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The Vapor Phase Reaction between Cellulose and Formaldehyde
Catalyzed by Hydrogen Chloride

Kazuya MiNATO
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Table 1. The estimates of m and log K of the rate equation, log x=log K+mlog¢, and correlation
coefficients between log x and log ¢ under various reaction conditions,

RunNo. | Tggp- | fonen B4 Conen B m* log g 7y & h;.-l} ot "
1 50 | 2.927 ‘ 110 0.5000. 119%* —1, 0110, 065*¥] 0.986
2 80 2.60 | 108 0.3470.063 |—0.815+0.032 ' 0.991
3 110 2.62 111 0.424%0.109 |—0.937+0.059 |  0.983
4 0 240 113 0.388-£0.057 |—0.7780.027 0.995
5| 80 | 2.29 101 0.308£0.151 |—0.824+0.072 0.943
6 80 2.18 105 0.30940.046 |—0.959:£0.022 0.994
7 80 1.79 123 0.304+0.085 |—0.950=0. 041 0.980
8 80 1.27 126 0.279+0.130 |—0.99540.062 | 0.948
9 80 i 0.6l 123 | 0.415+0.090 —1.165:0.043 0.988
0 | 80 2.23 80.8 | 0.369+0.054 |—0.996=0.026 0.994
1| 80 2.37 75.5 | 0.336-0.046 |—0.8370.022 0.995
12 80 2.28 59.4 | 0.345+0.057 |—0.985+0.027 0.993
13 80 2.31 53.8 | 0.364+0.073 '—0.92420.035 0.990
14 80 2.3 | 51.9 | 0.319--0.064 |—0.876+0.031 | 0.990
5 | 80 2.15 | 25.9 | 0.41240.030 |—1.0090.015 0.999
6 | 80 2.26 8.98 | 0.495+0.085 |—1.149+0.041 | 0.992
17 80 | 2.0 2.57 | 0.571%£0.172 |—1.488+0.082 | 0.977
18 80 2.32 L84 | 0.471%0.163 |—1.419%0.078 |  0.970
19 80 | 2. 1.06 ()M&H)wsi—lsm+oom 0.980

*m—l/(n+l), % 95% confidence limits
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Fig. 2. The eflect of the reaction temperature on
the relationship between the reaction time
and bound FA.

Temp. :O 50°C [1 80°C A 110°C ¥ 140°C
Concn. of FA: 2.27-2.69 x 104 mole/l
Concn. of HCI : 1.08-1.13 x 1075 mole/1
See the Table I (Runl-4) for details
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Fig. 3. The effect of the FA concentration in vapor
phase on the relationship between the
reaction time and bound FA.

Concn. of FA(10-4 mole/l) :
0 2.29 []2.18 A 1.79

VvV 1.27 @ 0.61 --- 2.69(Run 2)
Concn. of HCI : 1.01-1.26 X 10-5 mole/1
Temp. : 80°C

See the Table I (Run 5-9) for details
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The effect of the HCl concentration in
vapor phase on the relationship between
the reaction time and bound FA.

Concn. of HCI (10-7mole/1) :

O 80.8 [J75.5 A 59.4 W 53.8
®51.9 W29 A 898 V¥ 257

»1.84 [B1.06 ---108 (Run?2)
Concn. of FA: 2.07-2.37 X 10-¢ mole/1
Temp. : 80°C

See the Table I (Run 10-19) for details
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Résumé

The vapor phase reaction between cellulose and formaldehyde catalyzed by hydrogen
chloride was studied. In order to make the reaction system moisture-free, both for-
maldehyde and hydrogen chloride were prepared as methanol solution, and were used
as the sources of reagent vapors. The vapor concentrations of formaldehyde and hydrogen
chloride were 0.61 x 10-4-2.69 x 10-4mole/1 and 1.06 x 10-6-1.26 x 10-+mole/1, respectively.
And the range of reaction temperature was 50-140°C. The relationship between bound
formaldehyde x, and the reaction time f, was expressed as

dx/dt=K’[x"

where K’ and n are constants. The value n represents the measure of resistance against
the diffusion of reagents into the internal surface. With increasing hydrogen chloride
concentration n tends to become large. It was concluded that the lower concentration
of hydrogen chloride would bring less deterioration of the material and higher dimensional
stability due to more homogeneous distribution of crosslinking. The dependence of
n both on the reaction temperature and on the concentration of formaldehyde vapor
were obscure.



