120

min vuns.
1t should also be noted that these experiments gave a

geasure of the accuracy of the chosen value for the auenched
stream
pH, Since the runs agreed to better than 99% with the theoretical
al,

e
the oM value chosen was correct. (For methods used to obtain the

i, see fppendix v$.5).
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APPERDIX v

The residerce time distribution measurements ensbled a value
to ba cbtained for the reactor holdup volume, and it wa. felt that
this should be checked by weighing.

1 EXPERIMERTAL PROCEDUKE

ATl air bubbles were removed from the top of the column and
the column flow lines. The column outlet plug was removed and the
column was flushed out with pure distilled water 7o 10 minutes at
maxtman flow, The temperature of the water was recorded, The out-
et plug was replaced, the inlet Vires were removed and the colum
inlets were plugged. The column was then detached from the support-
ing frame, all watur was drained from the quench vessel, and this
was carefully dried together with all column externals., The entire
reactor wis then weighed, together with an empty 5 Titre beaker.

The beads and water were emptied into the beaker, and the
beaker wass placed in an oven at 150°C. The column interior and all
the fittings were carefully dried with compressed air. When all the
water had been evaporated from the beads, these were weighed agatn
together with the column,

Unfortunace,y  the only balance availatle for weighing the
column was & 0-500 1., —-ale, which could be read in increvents of
4§ vunces,

2 EXPERVMENTA! RESULTS
The results obtained on the V40,0 cn. and 73,0 cm. lengths

#re given in Table v.1 below.




y

TABLE v.1
Length of Reactor Holdup ‘folume (17tre) HMean (1itre)
149,8 1,4 1,50 1,44 1,38 1,43
73,6 0,718 0,722 0,710 0,715 0,716

The holdup volume obtained from residence time distribution

measyrerents on the 149,8 cm. length was 1,472 Vitres, which differs

frg the above by 2,8%, It was thus verified that the two methods
gave holdup volumes in the same region, and since the residence time
distribution measurements appeared to Lo more accurats than those
above, the holdup was taken to be 1,472 litres for the 149,8 em.
tength,

For the 73,0 cm. column, howaver, holdup volises from res-

fdence time distribution measurements were not avatlable, (see 6.1),

10 the abcve value of 0,716 1itres was used. This value did nct
ciuse the experimental results to differ greatly from those predict

od by the plug flow model (sec Chapter 9).
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APPENDIX  vi

1. COMPLETE ANALYSIS PROCETURE
1.1 Diacetate Feed (Stream )

Referring to the reactor flowsheet on tigure 5.2, it wi,,

be seen that the composition of this stream wag:-

Diacetate X, moles/litre
Monoaetate Xgg moles/litre
81y-0l X, moles/Vitre
Acetic acid Xos moles/Titre
Yolumetric flow rate ¢, Titres/second
Mass flow rate 01 kg/second
Dens [ty Py kg/litre

The analysis procedure was as follows:-
) Acetic Acid (x, )

A sample containing o grams of stream 1 was titroted with

o molar standard caustic soda. Assume the density of the caustic
was Py and that b grams were required for the titration. Then:-

{l’“)(ﬂ) Lbe
1 o7

X, - 1 Tes/1
--;;;m as/litre

L]

(i) Total scetate (3, + Xy # Xy )

e grams of o molar standard caustic soda wers added to a
sample containing d grams of stream 1. This was allowed to stand
Wnti) saponification w complete, then backtitrate! withJ wolar
andard by rochloric acid. Assume that the density of the hydro-

ordc acid was I and that h grams were requived for ine back~




1

Yole equivalents of NaOH used up =

Hence mole equivalents left = g-‘?i - (W
This is equivalent to the HCY used.
Hence,
Noose et Xs e
0y 9y oy
Hence,

b 4

0
e 1
16 %30 * Xoe = () ayL 2

g
{#ii)  Total Glycol Xyg + Ky v Xg)

If the sample was saponified to completion, all the diacst-
ate and monoacetate would be converted to glycol and this could be
amalysed for by periodate cxidation, Sufficient caustic soda was
added to a sample of I grams of stream ] to cause complete saponifi-
cation, Wher the saponification was complete, the solution was
neutralised with hydrochioric acid, and = grams of periodic acid
solution were added. Assume that the periodic acid solution contain-
#d p* gm.moles per litre of periodic acid and p” gn.moles per litre
of fodic actd, (This is unavoidable, because the periodic acid de-

composes on standing.) After the oxidation was complete, tg grame
of » molar potassium fodide solution were added, followed by ty grams
of r molar hydrochloric acid. (g and r must be ‘ary. enough to
liberate al1 the iodine.) The liberated lcdine was then backtitrated

using » grams of y molar standard sodium thiosulphate selution.

