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THE KINETICS OF CO.4L OXIDATION 

M. SWEENEY 

Unkxrtify of the West Zndiec (Trinihd) 

(Rcceivfxi 23 September 1974) 

Seven coals from across Canada were oxidized, and a kinetic analysis made 

from the data obtained. It was established that the equation’, 

-ddPi KS 1 - (B, W)“-50 
-= = K: PiI(B,- Pi)‘-” 

dt (B, -Pi)‘-” 

is a valid rate of sorption of oxygen in the temperature range I IO to 170°C. 

IXI-RODUCTION 

A kinetic equation was developed’ and used to caIculate the rate of oxygen 
sorbed in the oxidation of two coals. 

In order to establish the validity of this kinetic equation, the work was extended 

to the study of the oxidation of representative Canadian coals from across Canada, 

Jones’ applied the kinetic equation to four coals of different rank from across 
Canada with some success. The object of this study is to apply it to the same coals 

which Jones used (but at different temperatures of oxidation), and to extend it to some 

more coaIs from other parts of Canada in order to test the applicability and 

reproducibility. 

Appararus 

Schematic diagrams of the oxidation apparatus and oxidation bulb are shown 
in Figs. 1 and 2. 

Procedure 

Preparation of samples. Samples to be analyzed were prepared from seven 

different ranks of coal from across Canada They were ground to 106 pm particle size, 

and dried in a vacuum oven at 4O’C for 28 h. 
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Description cf apparatus. An accurately known weight of approximately 5 g 
W.EG introduced into the oxidation bulb_ A calibrated 360°C thermometer was placed 
in the bulb and heId in place by a stainless steel mesh and two nichrome wires. Seven 
v of crushed potassium hydroxide pellets were heId in place in the neck of the 
buIb with gIass wool (Fig. 2)_ 

Insulated 
80X 

Oxidation 
l3”iJ 

Fig. I I Otidafiorl~8pparatus. 

Glass 
WOOI 

I 

SampIe 

Fig. 2.Oxidacion buIb. 

The bulb was then placed in an accurately thermostated eIectric oven with its 
neck protruding through one of the two circular holes. Through the other hoIe another 
360°C thermometer was affixed so that the mercury bulb was directly above the one 
in the reaction flask. The neck of the ffask was fastened to a geared shaker eIectric 
motor- This arrangement caused the coaI particles to undergo a ‘tumbIing’ motion 
making available new surfaces for oxygen-coal contact, The mouth of this reaction 
bulb was connected to a mercury manometer, M, (Fig. I). 
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This assembly was connected to the oxygen source-oxygen preheater (thermo- 

statiealIy controlled), manometer, M2, and a vacuum pump. This is a constant volume 

system. 

Stamhrd procedwe. With stopcock, S, , closed, the shaker was started and the 

system evacuated to about 10 mm Hg pressure_ With S2 closed, the rest of the system 

was pumped out for an additional 10 mm; SI was closed and oxygen admitted to the 

oxygen preheater through S, to a pressure of 760 mm. S3 was then closed, S, opened 

and the systems exhausted and refilled with oxygen. S5 was then closed and the 
system from the vacuum pump to S2 was evacuated. S, was opened, the oven was 

turned on to the correct temperature and the system pumped out for 8 h. S1 and S4 
were now closed and the preheater turned on and left on overnight. 

Oxygen at the reaction temperature was admitted to the reaction flask at that 

temperature to a pressure of 760 mm Hg on M 1 _ The time at which Pi = 760 mm was 

recorded as zero time. The pressure was recorded at 5 to 30 min intervals. 

Data 

The data obtained for the oxidation of these samples are similar, and therefore 
a representative table (Table 1) is sufficient to give an idea of how these data were 

noted. Also, due to the length of the run(s) only some readings will be listed. 

Tables 2-8 give additional data on the reactions: the weight of coal used; the 

initial pressure as obtained from graphs (Figs. 310); the weight of oxygen sorbed in 

the process; Kz-60 as caIculated by a method which will be discussed; and &_ 

Throughout these tables the symboi, A, was used to represent Jones’ results; 
and 0 for the author’s 

RESULTS AND DISCUSSlONS 

The kinetic analvsis 
Data obtained’ from successive oxidation of a coal sample showed that ihere 

was a retardation which was proportional to the square root of the amount of oxygen 
consumed_ Assuming that the rate is directly proportional to the oxygen pressure, 

they arrived at the rate eq-uation for a first order reaction for zc g of coa! as: 

--df’i Kt Pi _ 
dt (B,- Pi)o-53 

Where: Pi = oxygen pressure at any time, t 

q = rate constant 

_B, = P,+b, = the calculated “eliective initial pressure?. 

