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Reply to Hatano, Hinson, Vines, and Lunsford's Comments on 
"Blank Reactor Corrections in Studies of Oxidative Dehydrogenation 

of Methane" 

In the contiguous letter to the editors,  
Hatano,  Hinson,  Vines, and Lunsford  (1) 
have taken issue with the conclusions of  
our  recent  work (2). In particular, they 
question our  conclusion that lithium car- 
bonate  on magnesium oxide " seems  to be 
mainly a combust ion catalyst,  which hap- 
pens to produce  a little more than twice the 
amount  of  C2's formed by homogeneous  re- 
actions under  identical conditions . . . .  " 
When we wrote this statement,  we had at 
that t ime found another  l i thium-doped MgO 
catalyst  which, while not as active as 
Li2CO3/MgO, has essentially no combus- 
tion activity. This work has since been pub- 
lished (3) but Hatano et  al. do not mention 
it. In Table 1, we have summarized some of  
the data obtained using a lithium tetra- 
borate (LTB) catalyst.  It will be seen that at 
720°C the 14% LTB catalyst  produced little 
more CO2 than did an empty reactor ,  but 
that the 3% Li2CO3 catalyst essentially pro- 
duced only CO2 and no CO. However ,  as a 
producer  of  C2's, the Li2CO3 catalyst  was 
superior in both yield and selectivity to the 
LTB catalyst.  Nonetheless ,  we feel con- 
strained to point out that the data in Table 1 
show clearly that even the best of  all of  the 
li thium-doped catalysts had no more than 
double the yield and selectivity of  the ho- 
mogeneous reactions occurring in an empty 
reactor.  The predominance of  CO2 in the 
product  gases is shown in the original work 
(4); one of  the runs is conver ted  to the more 
convenient  percentage of  product  composi-  
tion in Table 1. It will be seen that the con- 
version, product  distribution, selectivity, 
and yield for the Li2CO3/MgO catalysts 
studied by the two groups (2, 4) are sub- 
stantially the same. Fur thermore ,  it should 
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be stressed that the catalyst  activity seems 
to be independent  of  the entirely different 
uncatalyzed reactions repor ted by the two 
groups. 

In their discussion of  our  work,  Hatano 
et  al. also consider the oxygen consump- 
tion. They  state, 

Yates and Zlotin reported that the CH4 conver- 
sion at 720°C was 26.8% in the empty reactor and 
39.2% in the reactor containing Li+/MgO. One 
might conclude from these conversion data that 
the catalyst had only a marginal positive effect on 
the reaction. Upon closer inspection of the data, 
however, it is apparent that in the homogeneous 
reaction 65% of the oxygen was converted and in 
the heterogeneous reaction nearly 100% of the ox- 
ygen was converted. Under such oxygen-limiting 
conditions it is impossible to determine the true 
catalytic activity. 

However ,  their argument applies with 
equal force to their own data. In their reac- 
tor,  which presumably has no homoge- 
neous consumption of  02, they obtained 
with a catalyst  essentially the same conver-  
sion. Apparently,  they forgot that under  
identical conditions (see Table 2, this letter) 
their own results with a 7% Li2CO3 catalyst 
showed a 37.5% CH4 conversion.  I f  a 
39.2% conversion corresponds to a 100% 
oxygen consumption,  then clearly a 37.5% 
convers ion corresponds to 95.7% oxygen 
consumption.  As stressed earlier, the prod- 
uct gas composit ions are the same for the 
two Li2CO3 catalysts,  so it is evident  that 
they,  too, are running under  "oxygen-l imit-  
ing condi t ions"  and they also did not "de-  
termine the true catalytic ac t iv i ty ."  

The homogeneous  reactions between 
CH4 and oxygen are then discussed by Ha- 
tano et  al. (I). A long explanation is given 
of  the differences in residence times be- 
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T A B L E  1 

React ions  b e t w e e n  Methane  and O x y g e n  

563 

Temp.  
(oc) 

