Korean J. Chem. Eng2((5), 840-843 (2003)

Maximization of Total Surface Area of Pt-SnQ/Al,O, Catalyst by the Taguchi Method
Cem Ozdemir, Ayse Nilgiin Akin* and Ramazan Yildirim?
Department of Chemical Engineering, ‘Bogazici University, Bebek, 80815 Istanbul, Turkey

*Department of Chemical Engineering, Kocaeli University, Veziroglu Campus, 41040 Kocaeli, Turkey
(Received 28 March 2003 « accepted 21 May 2003

Abstract—The maximization of the total surface area of Pt-BN@D; catalyst was studied by using the Taguchi
method of experimental design. The catalysts were prepared by sol-gel method. The effects, df,ON®Dd
aluminum nitrate concentrations and the stirring rate on the total surface area were studied at three levels of each. L
orthogonal array leading nine experiments was used in the experimental design. The parameter levels that give max-
imum total surface area were determined and experimentally verified. In the range of conditions studied it was found
that, medium levels of HNCGand HO concentration and lower levels of aluminum nitrate concentration and stirring
rate maximize the total surface area.
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INTRODUCTION this technique in catalysis, sol-gel processes and other related areas.
The examples are the works of Dawson and Barnes [1992], Wan and
Noble Metal Reducible Oxide (NMRO) catalysts are promising Chyang [1999], Sheth and Trembath [2002] and Yang et al. [2002].
choices for low-temperature CO oxidation [Trimm and Onsan, 2001]. If the interactions among the design parameters are neglected
Although precipitation and impregnation are mostly used for cata-and error analysis is performed using some approximate techniques
lyst preparation, the sol-gel method also presents a useful route famstead of doing additional experiments, the Taguchi method requires
designing catalysts with well-defined microstructural propetties. Sincea significantly small number of experiments as compared with other
the number of parameters to be optimized in sol-gel is large andtatistical techniques [Montgomery, 2001]. Although some informa-
their interactions are complex [Ko, 1999], an effective experimen-tion is lost due to these two approximations, it is still worth choos-
tal procedure is required. ing this approach for preliminary works considering the time-con-
The ultimate goal in catalyst design is maximization of activity suming nature of the sol-gel process.
and selectivity. However, the parameters used in catalyst design af- This work is a part of the research on the design of a Bf-SnO
fect activity and selectivity via some physical and chemical proper-Al,O, catalyst for low temperature CO oxidation in hydrogen-rich
ties such as surface area, pore structure, metal distribution and streams. This catalyst has the potential for CO elimination in hydro-
on. Therefore, these properties should be optimized first in a waygen produced onboard of fuel cell driven vehicles. In this paper,
that will maximize the activity and selectivity. Since the theoretical the maximization of total surface area of Pt-@ARO; catalysts
tools are not well established in this area, the work must be heavilypy using the Taguchi method is presented.
based on experiments. There is, however, no guarantee that opti-
mum values of these properties will be found within the same ranges EXPERIMENTAL
of parameters used in catalyst preparation; and even if this is the
case, these ranges still may not lead to the desired activity and s&-Experimental Design
lectivity because of the complex characteristics of catalytic phe- Effects of four parameters, namely HN®&,0 and aluminum
nomena. If the experimental work is performed in full detail, the nitrate concentration, and stirring rate, were studied since these pa-
catalyst design becomes a very tedious and expensive process. hameters affect the sol-gel process and therefore the structure of cat-
stead, the optimization of physical and chemical properties of thealyst [Rezgui et al., 1996; Ko, 1999; Schmidt, 2001]. Three levels
catalyst should be considered as “preliminary” and achieved by usef each parameter were chosen, as shown in Table 1. The corre-
ing as few experiments as possible. More detailed studies shoulsponding HNGQAIP and HO/AIP mole ratios are also given in pa-
be carried out for maximization of activity and selectivity in the rentheses next to the concentration of His@ HO, respectively.
approximate ranges that are found in these preliminary experiments. An L, orthogonal array as given in Table 2 was used for experi-
Then the surface properties and activity relationship can be estab-
lished to design a more effective catalyst. Table 1. Parameters and their experimental levels
. The'Taguchi. method, which is quite common in the des'ign of 52 rameter Level 1 Level 2 Level 3
industrial experiments, may be used for this purpose [Taguchi, 1986:

Phadke, 1989]. There are some researches reported on the use(%} HNO, (ml) 0.65(0.02) ~ 1.3(0.1) 2.6 (0.2)
(B) H,O/AIP (ml) 338.4(100) 507.6 (150) 676.8(200)

"To whom correspondence should be addressed. (C) Aluminum nitrate (g) 5 10 175
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Table 2. L, orthogonal array used and total surface areas measured ~ wheren is defined as “signal/noise ratio,” and y is the response pa-
Parameter levels  Total surface rameter that is “total surface area” in this case; n is number of meas-
urements in each experiment which is equal to 1 in this study. As

Experiment #

A B C D area (m'g) Eqg. (1) shows, maximizing is equivalent to maximizing y. Deri-
1 11 1 1 160.4 44.1 vation and justification of Eq. (1) is beyond the objective of this
2 1 2 2 2 150.4 43.5 paper and can be found in related references [Taguchi, 1986; Phadke,
3 1 3 3 3 98.0 39.8 1989]. Only necessary details will be presented through the discus-
4 2 1 2 3 1125 41.0 sions. The correspondimgfor each total surface area is presented
5 2 2 3 1 210.1 46.4 in Table 2.
6 2 3 1 2 1375 42.8 1. Optimum Values of Parameters
7 3 1 3 2 114.0 41.1 According to the Taguchi method, the parameter levels leading
8 3 2 1 3 170.2 44.6 to the maximum surface area can be found by using the results given
9 3 3 2 1 161.8 442 in Table 2. Justification of this argument lies in the properties of L

and can be found in Phadke [1989], but the procedure is as follows.

Assuming no interaction, the effects of parameter (i) @an be

ments [Phadke, 1989]. This design requires nine experiments witfound by comparing the average responsgs@btained at differ-

four parameters at three levels of each. The results given in the lastt levels (j). For example, the average response of B at level 1 is

two column of table will be discussed later. Although this designobtained from the results of experiments 1, 4 and 7 which have the

does not have sufficient “degrees of freedom” to study “interac-level 1 of factor B:

tions” and “error estimation” in four-parameter systems, it was cho-

sen on the basis that it required the minimum possible number of M,

experiments. Studying interactions and error was possible only if a

larger orthogonal array was used. This would increase the number &imilar calculations give M=44.9, M,;=42.3 indicating that level

experiments significantly and diminish the advantage of the Tagu2 of factor B should be chosen to maximjzand therefore the total

chi method, as discussed in introduction. The interactions were nesurface area since it has the highest average response. The average

glected and the error was predicted by using an approximate methesponses for all parameters are given in Table 3 and graphical re-

od discussed later. presentation is shown in Fig. 1. The levels that have highest aver-

2. Catalyst Preparation age response are underlined in Table 3. These results indicate that
1% wt Pt, 3wt% Sn supported on alumina was prepared by sollevel 2 of HNQ and HO concentration and level 1 of aluminum

gel method. The procedure by Cho et al. [1998] was modified bynitrate concentration and stirring rate will maximize the total sur-

using aluminum nitrate to enhance gel formation. 38.43 g Alumi-face area. Since the difference between the average response of level

num Isopropoxide (AIP), 0.1985 g Pt precursor P{NO,), and 2 and level 3 for HNQis not clear, level 3 may also be used.

0.658 g Sn precursor, El,.Sn were used in all runs. AIP was hy-

drolyzed at 358 K for 30 minutes, and the solution was peptized byl_

adding HNQ. After 5 minutes, Pt and Sn precursors were added able 3. Average responses to parameter levels

_Mi*tn.tn, _44.1441.0+41.1
3 3

=42.1 @)

to the solution which was stirred for one hour at 358K then Parameter Levell Level2  Level3
placed in a 298 K water bath for 14 h, followed by aluminum nitrate (A HNO, (i) 425 43.4 433
addition. The alcoholic solvent was evaporated at room tempera- (B) H,0 (ml) 421 44.9 42.3
ture until gel formation. The catalyst formed was oven-dried at 383 K (C) Aluminum nitrate () _43.8 42.9 425

for 48 h, calcinedt 773 K for 3 h, and finally, ground and sieved to (D) Stirring rate (rpm) 449 425 418
45-60 mesh for surface area measurements. Research grade chem — : :
icals were used.

