2.7 A WAY TO ESTIMATE TEE PARAMETERS

The previous analysis on pool €y and C3 can provide us
with important infcfmation regarding Tyn/Ty, T2/T1. and t3/7;
by just examing the transient response curves. To estimate
the order of magnitude of these parameters, on the other
hand, we developed the foilowing method (!200/'3CO exchange

*

is assumed).
we first define the "area for *3C;'*Cp_;" as
Area far '2c;'’cy.; = [§ k?lzcilsck_i°dt (2-112)

i is the '2C number in C, molecules (can be any number
from 1 to k}.

for i = 0, .

Area for *3Cy,

3 (2 - FPizg usg ) edt (2-113)

The geometric representation of these two definitions

is shown in Fig.2-15.

Since XF; is dimensionless, the area for '2C;*?Cy.; has

the unit of time.

Dividing both sides of Eg.2-112 and 7-112 by <t , we ob-

tain dimensicnless groups:
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Figuore 2-15: The Geomeiric Representation
of the Definitions 2-112 and 2-113
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{Area for '2C;3}%Cp_;)/11

= Jo kFchilsck_i-d{t/tl)

and

43

{2-314)

(Area for '’Cp)/Ty = Iﬁ (l-krzzcixack_i)-d(t/tl) (2~115)

From Appendix A, it is readily seen that, when assuming

tg = 0 (a2 fact that has been verified from experiment),

kFlZcillck_i = kfi[t/Tl. Tb/Tlg.;., tkal} (2-11¢6)

and

kFiack = kfo(t/tl. T/ C1srvv=r T/T1)

(2=-117)

Here a superscript K means pool Cy, a subscript ; means

: 12/, 13 .
speclies Ci " "Ckayi

Substituting Eg.2-116 and 2-117

into =2q.2-1il4 and

2-115, respectively, we obtain, in general form,

(Area for 2C;3CL_;)/T)
= kgi(fb!flr---r fk/Tl)
and

(hrea for '*cp)/T;

= kgu(Tb/Tlp---, Tk/TI)

. 204
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For k=1,

'Fizgc = '£y(k/7)
and

‘Fisp = MEgit/1y)

Therefore, substituting Eg.2-120 and
Eg.2~114 and 2-115, respectively, yields,

(Area for '3cq)/1; =1
and
(Area for 17Cy)/t; =1

44

{(2-120)

{2-121)

2-121 into

(2-122})

(2-123)

for k=2, 3, we obtain the following expressions from

Eg.2-118 and 2-119:
(Area for ]202)/11 = zgz[fb/'l.'lr Tz/‘fl)
(Area for '2cy'3cyi/t) = 29y (1p/T1s To/T1)

(Rrea for '3C,)/1; = zgottb/tl, T5/T3)
(Area for 12C3)ft¥

= dg3ttp/Ty, T2/7y, T3/T))
(Area for '?C,'%Cy)/1y

= 392(tb/T1. T2/T1¢ T3/73)
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(2-127)
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(area for *?cyidcyy/13
= 391(rb/11r T2/11r T3/1T3) (2-129)
{Area for '’c3)/13
= 3gg(1p/T1s T2/T1, T3/T1) (2-130)

For a choosen set of parameters (13, <p/T1s T2/71.
T3/T1)}, we can calculate the area's with expressions for
Eq.2-124 through 2-130. A plot of (Area for '2C;**,_; / 13)
vs T/T, at constant tj/rl {i=b;2,+..,k=1) can then be made

as those shown in aAppendix D.

In general, we can calculate the area for 2C;!%,_;
from the transient experimental data. Next, Bg.2-122 is
used for estimating t;. whereas EqQ.2-123 is to check whether
the same <t; can be obtained. Thus, the leftside of
Eg.2-124 through 2-130 are determined. Any two of
Eg.2-124 through 2-126 can be used toc determine T,/t; and
t3/1ty, the remaining one is used for checking. Any three.of
Eq.2-127 through 2-130 can be used to determine T /Ty, T2/7;
and <T3/t], the remaining one is €for checking. The
parameters T/7; and t5/t; obtained from Eq.2-127 through
2-130 can .be compared with those obtained Erom

Eq.2-124 through 2-126 tc check whether they are consistent.

In practical, because of the complexity of the real
situation, larger errcrs in estimating parameters could be

eypected with the above methed. The advantage of the abcove
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method lies in that it can easily provide us with a range in
which parameters may be expected. We should use the com-
puter simulation to check whether we obtained correct

parameters f£rom the above method. If the parameters are

correct, the computer simulation should feature the ex-

perimental data svch as the maximum of zF"cl‘zcl and the

simultaneous rising feature (Section 5.2).

