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Sometimes, a catalyst surface is covered by the reactant and the reaction rate 
appears to be of the zeroth-order with respect to the gas-phase concentration. A 
theoretical analysis of the pulse reaction kinetics of such a reaction has been made 
on the basis of a hypothetical isotherm consisting of two straight lines. The con- 
version in the pulse technique is always larger than that in the flow technique. The 
deviation from the flow technique decreases with a decrease in the catalyst volume, 
and the conversion becomes identical to that in the flow technique at a sufficiently 
small catalyst volume. The effect of the reciprocal flow rate is different from that 
of the catalyst volume, that is, the conversion at a sufficiently large flow rate is 
entirely different from that in the flow technique. The conversion significantly de- 
pends on the pulse width. It increases with a decrease in the pulse width, and 
becomes identical to that in the first-order reaction at a sufficiently small pulse 
width. It is noteworthy that the conversion is essentially independent of the initial 
concentration at a sufficiently small pulse width, because, sometimes, the conversion 
independent of the pulse size is regarded as an evidence of the first-order reaction. 

Adsorption characteristics play a great 
role in the pulse reaction, as can be seen 
from its similarity to the gas chromato- 
graphic column. The Landmuir isotherm is 
the most famous and the most frequently 
used in the kinetic interpretations of the 
het,erogeneous catalytic reaction. In the 
Langmuir-Hinshelwood mechanism, al- 
though the order of the reaction rate is 
unity in the concentration on the catalyst 
surface, it is generally less than unity in 
the gas-phase concentration. When the ad- 
sorption equilibrium constant is sufficiently 
large, the overall reaction rate appears to 
be the zeroth-order in the gas-phase con- 
centration, because the catalyst surface is 
fully covered by the reactant even at a 
significantly low partial pressure. In such 
a reaction, a distinct difference can be ex- 
pected between the results obtained with 
the pulse technique and those with the 

flow technique. However, the quantitative 
relationship between the two techniques 
have not been clarified. Some workers 
have made theoretical analyses of the n-th 
order reaction and have applied the results 
to the zeroth-order reaction (1, 2). Their 
results, however, cannot be applied to all 
cases, because they assumed the Henry 
isotherm in spite of the zeroth-order reac- 
tion. The Henry isotherm is valid only 
when the surface coverage is low enough, 
while the zeroth-order kinetics may be 
valid in the opposite case. 

Bett and Hall (5) made a comparison 
between the pulse and the flow techniques 
for the dehydration of 2-butanol over hy- 
droxyapatite catalysts. The reaction order 
was revealed by the flow technique to be 
zero in 2-butanol, but the reaction seems 
to be a different type of the zeroth-order 
reaction from that treated in the present 
paper. In the lat,ter, it was assumed that 
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the adsorption equilibrium is established 
between the adsorbed species and the gas- 
phase molecules, while their results indicate 
that the surface adsorbed species may not 
be in equilibrium with the gas-phase mole- 
cules. Such a reaction will be treated in a 
later paper in this series. 

The authors made theoretical analyses 
of the pulse reaction kinetics with the 
Henry isotherm (4) and with the Lang- 
muir isotherm of not too large adsorption 
equilibrium constant (5). It is possible to 
analyze the pulse reaction kinetics with 
the Langmuir isotherm of much larger ad- 
sorption equilibrium constant by a similar 
method with the aid of an electronic com- 
puter. However, the results may include 
considerable error due to the replacement 
of derivatives with the simplest difference 
representation, and the error appears to 
increase with increasing adsorption equi- 
librium constant. 

In the present paper, a theoretical anal- 
ysis is made on the pulse reaction kinetics 
with the Langmuir isotherm of much 
greater adsorption equilibrium constant on 
the basis of several assumptions. 
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NOMENCLATURE 

Concentration of reactant in 
gas phase (mol/cm3 of bed) 
Critical concentration defined 
by Fig. 1 (mol/cm3 of bed) 
Concentration of inlet pulse 
(mol/cm3 of bed) 
Flow rate of carrier gas (cm3/ 
see) 
Reaction rate constant (1 /set) 
Adsorption equilibrium con- 
stant 
Length of catalyst bed (cm) 
Amount of A and B pulse (mol) 
Concentration of adsorbed re- 
actant (mol/cm3 of bed) 
Concentration of adsorbed re- 
actant at full coverage (mol/ 
cm3 of bed) 
Time since pulse is introduced 
(se4 
Pulse width of inlet pulse (set) 
Width of disappeared part of 
A pulse (set) 