A tofore, sawple density ° 0

periodic acid density = og

thiosulphate density = P10

Tigt Xgy + Xgg = X'5




'
Hence, mole equ valents of glycol in samrje = o« st
$
1
Hence, from reaction I, (see 8.4),

Dﬁf‘iﬂdi id duced ‘ ls)l
¢ ac red B e 3
C! oy fodic acid formed

Now, mole equivalents of periodic acid in solution = 2’2
L+l
F)

and mole equivalents of fodic acid in solution = 22
[
9

Perfodic acld left after oxidation, from cquations 3 and 4:-

o Xt
Py °1

fodic acid ieft after oxidation, from equations 3 and §:-

e, Tt
s 1

¥hen 2¢'dic potassium fodide is added, from equation I, {section
8.4}, 1 gram molecule of periodic acid is eguivalent to B gram atoms
of fodine, When acidic potassium fodide is added, from equation III,
section 8.4), 1 gram molecule of fodic acid is equivalent io 6 gram
2toms of fodine. MHence atom squivalents of jodine Viberated in

solution =
ext) Lx')
sl 8y, R,
Dg 91 . ﬂg p1

How aach atom of jodine is equivalent to a molecule of thiosulphate

From above, mole equivalents of thiosulphate = ff‘v
.

Hence from 6 and 7 above:-

txr) text,)
F: SR . B SR NPT Li P
91 Py L5

P10 Py




’
Hence, mole equivalents of lycol in sample = (-x—s—{-l-
»
1
Hence, from reaction I, (see 8.4),

. (l"s)l
periodic acid reduced = 3 = fodic acid formed
1

Now, mole equivalents of periodic acid in solution = B0
<)
9

and mole equivalents of fodic acld in solution = E™
)
9

Periodic acid left after oxidation, from equations 3 and 4:-

prm T
09 53

Todic acid left after oxidation, from equations 3 and 5:-

pm, Tt
°y 3

When acidic potassium fodide is added, from equatfon II, (section
8.4}, 1 gram molecule of periodic acid is equivalent to 8 grum atoms
of fodine, When acidic potassium fodide is added, from equatien [II,
section 8.4}, 1 gram molecule of Jodiz acid is equivalent to 6 gram
atoms of fodine, Henca atos equivalents of {odine 1iberated in
solution = ‘
LRl SR il é
P9 1 Y 1
How each atom of jodine 15 equivaient to a molecule of thicsulphaie

From sbove, mole equivalents of thiosulphate = g‘:;

Hence from 6 and 7 above:-

10t ) ')
o g M em, 26
P "9 *1 %o ?




2L(x )
Henoe s, !..(gp' + 8p") - §
P10 Py oy

Put pe=ép'+op”
o

Hence, X! = (P . 24,

R
In order to detewmine 5« a blank was done as follows:~
» grams of periodic acid were taken, and after liberating all the
iodine with hydrochloric acld and potassium fodide according to
reactions 11 and 111, (see 8.4), the solution was titrated with u
molar standard sodium thiosulphate solution., Assume that w grams
of thiosulphate were used,

As asbove, periodic acid in sample = E-f-"— mole equivalents
9

As above, fodic acid in sample = %ﬁ‘lmle equivalents
]

thiosulphate used - %mle equivatents
+. H,
As bufore, therefore, e, 80, §§~2
IS TR 3
] P rmr »
- B fEp” + Ep")
Kance, o5 " 7 o v
From equation 9, gp’ o+ Bp" = p
[
Hence, T

This can now be substituted back into squation 10 to give:-

44
a1

Froow (S L Ty
7 fongp Topp B

ug
1 m
Hence p.&’Wu o

This equation will apply to ary sample analysed Tor glyeol.

Tn this case, X' =X, ¢ Xy gy nence,




X, +X, +X, = ng! W }
1s 3a se §Z°w(u - #

See notes on insensitivity of wathod in secticn 2 of this append'x,
(iv) Eree Glycal (x.)

The concentration of the free glycol was obtained from
equation 12 in exactly the same way as for the tots! glycol, except
of course that the feed stream was analyted directly for glycol with
no prior saponification. (See 8.4 for dizcussion of saponificatior,
of dlacetate in solution during this analysis, and soction 3 of this
appendix for the test of the wothod,)

{v} Final Calculation of all corcentrations in Stream )

frem  (§) L = known

Frow (i1) ax, + 7, + 2, = known

S¢

From {1i1) Xt X P Xy ” known

}
}
}
}
1
o bg g
}
¥

From [iv) X, ® knowa

Equations 14 are four independent algebraic equations in four un-

knowns, They were solved to give LETRE S LN and x“,

1.2 Caustic Feed (Stream 2)

From Figure 5.2 it will be seen that the composition of
this stream was:i-

Caustic soda L moles/1itre

yolumetric flowrate Q. Vitre,/second

#ag~ flowrate G, kg/sacond

pensity By kg/litre
A sample of x grams of stream 2 was ritrated with § molar standard
hydrochloric acid, Assupe that y grams of hydeochloric acid, density

pgs Were used.




