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Studies on Fluid Catalysts 11

Dehydration of Butanol with Fluidized Catalyst.
(Effects of the mechanical stirring and the multi-stage wire gauze.)

Kazuo AOMURA
Hiroshi OnTsuxa
Minoru YOSHIDA

Abstract

Fluid catalyst processes have assumed a considerable importance in chemical indust-
ries, especially in the petroleum industry, since the last world war. Many works have
been made on the fundamental chemical engineering studies of the fluidization of solid
particles. However, their practical application are extremely limited, since their merits
and demerits in the large scale application are not yet sufficiently discussed.

It is apparent that the flow rate necessary for the fluidization of catalysts powder
and the flow rate required to proceed the reaction are quite independent each other.

Therefore, in the fluid catalyst method, the size of catalyst particles must be so
arranged that the optimum gas flow rate for the reaction always falls in the range of
gas velocities giving good fluidization. However, the devices for obtaining a catalyst of
a uniform diameter, such as screening or pneumatic elutriation, are quite troublesome
and expensive.

The catalytic dehydration of butanol with fluidized catalyst particles having a wide
range of diameters was successfully performed in a reactor equipped with a mechanical
agitator and a multi-stage wire gauzé. The dehydration catalyst used was fine powdered
bentonite.

In order to estimate the minimum fluidized velocity during the reaction proceeded,
the fraction void in the bed and the shape factor of the catalyst were experimentally
measured and computed.

The reaction apparatus used was an iron tube of 1% inches id. and having the
length of 90cm. When it containing the catalyst particles of wide range diameters, it
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was equipped with a mechanical agitator and a multi-stage wire gauze. By means of
mechanical agitation, good fluidization of the catalyst powder was attained almost inde-
pendently of the gas flow rate. The sample butanol vapor generated in the preheater
was introduced in the reactor tube at ordinary pressure and was converted into butene
by dehydration. The experimental results were also compared with those obtained in
the case of the fixed catalyst.

The experimental results can be summarize as follows:
I. Catalyst of a uniform diameter (with no agitator).

The optimum conditions for the dehydration of butanol with the fluidized catalyst

were as follows:

1. Reaction temperature :400°C
2. Particle size of catalyst powder: 100/150 mesh
3. Space velocity : 15-2.0 (in liquid)

II. Catalysts of a wide range diameter (with an agitator and a multi-stage wire gauze).
The mechanical agitation was quite effective in preventing the channeling and
the slugging which were sometimes inevitable in the fluidization of fine solids. The
optimum rotation of this agitator was found to be about 300 r.p.m. in the present
experiment. A good temperature distribution in the reaction tube was also obtained
by the agitation.
In consequence, almost the same conversion and the space time yield were ob-
tained even a catalyst of wide range diameter was used.

Judging from the results obtained, the fluid catalyst method surpassed the fixed
catalyst method in applying to the dehydration reaction of butanol. In the fluid catalyst
method, the space time yield was 240, which was over three times larger than that ob-
tained in the fixed catalyst method.

(Chemical Engineering Laboratory, Faculty of Engineering, Hokkaido University)
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Nomenclature
Ayr: Cross-sectional Area of Fluidization Vessel (sg.cm)
D, : Effective Particle Diameter {cm)
Dz: Diameter of Pipe {cm)
¢: Fraction Void in the Bed —
L,: Height of Unexpanded Bed (cm)
0,: Particle Density (gr/cc)
0z Fluid Density (gr/cc)

¢ : Shape Factor —
R.,: Reynolds Number based on the Particle —

Uuy . Minimum Fluidized Velocity (cm/sec)
ur:  Fluid Viscosity (gr/cm. sec)
Vr: Volume of Total Particle (cu.cm)

Wr: Total Mass of Particle (gr)
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! | i
] | | | | ;
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Sample: After 150°C Drying; R: SiOs/Al:0; Mole Ratio
2, 150°C, 10 WEHsz st o ik vk Table 3 o< ¢
Table 3. Sieve Analysis of Bentonite.
Mesh No. 35/65 65/100 ‘ 100/150 150/200 200/250
Dp[em] 0.0295 0.0175 0.0124 0.00876 0.00677
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Table 4. Values of Fraction Void and Particle Shape Factor.

Dy | Ly . Uy 4p o

(em) 4 (em) B} lem/sec) |  (emH:0) .

