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Synthesis of novolac resins by condensation of
phenolic compounds with formaldehyde
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Abstract : Novolac is widely used as the primary solid component of most photoresists in
semiconductor and microelectronic devices. In this study, novolac resins were prepared by
condensation of 35% formaldehyde with phenolic compounds such as m-/p-cresol,
2,5-dimethylphenol and bisphenol A in the presence of oxalic acid as catalyst. The average
molecular weight (M) of these novolac resins has been varied on the changing of mixing
ratio of m-/p-cresol/2,5-dimethylphenol/bisphenol A or formaldehyde/phenolic compound. Also,
thermal properties of novolac were observed by TGA.
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Scheme 1. Mechanism of novolac synthesis using bisphenol A
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Scheme 2. Mechanism of novolac synthesis in two components system.
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Table 1. Synthetic Conditions of Novolac Resins
- : 1_
Nov- 2,5-Dimethy 35% Oxalic acid
olac m-Cresol p~Cresol phenol Formaldehvd dihvdrat
Bisphenol A © ehyde thydrate
la 10g 10g 0 10.31g 0.70g
(92.47mmol)  (92.47mmol) & (120.21mmol)  (5.55mmol)
1b 8g 12¢ 0 10.31g 0.70g
(73.98mmol)  (110.97mmol) & (120.21mmol)  (5.55mmol)
le 12g 8g 0 10.31g 0.70g
(110.97mmol)  (73.98mmol) & (120.21mmol)  (5.55mmol)
1d 10g 10g 0 11.90g 0.70g
(92.47mmol)  (92.47mmol) & (138.71mmol)  (5.55mmol)
le 10g 10g 0 38.73g 0.70g
(92.47mmol)  (92.47mmol) 8 (101.72mmoD)  (5.55mmol)
1f 10g 10g 2.26g" 11.35g 0.77g
(92.47mmol) (92.47mmol) (18.49mmol) (132.24mmol) (6.10mmol)
1 9.17¢g 9.17g 4.14g" 11.35g 0.77¢g
g (84.77mmol) (84.77mmol) (33.91mmol) (132.24mmol) (6.10mmol)
1h 3.46g 8.46¢g 5.74g" 11.35g 0.77g
(78.25mmol) (78.25mmol) (46.95mmol) (132.24mmol) (6.10mmol)
1 3g 12¢g 2.26g° 11.35g 0.77¢
' (73.98mmol)  (110.97mmol)  (18.49mmol)  (132.24mmol)  (6.10mmol)
li 12¢ 8g 2.26g% 11.35g 0.77g
! (110.97mmol) (73.98mmol) (18.49mmol) (132.24mmol) (6.10mmol)
1k 10g 10g 2.26g" 11.35¢ 1.54g
(92.47mmol) (92.47mmol) (18.49mmol) (132.24mmol) (12.21mmol)
1 10g 10g 2.26g" 11.35¢g 2.31g
(92.47mmol) (92.47mmol) (18.49mmol) (132.24mmol) (18.31mmol)
1 12g 18g 1.69¢® 17.49g 5.51g
m (110.97mmol)  (166.45mmol) (13.87mmol) (203.90mmol) (43.69mmol)
) 10g 10g 4.22¢" 11.35¢ 0.77g
n (92.47mmol) (92.47mmol) (18.49mmol) (132.24mmol) (6.10mmol)
) 10g 10g 4.22g" 10.47g 0.77g
°  (9247mmoD  (92.47mmol)  (18.49mmol)  (122.06mmol)  (6.10mmol)

* 2 5-Dimethylphenol
b, Bisphenol A
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