X
As before, 267
Dx GC
Hence X, = ’i’ffg
28 zp
8
1.3 Reactor Inlet Stresm {Stream 3)

From Figure 5.2, this stream contained:-

Dlacetate X, moles/litre
Caustic soda Xy, moles/litre
Aunoacetate Xy, moles/Titre
Glycol LI Jotes/titre
Sodium acetate Not analysed for

Volumetric Flow rate Q; iitres/second

Mass flow rate Gy kg/second

Density gy kg/litre
Since the fead concentrations used were low and the feeds were at
the same Cemperatures, {t was assumed that temperature and density
chenges when the streams mixed were negligible (3.1}, The inlet Tine
was too short to permiy sawpling, so the composition of Stream 3 had

to be obtained by wole balance, (see Figure 6.2).

Balance for caustic Ay, = Oy, - Oy, ;
¥y = QHyy )

therefore Xy, = w.mé;w_.. ;
o }

Balasce for discetate Qoky, = @X 3
4 !

therefore Xy, = 3.; LI }
}

g, }

Balance for monoacetste similarly X, = ‘g’; Tye ;
}

. }

Balance for glycol similarly Xgo = é—; . H

Stnce all the vight hard sides of these expressions were lnown,

Stream 3 cumposition wis known,




1.4 Reactor Outlet Stresm (Stream 4)

From Figure 5.2, the composition of this strera was:-

Diacetate ,lf noles/1itre
Laustic soda 1”, moles/1itre
Monoacetate x” moles/}itre
Glycol 1‘), moles/1itre
Sodium acetate Not analysed for
Volumetric flow rate G, 1itres/second
Mass "low rate G, kg/second

Densily g billitre

The outlet Tine was also too short io permit sampling, so the conc~
entration in this stream had to be calculatad by mole balances too.
1) Caustic Soda (X,.)

The stream leaving the reactor was neutralised exactly with
the acetic acid queach stream, which flowed at 6}5 litres per minute
and contained Lo molar acetic acii.

Hence by acid-base balance 0‘1“ = Xy

Therefore Yop = ?—2:33-

The analysis for X, is given in the folTowing scction, the flows
wers kaown, hence x”, couls be obtained.

(1) Total clycol (X, # Xy ¢ LA

The total glycel presemt in the intet would be the same as
that present in the outlet, since this quantity would be unchanged
by the reaction, If it is assumed that the feed streams were suffic-
fently dilute to cause negligible density and temperature changes

on reaction, then Q=

and '1,!*’3]”5{""1:;*139””50

see section 1,3 in this appendix), and
Ky Xy, and 1, were known {
hence the 1eft hand side of equation 19 was known,




(1i1) Saponifiable Acetate ux]{ * Xy
f the saponifiable acetate present in Stream 6 were lmamy.
then the above could be calculated by simple mole balance:-
(u f)q‘ = (3! + I;”)Q‘
From18:-  m ez, .8
g% ap = g Han * Xy
Tie total acetate o, ¢+ Xy, was obtained in the same way as for
ana 1, section 1.1 (i1} of this appendix,
(1) Eree Glycol (x,p
As above,

Q
x&f‘ a;lh
xa was analysed for in the same way o« x for Stream 1, {see sec-

tion 1.1 (iv) of this appendix).

{v) Final Calculation of all concentraiions in Stream &

From (1) Xyp = known ;
(41) x:f*":f”s;' known })
{i14) sx” + x‘f = known }
{tv) Xep ® known )

As for Stream 1, equations 22 present four equations in four unknowns,
s0 le, xaf' Typ and Top could be calculated,

1.8 Acetic Acid Quench (Stream 5)

From Flgure 5.2, the composition of this stream was:-

Acetic acld L moles/1itre
volumetric flowrate 95 Titres/second
Dengity kglﬂtn

A sample of o grams of Stream 5 was Litrated with o molar standard
mtic soda, Assume that s grams of caustic (demsily p,) were
roquire,




As before, b
Ps L
Therefore, X, -‘ﬁ
8 (Io7

1.6 Neutral ised Stream (Stream 6)

From Figure 5.2, the composition of this stream was:-
Diacetate x,, moles/litre

Moncacetate X, Woles/Titre

Glycol Lon moles/Titre

Sodium acetate Not analysed for.

Note: 1f the quench is not perfect, this stream could contain sodium
hyuroxide or acetic acid, so initially an acid-tase
titration was performed on 1t. The acidity or alralinity
was always found to be negligible, however, so this pro-
cedure was later discontinued,)

It will be seen from sections 1.4 (ii1) and (iv) above that

this stream only had to be analysed for toti: acetate and frae
glycol.

