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APPENDIX A

PROPERTIES OF ETBE

A.1 Liquid Heat Capacity

In the energy balance equation, it requires the liquid heat capacity of all
substances in the system. ETBE is the newly invented substance and there is not much

data about its properties. The propayiies all other substances in this research are

ndbook. In this research, the liquid

heat capacity of ETBE wa : ted : meal correlation (John Garvin, 2002)
| —

(A1)

kd/mol.K

J = absolute temperature, K

ﬂumWWﬁWEﬂﬂ‘i

= reduced témperature = o/

Q I I:]nﬁarangers g LJ k ann are?abulat in Ta Ieﬂ]ohn Garvin,

2002). These parameters are constants for each group except in the case of -OH

(alcohols), where a and b are also functions of n. (the number of carbon atoms in the

molecule).
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The coefficients, a and b, were found by least-squares minimization. The
exponents, k and m, were found by iteration. The accuracy of the correlation was
relatively uniform over the entire reduced temperature range. The average absolute error

for Equation (A.1) over the entire database was 3.52%.

From the equation (A.1), note that there is an additional parameter

required, the critical temperature, T.. which is calculated by the method described

below in the section A.2.

A.2 Critical Temperature - _
. — oo B /J

(A.2)

The ag ardmetar reg S\ *\ rmal boiling point, Tg, which

In this research, point, Ty [K], of ETBE was calculated

by Joback’s method Bz hnology! Ir ofls;

Ty = 1984+2 (A3)

iF |

A.4 Heat of Formation

ANEANENINGINT -
LGNk ) oy AT

AH +68.29 (A.4)

Where, AT, AB, and AH, are the group contributions from appendix
table7 (Dragon Technology, Inc., 1995).
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APPENDIX B

FILTERS
B.1 Analog Filters

The filters are utilized to smooth the noisy experimental data by damping
out the high-frequency fluctuations due to the electrical noise. They are also called low-

pass filters, described by a first-ordefytkahsfer function, or equivalently, a first-order

(B.1)
T, should be oI ‘?%\'i']f e dominant time constant of the
process, Ty to avold yna &g jin the feedback control

o &

loop. For example, 'V amplitude is high, the larger

T. may be required. ,,i

g U INEN NGNS

e analog filters are got available fgmplementatnondhe digital filters

~ AR TR RGN AR

exponefjtial filter is required which can be expressed as follow:

Yoy = V-
z.F (k) (k-1)

+ =X (B.2)
A Yoy = Xy

Where, k denotes the discrete time steps
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The equation (B.2) can be transformed as follows:

A At o
Yy =T_F—+Ex(k) +I:l'—rF—+'A_tj|Y(k-|) (B.3)
Let a = _

T 41

At

Then  y,, =ax,, +( - )Y, (B.4)

If T.=0, then ﬂean, no filtering.
If T.=00, d Yo=Y, - ,. ean, the measurement signal

is ignored.

AU INENINYINS
QRIANTUINING 1A
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APPENDIX C

BLACK BOX MODELING PERFORMANCE INDEX

The backpropagation algorithm requires the error goal to be criteria for
stop the training. Typically, the square errors are used for this. The reason is this
criterion will penalize the responses which have large errors, which are not desired for

the prediction result. The backpropagation algorithm is a gradient descent optimization

(C1)

2 M‘x is the corresponding target
output. As each inp i A ' _ e K, the r output is compared to the
target and the algorit rder to minimize the Sum

Square Error (SSE):

(C.2)

c3)

Where, a. %m neural networlﬁedlctxon output.

ﬂu INENINETINT

as a crltenon for choosing the appropnate network

“IRIANTUUMIINGIAY
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APPENDIX D

CONTROL PERFORMANCE INDICES

A measured integral error indicates the cumulative deviation of the
controlled variable from its set point during the transient response. The following

formulations of the integral can be proposed.

elt)

0 D A R P ER T """ — ,,,_

(D.1)

 Integ ?:".1

IS;EAJ‘e (0)|dt e ‘.j
‘Itegra EJTlme—weugﬂey“-\!)solute rror (ITAEt]

wal amilquqmﬂqa ﬂ (D.3)

Where, e is the usual error between set point and control variable.