Time when the front, the 
boundary, and the end of pulse 
arrive at 2 (set) 
Moving velocity of carrier gas 
(cm/set) 
Moving velocity of the front 
of the pulse (cm/set) 
Volume of catalyst (cm”) 
Conversion 
Distance from the inlet (cm) 
co/c, 
z/u (set) 
Pulse size; FC& (mol) 

THEORETICAL ANALYSIS 

Basic Equation 

An analysis was made on the basis of 
the following assumptions: The first is 
that the substance in the gas phase moves 
as a plug flow of the linear velocity of u 
together with the carrier gas. The second 
is that the influence of the mass transfer 
onto the catalyst surface is negligible. The 
last assumption is that of a hypothetical 
isotherm. The concentration on the cat- 
alyst surface increases with the partial 
pressure, but in such a case as the lang- 
muir isotherm, the surface is completely 
covered at a high pressure and the concen- 
tration on the surface does not increase 
anymore. By dividing the Langmuir iso- 
therm into the increasing region and the 
saturated region, and by replacing each of 
them by a straight line, one gets the hypo- 
thetical isotherm shown in Fig. 1. The 
concentration on the surface linearly 
increases with the concentration in the gas- 

CONCENTRATION IN GAS PliASE 

FIG. 1. Hypothetical isotherm. 
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phase, till the surface is completely COV- 

ered. And it takes constant value independ- 
ently of the gas-phase concentration at a 
larger concentration than the critical con- 
centration. This assumption may result in 
some error, however, the tendency of the 
results may remain unchanged and the error 
may become small when the adsorption 
equilibrium constant is large enough. 

The basic equation expressing the mass 
balance is given as follows: 

$J+g= -ugLkq, (1) 
P = % when c 2 c,, (2) 
q = KC when c < c,. (3) 

The initial condition is given as follows, 
because no substances are present before 
the introduction of the pulse. 

c=q=o when t = 0. (4) 

When the reactant pulse is a rectangular 
one with the concentration of C, and the 
width of to, the boundary condition is 
given as follows: 

c = co when 0 I t I to, (5) 
and C = 0 when t > to. (6) 

Chromatogram without Reaction 

First of all, an analysis was made on 
the chromatographic column where no 
chemical reactions take place, that is, k = 
0 in Eq. (1). According to the isotherm 
in Fig. 1, after the front of the pulse 
passes, the surface is completely covered, 
or, in other words, Eq. (2) holds. By sub- 
stituting Eq. (2) into Eq. (1)) the follow- 
ing equation is obtained, because aq/at = 0: 

dC C3C 
at= -u Z’ (7) 

Equation (7) indicates that the pulse 
moves through the column with the mov- 
ing velocity of u, and that the shape of 
the pulse does not change except at both 
ends of the pulse. After the main pulse 
termed “A” in Fig. 2 passes through, the 
adsorbed molecules desorb to form the 
tailing part termed “B.” In the tailing 
part, Eq. (3) holds, and therefore the con- 

T I 11 E 

FIG. 2. Chromatogram without reaction. (--) 
The inlet pulse. fi = 3, to/K0 = 0.25. 

centration in the gas-phase is C, which is 
in equilibrium with q8. Equation (1) is 
reduced to the following equation by sub- 
stituting Eq. (3) into Eq. (1) : 

XT U dC -= 
lx l+K%’ @) 

This equation also indicates that the shape 
of the pulse does not change, but the mov- 
ing velocity is u/( 1 + K) and is less than 
that of the A pulse. Therefore the A pulse 
goes away from the B pulse which arises 
near the top of the catalyst bed, and in a 
space between them a new B pulse arises 
from the A pulse. In such a way, the width 
of the B pulse increases with the passage 
through the column, as shown in Fig. 2. 
The moving velocity of the boundary be- 
tween the A pulse and the B pulse is 
identical to u. Therefore the time when 
the boundary reaches the position at dis- 
tance z from the inlet is given as follows: 

tcl=to+e (9) 
The end of the pulse moves with the ve- 
locity of u/(1 + K), therefore the time 
when the end reaches z is: 
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t, = to + (1 + K)L% 00) 
The movement of the front of the pulse 

is considerably complicated. According to 
the above-mentioned isotherm, the mole- 
cules which come in contact with the fresh 
surface are all adsorbed. Therefore, the 
molecules at the front of the pulse are all 
adsorbed, or, in other words, the width of 
the A pulse decreases with the passage 
through the column, as shown in Fig. 2. 
By defining dtd as an increment of the 
width of the disappeared part necessary to 
cover the catalyst surface in an increment 
of the catalyst bed length, dz, the follow- 
ing equation is obtained: 

qsdz = uCdtd. (11) 