N Saponifisble Acetate (2x, + X}
This was measured 1n exagtly the s/me way as for Strean 1,

see section 1.1 (i) of this appendis,

(#4) Free Glycol (X, )
This was measured in exactly the s:me way as for Stream 1,

section 1.1 (iv) of this appendix. The above quantities couid now

be used to soive equations 22,

2. INSENSITIVITY OF GLYCOL ANALYSIS
If sufficient periodic acid is added to oxidise all the

glycol in a stream 1 sample, then fron equations 3 and 42+




pm, s
ﬁ’ p,

Substitute this into equation 8:
s om
oo, 2o+ p")
P10 Py d
From equation il:-
a‘!“- - Zqapt s 8p7)
19 %

equstion 24 & fmip’ + p”
aquation 117 Ww T + 8p”")

now s = weight of thiosulphate used to titrate liberated fodine

after oxidation of sample
w = weight of thWiosulphate used to titrate fodine Yiberated
from periodic acid blank
m = weight of periodic acld added ‘or oxidation of sample
v = welght of periodic acid taken for blank
p' = moles per litre of perfodic acid present in pertodic
acid solution
p” = moles per litre of fodic acig present in periodic
acid solution, )
m and v were made equal so that one pipette could be used for adding
periodic acid for oxidising and b orts. Alss, the fodic acid was

t4able to be present in small amouats comf ared to the periodic

actd,
Hence equation 25 can be approximated by:-
g . 3p’)
w > EpT

Therefore,

L3 0,75

How, from equation 12,




o
' 1 pm
X‘u‘-r—-..(’alo;’_._.}

If m=u as a ove, then,

1"5 = Z:;f:“ - 8)
An example nsing equations 26 and 27 will be used to demonstrate the
insensitivity of the method.
Assune that w = 20 grame.
then 8 min, = (0,75)(w) = 15 grams.
The balance could be read to an accuracy of 0,01 grams. Hence each

weighing can have a maximur srror of 0,02 grams.
Percentage error on o - (L%UQQ’ = 0,1%

Percentage ervor on ¢ = (0,02) (100} 9,133%

When these two are subtracted, however, ru - "’m = 5 grams, ind max-

tmam errvor is 0,04 grams, From 27, percentage error on 1'6 =

(0.080100) _ gy

The percentare error on Xt is thus nearly 8 times that on w and 9.
In order to Lasure that there was always sufficlient per-
jodic acid present to complete the oxidation, it was decided that
o/w would be set at 0,8, Since the Vimit on the balance without a
range change was 100 grams, it was decided that
w o« 100 grams
Hence ‘or s/w = 0,8
¢ » B0 trams

the percen‘age error on glycol concentration would thus be reduced

toz-
(2,041300) . g ¢

133




3. CHOTCE OF OXIDATION TIME AND TEST OF ACCURACY OF ANALYSES
As discussed eariier (section 8.4) the periodic oxidation

time had to be chosen so s to achieve maximum oxidation of glycol
in the samples and minimum saponification of mono- and diacetote,
The method would be expected to be Teast accurate vhen solutions
with high diacetate, and Tow glycol concentrations were being
measured,

A solution was thus made up in which the diacetate comc-
entration was roughly four times that of the glycel, and this was
snalysed repeatedly with varying oxidation times, The results are

given i~ Table A.vi.1 below:-

TBLE P vl
Solution made up accurately to contain €,103 molar diacetate
0,02455 molar glycel
U, ation Tim veasured Clycol Concentration (Molar)

15 0,02463
20 0,02459
30 0,02450
45 1,02439
€0 0,02453
90 n,02446
120 2,02460

Two points become evident Fegm the tablet-
tion of the sbove concentra-

only 0,00008, the

(1) Since the standard deviz

tions from the correct valug is

giycol analysis procedure Was sufficiently accurats

for usa In this work,
wes above have no effect on the glyeol

(11} Tha cxidation ti
oxidation time during analy=

connentration, and the




sis is therefore unimportant provided it is greater
than 15 minutes. In practice, due to the fact'that
many asalyses were done in succession, the oxida-
tion time was roughly 30 ainutes per sample.

A1l other analyses were tested similarly and found to be
acceptable, except the analysis of mixtures of diacetate and mons-
acetate and glycol, Since pure monoacetate could not be obtained
to make up solutions with known concentrations, the analysis wethods
for these mixtures could not be tested.

A discussion of possible errors and error growth in the

analyses 1s given in section 8.5,

4. TITRATION APPARATUS

The photograph on the following pag: shows the experimental
apparatus used for titrations.

Tha polythene bottle, 1, was filled with the standar | sole~
tion to be used in the titration and was placed on the balance, 2.
The standard solution was supplied through a 2mm. polythene tube
welded into the bottom of the bottle. This tube, in turn, vas in-
serted into a 3ms, diameter rubber tube which terminated in a nylon
t4tration nozzle. The vubber tubing passed through an on-off solen~
old valve, 3, which could pinch the tubing closed to cut off the
flow of standard solution through the titration nozzle into the
titpation beaker, 4, A screw on the solencid valve also enabled
the delivery rate of standard solution to be controlled whan the
tuba was open. Nylon was chosen for the titration notzle hecause

this substance i3 non-wettable, and the nozzle was carefully shaped

and dritled to produce the smallest drop stze rossible,
The titration electredes, nitrogen bieed tube, and titration







wprete, wire 211 fitted into a holder which Could be ralges 3
sed ang o
ered into the Litration beaker. Tuflon covered stirring bars
] ware

placed i the titration beakers, and & magretic stireer, 5, yign
adjustable speads was used to stir the titratign mixtire

The pH meter, 6, read both pH and Y. fer P neasurepente
¥ combined glass-calomel electrode was used in conjunction with ,
temperature sensing element waich enabled the meter to comprasate
for it changes due to temperature increases or decreases during the
Hitrations. For wV measurements a calomel-platinum electrode pair
vas sed.

