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Abstract — Distillation experiments for binary system ethylformate-acetone were carried out using a 15 cm [.D.
and 135 c¢m height packed column under total reflux condition. Comparing experimental and calculated concentration
profiles of liquid phase, distances between two adjacent mixing points of 10.1, 15.18 and 19.40 mm ceramic Raschig
rings were determined. The distance was increased according to the increasing dimension of packings and an empiri-
cal correlation between them was proposed. The experimental results also convinced of the utility of the model
column which simulates the flow phenomena in an industrial packed column, proposed in previous article, for phenom-
enological study of mass transfer.
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Fig. 1. Material balance for ethylformate.
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Fig. 2. Schematic diagram of equipment.
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Table 1. Characteristics of Raschig rings

Nominal diameter (103m) 10.10 15.18 19.40

Length (103m) 1020  15.17  20.02
0.D. (103m) 10.00  15.19  18.78
I.D. (103m) 7.04  11.15 1520

Specific area (m%m3) 554.9 3504 272.1
Packing density (10-%/m3) 8.875  2.463  1.169
Void fraction (=) 0.6414 0.6877 0.7767
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Table 2. Mean deviation between experimental
and calculated compositions for dif-
ferent values of A (Run No. 14)

Experimental conditions
Nominal diameter of packings, d

(10°m) 1.940

Initial charge of mixture in reboiler, 0.62061
{kgmol)

Ethylformate composition of initial charge  0.1320

Reboiler duty, Qg (Kw)  6.0000

Condenser duty, Q¢ (Kw)  4.4580

Heat loss from column wall (Kw) 1.5420

A 102/(m)  Mean deviation (%)

0.80 2.183 4.115
0.90 1.993 2.303
0.95 1.897 1.668
(.96 1.878 1.543
0.97 1.859 1.436
0.98 1.840 1.378
0.99 1.821 1.320
1.00 1.802 1.291
1.01 1.782 1.367
1.02 1.763 1.456
1.03 1.744 1.544
1.04 1.725 1.633
1.05 1.706 1.775
1.10 1.610 2.473
1.20 1.419 3.797

4-2. Raschig ring 2l £8P4 Aloje]l AHE|
37|17} oh& Al £%9 ceramic Raschig ring & 4}
23] A=t AAbabe wle] A4 =4 profile & ©l

249l profile 3} ®l@stgich, o2l profile & A

Table 3. Comparison of experimental and cal-
culated liquid composition (Run No. 14)

Position (i)  z(m) Xim %, Deviation (%)
1 0 0.1487 0.1457 2.025
2 0.15 0.1621 0.1563 3.688
3 0.30 0.1702 0.1671 1.876
4 0.45 0.1779 0.1778 0.057
5 0.60 0.1882 0.1884 0.086
6 0.75 0.1948 0.1986 1.900
7 0.90 0.2103 0.2082 0.989
8 1.05 0.2151 0.2172 0.956
9 1.35 0.2321 0.2322 0.039
Mean 1.291
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NOMENCLATURE

. effective area of packings [m%m?)
. effective area calculated by Puranik’s method

(m%m?

. constant (~)
: mean deviation between experimental and

calculated compositions [-]

: nominal diameter of packings [m]

. initial charge in reboiler [kgmol]

. flow rate of vapor phase [kgmol/s]

: vapor holdup per unit packed height [kgmol/

m]

: Liquid holdup per unit packed height [kgmol/m]
: liquid holdup calculated by egn. (4) & (5)

[kgmol/m]

. overall mass transfer coefficient [kgmol/mzs]
: distance between two adjacent mixing points of

packings [m]

: flow rate of liquid phase [kgmol/s]
. rate of condensation of vapor per unit packed

height [kgmol/ms]

. reboiler duty [kw]

: condenser duty [kw]

: cross-sectional area of column [m?]

. time [s)

: mole fraction of ethylformate in liquid phase

(-]

1 mole fraction of ethylformate in reboiler [~]
: mole fraction of ethylformate in vapor phase

-]

. mole fraction of ethylformate in equilibrium

with x {-]

. packed height [m}
. total packed height or top position of column

[m]

Greek Letters

R

. relative volatility [-]
: void fraction of packings [-]
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Subscripts

d
i
m

: calculated
. position of column; 1 denotes bottom, 9 top
. measured
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