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ABSTRACT

Heteropoly acids and their related compeunds function not only as acidic solid catalysts with
redox characteristics, but also as catalysts selective to the oxidation reaction like the forma-
tion of methacrylic acid from methacrolein. For the investigation of their catalytic characteri-
stics, the isomerization of n-butenes was studied using the catalysts of 12-mclybdo phosphoric
acid and its several metal salts. The catalytic activities of heteropcly acid were increased
with the injscted water vapor, and metal salts prepared with partial exchange of aydrogen

ions gave much higher activities.
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Table 1. Preparation of Heteropoly 12-Molybdophosphates

HaPMo1,040 Metal Salts used Specific
Salts Color Surface Area
used Material Weight(gr.) m?/gr-cat.
Li;P I Li,COs 0.2217 dark Gr. 6.9
Na;P 11 Na.CO; 0.3180 dark Gr. 9.5
CssP I Cs NO; 0. 5847 Wh. Y1 21.4
Cs;HP I Cs NO; 0. 3898 YI. 5.3
CsH,P I Cs NO; 0.1949 YL 7.2
MgsP: I Mg(NO3)26H.0 0. 3846 Y1 5.9
CasP; I Ca COs 0.3003 Wh. Gr. 6.2
SrsP; 111 Sr(NOs): 0. 6349 Or. 10.5
BasP; II Ba COs 0.5921 Cr. 12.5
AlP 1 AI(NO;)29H:0 0. 3751 Yl 4.7
Bi P 111 Bi(NO3)25H0 0.9702 Or. 3.9
Cr P 111 Cr(NO£)39H,0 0.8003 dark Gr. 8.1
Mn;P I MnCOs 0.1724 Yl 3.0
Fe P 1 Fe(NO3)39H,0 0. 4049 Y1 4.8
Fe HsPs I Fe(NO)s9H,0 0. 2693 YL 3.9
Fe H¢Ps 1 Fe(NO3)39H0 0. 1347 Y1 3.7
CosP, 1 Co(NO3)26H:0 0. 4366 Rd. YL 4.5
NiyP; I Ni(NO3)26H,0 0.47362 bright Y1. Gr. 4.7
Ni:H.P» I Ni(NOs):6H:0 0.2908 bright YI. Gr. 4.3
NiH,P, II Ni(NOs3)26H0 0.1454 bright YI. Gr. 4.5
CusP: I Cu(NO03)23H,0 0.3624 YL Gr. 2.8
Cu.H,P, I Cu(NOs)23H,0 0.2416 Yl. Gr. 5.8
CuH,P» I Cu(NOs)23H0 0. 1208 bright Y. Gr. 8.7
ZnaPs I Zn COs 0.1881 dark Gr. 5.3
CdsP: I Cd(NO3)24H20 0. 4627 Y1 2.6
K:P* 11 K2COs 0.4146 Y1
HsPMo012040 xH0 gr. S.A. m®/g-cat. Color
I x=19.3 2.1732 55 Gr. gresn
II x=23.8 2.2542 Rd. red
I x=16.6 2.1228 Wh. white
Y1l vellow
Or. orange

- KsP was not produced asA Keggin Model.
** ‘P’ in 12-Molybdophosphates represents the abbreviated form of (PMO;2040)

she) BHREE EAAC wel @i e rf el HAEY MBI EiTkke] Jelges,
S | & W ¥l 20 = 8% JAWES EHTR0] Yl

B ARG RS Kot 449 8 = Keggin MiEe MYy —HIL %R
A X-BEiroie R 7~10 BY EE 0 stde, Fig. 12 % BEs X-BERHH
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Table 2. Thermal Behavior of Heteropoly 12-Molybdophosphates

Compunds Hydxégcgloﬁslmber Dehydratio(rgc’l)‘emperature Decolgn}?gsition Tempeéelxltdv.g:eCC)
H:(PMo0:2040 20.8 80 136 432 432

LisP 27.2 75 136 361 361 536
NasP 17.4 66 80 128 199 331 402 505
CssP 7.9 74 >650

Cs.HP 10.1 66 550

CsH.P 19.2 75 9 431

Mg:P, 48.4 79 204 457 605
CasP, 36.9 66 114 147 223 439

SrsP; 57.7 81 195 421 421 650 662
BasP, 42.3 91 333 425

Al P 42.0 94 163 175 391

Bi P 21.0 72 125 197 401 401 508
Cr P 33.9 93 170 209 448

MnsP 35.9 83 163 218 422 452 577

Fe P 20.6 80 113 425 445
Fe,HsPs 12.9 80 120 445

Fe HePs 76.8 66 121 429

CosP2 67.0 80 158 216 402 402 458
NiP, 43.5 68 113 280 420 484

NiH,P, 27.0 83 248 431 477

Ni H(P: 49.9 71 233 318 436 436

CusP. 58. 4 55 193 410 410 440
CuzH.P» 21.5 66 85 130 359 422

Cu H:P: 35.6 80 102 146 447 447
Zn;P; 37.7 83 177 341 448
Cd,P. 52.3 95 249 389 439 577

*ip i

P’ in 12-Molybdophosphates represents thz abbreviated form of (PMO12040)

Bt 1 Cu — Ka) #65 bl 4] 12-82) R 511
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Table 3. Effect of H,O Injection on the Decrease
of Catalytic Activity of HsPMoi:0O4
(second or third pulse reaction activity
per first pulse reaction activity)

Preheating without with
& Reaction i
Temperature H20 Injection | Ho0 Injection
L L0949 | L0 (58
100°C 0.99(9.3) | 0.83(13.1)
0.46( 4.3) { 0.58( 9.2)
1.0 (42.6) 1.0 (45.2)
159°C 0.55(23.4) | 0.90(41.6)
0.49(20.9) 1[ 0.73(33.7)
L 1.0 (52.1) 1.0 (54.0)
200°C ‘ 0.81(42.2) | 0.92(48.7
\ 0.77(40.1) | 0.81(43.7)
’ 1.0 (48.1) . 1.0 (57.2)
250°C 0.52(25.0) | 0.92(52.6)
l 0.50(24.1) | 0.84(48.0)
200°C l 1.0 (43.7) ’ 1.0 (49.7)
| 0.80(35.0) 0.89(44. 2)

* Conversion of 1-Butene in mole per cent are
given in the Parenthesis.
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Space velocity @, 109ml/hr. /gr-cat.
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Fig. 12. Catalytic Activites and Selectivities of
12 Molybdophosphates
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