2.8 SUMMARRY

When we look at a transient experimental data, the
first guestion we may ask is "did we observe Ts and 132?". we
can check it by simply examing the transient data with the

method developed in Section 2.5 and 2.6.

Theoretically, since the area's are functions of mul-
tiparameters, T, T3+ T3s etc, it is possible that two dif-
ferent sets of t's result in essentially the same area's in
computer sitmulation. In fact, we deo find that area's at
Tp/T] << 1 and 15/1t7 = 713/t = 1 is around the same as at
T/ T1 = 1 and t3/1] = T3/1y; << 1. By using the criteria in
Section 2.5, we may immediately discriminate between alter-
natives, which can, to a large extent, decrease the amount

of work in data analysis.
Then, the estimated t1's are to be substituted inte ex-

pressions for transient responses to see if they feature the

experimental data.
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CHAPTER 3.0
EXPERIMENTAL

3.1 PREPARATION OF THE CATALYSTS

(1) Unsupported Cop03 was prepared by precipitation
from a 0.5 m cobalt ([II) nitrate sclution by concentrated
ammenium hydroxide (25% NH3}{1°). - The suspension was heated
to 110°C. The blue precipitate was filtered off and washed
five times with distilledé water. The catalyst was dried at
120°C for 16 hr and calcined at 450°C for 1 hr. Then it was
mixed with 8i0O, beads (mesh size 150 - 70}, in a ratio of
1:1. This SiO4-beads~supported-Co,03 was reduced at 350°C
for 12 hr in flowing hydrogen (&8 nl/hr)**.  According to
XRD, the finished catalyst consisted of hexagonal a-cobalt
exclusively. It has an exposed cobalt surface area eguiv-
alent to 1 ml (stp) CO / g catalyst, as determined from
12¢0/13C0 exchange, at 100°C.

(2) Ru/Al,03 was prepared by dry impregnation with
RuClj. Reduction was carried out in £lowing hydrogen at
300°C for 2 h. The finished catalyst has an exposed
ruthenium surface area equivalent to 5 ml (stp} CO/g

catalyst, as determined from !'2C0/!'3CO exchange at 100°C.

*r e acknowledce the supply cf the Co-based catalvst by

o e am e

Mr. SOTnIY, F.LUADUSgn DIREergy &n-. L. wshilsl
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3.2 EQUfPMENT AND EXPERIMENTAL PROCEDURE

The transient experiments were carried out in a dif-
ferential reactor with internal diameter of 4.5 mm. Gas
transfer lines associated with the reactor are typically 1.4
mm ID stainless steel tunbing. The reactor outlet is con-~
nected to a mass spectrometer via a 1 meter length heated
stainless steel capillary (0.lmm ID) transfer 1line and a
varian flow-by leak valve, pumped by a Balzer's 40 1l/s tur-
bomolecular pump. The Extra Nuclear 2750-50 quadrupole mass
spectrometer is being housed in 2 permanently baked (100°C)
UHV-compatible wacuum chamber. The intensities of selected

masses are collected continuously with a micre-computer.

3.3 TEE CEOICE OF MS PEAKS

The mass spectrum of a compound contains Ehe masses of
the ion fragments. For hydrocarbons under investigaticn (Csp
and C3), three fragments are usually observed, as shown in
Fig.3-1.

If Hy is used to react with 13pp, these three fragments
are 27, 28, 29 for C, and 41, 42, 43 for C3. When switching
from '2CcO to '*CO, the fragments become 29, 30, 31 for Cj
and 44, 4%, 4€ for Cz- There are two difficulties in
detecting them:

First, mass 28 and 29 are also fragments for !'2CD and

t9sam, Usually, the intensities =f %27 zn@ P07 are zuckh

209
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32
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Ca C3

Figure 3-1: Mass Spectirum for C; and C3

oI

32

P

Figure 3-2: A Way to detect '3¢,
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larcer than that of C,. Therefore, mass 28 is not sensitive
to the change in Cy. Furthermcre, a big peak in mass 28 may
overshadow its neighboring (mass 27 and 28). For these
reasons, the change in '%Cy is very difficult to be ob-

served.

Secondly, it is hard toc detect intermediates 1like
l2c, 43¢, and '2c,'%C; because the fragments of these com-
pounds are overlapped. In order to £find the transient
change of these intermediates, a knowledge of the mass
spectrum of each compound is required since the spectrum of
the mixture is the sum of the individual spectra. But, un-
fortunately, there is a shortage of data because of the un=-
availability of pure standard compounds. like !'2€y'*C;Hg and
1 Icll SCZHG'

Instead of using H,, we choose D; to react with CO.
Three fragments are 30, 32, 34 for *?C, and 46, 48, SO for
12¢c;. When switching from !2C0 to '*CO, the fragments be-
come 32, 34, 36 for 13cy and 49, 51, 53 for '*Csj.

