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The kinetics of the dehydroxylation of talc have been measured in the temper- 
ature interval 1100-l I60 K by means of isothermal weight-change determinations. 

The reaction follows first-order kinetics. Over the indicated temperature range the 
enthalpy of activation was found to be 10114 kcal mol-‘, and the entropy of 
activation was found to be l6+4 cal mol- ’ K- ‘. The error estimates correspond to 

one standard deviation. The enthalpy necessary to break the Mg-OH bond was 
estimated from the heat of reaction for MgOH(g) + Mg(g) f OH(g). This turns out 

to be 97 kcal mol- ’ in reasonable agreement with the measured enthalpy of activation. 
These activation parameters are consistent with the mechanism proposed for 

dehydroxylation of talc consisting of Mg-OH bond scission and subsequent migration 
of magnesium. These results contradict a previous report on the kinetics of taIc 
dehydroxylation in which a diffusioncontrolled expression was claimed to represent 
the rate of talc weight loss. It is suggested that the presence of adsorbed water on the 
taIc used in the previous investigation is responsible for the discrepancy. 

IXlRODUCl-ION 

Talc, a hydrated magnesium silicate, is added to gun propelling charges to 
reduce the rate of gun barrel erosion’. The mechanism by which taIc reduces barrel 
wear is still open to question’. Two sets of investigators found a direct correlation 
between the specific heat of metal oxides tested as wear-reducing additives and their 

erosion-reducing capabiIitygV4. This suggests that an analytical model to predict how 
these additives reduce erosion will require terms for the endothermic dehydroxylation 
of talc including the rate ofreaction. 

Talc has a double-layer structure (Fig. 1) with an octahedrally-coordinated 
magnesium Iayer sandwiched between two tetrahedrally coordinated silicon layers’. 
The empirical formula is 3M,gO - 4Si0, - H,O. Grune# and Hendricks7 discovered the 

genera1 structure shown in Fig. 1, and showed the unit cell to be 6Mg, 8Si, 200, and 
40H_ Reyner and Brown’ only recently reported a detailed structure for the talc 

crystal. 
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Fig_ 1. Structure of tsIc_ 

The dehydroxylation of talc takes plats near 1 I20K by the following reaction 

Mgz(SizOXOH)z -P 3MgSi03 + SiO, + H,O (I) 

The three products of reaction are enstatite, an amorphous form of silica, and water. 
The reaction itseif has also been the subject of repeated studiesg-“. These studies, 
however, tried to deduce the mechanism of the reaction by comparing the crystal 
structure of the pr-ducts with talc. Daw and co-workers” claim their results con- 
clusively support the Nakahira-Kato model of dehydroxylation * 3_ They postulate 
that the oxygen ions preserve the quasi-rigid, close-packed structure of talc with 
dehydroxyfation proceeding by cation m&&on. This so-calIed Uinhomogeneous” 
mechanism is similar to a current model for kaolinite dehydroxylation’6. 

Despite the similarity in mechanism, the published kinetic data on talc de- 
hydroxylation’ ’ differs substantially from the more extensiveIy studied kaolinite 
dehydroxylation (reviewed in ref. 18). Kaolinite dehydroxylation follows first-order 
kinetics; Boskovicl’ claims talc dehydroxylates as a diffusion-controlled reaction 
expressed as either equation (2) or (3) 

[I -(I -@‘3]2 = kt, 

I-(2~/3)-(1 -cz)‘!~ = kt, 

where 

(2) 

(3) 

a = weight fraction reacted, 

k = rate coefficient, 

2 = time. 

Boskovic and his co-workers heated 4 to 5 g samples for l/2, 1, 2, and 3 h each at 
temperatures ranging from 665 to 1373 K. The loss in weight was recorded at each 
time and plotted as fraction reacted GXTU.T time as shown in Fig. 2. At either end of 
the temperature scale they recorded only one or two points for a given temperature. 
Their talc sample a&o had physicaliy-absorbed water that was lost near 770 K, but no 
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attempt was made to distinguish the dehydration of this water from the dehydroxyl- 
ation. Instead the fraction reacted is calculated using the sum of the weight lost by 
dehydroxylation and dehydration. It was decided to repeat the kinetics of the de- 
hydroxyiation of talc using a talc sample with no hydroscopic water to resoIve this 
seeming discrepancy between the kinetics and mechanism of talc and kaoiinite 
decomposition. 
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Fig_ 2. Dehydroxylation of talc from ref. 17. 