0.0275 5.75 0.622 435 115 { 0.741

» ” ” 5.80 1.50 0.756

» . . 7.28 1.65 | 0.745

00175 | 5.90 0.632 435 ‘ 2.78 | 0.723

b2 1 b2 ) 5-80 3>58 0‘735

» » » 7.23 439 0.741

0.0124 6.05 ' 0.649 485 443 0.750

» » 3 5.80 5.73 0.761

, » , 7.23 7.73 0.732

0.0088 6.75 0679 | 435 7.05 0.756

5 »” ” 5.80 9.09 0.769

» » » 7-23 12.17 0.742

0.0068 7.15 0.697 435 12.41 0.689

» , ” 5.80 15.03 0.723

, | » » 7.23 | 19.15 0715

Average E 0.75

HL,
flt 58 B Wr =50gr

B B b T o0, = 194

W i B Ar= 1116 e

98 R B ar = 00176 c.p. = 1.76 x 10~ gr/cm/sec (10°C & T)
B JE B g = 980 cm/sec?

4) RSB LT war O FH
BLEO SR IE% Fv, JEJHEE 300°C, 350°C, 400°C JZuX 450°C ¢ Jib ur - 44 1% % M4
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MR BE 100cc w5,

¥ 9% G g 35/65, 657100, 100/150, 150/200, 200/250 mesh
IS W EE: 300°C, 350°C, 400°C, 450°C

Yo g 05, 1.0, 15 2.0, 25

[A] i#%: 100/150 mesh (D, = 0.0124 cm)

Table 5. Effect of Reaction Temperatures. (I)
Reaction Temperature: 300°C

Space Velocity  hr-? | 0.5 é 1.0 1.5 J 2.0 2.5
Average Pressure Drop emH:O | 2.3 4.1 5.2 6.8 8.5
Butanol used ce 40 40 40 50 50
H.0 formed ce 7.0 6.5 5.0 6.0 5.5
Unreacted ce 7.0 7.0 8.0 115 18.0
Gas formed (S.T.P) ¢ 5.84 5.31 4.67 5.27 3.49
Butene Content of Gas % 82.1 85.3 84.8 86.2 88.4
Butene formed S.T.P) 2 4.80 4,53 3.96 4.54 2.95
Conversion % 49.5 46.5 40.8 375 29.9
Space Time Yield 48 | 91 ‘ 158 142 118

Table 6. Effect of Reaction Temperatures. (1)
Reaction Temperature: 850°C

Space Velocity  hr-? 0.5 1.0 15 2.0 25
Average Pressure Drop cm H:0 3.0 4.8 5.7 7.7 7.7
Butanol used ce 40 40 40 50 50
H.0 formed ce 7.5 7.0 6.5 7.0 6.0
Unreacted ce 5.0 5.0 7.0 85 11.0
Gas formed (ST.P) ¢ 6.79 6.25 5.21 6.94 447
Butene content of Gas % 80.5 81.8 83.9 83.2 90.5
Butene formed S.T.P) ¢ 5.47 5.11 4.63 5.78 3.96
Conversion % 56.3 52.6 47.7 47.8 30.6
Space Time Yield 55 102 185 181 158
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Table 7. Effect of Reaction Temperature. {III)
Reaction Temperature: 400°C
Space Velocity  hr-? 0.5 1.0 15 % 2.0 2.5
Average Pressure Drop cm H.O 4.1 5.3 6.7 ‘E 8.7 11.1
Butanol used ce 40 40 40 50 50
H:0 formed ce 7.0 7.0 6.5 75 7.0
Unreacted ce 3.0 4.0 3.0 4.0 20.5
Gas formed STP) ¢ 830 7.41 7.81 8.95 6.57
Butene Content of Gas 25 78.5 83.2 82.8 85.7 88.8
Butene formed (STP) 2 6.60 6.16 6.05 7.76 5.80
CH:, % 4.5 _ 3. —_ —
CO % 0.8 — 04 — —
Co: % 1.1 — — — —
CH: % | 8.1 — 1.2 ! — —
H. % 4.0 — 3.6 — —_
O % 10 - 2.2 —_— —
N % 7.0 - 6.1 — —
Conversion % 68.0 63.5 62.3 64.2 35.1
Space Time Yield 66 | 123 242 242 232
Table 8. Effect of Reaction Temperatures. (IV)
Reaction Temperature: 450°C
Space Velocity  hr—! 0.5 1.0 15 2.0 2.5
Average Pressure Drop em H.O 3.2 5.0 48 8.1 9.5
Butanol used ce 40 40 40 50 50
HO formed ce 7.5 8.0 75 8.0 5.0
Unreacted ce 3.0 4.0 12.0 10.0 15.5
Gas formed (STP) ¢ 7.91 7.70 747 8.66 5.95
Butene Content of Gas % 73.5 75.7 784 80.3 75.8
Butene formed (S T-P) ¢ 5.81 5.83 5.85 6.96 4.48
CH, % 3.2 31 | 18 2.5 2.7
CO % — 0.5 — — 1.1
Co: % — - — — -
CH, % 35 15 2.6 - 2.7
He % 8.2 6.1 3.1 2.5 41
O; % 31 2.6 2.0 15 3.1
Na % 85 10.5 12.1 13.2 11.6
Conversion % 59.8 60.0 60.2 57.5 27.1
Space Time Yield 58 | 117 234 218 179
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(Bl = s i gr: 400°C
Table 9. Effect of Particle Sizes. (I)
Particle Size: 35/65 mesh

