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Research subject: In this research, the synthesis method of phenol-form-
aldehyde resin has been investigated, which can be used in the wood
and chipboard industry. This resin is prepared in two forms, Novolac
and Resole, which different products are formed by changing the reac-
tion conditions. Resole is used as a liquid adhesive in the wood and chip-
board industry.

Research approach: Various parameters are effective in the synthesis of
the resin and the properties of the final product such as the molar ratio
of formaldehyde to phenol, the pH of the reaction medium, the tempera-
ture and time of the reaction, and the amount of water released from the
reaction. The synthesis of this material was carried out under reaction
conditions with the molar ratio of formaldehyde to phenol from 1.84 to
2.50, the reaction medium pH from 4.0 to 10.85, the reaction tempera-
ture from 80 to 100 °C, the reaction time from 0.5 to 4 h, and the water
output amount in the term of dehydration dimensionless number from
0.18 to 1.02.

Main results: The results showed that the maximum product stability
time was obtained for 18 days at the molar ratio of 2, the alkaline medi-
um at pH 9 to 10, the reaction temperature at 90 to 95 °C, and reaction
time at 2 h. Moreover, viscosity, density, gelation time, and percentage of
solids were obtained 180 cP, 1.224 g/cm3, 30 S, and 51.20%, respective-
ly. Product properties were optimized by adding diethylene glycol and
urea. The stability time increased to 105 days by adding 8% diethylene
glycol and the free formaldehyde amount in the product decreased to
1.29% by adding 4% urea. According to the properties of the created
product, the obtained reaction conditions can be used for the mass pro-
duction of the resin.
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Table 1. The resole characteristics by changing the molar ratio of formaldehyde to phenol at 100 °C for 1.5 h

Molar ratio of 1.84 1.88 2.00 2.25 2.50

formaldehyde to phenol

Reaction pH 8.80 8.80 8.75 8.85 8.90

Viscosity (cP) 350 380 340 290 265

Density (g/cm?3) 1.190 1.185 1.182 1.178 1.175

Gelation time (S) 30 29 27 26 24

Stability (day) 2 3 6 5 4

Solid percentage (%) 46.15 45.17 44.20 44.10 42.25
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Table 2. The resole characteristics by changing the reaction pH with the molar ratio of formaldehyde to phenol=2 at
100°Cfor1.5h

Reaction pH 7.75 8.80 9.65 10.85
Viscosity (c,) 400 380 360 320
Density(g/cm?) 1.225 1.224 1.225 1.226
Gelation time (S) 27 27 26 27
Stability (day) 4 8 8 6
Solid percentage (%) 50.50 50.35 49.70 51.10
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Table 3. The resole characteristics by changing the reaction temperature with the molar ratio of formaldehyde to
phenol=2 at 100 °C for 1.5h

Reaction temperature (°C) | 80 85 90 95 100
Reaction pH 8.75 8.80 8.75 8.85 8.90
Viscosity (c,) 350 340 320 315 300
Density(g/cm?) 1.223 1.222 1.223 1.224 1.226
Gelation time (S) 30 29 29 30 28
Stability (day) 1 2 8 8 2
Solid percentage (%) 50.70 50.65 50.90 51.20 50.85
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Table 4. The resole characteristics by changing the reaction time with the molar ratio of formaldehyde to phenol=2 at

95°C
Reaction time (h) 0.5 1 1.5 2.0 2.5 3
Reaction pH 8.75 8.80 8.75 8.85 8.90 8.80
Viscosity (c,) 70 100 120 180 400 2000
Density(g/cm?) 1.223 1.222 1.223 1.224 1.226 1.225
Gelation time (S) 30 29 29 30 28 29
Stability (day) 2 8 12 18 17 18
Solid percentage (%) | 50.70 50.65 50.90 51.20 50.85 50.65
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Figure 1. The added methanol weight to the resin weight versus the reaction time
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Table 5. The resole characteristics by changing the vod number with the molar ratio of formaldehyde to phenol=2 at

95°Cfor3h

Vod number 0.18 0.36 0.69 0.86 1.20
Reaction pH 8.70 8.60 8.65 8.85 8.95
Viscosity (c,) 200 220 400 780 1600
Density(g/cm?) 1.243 1.244 1.243 1.244 1.246
Gelation time (S) 35 34 33 34 32
Stability (day) 17 18 18 18 17
Solid percentage (%) 52.50 53.40 58.60 61.60 64.23

4...._.....*) uj_.Sb ..\.:3_...:‘50 00y )l54_> uym Ls)“'\—’l"
6‘)_| 9 o..\_ni Cwd Ao 39y YA JB_.ADLA U_" o LS)“'\—’I)
S5 iliss 5038 (5o ol 59 5 Jamsly Al
Slys alex 3l JoSIE slen LY+ ] el s oslaul
=l sloacns; oo, bl o e el pled
JH AL) dJ Fali& [V] QJJ DQLEL';_M:‘ U‘FLSQ
e vos u:._;ls 8 e S Ly ol

Bu 5 945 o o x5 (Vvod=volume of dehydration)
Slafe asoad a8 5 Ol oo )0 a b wae ool )

[yal

PEASE o 5T e
P AP e e e e i oYY

\»)

vod =

cIVE VA o e ol vod slael U i ey

YA ol - oo (i 69,5 Gl Jidgls (ol iy (ot (Ao (ol anlilad



w02 S 5 23Sy (gl el )*-'L‘

el ¥ 61y A0 °C 1o ¥ = b 4 appalle b Jge o b JsSlS sl o038 b Jss, lasein & Jsu
Table 6. The resole characteristics with diethylene glycol addition with the molar ratio of formaldehyde to phenol=2

at95°Cfor3h

Diethylene glycol addition (%) | 2 4 6 8 10 12
Reaction pH 9.10 9.15 9.05 9.10 9.10 9.15
Viscosity (cP) 1200 1220 | 1210 1250 1225 | 1230
Density(g/cm3) 1.242 | 1.242 |1.243 1.244 1.242 | 1.241
Gelation time (S) 36 37 40 41 44 43
Stability (day) 20 38 57 105 105 106
Solid percentage (%) 56.65 | 56.20 |56.35 57.10 56.85 |55.90
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Figure 2. The free formaldehyde (%) versus the added urea (%)
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Figure 3. Gelation time (S) versus the added urea (%)
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