0) 

P,, cannot be measured accurately since a rapid sorfition takes pIace during the short 

time required for the addition of oxygen to the system. b, = the diEerence in pressure 
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required to make the coal sample used, equivalent to a fresh coal which had not 
undergone any appreciable oGdation; i-e-, it is a pressure correction factor. 

TABLE 1 

DATA FOR THE OXIDATIO?G OF 4s9968g OF OLD SYDNEY COLLIERlES AT 150°C 

7-O g of KOH was used as “water gas absorbent”. 

lhre (h) t0_60 
s (mm) 

0.00 O-00 763.5 
O-166 0.34 745.5 
0.333 0.52 734.0 
OiOO 0.66 723.3 
0.666 O-78 714-l 
0.833 0.90 705.3 
1.00 I_00 6983 
l-25 1.14 656.3 
1.50 1.28 674-7 
1.75 1.40 663.4 
200 I-52 6522 
2.50 1.73 629.9 
2.75 l-l?4 619.3 
3.00 1.93 605.1 
3-75 221 577.0 
4.25 2-3s 556-5 
4.75 2.55 5362 
5.25 270 516.0 
5.75 2.86 496.0 
6.25 3-00 476-7 
6.75 3.15 457.5 
7.25 32 S 439.2 
7-75 3-42 4212 
8.25 3.55 405.0 
s-75 3.68 359.4 

TABLE 2 

-RN DOMfNlON KLIMAX LIGNTE 

A If5 4-9991 734 o-533 1 6.3 2.10 
0 120 3.9940 750.8 OS400 10.0 4-57 
A 125 4.9950 700 0.49956 9.8 ( 4.40 
0 130 3-9939 762 0.5336 11.7 5.90 

135 42992 720 0.4973 10.6 5-00 
145 42978 672 0.4590 19.0 13-4 
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TABLE 3 

S. J. D0UCZETl-E 

Symbd Temp. wt. of B, 

(“0 coal (gro7h) 
wt. of K~-‘- x 10’ K, (h- ‘) x IO& 

02 

0 120 4.9968 760 0.5514 5.9 1.89 
A 125 4.999 1 754 0.5339 5.4 1.60 
G 130 4.9970 764 0.5345 8.7 3.59 
4 135 4.9995 760 0.5249 11.3 5.70 
0 140 4.9977 7726 0.5276 13.3 7.35 

145 49996 770 0.5191 16.0 10.0 
I50 4.9973 516 0.5501 25.4 21.7 

TABLE 4 

OLD SYDh’EY COLLIERIES 

Sp?&?l Temp. 
Cc) 

WI. of 
coaI %a& 

WL of 
Ot 

K$-60 x 10i K. (h- I) x lOi 

I25 4.9960 
I30 4.9978 

8 135 140 4.9962 4.9969 
A 145 4.9951 
0 150 4.9968 

155 4994 1 
160 4.9966 

774 0.5621 5.9 1.9 
798 0.5646 7.7 2.9 
776 0.5360 7.8 3.0 
798 0.5509 13.7 5.1 
788 0.5313 11.4 5.7 
826 0.5569 15.8 9.9 
820 0.5399 17.2 II-0 
526 0.5445 20.6 15.0 

TABLE 5 

CARDIFF SMOKELESS LUMP 

Symbol Temp. 

0 

Wt. of BE wt. of G60 x IO” Ks (ii- ‘) x IO’ 
CWI Gmph) 0~ 

125 4.9940 766 0.5424 2.0 3.2 
130 4.994s 782 0.5534 3.3 7.3 
135 4.9914 785 0.5422 3.9 r-.6 
140 4.9914 797 0.5503 5-O 14.0 
145 4.9967 766 0.5164 5.8 19.0 
150 4.9966 824 0.5555 8.2 32.9 
155 4.9962 770 0.5070 8.0 32.6 
160 4.9976 834 0.5493 11.5 68.0 



386 

TABLE 6 

RED DEER VALLEY 

symboz wr- of 
02 

g 110 115 4.9934 4.9950 752 752 0.5609 0.5538 5.8 6.9 2.5 1.8 

0 I20 49920 754 0.5481 8.1 3.2 
0 125 4-9926 758 0.5441 9-4 4.2 

136 4.9896 757 0.5366 10.0 4.9 
135 49896 755 0.5286 MA 8.4 

TABLE 7 

CAIRNEsS SEAM COAL 

Temp. 