Space Velocity  hr-! 0.5 1.0 | L5 2.0 2.5
Average Pressure Drop em H.O 3.2 5.8 7.1 85 95
Butanol used ce 40 40 40 50 50
H.O formed ce 6.8 6.1 5.7 6.3 3.2
Unreacted ce 4.0 5.2 6.3 71 18.0
Gas formed STP) ¢ 8.00 6.95 6.02 5.80 1.95
Butene Content of Gas % 80.2 84.1 83.5 85.2 86.1
Butene formed (S.T.P) ¢ 6.41 5.85 5.03 4.95 1.68
Conversion 2 66.0 60.1 518 40.9 7.2
Space Time Yield 64 117 201 154 67

Table 10. Effect of Particle Sizes. (IT)
Particle Size: 65/100 mesh

Space Velocity  hr—? 0.5 { 1.0 15 2.0 2.5
Average Pressure Drop e¢m H:0 41 5.9 6.8 8.8 89
Butano! used ce 40 40 49 50 50
H:O formed ce 7.0 6.0 5.0 5.5 5.0
Unreacted ce 4.0 5.0 6.0 7.0 15.5
Gas formed STP) ¢ 7.85 6.96 6.63 8.32 4.51
Butene Content of Gas % 88.2 85.2 88.2 86.8 89.3
Butene formed (S.T.P) ¢ 6.53 5.92 5.85 7.22 4,08
Conversion % 67.1 60.9 60.1 59.7 30.1
Space Time Yield 65 118 234 226 161

Teble 11. Effect of Particle Sizes. (III)
Particle Size: 150/200 mesh
7 T

Space Velocity  hr—? 05 ! 1.0 i 15 2.0 2.5
Average Pressure Drop em H.O 49 | 6.3 72 7.9 7.8
Butanol used ce 40 40 40 50 50
H.O formed ce — 6.0 5.5 6.0 5.0
Unreacted ce — 5.5 7.0 8.0 11.5
Gas formed S.T.P) ¢ 7.50 7.46 6.29 6.20 2.83
Butene Content of Gas % 85.2 84.1 88.2 86.3 90.1
Butene formed S.T.P) ¢ 6.40 6.27 5.55 5.35 2.55
Conversion % 66.0 64.5 572 55.1 a9
Space Time Yield 65 125 222 167 102
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Table 12. Effect of Particle Sizes. (IV)
Particle Size: 200/250 mesh

