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g. 2=1 Adsorption isotherms of pyridine_on.CaO S5i02.
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Table 3-1 Structures and surface

Catalyst

|

e e e

Structure

Surface

@Ho%mwwwmm‘ow.aﬁm om&mwwmam.

mwmm/S \mwv

Maximum acid

madmsmﬁwammv

1
|

MgO Si0z-A

 Mgd Si0z-B

Amorphous

Speolite

125

194

+1.5

;1m,m

H

Acidity *'
{

am@\mﬁ MHO qm@\am

0, Now 16.2.

1 0.44% 22.4

e e t

Basicity b

meq/gr

0.05

*3

10 " Teq/m?

o

| Ca0 Si02-A |

. Ca0 Si02-B

Xonotlite |

Amorphous

17.9
45, 7

zfm;+wmw;

+6.8

o | 0
0.034

0.065

0.063

Sr0 wHON»b

mﬂo mHON!w,

- Strontium
metasilicate

Amorphous

34.2

;*N

0.054

15.8

9.0

+3.3

below
0.003%

0.017

18.9

Bal mHoanm
wmo mpoNum*

i

SO |

Amorphous

4.7

x%2

"Barium
BmdmmHHHomwm

2.0

+4.8

-70.006

wo 3

*!' Measured at Hy=3.3

%2

*3

No acidic colour was observed.

Abnormal colour was observed.
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» 3-2. JIon exchange properties

i o . N
N

wt. of | Amount of Cation in decrease |exchanged |ion ,
Catalyst | the exchanged soln. of M exchanging
" Ca' - NHE ' NHg o capacity
4.51gr | 5.2lmmol | 6.59mmol | 10.67mmol {O.25mmol 0.055
meq/gr
5.51 | 0.76  |15.4 1.86  lo0.34 . |0.062
6.16: 1.04 ~  }13.85 3,40 i1;3 0.211 ¢

es until no Ca * wWas found in the solutlon. ~ Then catlon found.

the solutlon was believed to be 1on—exchangea ories

‘amount of»NH:‘ initially éfesent1was‘;7.26mmql,v

3

i s o -

earth 81llcates.

Surface Acid 1 Acidity_*' Basicity
Aream?/gz Stfen th' |meq/gr |10 gq/m meq/gr| 10 &g/m
Ho) -+ :
9.6 | +68 | 0| 0.004 | 4.2
‘ , : SRR TR .

18 | +3.3 | 0.015 | 8.3 | 0.014} 7.8 ]
. ‘ R T : - ‘
155 | +1.5  |.0.08 | 5.2 | 0.04 | 2.6
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Fig. 3~6 IR cell and the vacuum system %o which IR cell was attached.

| @. | - ,Amv. : ‘; L ‘. i " hoy gas holde
| , L) * | . ,
. N ,. %.l Q_I *u ] ’ : ,
_ ‘ A _ I
_ ; cooler , ; . ; . ; TR
| SeTTTTood disk holder | b SRy

NaCl zwsmcs

heater ‘ ,
RS liguid holder T

| manometer “ O RN

(o)

A

[ trap
ell  +




Pable 3-4 Acidity and basicity of Si0z MgO catalysts.

Acidity : Bagicity
Benesi's method Pyridine BF3; adsorption|
Catalysts surface area lAcidity Hy>3.3| Maxmum adsorption
acid strengthjat 200°C at 300°C ]
m? Lgr 10~ %eq/m® H, | 107 %8q/m? 10~ %eq/m®
Si02 2%% , | 0.0940.02 0.80.2
Q,25% Mgl 251 1.290.1 +1.5 0.68+0.1 4.,040.5
" 50% MgO 338 | 2.1420.1 3.0 | 0.9410.1 4.240.5
o , . S
@A T5% Mg 117 2.1440.2 +1.5 0.7420.1 6.230.5
85% Mgl 133 1.3110.2 +1.5 0.2840.05 7.240.5
Hg0 I 50 0 . 15.042




Fig,; 5-q The correlatlon between a01d1ty or baoicity
' and MgO-contents.
—4— acidity (pyridine adsorption at 200°C)
. =O— basicity (BF, adsorption at 300°C)
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Fig. 3-8 Comparison of measured acidities or bas101t1es
with calculated values.
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;kig. 3 9 IR spectra of surface hydroxyl group.

l. evacuated at 350°C for 3 hr.
2. evacuated at 340°C for 12 hr.
3.11)

(c f. Flg.

was adsorbed. (c.f. Fig. 3-11)
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C-H streching
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3.'rehydrated at room temperature by traces of water.

"4. evacuated again at 340°C for 3 hr and then pyrldlne '
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ig. 3-10 IR spectra of surface hydroxyl group. .

evacuated at ’bb c for 6hr.’

exchanged with DaO at 350 C for lhr and then

evacuated at bO°C for lhr."‘

exchanged w1th Dzo again at 350% C for lnr enu

then evacuated at %%0°C for 1lhr.

exchanged w1Lh D20 agaln at j)O C for 1hr andh

thcn evacuated at 350 C Lor 3hr
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1)

g. 3-121 The effects of pyrldlne adsorptlon on surface
n__ hydroxyl group. _ '
" l.evacuated at 340°C for 3hr |
2. rehydratlon by trqces of” water under atmosph
of pjrldlne
,:,) evacuated again ab room temperature for O bhr
4.evacuated at 100 C for O Shr '
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Fig. 4-1 Flow diagram.
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Fig. 4-7 Decomposition of iso-propancl
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Fig 4-8> Dehydration of t-butanol
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Table 4-3. Dehydration and dehydrogenation of five alcohols.