The left side represents the amount of the 
adsorbed reactant and the right side rep- 
resents the amount of the disappeared part 
of the pulse. The width of the disappeared 
part, ta, is obtained by integrating Eq. 
(11). 

tn = g 8. (1% 
0 

This equation indicates that the width of 
the disappeared part increases with the 
passage through the column, or with an 
increase in x, as shown in Fig. 2. If the dis- 
appeared part is negligible, the front of 
the pulse reaches z at the time identical to 
the contact time, 0. Therefore in the pres- 
ent case, the front of the pulse reaches z 
at td after 8. Then the time when the front 
of the pulse reaches z is given as follows: 

In other words, the moving velo:ity of the 
front, uf, is: 

dz 
uf =q= 1+;,,c,j (14) 

Equation (14) can be obtained also in the 
following way. The moving velocity of the 
molecules in the column is represented by 
the following equation (6) : 

ui = 1 + &,dC)’ (15) 

and at the discontinuity of the concentra- 
tion, the differentiation can be represented 
as follows (6) : 

(16) 

where subscripts + and - denote just be- 
fore and just after the discontinuity. Just 
before the front of the pulse, the concen- 
trations in the gas phase, C,, and on the 
surface, q+, are zero, and just after that, 
the concentrations, C- and q-, are Co and 
q8, respectively. By substituting these re- 
lations into Eqs. (15) and (16)) Eq. (14) 
can be obtained. The moving velocity of 
the boundary and the end can be derived 
also from Eqs. (15) and (16)) and the 
results completely agree with those men- 
tioned above. 

Figure 2 shows the chromatogram at 
various position in the column obtained 
from Eqs. (9), (lo), and (13). The width 
of the B pulse increases with the passage 
through the column, as mentioned above. 
On the other hand, the width of the A 
pulse decreases, because the moving veloc- 
ity of the front given by Eq. (14) is less 
than that of the boundary, u. And, there- 
fore, the A pulse disappears when tf = tb. 
After that, only the B pulse remains in 
the column, and it moves without any 
deformation of the shape of the pulse. 

Derivation of Conversion 

In the chromatographic reactor where 
the zeroth-order reaction takes place, the 
movement of the pulse is almost identical 
to that mentioned above except for the 
concentration change due to the reaction, 
as shown in Fig. 3. ta and t,, i.e., the time 
when the boundary and the end of the 
pulse reaches the position at distance z 
from the inlet of the catalyst bed, are the 
same as those given by Eqs. (9) and (10). 
On the other hand, tf is different from that 
given by Eq. (13)) because it depends on 
the concentration in the gas phase, as can 
be seen from Eq. (11). 

The equation expressing the mass bal- 
ance in the A pulse is obtained by sub- 
stituting Eq. (2) into Eq. (1) : 
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ac ac - = -u.- 
at az - k.q,. (17) 

The solution of Eq. (17) indicates that the 
concentration decreases according to the 
same rate expression as in the flow tech- 
nique. 

c = co - kq,e. (18) 

In the pulse technique, Eq. (18) holds in 
the A pulse, that is, when tf 5 t 5 tb. By 
substituting Eq. (18) into Eq. (11)) and 
by integrating the equation thus obtained, 
the equation for t, can be obtained. 

1 1 
tf = e + x In 1 - &Kelp)’ (19) 

The total amount of the A pulse passing 
through z, MA, is obtained by integrating 
the product of the concentration and the 
flow rate from tf to tb. 

the B pulse arises from the A pulse. Now 
we consider the B pulse which arises at zl. 
The time, t,, when the B pulse reaches z is 
given as follows, because the boundary 
passes through z1 at to + (x,/u) and it takes 
(Z - 2,) (1 + K)/u for the B pulse to 
move from z1 to 2. 

t1 = to + x1 + (1 + K)(z - zJ. 
u U 

(21) 

The concentration of the B pulse at z1 is 
C,, and it decreases with the passage 
through the catalyst bed according to the 
first order kinetics, as can be seen from 
Eqs. (1) and (3). Therefore the concen- 
tration at 2 is given as follows: 