T
Space Velocity  hr—1 0.5 ; 1.0 1.5 2.0 ‘ 2.5
Average Pressure Drop cm H.O 5.1 E 5.6 7.1 : 79 f 79
Butanol used ce 0 | 40 40 5 50
H.0 formed ce 6.0 ; 6.0 5.5 55 . 4.5
Unreacted ce 55 i 5.0 70| 75 95
Gas formed (STP) ¢ 704 | 69 605 | 805 | 451
Butene Content of Gas % 841 | 8T gr2 . 8l9 . 83
Butene formed STP) ¢ 591 | 592 5.28 6.59 4.03
Conversion % 60.9 ; 610 54.3 545 800
Space Time Yield | 59 181 211 206 161
80 T T T T
Purdicle Size @ 100/150 mesh
70 1 1
e - W\\
R S0 i\ :\"5 - x\ 300 Particle Size: 160/150 mesh
‘é sO\\\(L ) \\. . /ié’\\/woo‘t
2 40 ~x_ \}\400’6 K - ppr
S 30 S350 = ///33\\4)\\ 3507
g . \\l) 450°C b s 0300
S 20 300°C d =00
o Z
0 0 0.5 1.0 7.5 2.0 2.5 30
20 05 ’0 ’5 2.0 2.5 3.0 Space  Velocity
S Velocit
. fmce oo 'J’ Fig. 11. Effect of Reaction
Fig. 9. Effect of Reaction Temperatures. Temperatures.
80 T T T
i Reaction Empemfure: 400°C
7" R i\ | L !
50 X \\-— 100/150 mesh
ﬁ -~ \5\ DN\,
50 - 18 \
S, ™ ‘ JSO/ZOOMQS” < Reaction Temperatore-: 400°C
',z} - \ Z?;/zSOmeth 5“:) { 100);50 mesh
30 100 mes. o 200 ” gy
N E Y NN
S 29 . \\ 9 oo 2 b 50200 mesh.. |
10 Zf 35/65 mesh V§~ " 35/55 mesh
00 0.5 70 ’5 2.0 2.5 o5 ) TF 20 2.5 50
Spoce VE[DCM;)' Space Velacity
Fig. 10. Effect of Particle Sizes. Fig. 12. Effect of Particle Sizes.
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Fig. 13. Apparatus for the Fluid Catalytic Dehydration
with an Agitator. (I)

Fig. 14. Effect of Mechanical Stirring.
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Range Diameters.
(85/250 mesh)
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SRR O ERF Vv, codmcsEN R AN, ok LT LCHE Lz, (Fig. 17: %
SARIEYN

B S Lloem L HF oM F T 2 4 oPMR A 4 2 8w+l v 2 b o 2 4L
HHLZ2ZHMOMEE 2em Th 5, 19EisME 08 cm 0 ¢, HEHE AN D oo & ([

g
!

e

=

BHCEE B CHl B fe b X OBl & — & I & ILT W 2 v Hic & D iTore, B
L

TR TRATROMEY T 5, kAT 7 4 v (R 0.9) 2K B

A

WL, BRSO #iEE ool —Elto & el U th 2,
FHAL B FOSHLE © 400°C 23 08, HEREIIIRIGIC I B B B R o B S Jug 45

o, JERIEE (JEHURAENE) & BREIEK & O BIRS % 4p ORZIC & ) WITIRIERHE L/E D
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TT272,

4 ERE R
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fik BE: RPESATEIE 3 FOM D
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Table 13. Effect of Mechanical Stirring in the Use of
Catalysts having Wide-Range Diameters.

Space Velocity  hr-1 05 10 15 | 20 2.5
Average Pressure Drop cm H,O 3.2 5.1 6.9 7.0 7.2
Butanol used ce 40 40 ) 50 50 50
H.0 formed ce 6.5 6.0 6.5 5.0 3.5
Unreacted ce 3.5 4.5 5.5 7.0 10.0
Gas formed (S.T.P) ¢ 7.11 6.70 7.18 6.49 3.11
Butene Content of Gas % 85.3 812 84.1 88.7 87.5
Butene formed S.T.P.) ¢ 6.06 5.85 6.46 5.76 2.25
Conversion % 62.5 60.2 53.4 47.6 25
Space Time Yield 61 119 128 176 90

[B] #iptEimdo;

OIS % e [Alem e
R R : 150 rop.m., 300 r.p.m., 450 r.p.m. (=10%)

[
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Table 14.

Effect of Rotation of Agitator. (I)
Space Velocity: 1.0

22

i

Rotation of Agitator r.p.m. 150 300 450
Average Pressure Drop em H-O 6.4 7.0 7.1
Butanol used ce 40 40 40
HyO formed ce 7.5 7.0 8.0
Unreacted ce 55 45 55
Gas formed S.T.P) ¢ 7.02 7.48 7.04
Butene Content of Gas % 88.5 85.3 90.2
Butene formed (S.T.P.) ¢ 6.29 6.89 6.35
Conversion % 65.1 66.2 65.8
Space Time Yield 126 128 127