(D.2)

Each formulations of the error have different purposes. The ISE will

penalize the response that has large errors, which usually occur at the beginning of a
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response, because the error is squared. The ITAE will penalize a response which has
errors that persist for a long time. The IAE will be less severe in penalizing a response
for large errors and treat all errors (large or small, persist for a long or short time) in a

uniform manner.

AULINENINYINT
IR TN TN
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APPENDIX E

UNIFAC METHOD

Activity coefficients play a key role in the calculation of vapor-liquid
equilibria. They are used to estimate the vapor-liquid equilibria for nonideal mixtures
when experimental data are not available and when the assumption of regular solutions

is not valid because polar compounds are present. In this study, UNIFAC method is

groupcontribution metl : ted by ke and, Jones, and Prausnitz and

further developed for ling, and Rasmussen, has

1) It is theoretically based
on the UNIQUAC m (2) Fine_ paamaters ‘are ‘essentially independent of
temperature; (3) size and naly | 1'. iopparamete % available for a wide range of
‘\; over a temperature range of
asphe es, and (5) extensive comparisons
with experimental data f":": A po ents in the mixture must be

.'” - ‘ ]
condensable. AT

L — i ),

The U i ) oefficients depends on

the concept that a :ﬁm mixture onsidered a sPllution of the structural units

from which the moleculega&formed rather tr@ a solution of the molecules themselves.

These structuﬂuu ﬁcﬁﬂa&!}ﬁ%%ﬂoﬂﬁ} ﬂw%ned in this study are

listed in the s88ond column of Tab‘lp E.1. A number, designated k, identifies each
, — v/

NG ORI E R 1R

subgﬂo » and values are listed in columns 4 and 5 of Table E.1. When it is possible to

construct a molecule from more than one set of subgroups, the set containing the least

number of different subgroups is the correct set. The great advantage of the UNIFAC

method is that a relatively small number of subgroups combine to form a very large

number of molecules.
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Main group Subgroup k R Qx
1. “CHY” CHs 0.9011 0.848
CH, 2 0.6744 0.540
5. “OH" OH 15 1.0000 1.200
7. “H,O" H,O 17 0.9200 1.400
11. “CCQO” CH3COO 22 1.9031 1.728
20. “COOH” COOCH 43 1.3013 1.224

Table E.1: UNIFAC-VLE Subgroup Parameter for all studied components

Activity coefficien
Q,, but also on interactions Be: ubgr
to a main group, as show? tworcolu
to the same main group
Therefore parameters ¢ ‘ r

groups. Parameter value

mk

Main group 1. “CH g | T
1.°CHy 0.0 6500
5 OH 156,400 WA
7. H0" 30000 -2 el
T1.°CCO0" | 114800 | 246405 |
20.°COOH" | 315.300 o5

Table E.2: UNIFA

kelvins : E

on the subgroup properties R, and
imilar subgroups are assigned
E.1. All subgroups belonging
spect to group interactions.

identified with pairs of main

in Table E.2.
11.“CCOO" | 20. “COOH’
232.100 663.500
101.100 199.000
14.420 -14.090
1000 0 660.200
-256.300 0

>d components, in

The UNIF;\&method for preigtmg liquid-phase activity coefficients is

e FHEARYRINAAT o o

following equa ns:

oy 2k RARINIUNRINEN A Y -

J J
Iny“=1-J +InJ —5g. | 1-Z+InZL
},l  § 1 ql( L L’]

i

Iny* =g, [l —Z[H,, &—e,‘, In &H
s

(E.2)

(E.3)
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J = Z’;f"f (E4)
L= Z‘;i,-xj (E.5)
(E.6)

(E.7)

(E.8)

(E9)

(E.10)

(E.11)

AULINENINYINS
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