C=C,exp 

By substituting Eq. (21) into Eq. (22), 
and by integrating it from tb to t,, one gets 
the total amount of the B pulse, M,. 

x 
1 1 te 

l - /G In 1 - @Kelp) . (20) 
MB = 

.I 
FCdtl = F % (1 - e-k”o). (23) 

tb 

Just after the A pulse passes through, The conversion is given as follows, because 
the total amount of the reactant passing 
through z is given by Eqs. (20) and (23), 
and because the amount of the inlet pulse 

T I Pl E 

FIG. 3. Chromatogram with reaction. (- -1 The 
inlet pulse. p = 3, to/K6 = 0.25, kKe = 2. 

1 
x In 1 - (kKe/p) 

- J (1 - eckKo) 
p I 

. (24) 

It is noteworthy that this equation holds 
only when the A pulse still remains. The 
A pulse, where the reaction proceeds ac- 
cording to the zeroth-order reaction ki- 
netics, disappears for two reasons: the dis- 
appearance of the pulse width because 
tf = tb, and the lowering concentration to 
less than C,. Therefore Eq. (24) holds 
when tf < tb and C > C,, or, in other 
words, when kKe < p( 1 - eekto) and iiK0 
<P--l. 

As mentioned above, the moving ve- 
locity of the boundary between the A 
pulse and the B pulse is larger than that 
of the front of the pulse. Therefore, the 
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width of the A pulse decreases as it passes 
through the catalyst bed, as can be seen 
from Fig. 3. If the catalyst bed is long 
enough, the width of the A pulse becomes 
zero somewhere. Terming that position zz, 
one gets the following relation from Eqs. 
(9) and (19) because tf = tb. 

IcK: = /3(1 - e&lo). (25) 

The total amount of the B pulse passing 
through z2 is obtained by substituting Eq. 
(25) into Eq. (23). After zZ, the concen- 
tration of the B pulse decreases according 
to the first-order kinetics. Therefore the 
conversion is given as follows: 

X = 1 - ‘z [exp(P(l - e@“)) - 11. 

W> 

This equation holds only when tb < tf and 
C, - kq,z,/u > C,, or when kK6’ > /3( 1 
- e-kto) and In /3 > kto. 

With a decrease in the concentration, 
the reaction rate turns into the first-order 
one; this change corresponds to the transi- 
tion of the isotherm in Fig. 1 from the 
saturated region to the proportional re- 
gion. At that turning point, termed z3, the 
following relations are given. From Eq. 
WV, 

lcK:=B-1. (27) 

As the concentration of the A pulse at z3 
is equal to C,, the amount of the A pulse 
is given as follows: 

1 P 
1 - jg In p _ kK(zo,u) 1 . 

(28) 

the B pulse is obtained The amount of 
from Eq. (23) : 

MB=F$ [I - exp(--KzJu)]. (29) 

After passing through z3, the concentra- 
tion of the A pulse and the B pulse de- 
creases according to the first order kinetics. 
Therefore the conversion is given as fol- 
lows : 

X(l+kb-lnp-e’-8). (30) 

This equation holds only when Co - kq,O 
< C, and tb > tf at x3, or when hZ0 > p 
- 1 and In ,8 < kt,. Equation (30), how- 
ever, is quite specious. Because, as 
mentioned above the present case cor- 
responds to the transition from the satu- 
rated region to the proportional region in 
the hypothetical isotherm shown in Fig. 1, 
and it means that the initial concentration 
is only slightly larger than the critical 
concentration, C,. Under such a condition, 
the hypothetical isotherm should not be 
used. 

RESULTS AND DISCUSSION 

Conversion us Contact Time 

Figure 4 shows the relation of the con- 
version to the contact time. In Fig. 4, the 
upper broken line represents the relation 
in the first-order reaction, and the lower 
one gives that in the zeroth-order reaction 
in the flow technique. The conversion in 
the pulse technique lies between the two 
broken lines. The conversion obtained with 
the large pulse width is close to that in the 