Table 15. Effect of Rotation of Agitator. (II)
Space Velocity: 1.5

Rotation of Agitator r.p.m. | 150 300 450
Average Pressure Drop cm H,O 6.8 7.1 7.0
Butanol used ce 40 40 40
H.O formed cc 7.5 8.0 85
Unreacted ce 5.0 5.5 4.0
Gas formed (ST.P) ¢ 6.50 6.91 717
Butene Content of Gas % 87.2 86.5 83.7
Butene formed (S.T.P.) ¢ 5.67 5.98 6.36
Conversion % 58.0 61.7 65.6
Space Time Yield 142 150 159

Table 16. Effect of Rotation of Agitator. (IIT)
Space Velocity: 20

Rotation of Agitator r.p.am. 150 300 450
Average Pressure Drop em H.O 7.2 7.1 7.3
Butanol used ce 50 50 50
H.0 formed ce 6.5 7.0 75
Unreacted ce 55 5.5 5.0
Gas formed (S.T.P) ¢ 7.15 8.41 8.22
Butene Content of Gas % 89.5 87.6 83.8
Butene formed S.T.P) ¢ 6.40 7.37 7.80
Conversion % 54.0 60.9 60.3
Space Time Yield 209 235 272
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Table 17. Effect of Rotation of Agitator. (IV)
Space Velocity: 25

Rotation of Agitator r.p.am. 150 300 450
Average Pressure Drop em H.O 7.8 7.4 7.3
Butanol used ce 50 50 50
H,0 formed ce 5.0 5.5 5.5
Unreacted ce 7.0 6.5 6.0
Gas formed (ST.P) ¢ 493 5,51 6.06
Butene Content of Gas % | 86.2 89.6 90.8
Butene formed ST.P) ¢ 425 4.94 499
Conversion % 35.1 40.8 45.3
Space Time Yield | 141 153 181
* Reaction Temperature : 400, : &V
o :i e sl /M//Ll?mesﬁ_ L P SEas——— == E lg
: : ‘\%’Qa z?%j Lo t: o ] e R
B g0— 5 ¥ -
g, ‘ O\ Su 1
S 2 S 29

j‘: “&%—35/65m B

ot oy T hiction o dgster g
Fig. 18. Effect of Particle Sizes. Fig. 19. Effect of Rotation of Agitator.

(85/250 mesh : Used an Agitator)
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Table 18. Experimental Data of Fixed Catalyst from Previous Report.

Renc(t{:; )Ternp. Space Velocity hr—! 0.1 0.2 0.8 0.4
200 Conversion 2% 31.5 35.2 56.4 53.8
Space Time Yield 7.1 15.7 33.0 48.0
950 Conversion % 39.8 48.0 58.2 67.1
Space Time Yield 8.9 21.4 39.1 80.0
300 Conversion % 54.0 62.3 67.8 74.6
Space Time Yield 12.1 27.8 45.6 66.9
350 Conversion 2% 52.1 68.4 VtN 9.5
Space Time Yield 117 30.5 52.9 71.8
100 Conversion % 59.0 73.4 768 843
Space Time Yield 13.2 33.0 51.5 75.5
150 Conversion % 68.1 73.0 9.6 85.5
Space Time Yield 15.3 32.8 53.5 76.6
500 Conversion % 68.6 76.2 82.0 83.1
Space Time Yield 154 34.1 55.1 745

&

TREE A L e doa oI W TR 2 o R T E s, &, HH
ACAT o e BT X B EERAEREY L,

Th b

o
{8 Space Time Yield o g %450

1,3 o

U R D BB PSR BE 255 < e B, ¢RI LSS, Space Time Yield 234
fL T ASOC BTl & 7a v, S00°C T TP LT s 8Ed b5, X, ZERHEE O R
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Wi, 25y, =Fvy, KEGFOHUNENL D2 TWS, #oTHEMEOSECITK
i e 450°C, ZefisdinE 0.3~0.4 a3 & Wby, LoD S5 85%, Space Time Yield
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mesh, ZSRHE 1.5~20 BEEEHECTH Y, BINHEW 70%, Space Time Yield 240 Tk %

WOCH S T s b2 IR VSIS 2 M 3 2 e X o ¢, R, B O 34
M EOREERIDIE LT TH D

¥ k. AR s dERTREERGEH, No. 1, No. 2 (1948, 1949) wEEMI SR~ NTD %,
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