EXPERIMENTAL. 

Finely-ground “pure-grade” talc from the WiII Scientific Co., Inc. of Baltimore, 
Md. was used without furtker treatment. A commcrcia1 thermogravin‘etric analyzer 
(DuPont lModel 951) ‘CV;IS used in this investigation with a quartz furnace tube and a 
pIatinum sample pan. A11 experiments were carried o& in an atmosphere of ffowing 
argon (zero-grade, Matheson Co., Inc.). 

The taIc obtained from WiII Scientific is free of adsorbed water as shown on the 
thermogravimetric curve in Fig. 3. Full-scale deflections were obtained by electroni- 
cally suppressing 95% of the original sampIe weight_ 

The stoichiometry of the dehydroxylation reaction was determined by com- 
paring the experimenta weight Ioss with that expected from eqn (I). Two talc sampIes 



weighing about 60 mg were heated isothermally at 1220 K until no further weight 10s~ 
was recorded. The talc sample was then cooled and reweighed. The average percent 
weight loss was 4.73 compared to a theoretica weight loss of 4.75%. 

Fig, 3- YL’lermo~~im~ of tic, 10% min- *, argon atmosphere. 

ElECTftOhtAGNETlC 
BALANCE 7 
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The isothermal weight-change measurements were performed in the foIIcwing 
manner which resulted in the talc sample reaching the desired reaction temperature 
in 60 sec. Referring to Fi g. 4, one may notice that the commercial unit used in these 

investi@ions has two parts, the furnace which is fixed and the balance assembly 
which can be moved. For the kinetic runs, the quartz furnace tube was left in the 
furnace in order to keep the furnace tube at the reaction tern_perature. The talc 
samples were IooseIy loaded onto the platinum sample pan with the spatula provided 
with the TG accessory kit and weighed_ The sample thermocouple was adjusted so it 
wou!d be within a few millimeters of the talc sample. After eIectronicaIIy suppressing 
sufficient sample weight to achieve as cIose to fuII-scale display as possibIe, the taIc 
sampIe was moved into the furnace and the furnace tube was reconnected to the 
balance assembly. Both the weight and the sampIe temperature were monitored 
continuousIy with this particular commercial unit. A QpicaI isothermal determination 
is depicted in Fig. 5. 
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Fig. 5. isothermal weight-change determination cf talc at 116OK. argon atmosphere. 

Isothermal weight-change determinates were made in the temperature rar.ge 
1000 to I 160 K. The weight Ioss vs. time appeared t > foIIow first-orcer kiactics. To 
test this quantitatively, the weight of taic at a given time was fittxi to eqn (4): 

W, = W,+(W,- W,)eTLI (4) 

where 

W, = weight of taIc at time t, 
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W, = weight of taIc at time zero, 
W, = &al weight, 
k = rate coeficient, 
t = time_ 

The weight, IV,, is taken at a time after the temperature of the talc sampIe reaches 
steady-state_ A non-Iinear least-squares program from the Los Alamos Scientific 
Laboratories’g was used to see how well the experimenta weight of taIc vs. time 
agreed with eqn (4) Time became the independent variable, the weight of taIc at time I 
was the dependent variable. The remaining three quantities, W,, IV,, and k, were 
parameters to be Iit. The resuits of this caIcuIation for the kinetic run in Fig. 5 are 
Iisted in TabIe I. The data fit the expression for first-order kinetics. The best-fit value 
of the final weight, IV,, was slightly higher than the experimentaI final weight_ This 
was judged to be that the very end of the reaction was not first-order; the estimate of 
the fraction reacted following first-order kinetics was made from the ratio of the 
best-fit to experimental IV,- W, _ Resuits for a!1 of the kinetic runs are given in 
TabIe 2. 

