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Optimization of catalyst composition using a genetic algorithm (GA) is intended to increase the activity in a
series of repetitive steps consisting of determination of the composition, catalyst preparation, activity test and
feedback to the program. The laborious steps of catalyst preparation and activity test can be replaced by calcula-
tion provided that a radial basis function network (RBFN) trained using experimental results is used to evaluate
the fitness of the catalyst code.

Optimization of the Cu/Zn/Al/Sc ratio of mixed oxide catalyst for methanol synthesis from syngas was simulat-
ed. In the simulation, activity was calculated by equations fitted to some experimental results to evaluate the fit-
ness for use in the genetic algorithm program. Data of catalyst composition for input and the STY for output
totalling 69-92 points were necessary for successful mapping of the catalytic activity. The network then was
trained using 92 experimental results. The highest activity of the catalyst optimized by GA and RBFN was high-
er than that optimized by GA only. The combination of catalyst design by genetic algorithm and the activity

evaluation by RBFN is promising for highly efficient catalyst screening.
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Fig. 1 Catalyst Optimization Using GA and NN
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Table 1 Data for Neural Network Training
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No Cu/(Cu + Zn) Al/(Al + Sc) (Cu + Zn)/all” STY carc” STYexp”
1 0.963 0.322 0.398 210.8 65.8
2 0.797 0.917 0.584 277.4 306.3
3 0.722 0.471 0.508 321.0 200.7
4 0.256 0.000 0.488 148.4 66.7
5 0.498 0.495 0.501 302.0 150.7
6 0.244 0.168 0.396 147.2 59.4
7 0.018 0.347 0.609 18.7 18.8
8 0.299 0.173 0.630 228.1 111.3
9 0.492 0.385 0.823 366.3 2227

10 0.676 0.613 0.416 280.7 190.4
11 0.143 0.701 0.220 63.5 68.1
12 0.316 0.515 0.480 228.1 128.4
13 0.587 0.372 0.777 381.4 248.9
14 0.897 0.380 0.425 247.8 146.7
15 0.073 0.856 0.482 57.4 77.9
16 0.652 0.534 0.136 111.7 47.0
17 0.328 0.178 0.735 258.8 158.7
18 0.795 0.468 0.484 300.8 203.1
19 0.139 0.288 0.418 102.8 55.5
20 0.257 0.886 0.652 197.1 201.3
21 0.485 0.545 0.756 361.6 249.7
22 0.403 0.398 0.661 312.2 193.7
23 0.697 0.278 0.647 349.1 255.5
24 0.879 0.237 0.620 299.2 193.5
25 0.727 0.519 0.266 199.6 32.3
26 0.849 0.483 0.185 135.2 222
27 0.667 0.814 0.224 157.0 53.7
28 0.603 0.196 0.597 319.4 156.1
29 0.121 0.837 0.403 81.8 180.7
30 0.792 0.412 0.362 244.6 80.5
31 0.544 0.935 0.577 273.7 234.7
32 0.484 0.114 0.697 300.0 150.3
33 0.585 0.866 0.667 319.0 233.0
34 0.520 0.496 0.496 305.1 168.5
35 0.427 0.422 0.830 346.1 103.5
36 0.524 0.532 0.744 371.1 235.4
37 0.826 0.580 0.170 127.6 62.2
38 0.425 0.514 0.465 267.8 131.0
39 0.322 0.606 0.518 239.1 126.4
40 0.436 0.552 0.503 284.3 156.4
41 0.462 0.352 0.487 281.3 120.2
42 0.315 0.660 0.684 266.8 175.5
43 0.496 0.172 0.717 321.1 198.2
44 0.415 0.246 0.258 158.3 49.9
45 0.592 0.411 0.402 272.2 110.4
46 0.713 0.502 0.430 289.3 157.9
47 0.070 0.652 0.415 55.7 15.5
48 0.088 0.545 0.336 60.4 12.7
49 0.516 0.333 0.374 243.8 74.8
50 0.811 0.942 0.301 169.9 90.8
51 0.593 0.317 0.624 346.5 175.3
52 0.748 0.108 0.453 250.4 140.0
53 0.444 0.438 0.403 247.4 90.7
54 0.859 0.500 0.497 290.8 149.0
55 0.818 0.681 0.533 303.9 200.2
56 0.706 0.580 0.522 325.5 214.7
57 0.859 0.708 0.318 202.5 100.8
58 0.489 0.750 0.983 346.9 251.0
59 0.790 0.613 0.456 287.2 162.5
60 0.085 0.650 0.398 64.9 38.3
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(continued from previous page)