RELATIVE CONTACT TIME (kK@ 

FIG. 4. Relation of the conversion to the con- 
tact time, when the contact time is varied by 
the catalyst volume. /3 = 10. 
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flow technique, and it increases with a 
decrease in the pulse width, but it can not 
exceed that of the first-order reaction by 
the upper broken line. Detailed examina- 
tion of the figure indicates that the differ- 
ence from the flow technique is small even 
at a sufficiently small pulse width when 
the contact time is sufficiently small. The 
difference in the results between the pulse 
and the flow techniques is caused by the 
following factors (4) : the chromatographic 
separation between the components, the 
lowering of the concentration due to the 
broadening of the pulse, and the difference 
in the initial concentration. The last fac- 
tor can be corrected easily (2, 4), while 
the first and the second factors cannot be 
corrected easily. In the present case, the 
difference between the techniques is caused 
by the second factor. As mentioned above, 
the molecules at. the front of the A pulse 
are all adsorbed. And after the A pulse 
passes through, the adsorbed molecules 
desorb to form the B pulse. The width of 
the B pulse is larger than that of t#he dis- 
appeared part of the A pulse. Therefore, 
the average concentrat’ion in the whole 
pulse is lower than that in the flow tech- 
nique; this, roughly speaking, results in 
the larger conversion than that in the flow 
technique. It follows that the difference 
between the two techniques increases with 
the amount of the adsorbed molecules, or, 
in other words, with the adsorption ca- 
pacity of the catalyst. If the amount of 
the catalyst is small enough, the difference 
between the techniques can be expected to 
be negligible. 

In order to confirm the above expecta- 
tion, the conversion at a sufficiently small 
contact time has been derived using the 
Taylor series : 

This equation is exactly the same as that 
for the steady state flow technique. It fol- 
lows that the reaction rate can be mea- 
sured by the pulse technique, if only the 
amount of the catalyst is small enough. 

One should note that the above-men- 
tioned discussion holds when the initial 
concentration and the pulse width are 
independent of the contact time. The con- 
tact time can be varied not only by the 
catalyst volume but also by the flow rate 
of the carrier gas. In the latter, the initial 
concentration and the pulse width must 
depend on the flow rate, but in the former 
they are independent of the catalyst vol- 
ume. It follows that the above-mentioned 
discussion is applicable when the contact 
time is varied by the catalyst volume at a 
constant flow rate of the carrier gas. 

The general relation of the conversion 
to the flow rate can hardly be obtained, 
because the effect of the flow rate on the 
initial concentration and the pulse width 
is not obvious. However, the relation can 
be obtained in the following case: the con- 
tact time is varied by the flow rate at a 
constant catalyst volume, and the reactant 
pulse is introduced into the carrier gas 
stream by the aid of a six-port valve. The 
reactant pulse in the sampling part of the 
six-port valve may be considered to be 
transported to the reactor without mixing 
with the carrier gas. Therefore the initial 
concentration at the inlet of t.he catalyst 
bed is identical to that in the sampling 
part, and so it can be regarded as con- 
st.ant. On the other hand, the pulse width 
can be regarded as in inverse proportion to 
the flow rate. Taking these relations into 
consideration, the relation of the conver- 
sion to the flow rate can be obtained from 
Eq. (24). 

dX 
x=xn+s s 1’ ( > (31) x = ~+&~[(1-~) 

where the subscript 0 denotes that 0 = 0. 
By substituting Eq. (24) into Eq. (31), 
one gets the equation for the conversion 
at a sufficiently small contact time. 

1 
x In 1 - (me/p) 

- 1 (1 - edkKo) 
p 1 , (33) 

x = rcKe 
P * (32) 

where V is the volume of the cataiyst bed, 
and the 0 is the pulse size and is equal to 
FC,t,. Equation (33) holds only in the fol- 
lowing case. 
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L>&n 
1 

q8v kK8 1 - @Kelp)’ (34) 

In the case where the inequality does not 
hold, i.e., where the A pulse disappears, 
the following equation holds. 

X=l-e~~[exp(p[l-exp 

x (- F$)J} - 11. (35) 

Figure 5 represents the relation of the 
conversion to the contact time when the 
contact time is varied by the flow rate of 
the carrier gas and the pulse is introduced 
by the aid of the six-port valve. The rela- 
tion is very similar to that in Fig. 4. The 
conversion lies between that in the first- 
order reaction and that in the flow tech- 
nique, and it increases with a decrease in 
the pulse size. However, the relation at a 
sufficiently small contact time is quite 
different from that in Fig. 4. The differ- 
ence from the flow technique is significant, 
and the conversion at a sufficiently small 
pulse size is close to that in the first-order 
reaction, even when the contact time is 
sufficiently small. The equation for the 
conversion at a sufficiently small contact 

IN FLOW TECHNIQUE 

RELATIVE COIITACT TII:E (kK'9) 

FIG. 5. Relation of the conversion to the con- 
tact time, when the contact time is varied by the 
flow rate of the carrier gas. j3 = 10. 

time can be obtained by substituting Eq. 
(33) into Eq. (31). 