(“c) 

G lie 4.9970 774 0.5229 3.0 6.1 
0 160 4.9978 790 0.5213 4.2 II.0 
0 170 4.9975 806 0.5197 6.5 22.0 

TAZXE 8 

SHAUGFZSSY 

Temp- WI- of B, WL Gf x.0-60 x 103 K, (A- ‘) x ZOL 

(*c) coof bw# 0~ 

0 I20 4.9934 7st 0.5466 5.6 1.7 
c Its 4.9950 752 0.5397 6.7 34 
_” 130 4.9920 754 0.5346 7.9 3.1 
s I35 49896 757 OSMO 9.2 4.0 
a 140 4.9896 757 0.5237 10.2 4.7 
3 145 4.9896 755 0.5160 14.1 8.1 

Expressing eq~ (1) on a unit basis with respect to the weight of coal and pressure 
of oxygen, it becomes: 

where: B, = effe@ive initial pressure for 1 g, and is equal to P, +bJ W. 
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ThusPifor lg,B1 -EL-s w w (W&J for any pi - 

From eqn (2): 

1 

(3) 

Fig. 3. P, vs. P- westem vominion Klimax Lignite. 
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On integration, 
and subtracting, 

re-arrangement, expansion of the resulting logarithmic term 

, yields 

as a first approximation. 
It has been shown that the constant of integration, C, is zero or negligibly 

SIIlZlI13_ 

Q f lSO°C 
0 - r40°c 

x - 130°c 
A - 120~~ 

Fig_ 4. Pr ys. lo-* S- J. Douuttc. 
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Consequently, a reIationship is readily obtained for pressures PiI and Pi2 at 
times t, and t,. 

It was also found that the logarithmic term was convergent, and therefore 
eqn (4) reduces to: 

B,-_P, 1-67 

[ 1 B, 
zK:t 

_ B,--Pi 
-- 

Bm 
= [K;fjO-60 

- Pi=[KJt]0-60B,+~, . . 

1 \ - . . . . .%. \ . _ .\. . 
0 I 2 3 4 5 6 7 8 

tO_b 0 

g. 5. Pl vs. lo-60 Old Svdnev Coliieries. 



(5) or Pi = B, [KS]“-60 - to_60 i B, 

A pIot of Pi vs_ to_60 yields a straight line with a slope of 

B,(K,“)“-60 

and intercept on the Pi axis = B, at zero time. 
Let MO and IV, be the initial weights of oxygen and coal, respectively. Then 

0 - 160°C 
x - lSO°C 
A = 140OC 
0 - I3ooC 

0 1 2 3 4 5 6 7 8 
tO_6 O 

Fig. 6. PI vs. r”-- GudifFSrnokeles Lump- 
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Fig. 7_ Pi vs. r”m60 Red Deer ValIey. 

. 

\ \ 

Fig. 8. PI vs. IO-~ Caimcss Scam. 
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The specific reaction rate constants were found from eqn (5) These values which are 
shown in TabIes 2-8 were caIcuIated from eqn (7) The sIopes were obtained from 
Figs. 3-lo_ 

A typical caIcuIation to demonstrate this method is given for ‘OId Sydney 
Collieries’ at 150X The data are shown in TabIe 1 and represented in Fig. 5. 

Slope = 708-600 
= 117 4 mm h-o-60 

l-92-l_OO - 

14sOc 
140°C 
13S°C 

0 

z-cc 
12OOC 

\ 

\ 
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B, = 826 mm 

PV =ZRT=~RT :. &fo=PVM 
RT 

826 556x32 =-- = 0.5569 
760 82.1 x 423 

g 

O.OO- 
OLD MONEY COLLIEalES 

-4m-8 - . r- 
a A 

-6_oo- 

I _ J _ OOUCETTE 

WESlEFti DOCIfNION KlIMX LIGNITE 
_ 

Fig. IO_ Log K vs_ ~/TX IO3 for. Old Sydney Collieries (top); S. J. Doucette (middIe); and W. D. K. 
Lignite (bottom)- 
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The original weight of coal, W, = 4.9968 g 

slope ki, _-_ KZ-60 = --- 
& w, 

= 117-4 x 0.5569 = 1.58 x lo-’ h-o-6o 
826 x 4.9968 

_-_ KS = Cl-58 x 10-‘]‘-6’ = 9.85 x lo+ h-l 

? 