3. Total Surface Area Measurements 455
Total surface areas of catalysts were measured on a Micromeri . | —— HNO;
ics Flowsorb 11-2300 by nitrogen adsorption fromaHié mixtures —+—H,0
by using themultipoint technique and the BET equation. w 4451 —o— Aluminum Nitvate
g 440 4 —— Stirring Rate
RESULTS AND DISCUSSION % 435
The total surface areas measured are given in Table 2. The are § 4301
were measured with maximum +5% error. These results were ar< 425 4
alyzed by the Taguchi method as described by Phadke [1989]. F¢
D : . 42.0 A
a maximization problem, (i.e., larger-the-better type problems in
Taguchi notation), the design equation becomes: 41.5 ; 1 2 3 !

n 10
n=- lOIog%z %D Q) Parameter Levels
=y Fig. 1. Average responses to parameter levels.
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2. Verification of Results ment, the interactions among the parameters are not very strong.
Two new catalysts (experiment 10 and 11) were prepared by usSecond, changing the levels of parameters A and C does not affect

ing levels given in Table 3. Levels 2 and 3 of HNOncentration  the area as much as B and C within the ranges of parameters stu-

were used in experiments 10 and 11, respectively. The levels of othelied. Since experiments 5, 10 and 11 have the same levels for B

parameters in both catalysts were the same as shown in Table &nd D, their similar areas are expected. The discrepancy about the

The total surface areas were found as 195gtimexperiment 10  level of C between experiment 5 and two verification experiments

and 207.8 rfig in experiment 11. Table 1 indicates that both exper-may be attributed to its relatively low impact on the result at these

iments 10 and 11 lead to much higher surface areas than all initi@onditions.

experiments, except experiment 5 which gave 210.However,

it should be noted that experiments 5, 10 and 11 have comparable CONCLUSIONS

areas, and the same levels of A, B and D. This may indicate that

best levels of A, B and D were found successfully but were iden- To maximize the total surface area, HN®) should be at me-

tical to those in experiment 5 by chance. To test this argument andium or high level in the range used, whilgHB) should be at

to resolve the discrepancy in the levels of C, the “no-interaction”its medium level. Although the model suggests the lowest level of

assumptions should be checked. aluminum nitrate (C), higher levels of this parameter seem to pro-
Taguchi suggests the following “no interaction” model to test the duce similar results. The stirring rate (D) should be at its lowest level

existence of interactions among the parameters [Phadke, 1989]. Sinte increase total surface area. ANOVA results show that,® (H

M; can be treated as deviation from overall magaiye to factor i concentration) and D (stirring rate) are most significant factors af-
at level j, the response of an experiment, for example, experimerfecting the total surface area with the same level of contribution.
10, can be predicted as: On the other hand, the model prediction of “insignificant inter-

actions” should be treated in terms of “overall” impact of parame-
ters on the resulting total surface area. It is quite unlikely that in-
teractions are insignificant if the individual reactions in the sol-gel
Overall meam is the average response of all nine experimentsprocess are considered. As a matter of fact, HNE and alu-
and is equal to 43.1. If the model agrees with the experimental resulninum nitrate concentrations affect the properties of catalyst via
then the “no-interaction” assumption should be correct. Howeverchanging the balance between hydrolysis and condensation reac-
“error” in Eq. (3) cannot be calculated directly since the number oftions in the sol-gel process in an interacting manner [Rezgui et al.,
experiments is just not sufficient as discussed earlier. Instead th&996; Ko, 1999; Schmidt, 2001]. Even the high apparent signifi-
“pooling technique” is used to estimate the approximate error. Thiscance of stirring rate may be partially due to these interactions since
technique can be summarized as “contributions of half of the dethe experimental design used here is not sufficient to separate the
grees of freedom, which is equivalent to half of the parameters irinteractions from the main factor effects. Therefore, a more detailed
this case, having lowest mean square in analysis of variance can lexperimental design including interactions among the parameters
used to estimate error.” Analysis of variance calculations are showshould be used to explain the impacts of parameters on the physi-
in Table 4 [Phadke, 1989]. cal and chemical phenomena in sol-gel. This was not intended in
Since A and C have the lowest mean square, their contributionthis work. Instead, it was sufficient to locate the best levels of param-
can be treated as error. Then the predicted response for experimezters to maximize the total surface area by using as few experi-
10is ments as possible and using these findings for further studies. It can
be also concluded that Taguchi method may be utilized for catalyst
design to reduce time and efforts needed.