The activation parameters were determined from a linear least-squares fit of the 
III (k/T) vs. (I/T). The enthalpy of activation was found to be 101+4 kcaI mol-r 

TABLE 1 

FIRST-ORDER KINETIC FIT OF TALC DEHYDROXYLATIOS’ 

wr up_ I (min.) IV, cak. W, exp.-?Y, cafe.. 
(imp = (in.) (XW in-j 

5.42 0 
5.29 0.10 
s-17 0.20 

5.33 0.30 
4.93 0.40 
4.80 0.50 
4.59 OS0 
4.38 0.90 
4.18 1.10 
3.99 I30 
3.82 I-50 
3.44 2.00 
3-11 2SO 
283 3.00 
261 3-50 
2.25 4.50 
201 s-SO 
1.82 6.50 
I.70 7-50 
l-53 9.50 
1.40 12-S 

S-43 
5.30 
5.17 
5.w 
4.92 
4.Sl 
4-58 
4.37 
4.17 
3-99 
3-82 
3.44 
3.12 
2.85 
2-62 
’ ‘6 -_ 
200 
Is2 
l-67 
1.52 
1.42 

1 

-1 
0 

-1 
1 

--I 
1 
1 
1 
0 
0 
0 

-1 
-2 
-1 
-1 

1 
0 
3 
1 

-2 

a I IS9 K. argon fiow-rate = 0.1 1 min- x, mass = 27-6 mg. b W, expt = I.25 mg, W’, cak = I.35 mg. 
=x-=0_34min-‘. 
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TABLE 2 

FIRST-ORDER RATE COEFFICIEbTS FOR TALC DEHYDROXYLA-I-ION’ 

mass (mng) k (min- 10) Pcrcenl Jirsr-order 

kineficsb 

1158 31.6 3.85 95 

11.55 27.7 4.03 95 

1159 30.0 3.51 96 

1159 25.6 3-45 96 

1159 27.6 3.35 98 
1157’ 30.8 3.61 96 

115!3= 32-S 3.65 96 

1157= 33.9 3-53 95 
1161= 31.5 3.39 93 

1146 23_ I 0.185 96 

I143 20.5 0.195 93 

II44 21.7 0.225 93 

1120 29.7 O-105 98 

1126 25.2 0.106 9s 

1128 25.3 0.198 9s 

I128 32.5 0.108 96 

1126 34.2 0.105 9s 

III2 23.0 0.0580 96 

1116 23.7 0.0455 9s 

1115 21.6 0.050 I 95 

II00 23.6 0.0390 97 

1101 23.7 0.0304 99 

* Argon flow--rate 0.1 I mix-t- ’ unless otherwise specified. b ( IV0 - If’,) best-fit-j W, - iv,) exp. 
c Argon flow-rate is 0.2 I min- I- 

and the entropy of activation I6+4 cal mol- ’ K- I. The error estimates are for one 
standard deviation as computed by the least-squares progam I’_ 

The high activation enthalpy and the first-order kinetic behavior point to the 
rate-determining step as Mg-OH bond-breaking (retail from Fig. I that all the 
hydroxyls are coordinated onIy to magnesium). To see how the enthalpy of activation 
compares to the enthalpy needed to rupture an Mg-OH bond, the enthalpy of the 
following reaction was computed from data available in the JANSAF Thermo- 

chemical Tables? 

M_gOU(g) --, Mg(&+OH(g) (9 

The heats of formation for MgOH (g)), M&z)), and OH(g) are - 52, 355, and 
95 kcal mol- ‘. This turns out to a heat of reaction of 97 kcal mol- r which compares 
with 101 kcal mol- ’ for the activaticn enthaIpy_ The positive entropy of activation is 
consistent with cation migration to form the transition state. One also sees that the 
high dehydroxyIation temperature for talc vs. kaolinite and other silicates is the 
strength of the magnesium-oxygen bond resulting in a higher enthalpy of activation. 

The discrepancy between these resuits and those of Boskovic et al. i ‘, 
presumabIy arises from the presence of the adsorbed water on their sample_ The 
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removal of the physically adsorbed water would be a diffusioncontrolled process and 
they made no attempt to separate this process from the chemicalIycontroIied 

dehydroxy!ation process- 
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