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2 2 ool Py A Aggele K19 CO 718 FAEAHY Foleins dFskddck Nat-,
Cu?*- 9 Ba**- Kin®l ¥ 9% CO #3458 71329, 04N BaCl, 89422 g o) 714 &
CO F35¢ vehiidlz, 4 AMelolE 44 SART} Hopd FAFE 7142 ¢ 4 Udel oleg
FFo o2 {37 B2 >CuP* >Nat>K* >Mg?* >Ca’t o] £48 Jehten Az 23 <
ol 28] Fol FF 23 AFe 27] Fol CO 7|49 F3 o 2 QAR 4L & F Uk
282 Km®l Fel&el & FA74%S vlwsl?] $1s)4 CNDO/2 A4k 3iadck Al 23 898
2y 2] ckolem CO Zldge] JEE Ve A¥Ae} vg APAS & 5 A%

ABSTRACT. The adsorption properties of CO on the cation exchanged natural zeolite, Ki; and
cation effects upon the CO adsorption were studied. Na*-, Cu®*- and Ba**-Ky exhibited relatively good
CO adsorption capacities and Ba**-Ky,, treated by 0.4 N-BaCl; solution proved itself as the best adsorbent
and superior to the synthetic zeolite 4A and 5A. The observed adsorption tendency due to the cations
were in the order of Ba**>Cu®*>Na*>K*>Mg? >Ca®*. The cation exchanged number per unit cell
as well as the kind of cation which forms bond with CO molecules in different intensities and other
mineral factors such as pore size indicated to be important factors to the CO adsorption properties.
The CNDOQO/2 calculations were performed to compare the adserption tendencies and CO interaction
energy of cations in Kj,.
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Fig. 1. Diagram of CO adsorption apparatus.
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Fig. 2. X-ray diffractogram of natural zeolite, K;,,.
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Fig 3. X-ray diffractograms of cation exchanged natural zeolite treated with 0.5N metal chloride solutions.
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Fig. 4. X-ray diffractograms of zeolite 4A (a} and 5A (b) treated with various concentrations of BaCl, solution.
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Fig. 5. X-ray diffractograms of natural zeolite treated
with various concentrations of BaCl, solution.
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Tabie 1. The No. of cation exchanged per unit cell of mordenite

Cation Ba** Cu?* Ca** K*
x 258 282 26.1 239
Conc. of treated seln. Woos Y; W Y, Woas Y, Won Y

0.2 N-metal chloride soln.
0.5 N-metal chloride soln.
1.0 N-metal chloride soln.
2.0 N-metal chloride soln.

13.17 370 4.30 2.30 203 1.78 5.70 5.21
14.20 4.02 5.58 3.18 217 1.92 6.20 5.67
1598 4.59 6.58 3.76 2.46 216 6.33 5.80
17.21 498 6.91 3.95 297 2.60 6.70 6.16

- mY; , . . —_— L .
W= T+ (B—n¥)22.99+ 287508 ¢ 18¢ " Wes: wt% of cation, m; atomic weight, »; oxidation no., ¥;; no. of

cation calculated per unit cell of mordenite, x; no. of water calculated per unit cell of mordenit, Mordenite;

My Nag-ur;AlsSicOss 2 Ho 0.
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Table 2. Amounts of CO adsorbed (X 1072 g/g) at 25C
on K zeolite treated by different cation solutions

Treating sofn Concentratio (N)
0.2 05 1.0 20
NaCi 2317 2.398 2419 2375
KCl 2216 2227 2283 2231
CaCl, 1.754 1683 1.665 1618
MgCl, 2.090 2.039 2.006 1.979
CuCl, 2529 2.264 2230 2.020
BaCl, 2465 2475 2462 2289

Fateke 28l Fig 67 100 Jehiigich
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Fig. 6. Amounts of CO adsorbed (g/g) on the natural
zeolites (K-111, O) treated by various BaCl, sohitions
{0=01N, a=02N, ©=03N, #=04N, m=05N,
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Fig. 8. Amounts of CO adsorbed on zeolite 44 and S5A treated by BaCl; solution.
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Table 3. Heat of adsorption of cation exchanged zeo-
lite K]n

Cations Na* K* Mg** Ca>* Cu®* Ba*
Q.o 91.38 6164 8141 8556 6606 95.76
{kcal/mole)

Table 4. Equilibrium distances between the cation and
the closet oxygen, and the C atom of CO mole-

cule {unit; A)
Na* K* Ca**
M-O 3.289 3463 3.440
M-C 3.090 4601 4.290

tion, a and ¢; constants

¥4 Temkin® A& 3 WFA72v, Fig. 99
m3t Inp7tel 7€)1 Fike F34(Q,0)% A
AbSh o) Table 3¢l Jtepl<dch