npredlcted:ﬁ +(My, _ﬁ) +(Mg, _ﬁ) (Mg, _ﬁ) +(Mp, _ﬁ)
+Error ©)]

npredlctlom:ﬁ +(M B2 _ﬁ) +(M Dl_ﬁ)
=43.1+(44.9-43.1)+(44.9-43.1)=46.7 e

This corresponds to the total surface area of 21%6.6 should be ACKNOWLEDGMENT

noted that model predictions for experiments 11 and 5 are the same

since they have the same levels for B and D. Two conclusions can This project was supported by Bogazici University Research Fund
be drawn from this result. First, since the model prediction and exthrough Project No: 01HA502 and The Scientific and Technical
perimental results for experiments 5, 10 and 11 are in a fair agredResearch Council of Turkey through Project No: MISAG-228.

REFERENCES
Table 4. Analysis of variance
Parameter Degrees of Sum of Mean Cho, I. H., Park, S. B., Cho, S. J. and Ryoo, R., “Investigation of of Pt/
freedom  squares squares YAl O; Catalysts Prepared by Sol-Gel Methdd{Catal, 173 292

(A) HNO; (ml) 2 154 077 (1998). o
(B) H,0 (ml) 2 14.59 730 Dawson, E. A. and Barnes, P. A., “A New Approach to Statistical Opti-
©) Alzuminum nitrate (g) 2 288 1.44 misation of Catalyst PreparatioAppl. Catal. A90, 217 (1992).
(D) Stirring rate (rpm) 5 15' 85 7'93 Ko, E. ., “Sol-Gel Process” Preparation of Solid Catalysts, G. Ertl, H.
Ertor 0 0 ' ' Knozinger, J. Weitkamp, eds. Wiley-VCH, Weinheim (1999).

Montgomery, D. C., “Design and Analysis of Experimentsédk, John
Total 8 34.86 Wiley & Son, New York (2001).

September, 2003



Maximization of Total Surface Area of Pt-Sj,0, Catalyst by the Taguchi Method 843

Phadke, M. S., “Quiality Engineering Using Robust Design; Prentice  Organization (1986) (Distributed by American Suppliers Institute,

Hall, Englewood Cliffs (1989). Inc., Dearborn, Ml).
Rezgui, S., Jentoft R. and Gates, B. C.,” Supported Pt and Re-Pt on Aldrimm, L. D. and Onsan, Z. 1., “Onboard Fuel Conversion for Hydro-
mina Prepared by Sol-Gel Synthesis witlsitu Water Formation: gen-Fuel-Cell-Driven \VehiclesCatal. Rey43(1&2), 31 (2001).
Role of Rhenium}). Catal, 163 496 (1996). Wan, H. P. and Chyang C. S., “The Effect of Swirling Flow on Elutria-
Schmidt, F,, “New Catalyst Preparation Technologies-Observed from tion in Vortexing Fluidized BedKorean J. Chem. End.§(5), 654
An Industrial Viewpoint;Appl. Catal A, 221, 15 (2001). (1999).

Sheth, A. and Trembath, K., “Statistically Designed Experimental StudyYang, D. W., Hung, K. M. and Hsieh, C. S., “Determination of Optimal
of Sol-Gel Film Coating Scheme for High-Temperature Supercon-  Experimental Conditions for the Preparation of Lead Zicronate Tita-
ductor and Buffer Materials and Related Processing Cost Evaluation; nate via Sol-Precipitate Process by Applying Statistical Methods;

J. Mater. Process. Tecli23 167 (2002). Mater. Sci. Eng. A333 123 (2002).

Taguchi, G., “Introduction to Quality Engineering; Asian Productivity

Korean J. Chem. Eng.(Vol. 20, No. 5)



	Maximization of Total Surface Area of Pt-SnO2/Al2O3 Catalyst by the Taguchi Method
	Cem Özdemir, Aye Nilgün Akin* and Ramazan Yildirim†
	ç
	Department of Chemical Engineering, Bogaziçi University, Bebek, 80815 Istanbul, Turkey *Departmen...
	Abstract�-�The maximization of the total surface area of Pt-SnO2/Al2O3 catalyst was studied by us...
	Key words:�Pt-SnO2/Al2O3 Catalyst, Catalytic CO Oxidation, Sol-gel Method, Taguchi Method
	INTRODUCTION
	EXPERIMENTAL
	RESULTS AND DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGMENT
	REFERENCES






