,) and (b, ) : Particle size distribution for U, F,G, and U, F,G,

Table 2 Effect of glyoxal on the induction time and the precipitation
amount (25 °C)

Reactants Induction * Amount
Sample
(U:F:G:A) ('min) (g)
U,F,G, 1. 00: 2. 00: 0. 00: 0. 00480 3.07 2.29
U,F,G, 1.00:2.00: 1. 00: 0. 00480 4.20 1.69

* The induction period is a period from the reaction beginning to the

white state appearing. The white state is obvious.
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TROBRAE b B R I i 5 0, 43 00 Sy 3..07
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n( L) =1.00:1.00) F- AW, # 0k il E 24
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60 °C A 2, [ AR 2 22 18] A A] % 2B A X 0 g 0
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Table 3  Effect of the aldehyde amount on the induction time and the

precipitation amount (25 °C)

Induction  Amount
Sample Reactants (U: F: G: A) )
(min) (g)
U, F,G, 1.00:2.00: 1. 00: 0. 00480 4.20 1. 69
U F; 005G, 155 1.00:2.25:1.13:0. 00480 4.15 1.55
U, F,5G, 55 1.00:2.50:1.25:0.00480 3.83 1.46
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Fig. 2 Effect of the aldehyde amount on the infrared absorption

of the obtained microspheres
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Fig. 3 Effect of the aldehyde amount on the

XRD of the obtained microspheres
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Table 4 Effect of the aldehyde type on the induction time and the

precipitation amount (25 °C)

Induction ~ Amount
Sample Reactants (U: F: G:A) )
(min) (g)
U, F3Gy 75 1.00:3.00:0.750: 0. 00480 3.33 1.48
U, F,,Gp e 1.00:2.70:0.900: 0. 00480 3.78 1.51
U, F, 556Gy s 1.00:2.25:1.13:0. 00480 4.15 1.55
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Fig. 4 Effect of the aldehyde type on the infrared absorption of

the obtained microsphere samples

22.28° Intensity (cps)

a)175  b) 197
¢) 151

a) UiFy5G o5

b) U1F2.25G1.125

¢) UiF;30Go 75

10 20 30 40 50 60 70
20(°)
Fig. 5 Effect of the aldehyde type on XRD of the

obtained microsphere samples
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Fig. 6 SEM micrographs and diameter distributions of each microsphere sample

(a; ~ay) and (b, ~by) are the SEM micrographs and diameter distributions of U, F, (G, o7, U;F, ,Go g, U F,G,, U F;Gg o5,

UiFy5Go0, UiFy 056Gy a5, Uiy 3364 g3 and U F3 Gy U Fy 56y o5, respectively.
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The SEM micrographs and diameter distributions of microsphere samples: (a,) and (b, ) adding glyoxal

before the induction time; (a,) and (b, ) adding glyoxal after the induction time

Glyoxal

Fig. 8 Controlled nucleation and growth process of resin microspheres using glyoxal
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Fig. 9 FTIR of UF-silica microsphere hybrids
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Fig. 10 SEM micrographs for silica hybrid precursors (a, ) and silica microspheres (b, ) without adding glyoxal; and for silica hybrid

precursors (a,) and silica microspheres (b, ) with adding glyoxal

Fig. 11

(a,) and (a,) TEM micrographs of precursor hybrids obtained using glyoxal, (b, ) SEM

micrograph of the silica microspheres and (b, ) for the structure model of precursor hybrids
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UREA FORMALDEHYDE POLYMERIZATION CONTROLLED BY
USING GLYOXAL

Zhi-xian Hao, Shu-zhen Wang, Le-le Wang, Yi-yi Cheng, Yu-qing Guo, Xiao-gang Wang,
Zhi-rong Zhu, Li-hua Gan, Zi-jie Xu, Long-wu Chen
( Department of Chemistry, Tongji University, Shanghai 200092 )

Abstract The urea formaldehyde polymerization controlled by using glyoxal was investigated. The sizes of the
resin microspheres were in the range of 1.0 ~14 pum,and the size range was 6.5 ~9.0 pum in the presence of
glyoxal. Sizes and morphology of the resin microspheres could be adjusted or improved with altering the
aldehyde amount or glyoxal ratio in the reaction. Addition of glyoxal or increment of its ratio in the reaction
significantly extend the induction time of precipitation ( more than 25% longer). Infrared and XRD analyses
show that the increment of both the aldehydes or the formaldehyde proportion can reduce the crystallization
characteristics of polymers. Glyoxal is able to adjust the nucleation of urea formaldehyde resin or the growth of
the primary particles, it was considered that the glyoxal covered the polymer surface or the active sites, limiting
the diffusion of urea formaldehyde. The average size of silica microspheres prepared under the presence of
glyoxal is only 20% of that of their precursor hybrids. A radial silica content gradient in the hybrid
microspheres was suggested , which might result from the rate differences between silica hybridization and urea
formaldehyde resin polymerization.

Keywords Urea formaldehyde resin, Microsphere, Glyoxal, Hybrid, Silica