The pH rcale was calibrated fron 0 to 14 in steps of 0,1
pH, and the reading could be expanded by 10 at any pH, so that the
meter could be read to 0,01 pH. Similarly, the mV scale was cali-
brated from 0-1400 mV in steps of 10 mV, and could aiso be expanded
by 10 to give steps of 1 mV. The pH moter was provided with two
watput sockets, one giving 0,1 mA pur pH or per 100 mV, and the
othér gfvirg a 10 wV per pH or per 100 mV output for a recorder.

The recorder output from the pH meter provided the imput
for the automatic titrator, /. The method for determining the tit-
ration endpoints s given below, and once these were known, an
8 point™ kncb on the titrator enabled the pH meter scale to be
¥ied 4o 5ot the titrator to the desired endpoint of the titration.
Stk the pit and mV normal and expanded scales could be used for this

: - iFpOse, 3o the pH titration endpoint could be set to within 0,01 pH
; 1t was

d'the potentiometric titration endpoints to within 1 ¥,

foundt that the wv titretion range was so narrow that all potentio-
The pH titre-

hem to be

¢ titrations had to be done on expanded scale.
Hons, however, provided a wide enough range to enable
ed out using the normal scale.

During the titrations, the ph meter output 15 fed to the




iEr]

automatic titrator and the difference betweer this value and the set
point above gives rise to an error sfgnal in the titrator which s
amplified and appiied to a switch circuit. The switch circuit ener-

gises the solenoid valve, and so controls the flow of standard solu-

tion into the titration beaker. The design of the titrator prov.des
for an average flow of standard s~ ion which is proportional to
the error in the proportional band range, The solenoid valve only
provides on-off control, This meant, in practice, that whea the

pH meter approached to within the proportional band of the desired
titration endpoint, the solenoid valve would switch on and off with
increasing frequency, finally switching off when the endpoint was
reached,

The choice of proportional band setting was influenced both
by the delivery rate of standard solution when the solenoid valve
was open, and the stirring rate of the titration mixture., When the
level of standard solution In the supply bottle dropped, the flow

from the titrction nozzle diminished proportionataly, and it was

found that a narrower proportional band could be used than when the
supply bottle was full. Further, if the titration wixture had to
be stirred slowly to avoid splashing, then the proportional band
width had to be increased to prevent the standard solutfon from
being added too rapidly and se overshooting the endpoint. The pro-
portiona) band width and setting of the screw on the sulenoid valve
were thus both altered continuousiy during titrations .n arder to

tbtain the desired emdpoints.

5, DETERMINATION OF TITRATICH EWUPOLNTS

A 0,715 ohm resistor was connected across the 0,1 mA per
his provided a voltage
pM oor D to

pH or per 100 m¥ socket on the pH meter, T
of 0 to 1,0m¥ for pH meter scate readings of 0 to 14

ottt S
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G V. It was found that this output voltage depended on the

position of the pH meter needle on the scale, so that even when the
scale of the pH meter was expanded, the recorder still read 0 to 1,0
¥V for fullscale meter deflection,

The automatic titrator was disconnected and the correct
electrodes were placed in the pH meter, and it was set to read in
the desired range. If pH titrations were being done, it was zeroed
using standard buffer solution supplied by Radiometer. The recorder
was zerced at the same time using a zero suppression potentiometer.
Solutions were then made up which corr

ponded to the tratt
of standards and unknowns to be used fn any of the other experiments.

The standard solutions were placed in the supply bottle and
the unknowns in the titration beaker. The nitrogen bleed, stirrer
and recorder were all turned on and standard solution was allowed
to flow into the beaker untii the complote titration curve had been
traced out by the recorder. It was assumed that the drop in the
Tiquid level in the supply bottle would be small enough to ensure 8
constant flow of standard solution during the titration, The time
scale on the recorder trace would thus be directly proportiomal to
the volume of titre added.

