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Abstract: Thermodynamics of aldol condensation of
formaldehyde and isobutyraldehyde (IBD) were studied. With
the application of Joback and Yoneda ( ABWY) group
contribution methods and some other empirical formulas, the
basic thermodynamic properties such as Hg 25 Sgz0ss Cp Of
the main product of 2, 2-dimethyl-3 - hydroxy-propionaldehyde
(HPA), (NPG),

hydroxypivalaldehyde (1115 acetate) , isobutyl isobutyrate and

the byproducts of neopentylglycol

other substances were calculated. Then, the H,, G,, K, of
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the main and side reactions were derived. The calculated
thermodynamic properties agree well with available literature
values, which means that the estimation is reliable. The
calculated results show that the main and side reactions are
exothermic and can happen spontaneously. Relative low
temperature is good for the main reaction, because the
absolute enthalpy of this main reaction is lower than that of
the side reactions. NPG, 1115 ester, and isobutyl isobutyrate
are the main byproducts. The conversion rate of IBD would
decrease with the increase of temperature and n (IBD) :
n (HCHO). When the ratio of % (IBD) to » (HCHO) is 0.9,
The calculated
conversion rates at different ratios of n (IBD) to n (HCHO)

IBD conversion rate can reach 99%.

agree well with experimental data. The thermodynamic
analysis would provide basis for the optimization of industrial
HPA preparation.
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Tab. 1 H, s and H, s of different components

By PR IBD HPA  RTEITH NPG 1115 7 g H;O
Hgoes/(kJ »mol™»)  —108.86  —216.75 ~ —393.09  —536.20 ~ —45.97  —888.97  —377.65 —241. 8ot
H..28/ (k] + mol™1) 25. 44 30.88 50. 80 40. 07 63.18 85. 16 42.47 40, 6704)
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Tab. 2 Substitute processes of substances by Yoneda method
IR PR IBD HPA NPG 1115 fg STEBTHE
HAFR CH4 CH, CHy CHy CH, CH,
FHtEHR CH;CH;, CH;CH; CH;CH; CH;CH; CH;CH;, CH;CH,
B_HER A=1, B=1 A=1, B=1 A=1, B=1 A=1, B=1 A=1, B=1 A=1, B=1
A=1,B=2 A=1, B=2 A=2, B=1 A=1, B=2 A=1, B=2
A=2, B=2 A=2, B=2 A=3, B=1 A=2, B=2 A=2, B=2
A=2, B=3 A=2, B=3 A=1, B=4 A=3, B=2 A=3, B=2
A=3, B=3 A=1, B=4 A=1, B=4 A=1, B=4
A=1, B=4 A=2, B=4 A=2, B=4
A=3, B=4 A=1, B=2
A=1, B=4 A=1, B=2
A=1, B=2 A=2, B=2
A=1, B=2
A=2, B=2
A=3, B=2
A=1, B=4
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o= o= o= OH— OH—X2 ~00C—
BRI OH— OH— ~—00C— —0O0C—~
—00C—
HAHEA BN CRTIALB ML CIR TR AAL.
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Tab. 3 S of different components
Moy g IBD HPA ST T NPG 1115 Fg g H:O
S29s/(J e mol™! « K71) 237.76 331. 38 403, 43 615. 14 398. 77 729. 88 248. 99 188.72
298 KARMERE T MBS E T T o 4y 567 415, 331g T, 4-0. 391 37 Lo 4
it M
Stz = S8 — Sy (6) 4,330 X 107 Tﬁ% —5.672X 1078 Tﬁﬁ (7

S Siuass » Suoss AN 298 K T RAS YR BRI
YT S, HZE RN

AR R B R BAEALE Y, BT LUFI A Vetere #
W (D IR AL I 78 K.
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Tab. 4 Jobak group contribution data and C, for different components

Y Aa Ab/1072 Ac/107* Ad/1078 Cpe
F i 30. 90 —3.36 1. 60 —9. 88 —7.0340,18T—2. 31 X107 4T 241, 07X10~7 T3
)] 24.10 4,27 0. 80 —6.87 —13.8340.25T—3.12X1074T2+1.37 X107 T3
1BD 46, 90 0.15 2,01 —17. 20 8.9740.36T—1.90X1074T2+3,40X 1078 T3
HPA 28. 50 403, 00 —0.52 —7.81 —9. 4340, 61T—4, 43X 107 4T 2+1, 28 X107 T3
NPG 22. 40 46. 30 —0. 90 —6. 62 —15.5340. 67T—4. 81 X107 4T 24+1. 40X 10 7T3
1115 fig 18. 80 101. 00 —4.39 0.81 —19.1341.22T—8.30X 104 T2+1.28X107 T3
STHBRTE 55. 60 51.10 0. 68 —0.18 —17.6740.72T—3. 23X 107 4T242. 60X 108 T3
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Fig. 1 H, versus temperature for different reactions
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Fig. 2 G, versus temperature for different reactions
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Fig. 3 In K , versus temperature for different reactions
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Fig. 4 Equilibrium conversion of IBD (x) versus

temperature at different molar ratios
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