It can be readily seen that there is no overlap on mass
46, 47, 52, and 53 which are the fragments of 'Z*cg,
12p,13¢y, '207'%C4 and '%C3.  We can just observe these
masses, assuming the transient response in cne fragment of a
compound is the same for other fragments of the same com-

pound.
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'3¢, and *23c;'%cy;. Theoretically, mass 30 can be used to
detect !3C,. However, since mass 29 is much larger one
{'*Cco), mass 30 can not be detected while doing transient
experiment, which forces us to consider other ifragments of
'2¢,. As the mass 30 is the only fragment of '2Cy, the
detection of other fragments will have to deal with the
overlapping problem. The mass we chose is 34. The follow-
ing method is used to £ind the change in '2C, (see Fig.3-2).
1. The steady state intensities of mass 32 and 34,
flowing with !2CO0 and D,, were measured. The

ratio cof the intensity of mass 32 over 34 is

designated as p.
2. While switching from :2CO0 to '®CO, assuming the
fragment pattern remains unchangeable, then the

intensity due to '2C, is related to the inten-—

sities of mass 34 and 36 as follows:

lizg, = I°* - p-13° (3-1)
where,

Tizg, is the intensity due to 12c,.
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I** and I*® are the intensitiec of mass 34 and 36.

Within experimental error, this way of detecting 'Z2C,
does lead to Ez?xzcinscz_i=l. a condition to be met with for

all correct detection of !3¢,.

3.4 CONDITIONS

The experiments were carried out under the following

conditions:

210°c

H
il

d
L}

1l atm
Dz/co =1~ 6.6

CO flow rate = 0.2 - 0.6 nl/h
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CHAPTER 4.0
RESULTS

Fig.4-1 gives the response curve for switching the
reactant stream at the reaction temperature from (0.004 bar
Ar, 0.18 bar '*cO, 0.54 bar Dj) towards (0.18 bar *3CO, 0.54
bar D,). On the vertical axis are the ion currents at m=28
t‘3co), m=29 (!?co}, m=40 ({Ar), and m=21 ('°CD4), divided by
their respective steady state values measured well before
(Ar, '200) or after the switch ('3C0O). -Therefore, the gquan-
tity on the wertical axis is a dimensionless fraction F,
varing between 0.0 and 1.0. The horizontal axis is the time

in seconds.

Ru is a very active catalyst. The situvation in
Fig.4—-2 shows that the lifetime for the C; intermediate is
very small (within 2 sec)(®). The experiment also shows
that Fisg 3p 3 is identical to 'Fi3-. Becanse of the
limitation of the instrument precision, the fast reaction on

Ru catalyst prevents us f£from obtaining further information.

On the contrary, Co catalyst is not as active as Ru.
The lifetime for C; is around 20 sec. Therefore, infor-
ation regarding the FT mechanism over Co catalyst can be

obtained. The following is the result.

Tpen reriscerent of '2COMz3Y hy I3n0ia3r krere is
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continuing production of '?CD,. This production is fed by
!3C-containing surface intermediates, which is gradually in-

creasing after '2Co/!3coO switch (¢.f. Fig.4-1).

Data with regard to C; and C3 are demonstrated in
Fig.4-3 and 4-4. Upon replacement of '23CO by '3¢0, the
production of '¥C, and !2%C3 are continuously decreasing
while the production of *C, and !3C; are increasing (the
ion currents at selected masses (Section 4-1) for *3Ca,
'3cy, '?Cy and '?C5 are normalized relative to their respec-
tive steady state values). For all the intermediates
(**Cy*%¢;, '*cylc,, '2€5'%Cy) the production is increasing
first and,‘after certain time, decreasing (the ion currents
of '2C;''C; are normalized relative to the steady state
value for '*C; and the ion currents of 1%C;!3c,; and '2¢,'3Cy

are normalized to the steady state value of ticy).

With respect to Fig.4-3 and 4-4, some conclusions can
be drawn here from the general study of the transient

respense curve given in Chapter 2:

{1) Theoretical study shows that if t2=0, the minimum
value for the peak of zF"cl"Cl is 0.5. Corresponding to
this minimum value is that the lifetime for the €y-building
surface intermediate is the same as that for C; surface in-
termediate. Therefore, if 73 > 0, caly 1b < T, can result
in the situation where the time needed for the appearance of

the peak is equal to that for P::C = 0.5 and the peak is

h . - an N x - are T 2 e - - - . - * . - I
~ e Fe D . - i - - = -- s e s
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Therafore, we can conclude that tb < 17 and 13 is observ—-
able.