SNAUGi¶NESSY COAL 

-2 

-6. 

RfD DEfR VALLEY 

CAIRNESS SEAJ4 

Fig. 11. Log Rvs. I/TX lo3 for: Shaughnsy (topj; Cardiff Smokeless; Red Deer Valley; 
cairucss Scam (bottom), 

and 
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The energy of activation, AE, was obtained from the plot of the specific reaction 

rate constanf &, against l/T, and applying the usual equation, i.e. AE = - 2.303R 
slope. The results are shown in Figs. 10 and 11 and in TabIe 9. 

TABLE 9 

aE(H mol-I) OBTAINED BY JONES2 AND THE AUTHOR USING iHE K. VALUES 
OF BOTH WORKERS 

The graphs from which the latter were calculated are shown in Figs_ 10 and Il_ me Arrhenius 
equation was used- 

Type of cool /ones Auriiur’s 
(and fones’) 

Western Dominion Klimax Lignite 73.64 74.68 
S. J. Doucette 129.6 130.2 
OId Sydney Collieries 76.57 78.53 
Cardiff Smokeless Lump 100.6 102.5 
Red Deer Valley 8105 
CZairness Seam 103.4 
Shaughnesy Coal 85.10 

Discussion 
Table 9 shows the energ of activation values obtained for the analyses of four 

coals by Jones’, and seven by the author, four of which were those done by the 

previously mentioned worker using the same apparatus and general procedures_ We 

both used the kinetic equation developed by Piercy et al.’ to interpret and calculate 

our results. 

A comparison of these results indicates a consistency. They are of similar 

magnitude, and compare well with those of other workers’** and within the reliable 

allowable limits given by Mayers’ for the oxidation of varying ranks of coal. 

The average X, values were found to be of quite similar magnitude as those of 

Piercy et al.’ and Jones2_ Similar agreement was found for B, values obtained from 

the graphs. 

It is therefore concluded that these results are reproducible, and that the kinetic 
equation as published in ref. 1 is valid for use in such oxidation reactions. This 

equation was applied successfully to varyin, * ranks of coals, and the only factor which 

tends to shed some doubt on its applicability is encountered in the B, values (see 

Figs. 4 and 6) for Cardiff Smokeless and Caimess Seam coals, respectively. 

In all other examples the initial rate of sorption of oxygen is rapid, and the 

initial pressure of oxygen, PO, could not be accurately determined. In the two cases 
mentioned, the initial sorption was relatively slow. The question arises whether B, 

holds for these or whether P, is more suitable_ It is the author’s opinion that, although 

the original sorption is apparently small, a significant amount of oxygen was sorbed. 

Furthermore, since in the case of Cardiff Smokeless Lump two workers at different 
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times and working at different temperatures obtained B, vahres which were quite 

similar, and which w-hen used in further calculations resulted in comparatively close 

KS and AE values, it is su=, -ested that this method is satisfactorily applicab!e here. 

It appears that the process is a pure chemical sorption of oxygen. If the process 

were d.iffusion-controlIed, the ener_eq- requirement wouId certainly have led to a 

smaher ener_gy of activation- 

COSCLUSLON 

The results obtained from this study are extensive enough to establish the 

vahdiry of the ori,oinal equation published in ref. 1. 

The author wishes to express his thanks and appreciation to Dr. A. C. Cuth- 

b&son of Mount Allison University, Sackville, N-B., for his advice; to the Nova 

Scotia Research Foundation for its generous financial assistance; and to the Depart- 

ment of Chemistry, Mount Al&on for the use of their Iaboratory facilities. 

REFEREXCES 

I F_ E- Piercy. D_ W. Murray and A. C. Cuthbcrt~~n, Fuel. 37 (1958) 129. 

2 W_ E. Jones. B-SC. 2’7iesis. Mount Allison Univc&y, 1958. 
3 G. A. Cooke. BSc. 77resis. Mount Allison University, 1957. 
-t W. Francis and R. V. \W~tslcr, J. C-hem. Sue., (1927) 2955. 
5 hi_ A_ hiayers. Chemistry of Coal UtiIizatiop_ Wiley, New York. 1945, Ch. 33. 