Reactor  Ref .  CH4 Product  compos i t ion  Se lec t iv i ty  Yie ld  Ra t io  o f  

loading c o n v .  (rnol%) to Cz's  o f  CO2/CO 

(%) (%) C2's in exi t  

C O  CO2 C2H4 C2H6 (%) gases  

720 

720 

N o n e  3 30.9 70.8 17.5 7.8 3.9 21. ! 6.5 0.25 

14% L T B  3 33.7 61.5 21.6 12.3 4.6 28.8 9.7 0.35 

3% Li  c a r b .  .3  37.9 2.4 76.3 14.9 6.3 35.0 13.2 31.8 

N o n e  2 26.8 73.0 16.0 7.1 3.8 19.6 5.3 0.22 

3% Li  ca rb .  2 39.2 2.1 75.7 15.6 6.6 36.5 14.3 36.0 

7% Li  ca rb .  4 37.5 2.0 67.7 20.4 9.9 46.5 17.4 33.8 

Note. Other details can  be found in T a b l e  3A in Ref .  (2),  T a b l e  3 in Ref .  (3), an d  T a b l e  I I  in Ref .  (4). Feed rates 
and cata lyst  weights  w e r e  the s a m e  as those  in Refs .  (2-4). 

tween our reactor and theirs used earlier 
(4), ours being 20 s and theirs 5 s. N o  expla- 
nation was given (1), however ,  of  how this 
residence time was determined from their 
original reactor data (4). We note that they 
have still not reported data using a replica 
of  the original reactor (4), as instead of  us- 
ing a 12-cm reactor, they now use one 7-cm 
long (Ref. (1), Fig. 1, reactor B). It will be 
seen from the figure that this reactor had a 

temperature gradient of  116°C over the 
lower 5.2 cm of  the reactor. Under such 
circumstances,  it seems to us that not even 
an approximate residence time can be cal- 
culated. Furthermore, the temperature pro- 
file is undef ined- -was  it obtained under 
static conditions or with the feed flowing? 
Was the reactor empty, or did it contain 
silica wool  or chips? We do not propose to 
discuss in any detail such vague data ob- 

T A B L E  2 

Ref. ~) Ref. (2) 

Table 2 Text Table 3A Text 

Run 4 Run 8 

Ref. (6) 

Table 2 

Reactor material FS a FS FS 
Reactor diameter (cm) 2.3 o.d. 2.3 o.d. 2.3 o.d. 
Reactor length (cm) 12 12 12 
Reactor heated length (cm) 7 7 7 
Reactor loading FSC b FSC FSC 

3% Li/MgO 7% Li/MgO 
Temperature (°C) 720 720 720 
He flow (cm3/min) 19.7 28.0 
CH4 flow (cm3/min) 19.9 14.3 - -  
Oz flow (cm3/min) 10.3 7.7 - -  
CH,/O2 ratio 1.93 1.86 - -  
Dilution ratiof 0.60 0.44 - -  
CH4 conversion (%) 38.2 37.5 0.2 
C2's selectivity 43.0 46.5 - -  

FS FS FS 
2.4 i.d. 2.4 i.d. 2.4 i.d. 
24 24 24 
12 12 12 
FSW c Empty FSW 
3% Li/MgO 
720 720 720 
28.2 28.2 28.2 
14.0 14.0 14.0 
7.8 7.8 7.8 
1.8 1.8 1.8 
0.44 0.44 0.44 
39.2 26.8 26.8 
36.5 19.6 19.6 

FS FS FS 
0.95 i.d. 0.95 i.d. 0.95 i.d. 
45 45 45 
15 15 15 
Empty FSW FSC d 

800 800 800 
12.5 12.5 8.25 
25.0 25.0 16.5 
12.5 12.5 8.25 
2.0 2.0 2.0 
0.75 0.75 0.75 
30.7 33.8 30.5 
19.8 20.9 22.3 

a FS fused silica. 
b FSC fused silica chips. 
c FSW fused silica wool. 
a Bed porosity 0.68, Ref. (6). 
e Data not given in Ref. (4). 
f Flow (CH4 + O2)/total flow. 
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tained with reactor B. In addition, no pre- 
cise information was given on the feed com- 
position or flow rates. Obviously, we have 
the same reservations about the data ob- 
tained in reactor A. The results shown us- 
ing this reactor in Fig. 2 are undefined, as 
for example, no temperature profile or feed 
rates are disclosed. 

In general, residence time is not an exact 
parameter to use in heterogeneous cataly- 
sis. The IUPAC manual on catalysis states 
clearly (5) that "Contact time and resi- 
dence time are terms which may be mis- 
leading for flow systems in heterogeneous 
catalysis and should be avoided." It is of 
interest that other workers in the field of 
partial methane oxidation have followed 
this approach. They state, "The volume of 
the reactor in which the gas-phase reactions 
take place is not known; thus instead of us- 
ing residence time, the results are reported 
in terms of inverse volumetric feed flow 
rate" (6). We agree entirely with the au- 
thors of Refs. (5) and (6), and consider that 
"residence time" is a parameter that 
should not be employed in scientific discus- 
sions of heterogeneous catalysis. Still less 
can it be meaningfully invoked when one is 
studying reaction systems which are simul- 
taneously homogeneous and heterogeneous 
in nature. 