(2) The general study gives a criterion to Jjudge
whether 13 is cobservable (Section 2.7}. Fig.4=-5 is the plot
of F"Cincz' F"CinCJ and Fz:cl, showing that
3(F"Cincz'F"cinc3) is larger than F*‘cl“F=’c1nc2- It
emerges, therefore, that the lifetime for C3 surface inter-

mediate is observable.

Utilizing the method developed in Section 2.7, we cal-
culated the area for '?C;'’C,.; (Table 4~1). An estimation
of 13, Tp/Ty, T2/T1, and T3/7; is accordingly found from the

area vs t plots (Appendix D) and the comput?r simulation.
For D,/CO = 3, CO = 0.45 nl/h, the result is:
(1) Area vs T plot method:
from area for C;, -

Ty = 20 sec

from areas for €, species,

Tp / T3 = 0.01 -~ 0.20

T, / 13 = 0.6 - 0.8

Zr-m zreas £~r C . cp=cCles.
221
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T, / T3 = 0.00 ~ 0.20

Tt / T3 = 0.7 ~ 0.9

T3 / 11 = 6.8 - 1.2

(2) Computer simulation:

Ty = 20 sec, T, / Ty = 0.1,
T /T = i3 / Ty = 0.7

or

Tp = 2 secy T2 = T3 = 14 sec

It should be noted that the computer simulation only
features the experimental data approximately. Later in Chap-
ter 5, we will loock at the discrepancy between the predicted

aand the experimental data.

The effect of wvaring D,/CO ratic on the areas for
species Cy, Cy and C3 at the temperature 210°C has been in-

vestigated, as can be seen from Pig.4-6, 4-7 and 4-8.

Within the experimental error, it emerges that the ac—
tivity of the intermediates in the range of Dy/CD=1l to 6.54
essentially does not change with Do/C0O ratio {(T] = 20 sec.
tb = 2 sec, T3 ¥ T3 = 14 sec). However, the TOF for CD4

rreducrisn InCTeESES wi=p Do € ra-.:z fTiw, -2 zgmé T -
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4-2). Therefore, the coverage in C; surface intermediates
is essentiglly increasing with D,/C0O ratic }Fig.é-ln) (the
way we estimated ® is in Chapter 5). On the other hand, the
coverage for C; and C3z surface intermediates are decreasing.
For C,, the coverage decreases from 0.052 at Ds/CO=1 to
0.024 at D5/CO=6.54. For 63, the coverage decreases from
G.043 at Dy/CO=1 to 0.013 at D,/CO=6.54. |

When we add the coverage for Cir C3 and C3, it emerges
that this coverage is increasing with D,/CO ratio. Eowever,
it can be seen that, for D2/CO ratio from i1 to 6.54, even
the largest value of the coverage (at D,/CO = 6.54) is only
around 0.26. Experiment invariantly shows that the coverage
of CO does not change for the range of D,/CO ratic (~ 1
ml/g). It is, therefore, envisaged that at a given tempera-
ture only a certain fraction of surface exposed-atoms par-
ticipate in the chain grewth for the range of D4,/CO ratio.
An increase in D,/CO ratic will enhance the coverage For Cy
and decrease the coverage for higher hydrocarbons. This
phencmenon can be interpreted as the decreasing prebability

of forming higher hydrocarbons with increasing D,/CO ratio.
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Table 4-1: Average (area / 13) (A) for
Species i and the Standard Deviaticn (o)
Species A c o/B,%
tig, 2.0568 0.1721 8.36
lzg 13g; 0.9624 0.1783 18.52
‘e, 0.8874 0.1456 16.41
13cy 2.9122 0.3082 10.58
t2g 3¢ 0.9476 0.1058 11.16
t2c,ldcy 0.5185 0.0393 7.59
t2c, 1.1865 0.1454 12.25

*}s with Dy/CO =3, T

210°C, P = 1 atm.

#%}: Number &f experiment
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Table 4-2: TOF and a at Different D,/CO Ratio

D5 /CO 1 1.636 3.273 6.545
TOFy»x10”%,s™! 2.225 3.106 4.829 8.643
TOF5x107%,s™* 1.763 1.679 1.575 1.328
TOF3x10™%,87! l.428 1.332 1.042 0.718
TOF . x10~°,8™ ! 5.416 6.117 7-446 9.971
a 0.6501 0.6065 0.5204 0.4105

Note: TOF; means TOF for C;. TOF, means the sum of TOF;'s.
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