TP SRR P wdFY A7)
€ FAAR FAAteledl g FAR B
ZAYGl vl Table 4004 FRE 27]7]
17} ool &2} A4 Na*7} Kt Hx} 23, 271Q1 3 $-
Ba**>Ca?* >Mg** >Cu?* ) £4UE & + <k
o)8} & AFAE oldr] A EAANEY L o)
43t o]lgHo2 FAEALL] AP AYeld
AE Al olg Table 74 T8 Anuazt
g}

MO A4t

ol A b FArde] e oldstz Ty
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=y, AHgejo)Ee] YUY ol LFo A2}
CO7l Fag WMol H¥FAAYE Table 40 1}e}
Y sie}

ofol2e] 27|17t 255 s Alaele] A
2l & W& ¥ 4 slen CO £2174e] A =3
olgs) =78t & £AUE ¢ 5 Uk

ofol-&o] TYH clusterst CO7} F4= ciustersd
zZt QAxpel] NG AADee} YA AYAr-§
Table 52 69l vjebfiKic).

Cluster] T #2)e] APz Al 94K, 3, 5,
T7F 2 gtel 0.7400, 0.7434, 0.7370, 0.7381= r}
Bhren, Si 932, 4, 6, 8}t 1.1920, 11902,
1.191, 119452 vepydcl o)9} 2 Aol 4009
Ape)ol] e Alo) 37FelBR 47)4) Siof] wls ¥Hx}
42 97 wfolc) o)atbibgA] ool
# AFarae e} 9AAE custerid Jj
ARAR12K9, 10, 11, 12, 13, 14, 15, 16) 8] A3PLEE
Na*, K*e] 7%, s AFE E5] S A0)E 1

Table 5. CNDO/2 atomic charge, g, for interaction of CO molecules with cluster

Cluster Na NaCO K KCO Ca CaCO
a(1) 7400 6529 £741 6769 6862 1.0078 1.0059
q(2) 1.1920 1.2288 12312 1.2267 1.2277 1.2415 1.2417
q(3) 7434 6401 6653 6815 6908 1.0097 1.0074
q® 11902 1.2298 1.2333 1.2246 12256 1.2396 1.2397
q(s) 7370 6241 6515 6745 6839 1.0059 1.0035
q(6) 1.1951 12326 1.2359 1.2296 1.2307 1.2433 1.2435
oD 7381 6440 6668 6756 6850 1.0050 1.0029
q(8) 1.1945 2294 12316 1.2292 1.2302 1.2429 1.2431
a(9) — 8206 —.8995 - 8797 —.8833 ~.8735 —.5471 - 5651
q(10) — 8266 — 8908 — 8749 - 8712 — 8640 —.5794 - 5921
q(11) — 8193 - 9106 ~ 8865 - .8814 - 8717 —.5481 — 5655
q(12) — 8274 — 8939 — 8759 —.8724 - 8653 — 5774 — 5898
a(13) - 8210 - 9216 — 8960 - 8827 -.8729 —.5458 — 5628
q(14) —.8268 — 8787 — 8645 —.8725 —.8654 —.5784 — 5914
q{15) - 8207 —.9073 — 8863 —.8827 — 8727 - 5463 — 5640
q(16) — 8277 — 8803 — 8671 - 8734 — 8662 — 5776 — 5909
1 4227 3494 4511 4326 1.1970 11739
q(18) 2503 2203 0.0010
q(19) -.1541 —.1928 — 0305
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Table 6. CNDQ/2 bond order, p, for the interaction of CO molecules with cluster

Cluster Na NaCO K KCO Ca CaCO
p(1-9) 6023 5158 5275 5357 5412 7667 7550
p(1-16) 5972 5335 5420 5367 5409 77540 7449
p(2-9) 9021 8304 8422 .8370 8423 9371 9317
p(2-10) 5128 8330 8429 8688 8631 9391 9348
p(3-10) 5976 5322 5419 5369 5410 7516 7428
p(3-11) 6020 4968 514 5368 5425 7054 7533
p(4-11) 5038 8104 8249 8400 8456 9394 9337
p(4-12) 5115 8275 8384 8574 8615 9391 9348
p(5-12) 5974 5112 5222 5385 5428 7487 7453
p(5-13) 6028 5068 5208 5357 5410 7668 7555
p(6-13) 9026 7931 8089 8402 8461 9410 9350
p(6-14) 5119 8537 8621 8558 8596 9367 5329
p(7-14) 5983 5163 5258 5398 5443 7555 7456
p(7-15) 6030 5262 5380 5348 5400 7658 7549
p(8-15) 9022 8159 8286 8387 8443 9389 9331
p(8-16) 9120 8548 8627 8607 8599 9375 9337
p(17-11) 0975 0968 0481 0483 1253 1232
p(17-12) 0852 0844 0470 0470 1085 1078
p(17-13) 0978 0973 0480 0481 1253 1234
p(17-18) 1743 0602 0570
p(18-19) 25168 2.4900 26603

Table 7. Interaction energies, E(kcal/mole) for intera-
ction of CO molecules with the cation in zeolite

Na* K* Ca®*
44.806 36.397 29.056
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