(36) 

And the equation for the small pulse size 
is obtained from Eq. (35). 

X=kKO (37) 

As can be seen from Eqs. (36) and (37), 
the conversion is quite different from that 
in the flow technique. As mentioned above, 
the difference from the flow technique in- 
creases with the adsorption capacity of the 
catalyst bed. The adsorption capacity in 
the present case is finite even at a suffi- 
ciently small contact time, because the 
contact time is reduced by increasing the 
flow rate at a finite catalyst volume. 
Therefore the difference can not be re- 
duced by decreasing the contact time in 
the present case. 

After all, it is necessary to reduce the 
catalyst volume in order to obtain the 
same conversion as that in the flow tech- 
nique. 

Effect of Initial Concentration 

Figure 6 shows the relation of the in- 
tegrated reaction rate or, in other words, 
the amount of the converted reactant, PX, 
to the initial concentration, ,8. The lower 
broken line again represents the relation 
in the flow technique. The qualitative rela- 
tion in the pulse technique is similar to 
that in the flow technique, but the quan- 
titative relation in the two techniques is 
essentially different from one another. The 
integrated reaction rate increases with the 
initial concentration, and then it becomes 
constant. This tendency is quite similar to 
that of the flow technique, but the value 
of the reaction rate is entirely different 
from that of the flow technique. It follows 
that although the relation obtained with 
the pulse technique may coincide with a 
usual rate law, such as the linear relation 
of l/r to l/p for the Langmuir-Hinshel- 
wood mechanism, the calculated value of 
the rate parameter may be entirely differ- 
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FIG. 6. Effect of the initial concentration on 
the reaction rate. kKe = 1. 

ent from the true value. Blanton, Byers, 
and Merill (7) attempted to measure the 
rate parameters of the nonlinear reactions 
by the pulse technique. They avoided the 
above-mentioned problem by using sig- 
nificantly long pulse. As can be seen from 
Fig. 6, with an increase in the pulse width 
the results of the pulse technique get nearer 
to that in the flow technique, which sug- 
gests that their attempt is correct in prin- 
ciple. Generally speaking, it is necessary 
to confirm whether a much longer pulse 
affects the reaction rate or not. 

Efiect of Pulse Width 

In most of the reactions studied in the 
present series, the effect of the pulse width 
is quite large. When the pulse width is 
large enough, the result obtained with the 
pulse technique is close to that obtained 
with the flow technique. With a decrease 
in the pulse width, it gets nearer to that 
in an extreme case. The extreme case in 
some reversible reactions is the irreversible 
reaction (4)) and it in the reaction with 
the Langmuir isotherm is the first-order 
reaction (5). As can be seen from Figs. 4 
and 6, the extreme case in the present case 

also is the first-order reaction. It is note- 
worthy that the result with a smaller pulse 
width is similar to that in the first-order 
reaction. Sometimes it has been regarded 
as an evidence of the first-order reaction 
that the conversion is independent of the 
pulse size. Figure 6 shows, however, that 
the conversion even in the zeroth-order 
reaction sometimes does not depend on the 
initial concentration. Such a result is 
caused by the disappearance of the A 
pulse at the top of the catalyst bed. The 
A pulse disappears when TV = tc,, or when 
C 5 C,?, as mentioned above. Although the 
latter is quite specious, the former is pecu- 
liar to the pulse technique and indicates 
a typical difference between the pulse and 
the flow techniques. The width of the A 
pulse decreases as it passes through the 
bed, because, as mentioned above, the 
boundary between the A and B pulses 
moves faster than the front of the pulse. 
Therefore, if the catalyst bed is long enough, 
the width of the A pulse becomes zero 
somewhere. When the pulse width is small 
enough, the A pulse disappears near the 
top of the catalyst bed, and only the B 
pulse, where the reaction order is unity, 
stays in the catalyst bed. After that, the 
reaction proceeds in accordance with the 
first-order reaction kinetics. It follows that 
the result in the pulse technique may 
sometimes be quite similar to that in the 
first-order reaction. 
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