Several typical titration curves are shown in Figures
A.vi.1-5. The midpoint of the section with the stespest slope on
these curves was taken as the endpoint of the titration, It should
be noted that the recorder chart dreive was only turned on when the
pen began to accelevate, sO the position of each curve with respect
to the time axis is different in each cese. The flows through the
solenoid valve were kept constant for each titration curve, and all
the curves are plotted on the same time scale to give an idea of the

sharpness of the endpoints,
fus to the presence of sodium acetate buffer, and also due




to the dilution effect, the saponification backtitrations, and final
quench titration endpoints were less steep than the straight acid-
base Litration for stream 5. The potentiometric titration endpoints
were less sharp than the pH titration endpoints with the dilution
effect making the glycol determination titration endpoints the least
steep of all. Figure A.vi.! shows the titration curve used to ob-
tain the pH which was to be matntained ir the cutlet sugnch vessel,

6. TITRATION PROCEDURE FOR MAIN RUNS
“Volucon” primary standard solutions were used throughout

this work. They are guaranteed accurate to 99,8%. The solutions
used were 0,1 and 1 molar sodium hydroxide and 0,1 and 1 molar hydro-
chloric acid and 0,1 molar fodine. Certificated A grade standard
flasks were used to make up the solutions and they were always made
up in the constant temperature room at 20°C. These priwary stand-
ards were used in as many of the analyses a- possible, but if a
large volume of standard solution was required for a lovge rumber
of titrations, then this solution was made up and standardised with
the Volucon solution,

A1l standards were used for a maximum of two days, before
baing discarded, and fresh ones being prepared.

For solutions where the composition nad to be hnuwn very
accurately, as, for example, the pariodic scid oxidising solution,

eighe samples were taken, otherwise four samples were taken of all

wnkrown solutions. If the results did not agree to better than 99%,

the analysis was repeated. A1l titration beakers were fitted with

rubber stoppers wrapped in slusinium foil, and where necessary, the

sampies were weighed out and allowed to stand in a nitrogen atmos-

phere, 1t a large number of samples all of approximately the same

concontrative wore to be titroted, these were all weighed out,
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stoppered, and then titiated one after the other, 5o that the stand-
ard soltuion did not have to be .cmoved from the balance between
titrations,

The automatic titrator was connected to the pH meter and
the desired end point and proportional band set, The rest of the
titration pr- dure was the same as that given in 5 above, except
that the titrator turned the solenoid valve off at the end of the
titration and t;he end pH or W reading was recorded, together with
the weight of standard solution used in the titration.

The titration procedure was found to work extremely well,
giving better results and emabling the titrations to be dome quicker
than those done by hand,
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APPENDIX iy

Note: Meyer's nomenclature and equation numbers will be used through-
out this appendix. -

The consecutive reactions may ta written:-

E
V! i3 M
Re *+ Mow 1o £+ eom
Ez g 1
2
/N it H
R v onaoH —2e 4 N
N, i At

Let the inftial concentration of diester be 4 moles per litre, and
of caustic soda be B mules per Vitre,

After time ¢, assume that moles per litre of diester reac-
ted = x, and that moles pe= Vitre of caustic soda reacted » w,
Herce diester concentration = (4 - a)

caustic concentration = (B - w)

Further, assume that y moles per litre of mcao ster have formed dur-
ing time ¢, and z moles per iitre of a?co;w!. Then, by mole balence,

2=yt L]
and Weytdm=xta=2-y 7

The rate equations for diester and monoecter becoue:~

%:ﬁ’ B A R I 8
and By - 218 - w) - k(B - Wy 9

with initial conditions at t = 0, 2 = g, we=b, y =0

Moyer was: able to use equations 7, 8 and 9 with the above »mmry

conditions to show that:- — ky

A2
3 k,-:k, I o %
- 4o Apedg o 2 ta-2))
vegTE U |
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heyer was not sble to soive this equation for kg or ky, and he thus -
assumed that ky = :k,.
Equation 25 could thus be reduced te:

A~x-§7m-w‘ [0

and when this was substituted into equation 8, the Tatter could be
solved to givas-

URE T 2
In this equation:-

A = {nitial concentraticn of diester at ¢t = ¢

B = initial concentration of caustic at ¢ = ¢

w = caustic used up in reaction at ¢ = ¢

ky = rate constant of reaction I

Herce Meyer was able to solve for kg from his experimental runs.




APPENOLX vit4

EXPERIMENTAL RESULTS OF RESIDENCE TIME DISTRIBUTL
MEASUREMENTS
As discussed in 6.1 and §.2, these results were obtained

in the form of a recorder trace uf millivo'ts versus time, and
were equivalent to the C(t) versus time functions discussed by
Danckwerts (1983),

The millivolt scale on the chart paper contained 100
divisions, so one division was taken as one unit of Cr¢), and the
first decimal place was estimated. An overlay was milled out of
perspex, by means of which the time srale could be read in inter-
vals of 1720 inch, Since the chart speeds wers varied for some of
the runs, the interval at which points were read off the recorder
traces was varied as weil,

The tables on the following pages give the data read off
the above recorder curves, In the tables, the time intervals be-
tween successive points are given, as well as the baseline ort)
value at the start of each run. The number of base points for esch
run represents the number of points cn the recorder trace betwean
the injection point and the point where the (L) curve Teft the
baseline,