Perhaps we should mention here that 
when we began the work reported in our 
first paper (2) it was our intent to reproduce 
the earlier work on the Li~CO3/MgO cata- 
lyst (4). To this end, we endeavored, as 
well as possible from the sparse experimen- 
tal description given, to build a reactor as 
close as possible to that used in the original 
work (4, 7). As good practice demands, we 
spent time studying the system without the 
catalyst. This led to the divergence be- 
tween the two groups. We found (Table 2, 
this letter), using one of their reported 
conditions (Ref. (4), Table 2, Run 8), es- 
sentially the same conversion as they did 
when using LizCO3/MgO catalyst (39.2 vs 
37.5%). We found, however, 28.6% conver- 
sion in our empty reactor, rather than the 

0.2% they reported. After our paper ap- 
peared in print, Lane and Wolf (6) pub- 
lished a paper which essentially confirmed 
our work. Not only did they find 30% con- 
version in an empty reactor, but they also 
found that this reaction was essentially un- 
affected by the presence or absence of 
fused silica chips or fused silica wool. 
Hence, if we may stress the obvious, we 
have a situation where two independent 
groups of workers (2, 6) using similar over- 
all reactor geometry, find evidence of very 
significant homogeneous reactions between 
CH4 and oxygen, using He as diluent. On 
the other hand, another group of workers 
(l), using very similar feeds, diluents, and 
temperatures, find no homogeneous reac- 
tions in a reactor filled with silica chips. 

We would like to draw attention here to 
Table 1 in Ref. (6), where a summary of 
literature conditions is given for experi- 
ments in the cofeeding of CH4 and O2. Pe- 
rusal of this table shows that of 21 entries, 
no less than 11 contained missing data on 
such critical topics as reactor material and 
size. In one case, even the amount of cata- 
lyst was not given. Obviously a large 
amount of ill-defined work has been pub- 
lished in this area of catalysis. In their in- 
troduction, Lane and Wolf (6) state, "Due 
to the similarity of results obtained in our 
preliminary work with and without cata- 
lysts, it was deemed important to systemat- 
ically study the degree of oxidative cou- 
pling of methane that can occur in the 
absence of catalysts." This they proceeded 
to do. Despite this systematic study, we 
note that in their letter Hatano et al. barely 
mention Lane and Wolf's work. Clearly, 
the results of Ref. (6), as far as empty reac- 
tors are concerned, are entirely opposite to 
those reported in Ref. (1). 

At the end of their note (1), Hatano et al. 
state that "several other groups have stud- 
ied this s y s t e m . . ,  and have reported that 
the catalyst is indeed active and reasonably 
selective for the formation of ethane and 
ethylene," and that " In  all these studies it 
was implied or concluded that the homoge- 
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neous reaction was negligible" (emphasis 
added). We have read such of these refer- 
ences as are available to us and note that in 
all the cases where the work is published as 
letters (8-I0), the authors did not conclude 
that the homogeneous reactions were negli- 
g ib l e - they  just do not mention them. In 
the one full paper referred to (11), it should 
be stressed that the catalyst used was dif- 
ferent (LiOH and MgO) and that the feed 
consisted of the mixture of CH4/OJHe and 
CO2. In discussing their blank experiments, 
these authors state that "Blank reactor 
tests showed negligible conversions of 
CH4, C2H6, o r  C2H4 occurred in the pres- 
ence of oxygen at 720°C. ' '  The amount of 
CO2 used in these blank experiments is not 
given (11). The only way we can under- 
stand the lack of reactivity of C2H4 at these 
high temperatures is by a strongly suppres- 
sive effect of CO2 which is presumably 
added to the feed during the blank reactor 
studies. 

We conclude that only in three studies (1, 
2, 6) has the question of blank reactor cor- 
rections in methane oxidation been dis- 
cussed or even measured in any detail. One 
group, using short reactors with steep tem- 
perature gradients, finds suppression of ho- 
mogeneous reactions by the addition of 
fused silica chips to the reactors. Two other 
independent groups of workers (2, 6) find 
essentially that the homogeneous oxidation 
of methane is the same in the empty reactor 
as in one filled with silica chips or silica 
wool. Clearly, more experimental work un- 

der very carefully controlled conditions is 
needed to resolve these differences. 
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