No. Cu/(Cu + Zn) Al/(Al + Sc) (Cu + Zn)/all¥ STY carc® STYexp”
61 0.672 0.112 0.323 200.2 97.2
62 0.811 0.220 0.208 142.7 55.5
63 0.831 0.510 0.363 240.4 1323
64 0.883 0.882 0.883 302.5 301.9
65 0.800 0.737 0.457 273.3 181.8
66 0.427 0.552 0.332 2103 218.7
67 0.531 0.129 0.613 297.8 158.6
68 0.194 0.537 0.409 140.8 64.3
69 0.194 0.257 0.431 137.6 55.6
70 0.648 0.300 0.252 185.1 72.3
71 0.604 1.000 0.923 297.7 265.7
72 0.190 0.465 0.357 125.3 29.2
73 0.556 0.456 0.630 354.1 180.6
74 0.505 0.503 0.549 320.3 166.3
75 0.443 0.669 0.580 302.7 150.6
76 0.305 0.193 0.466 197.6 524
77 0.676 0.540 0.466 306.1 187.0
78 0.752 0.225 0.793 357.5 237.5
79 0.485 0.340 0.594 320.5 91.6
80 0.815 0.519 0.391 257.1 130.4
81 0.306 0.512 0.561 244.7 53.1
82 0.378 0.758 0.224 133.2 76.7
83 0.230 0.103 0.454 146.3 61.6
84 0.253 0.972 0.818 191.1 98.2
85 0.365 0.180 0.558 245.7 93.4
86 0.360 0.121 0.550 230.7 94.7
87 0.637 0.913 0.798 327.1 274.5
88 0.472 0.622 0.425 261.2 138.8
89 0.322 0.333 0.363 184.5 36.7
90 0.127 0.726 0.600 117.3 35.1
91 0.685 0.357 0.498 313.1 172.6
92 0.194 0.378 0.557 168.6 51.2

a) (Cu+Zn)/(Cu+Zn + Al + Sc).
b) calculated by Eq. (1).
¢) measured in HTS reactor®.
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Table 2 Effect of Number of Data Points on Neural Network
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Table 3 Activity of Catalyst Optimized by Neural Network for

Training Methanol Synthesis
Data  Time¥ Catalyst STYY Method Catalyst MAXca® MAXe"
23 0 Cuo.55Zn024Al0.10S¢0.1001.10 395 GA Cuo.55Zn0.12A10.208¢0.0501.17") — 360
46 0 Cuo.52Zn0.23Al0.10S¢0.1001.10 393 RBFEN  Cuo.63Zn0.16Al0.17S¢0.0401.10 331 380
69 0 Cuo.55Zn0.30Al0.085¢0.0801.08 400
92 5 Cuo.55Zn0.30Al0.085¢0.0801.08 397 2) g-MeOH/kg-cat../}.l.
b) catalyst composition from ref. 3).
—9 — Cuo.60Zn0.30Al0.055¢0.0501.05 400
a) time required for training (sec).
b) g—MeOH/kg—Cat./h. = T 2nd 5th L
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Fig. 2 Convergence of Catalyst Composition Evaluated by
GA on a Neural Network
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Fig. 4 Activity of Cu-Zn-Al Oxide Catalyst
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VI EDURENTZ, Fig. 2 (2R L7z id b oM<, 455
(A THEPE L AYMEN L2 01d, S OFEICEETF DS b
NTw7z (Fig. 3 (b)) 72OTHH9), L7z >T, GADAT
oMl % HeD 723541208, 22 T oMALD Z OAHT 0
ZFD AUAL + SOlL D E o 72720, ZORMBICEELZ L
% GBRIR T A AT~ L T e W Tl il 1o 3)5E
LictEZLND,