Reaction | Rate of Hm@o&wo&ASoH\m& hr)*3| Activation energy(kecal,/mol) Reaction orders
Reactants | temterature ,wmw%@wmawow ummwawommwmﬁwoﬁ Dehydration|Dehydrogenation Umwwawmdwoﬁ. Dehydrogenation
 Bthanol | 320~-360°C | 7.0x107% *1 | 1.8¢107% 35 %2 14 0 at.320°C. | 0.3 at 320°C
n-Propanol | 260~320°C | 8.64107° 6.2x10"5 | 29 19 0 at 310°C | 0.5 at 310°C
n-Butanol | 310~350°C | 1.7x10°% | 1.5x1075 . 26" 2% 0.1 at 310°C| 0.5 at 310°C
i-Propanol | 290~340°C | 1.521073 3.5%107 8 23 RN 0 at 300°C | 0.5 at 300°C
t-Butanol | 150~190°C | 1.3 33 | | 0 at 160°C |

*!' Sum of ethylene and ether wowsmﬁwoa.,
*2 potivation energy of ethylene formation. Activation energy of
(ethylene + ether) formation was 31 kcal/mol.

*3 Reaction conditions were; “temperature. 310°C

pressure of mwnowow 0.072atm
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ig. 4-12 Dehydration of n-butanol over MgO:SiO,
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Catalytic activity of various alKaline carth silicates.

Dehydration rate Dehydrogenation rate ‘Selectivity*’
mol/grhy  Imol/meq-hr*'|imol/gr-hr Iol/meq-hr*?
65%1073 147%10~3 — S | 0

2.8x107% | 82x10=*  |0.18%107® [2,9%1073 0.06
0.018x107% | 1241073 ** 10.015x107 0.68x107% . 0,45
0.0097x1073 - 0.0065x10‘31.1><10f3 | 0.40

‘Rate per unjit acidity’(§6{+3.3)

“Rate per unit basicity

;g\S&leétivity‘is'defined as dehydrogenatidn rate/total rate.
Acidity measured was below 0.003, so thé:éalue of 0.0015

was assumed to be the adidity og this catalyst.
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Fig. 5-2 The mwwmowm of contact time on the conversion to all dSm products.

Temperature; 380°C Pressure of ethanol; 0.1 atm
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5-1 Butadiene formation from various kinds of reactants.
Partial Conversion
No. Reactants Pressure | to butadiene | By-products
ethanol 0.1 0.11
acetaldehyde 0.1 trace crotonaldehyde
crotonaldehyde ,0.01 trace
1,3-butanediol 0.0L trace
ethanol 0.1 :
0.31%"
acetaldehyde._ - 0.01 . ‘
ethanol SN 0.1 ' o
; : ‘ : S 0.36%!T .
R crotonaldehyde 0.01 |
_n~propanol 0.1 ,
i ) : | 0.ls¥? propionaldehyde
crotonaldehyde 0.01 . R :
< Ve
.iso~propanol - 0.1 : o SRR
8 o C / - 0.08%% | acetone
: acetaldehyde - 0.01 L s

3

leaction Conditions;

/

* ethanol fgd

*2 putadiene produced X 2
' n-propanol fed

" Reaction temperature; 380°C.

*' butadiene producedx2 ]:f

*3 butadiene produced X2
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Table 5-4. Reaction orders for the formation of each products.

Catalysts Products
(MgO contents)|Butadiene .t\;,cetaldeh&dé Ether | Ethylene
25 ' ~0.12 0.58 0.73 Oef’/ |
50 -0.31 0.48 0.77 _ 0.33
75 -0.28 0.79 0.78 0.35
85 0.35 0.70 0.72 .35 |
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- Table 6-1. Equilibrium constants and conversions

for these reactions.

CeHsOH + CH3COCH3 ——— CH3CHO + CH3CH(OH)CH;

C3H+-0H +‘CH3COCH3 ——> C2HsCHO + CH3CH(CH)CH3

Temperature( °K) Kp Xe (%)
300 3.04% 1073 £5.42
400 1.19X 1072 9.8

- 500 2.78x 1072 14.3
600 5.00x1072 | 18.3

Temperature( °K) Kp Xe(%)
300 8.15 x 1072 8.3
400 2.00x1072 | 12,3
500 4.81 x107% | 18.0
600 7.96x1072 | 22.0

CH3CH(OH)C2Hs + CH3COCH; ——3> CHaCOC2Hs. + CH3CH(OH)CH3

Tenperature ( °K) Kp Xe(%)
300 | 0.755 46.5
400 _0.689 45.4
500 0.667 44.9
600 _0.665 44.8
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Fig. 6-4 Estimation of reaction orders in ethanol and acetone.
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Fig. 6-6 Hydrogen transfer reaction between 2-butanol
and acetone.
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Fig. 6-7 Estimation of reaction orders in Z-butanolland,‘

‘acetone.
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‘Fig.. 6-2 Reactivity of alcohols in the hydrogen transfer
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