The crt) values reported for Runs 27-36 had to ba multi-

plied by 10 to convert them to the same scale as those for Runs 1-20,




49

1

8
<
[l
ot
.
RS
23
-
5 ©
2t
=
—
= &
S
5
< g
n
<
£
S
o
- @
A

Baseline: 3,3,

Ll
No. of base points: 201

Flowrate: 0,5509 litres/minute,

O WD O O e 0 O e P e ) WY
e 5 L G D VA )
™~

CIERRIRERE
353‘5555"203051
£ N I i I SR  N N
o~ . id

Ll k333530 -4
7602928‘90“05‘

£ 00 D
- P

P P WD e v WD U S e
h O WD £ O e

AD WD D L 90 O £D T v rm P D W
o W P O8O €D WD 0 O

AR A e e I I I
568828&0820&754‘&
) WD OF €N 80 WD £ N

WO DN e O D 2 O O D O D
- M s S e S NI I DRI
- W bod En Rl R
LEEERBII/NN
3033‘03367593820

A AR S A A IR S RN I

<=388883gR2~ T

mOyEge g YT IO

et L L R St A S e A
o= I~ O30 D CO WD W o
YREBRRRBIRS

emeacannaeaeanns
3 o G P o YO0 D W
ZREEREREER

MeRmnaNNNRAQO R
L RO el d « P P 30 OO D o w o

) 00 P, €O = w ow < P Ch D O LD €D
P PE NN B P E N O T

Total no. of points: 414

1939,

No. of base points:
Seconds per point: 0,0872

Baseline: 3,6,

Flosrate: 0,5509 1itres/minute.

Y ALY e o 0T L O NG O P O G O O3

R eemE N D e

£ o 4 g e e O A5 A O T B3 0N R) B
P S e EAP -
- P P 555 04 O 7

TR A A A S L0
P P E R v Rt th
wenGEEBBRNE

W A0 WD 0 WD W) T T3 0 M D WD T
0 525 CO O L0 WD W D

23&0959)3«&6;7'7;3;3:&5
54427%5“‘448554
- D 8O O 00 W DN

MmO e OO W

111111 F - T s

DD O N MO OO0 O

(AR A A A e N N I

_-_g e NGO MO M QWS
ToggnegReRETene T
CTREBIPrw o

9935\.37.;1Nﬂw~/...b£1w1lv~ﬂlﬂ
30732%1“78795544
— N0 D on e Bl e

3%6‘%52399806534
S WD G O O P P e

> oh w2 oM e D 0 0D O 00D WD e
2%7997531‘

D 0N TN O O D 0 £ N 07 s O TN O P e
AU A Al S S B S N I I I
g o P P i P £G

RUN

W. 3

Total no. of points: 322,

Ko, of base points: 139.
Flowrate: 0,7819 Vitres/minute.

Baseline: 3,2.

~
)
<
p=4
b3
Y
o~

P

L ond

]

=

=

-

13

A

.

9

g

#

z

3

£

@

&

PR



150

+5 76,7 75,3
9 47,0 41,9

278
8

O D O e € YD T e

N A

m&%SQ-IS“‘

Rl e e L

Zngrove
Y -

O3 o B O AD N D DN
RIS

%9‘!57&,443
& o0 e

L L L R T
Y AR I

“6“7“5‘.‘.‘

zszsgs;ﬂ&l

[

3D Y O ) W L 1) e

E e I N

N OO0~ D Y e D

L R A

”7“‘954‘44

€Y e AL O D) 0 e £

a nm e wam L ae
O = L -

mn © - -r

Ho, of beue points: 145,

Total no. of points: 326,

Secords per point: 0,0572

Baseline: 4,0,

Flowrate: 0,7819 1itres/minute.

J.J.Jawqw.dﬂuuwﬁ.w“w”m
- ~ -
2ERIGERTC
DO NS MDD NG MmN
LS e e e

wn
NEegRgRoe Yy
A RO ODWDe N
R N N I N S
O340 €3 €0 0N O e O35 1D 4w wr o
o P SO P

AU O e D WY 44

ot o

896M7842654‘.a
~ o O —

noNgaNyaa Ny

77.‘ 00U €D LY
o Y O

o o
o

wamaunangreeel
DT 9 D W
W

420..7-0-3%{53\8 e

LN ]

Pon O e S0 Y e T O WY 06 TG0 A0 O

L Y RS
WY ED WD W) 0 e A P U N e
258&52.«. -

‘6‘5962092852

- e, “ e e m e e w

582“&%'675“4

e e L L L
e s e e A e

vy LMW
W&%S«J] i

NP U2 D0 D e R 0 TG O
> I
‘57‘73588544‘
——t GO 10 D M -
03605162“952
IR

460,

Total no. of points:

No. of base points: 221.

Baseline: 3,7.

0,0872,

Seconds per point:

1,1944 1itres/minute.

