This article was downloaded by:

On: 25 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Pt e STEVEN 4, CRANTR Separation Science and Technology
Publication details, including instructions for authors and subscription information:
SEPARATION SCIENCE

http://www.informaworld.com/smpp/title~content=t713708471
AND TECHNGLUGY Phase Temperature Differences in Binary Distillation
— — . | Galen A.Grimma Jr.

To cite this Article Grimma Jr., Galen A.(1995) Phase Temperature Differences in Binary Distillation', Separation Science
and Technology, 30: 14, 2933 — 2936

To link to this Article: DOI: 10.1080/01496399508013723
URL: http://dx.doi.org/10.1080/01496399508013723

PLEASE SCROLL DOWN FOR ARTICLE

Full terns and conditions of use: http://wwinformworld.coniterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713708471
http://dx.doi.org/10.1080/01496399508013723
http://www.informaworld.com/terms-and-conditions-of-access.pdf

11: 58 25 January 2011

Downl oaded At:

SEPARATION SCIENCE AND TECHNQOLOGY, 30(14), pp. 2933-2936, 1995

TECHNICAL NOTE

Phase Temperature Differences in Binary Distillation

GALEN A. GRIMMA, JR.

5323 LAWN ARBOR DRIVE
HOUSTON, TEXAS 77066-1605

ABSTRACT

Assuming bubble point liquid and dew point vapor to coexist in a simple distilla-
tion column, equations are given describing the maximum sectional phase temper-
ature differences for binary systems which are assumed to be completely sepa-
rated.

If, in a packed distillation column, we assume that vapor is at its dew
point and liquid at its bubble point, we find that the temperature (¢,)
of the vapor leaving a differential element of packing is higher than the
temperature of the liquid () leaving that same element. Plug flow is as-
sumed. This phenomenon also occurs, to a lesser extent, for perfectly
mixed trayed columns, particularly those with low Murphree efficiency
(Em). That is, the temperature of the vapor leaving a tray is greater than
that of the liquid leaving the same tray. This phase temperature difference
arises because the phases are not in equilibrium. For a binary system, the
temperature difference is present at all reflux rates, is greatest at total
reflux, and increases with increasing alpha value. For a perfect binary
separation, the phase temperature difference is zero at the top and bottom
of a column because we have pure components at these points. The tem-
perature difference is always zero for a theoretical equilibrium stage (TES)
anywhere in the column.

We see now that, while there is only a single temperature profile for a
staged column, there are two temperature profiles for a packed or trayed
column; one for the vapor phase and one for the liquid phase. We may
estimate the magnitude of the maximum temperature difference for a
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2934 GRIMMA

packed column as well as for an actual trayed column if we assume a
perfect binary separation. As a K-value generator, we choose

In(K) = a + b't (N

as a compromise between physical reality and mathematical convenience.
The resulting equation for the stripping section is given in terms of the
fraction of the difference between distillate (¢4) and bottoms (#,) tempera-
tures, which are here the boiling points of the light key (LK) and heavy
key (HK) at system conditions.
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The Emv term allows estimation of (¢, — #) for perfectly mixed actual
trays. Emv is zero for packed columns and unity for TES columns (per-
fectly mixed phases in equilibrium). For the latter case, the maximum
temperature difference is found to be zero, as expected. For perfectly
mixed actual trays, Env is between zero and one. The L/V term permits
calculation at partial reflux. At total reflux L/V is unity. The value of x;
at the maximum temperature difference gives an indication of the location
of the maximum. For the stripping section

xig = [aV/IL — 1V[2(e — 1)] 3)
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Note that Eyy does not appear in Eq. (3).
For the rectifying section in a perfect binary separation we obtain for
the maximum value of (¢, — #;):
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The value of xuyk at the point of maximum temperature difference is

given by
X = [a ~ V/ILV{2(a ~ 1)] (5)
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When K, are represented by Eq. (1), the maximum values of the left-
hand sides of Egs. (2) and (4) occur at total reflux. These ‘‘maximum
maximum’’ values are given by

a1+ (I - Emv)(a — 1)2]

: |:
_ max 4o
(fv 4 )max — (6)
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At total reflux, the value of x; x associated with Eq. (6) is always 0.5
and is independent of Eyy .

Values estimated by Eq. (6) vary from zero at an alpha of unity to unity
at an alpha of infinity. If the Eyy; model is used for actual trays or packing,
merely replace Euv in Egs. (2), (4), and (6) with Fuy.

EXAMPLE PROBLEM

A binary with equimolal feed composition at its boiling point is being
separated by a packed column into 99.9% pure top and bottom products.
This approximates perfect binary separation. Assuming Eq. (1) to hold,
we will determine the maximum phase temperature difference (¢, — 1,)
in A) the rectifying section and B) the stripping section if the reflux-to-
feed molal ratio is 1.5 and the relative volatility ratio (alpha) is 2.0. Then,
C) at total reflux, we will determine the maximum temperature difference
for the system. We will choose the Eyv model and assume constant molal
overflow.

A. For a packed column, Eyv is zero. The top product rate is 0.5 mole
per mole of feed. L/Vgygis 1.5/(1.5 + 0.5) = 0.75. From Eq. (4), (¢, —
f1)max 18 5.9% of the temperature difference between top and bottom
products. The value of xgx at this maximum is 0.3333 by Eq. (5).

B. L/Vssis (1.5 + 1.0)/2.0 = 1.25. From Eq. (2), (fv ~ t1)max IS 7.9%
of the temperature difference between top and bottom products. The
value of x k at this maximum is 0.3000 by Eq. (3).

C. From Eq. (6), (t, — 1;)™2% is 17.0% of the products temperature dif-

ference.
NOMENCLATURE
a, b’ generic constants in equilibrium constant equation
alpha, « volatility of light key relative to heavy key, assumed to be

a constant value
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delta, A

EmL

difference (temperature)

in bottoms

in distillate

Murphree liquid efficiency

Murphree vapor efficiency

heavy key component (also used as a subscript)
general component designator

equilibrium constant of a component = y(i)/x(i)
liquid phase designator

liquid flow, mol/time

slope of the operating line (molar)

light key component (also used as a subscript)
denotes rectifying section

denotes stripping section

temperature

vapor phase designator

vapor flow, mol/time

liquid phase mole fraction of a component
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