—J, ZORBFNIZBWTSc=0&[EETSHE, CuZn-Al
D= RS OTEEA R T & %, Fig. 4 (a) |2 HTS KBEFI2
L% 84 MiOEEFER, Fig. 4 (b) |2 Cu-Zn-Al-Sc BR{LWflft D
RBEN 75 OHEEE % /R T TS D Cu-Zn-Al-Sc [ ALY fildE o
N HMOFEFT—4 (Table 1) 121X, Sc=0 (Al/(Al+Sc)=1)
DF=FZE—H LRI E 2hb & TR 250~
v EYIPRIIRIFIE LR D T EDRE N, T1id RBEN
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DIULEEN T3 H b Z L HRL TV b,

Pllo X912, RBEN X, (i) BPN & [ABEIZ GA 70275 4
IZBUT LMK E LTHWAZ EXTE, 2oha1E (i)
FEPHRHIEL, L d, (i) RITHERICL DRESLE
BIST A= =PIFEAERL, T2 (iv) JULRETI D T4 d
b, BEOFMERT DI EDWER SN GA IR
HHDLIIZ W E WIS D 505, LWt ZERC—EERT
RIS bNDE &, ZIhoORiIE, FFICRIFZED X ) 12—
WD NODL VAT, RRVESHTIIRL, BELD
AR DLETH A ) o L7zh> T, AU ES TR
% £ NN % B35 GA OFsilE, WIRPLIEETH 5
BIZREVWES 2D,

4. #* B

A8 = VA Cu-Zn-Al-Sc BRALY ikl o $H s fd b % =
2=ty NO—FHTHDE TV TNVEEKEEAY b T =2
(RBEN) & HAZMIT7 VTV X4 (GA) ZHEH L T 72,
RBEN (3223 OB THZEH IS 20wk W IRl d 5 72
0, GA OFHiE L LTHWS 2 £I2& ) GA DFf2H4 D
MES OSSNz, $9°, R HEOMIENKE T ~
FAIZREL, ZOMBEEBESERICIDARL, BE
HTS KInds & W THEMEZ ROz, 2OT7—% 2 HWTEY
L4472 RBFN X GA 7027 5 L OFEBOF 7V —F > &
L CHIMTHETH B RBEN 205 E N7z Ein % 5- 2 4 fil
BEALB S B0 & MR 3 - MR 2 AT WG Lz e 2
%, GA W TR b &3 7234 £ 0 IR W 2 & 25
REMN, £/ LD RBEN OFRMED MRSz, THD
AL, MIER 7)) — =0 FREEILD 72D DHERM Y — v
LS N b,

S

ABFTENE, HARFRHRI S AR AT e E I B 1
HWFFET 0 Y o 7 b TRBREE SR T o 7 25 PSR O £
(JSPS-RFTF98P01001) |2 & - T4,
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ZUTNEERB R Y b7 - AR E T HEEITIVTIVIALICELS
X5/ —IVERKHA Cu-Zn-Al-Sc BR1L Bt DFRET

MR JEF],

HALK AR A LA ZeEE, 980-8579 LA d 4

AR T VT X 2 (Genetic Algorithm: GA) % Vv 5 fili i
ML OB TlE GA 12 & 2 R o FaE, Zhicdo il
BER L - EVERTL, € ORMD GAND T 4 — KNy 7 &2k
W ETMIEOS R EZIT) o & 50 LOIRERHliZ 3 £,
FOTF=FIE)=a—=FNAy bI—=2D—FTHHTVT
WK A v b7 — 2 (RBEN) 2MEEOMB % b Ofitit o
WA RMCE L L) g g, Eitoftiias - G
FHiioo 27 v 7% RBEN TIURT 2 Z L 5w REIC & ), F2ER
Lol - HIRPER S N L TREESH L, A5 ) — VEBH
Cu-Zn-Al-Sc FRALW i D M R#E L IOV T, 332l
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RERIZHED &, EEIRD 7 R EOET -5 & v CHE
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