Flowrate:

33573063696‘95‘29
e ot I TR
&76422]

llllllll F ]

AL P PR T R

S s L L L L
353 g L3 T Sy e gy o

@onmaa~yesemonyas
3527%0&&9%93“96(4‘
I~ O e

W e 3D WD O e £ P £ W O] W O D D
CTRETEERERYZ e

T MO R D N eI D s SO MO
- AL OO e O O e D A W
QQ Qobsmrnv‘daz]qs
7‘20628059467‘930!
uuuuuuuuuuuuuu - -
D e L3 0 P £ ) D AD AT W
RNICEZRBERE2

O T e S D C e e 4 O DS 0 T W D
S d 875% =

NAMORRRCBOMAD BN S
£ 0 O AT O D .~ o
RIENBNBRInZnew

PN O W0 S 4D D ) e ) O P Y e D
£ 00 €5 £5 00 LY D 0 P I AT e e P WY Y
o D P B3 P W F £ e e

NROODD N 0
~ el WD .
PrORCERENEREr e

7850033,09848738‘

L e N e N A R

O 0 P P WD ED T DN LY O s P ) g P W3 WD
o O3 U P O P U D

P T D 0 A0 WD e e g I O e D D O e O
IS NN e o,
~ W DG W L3 0 SO D 04 00 WD WD

MDD « -

T SR ) e S T A R S O O
O W T WD w SO B L0 W W e
CreLIRRBRESRR YT

o o SR S




81

1

2 49,6 48,4

£ 09 LD £ 4D €1 3D WD WY NE R

403\'3066358000508533
W P £ 10 © P A LS S
O OO T WY 0 O pen

) o A W 00D 4 N A s 00 5 o 0 DD 00 D ) )

DD D DI .

Total no. of points: 520

Seconds per point: 0,0572
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RUN 80, 13
No. of base points: 216. Total no. of points: 486,
Seconds per point: 0,0572.

Flowrate: 2,6450 litre/minute.
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Total no. of points: 412,

97,
Seonds per point: 0,0572

R. U
Ho. of base points:

2,9924 litres/minute,

Baseline: 4,2,
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Total no. of points: 371,
[
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7
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seconds per pofnt: 0,0872
Total no. of points: 361,

Sgonds per point: 0,0672.

18
0,28
57 176,

RUN_NO,
RUN_

5 /minute.
#o, of base poini

Flowrate: 3,3342 1itresfminute,
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gaseline: 4,1, No. of base joints: 7.

Flowrate: 3,3342 |
Baseline: 4,0,
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RUN NO, 20
No, of base points: 176, Total no. of points: 341,
Seconds per point: 0,0572.

Flowrate: 3,3342 litres/minute.

Baseline: 4,1,
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Mo, of base points:

RUN MO,

recorder had been overdamped and the resulting £(t) curves

Runs 71-76 were discarded because it was discovered that the
had been affected by the recorder dynemics,

Hote:

Total no. of points: 420,

Seconds per point: 0,6000.

181,

Flowrate: 0,4878 litres/minute.

Baseline: 0,71,
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No. of base points: 190,

NO

e
[

Baseline: 0,40,

Total no. of points: 407,

Seconds per pcint: 0,6000.

Flowrate: 0,4878 litres/minute.
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WN B0,

169.

73, Total no. of points:
seconds per point: 0,6000.

se points:

No. of
1,208 Titres/minute.
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RUN N0, 31

No. of base points- 97.

Flowrate: 1,9584 1itres/mingte,

Baseline: 0,75,
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Ttal no. of points: 221,
Seconds per point:
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No. of base points: 97

1,9584 litres/minute.
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RUN RO,

ol
of base points:

Ho. of base points:

Baseline: 0,32,

Flowrata: 27,6604 Titres/minute.
naseline: 0,30, No.

Frowrata: 7,6694 Titres/minute.
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APPENDIX fx

The tables given below summarise the reaction uuﬂmﬁ
carried out in the packed tubular veactor, The experimental outlet
concentrations are compared with thuse predicted by the ideal tubu~
lar reactor model for each component. A1) concentrations are in
gram molecules per litre, and all times in seconds,

It was decided in 3.1 that the tesperature rise in the
reactor would be held to 1°C. In practice this was possible for all
runs except 4 and 5, where the inlet-outlet temperature difference
rose to 1,8°C. inese runs were included, however, and from Figure
9.7 it is <zen tha® the result, are compatihle with those of the
other runs,

The reactior tempera.ures reported are tha arrthmetic
mean of inlet and outlst tempe atures recorded during the experiments.

For some of the experiments the frlet coucantrations were
assumed to be sufficiently reproducible 50 as not to have to be cal-
culated at each flowrate. The inlet concentrations used for all
flows are thus reportcd, togelher with the residence times for each
run. The agreement h“etween idea: and actual xxf values for these
cases shows that this approach was justified.

As discussed in 7.1, for several experiments only the

caustic soda outlei concentration was measured. For these, theve-

fore, only the experimental and predicted outlet caustic concentra-
tions are niven in the iable,

EXPERIMENT_ )

Colusn Tesgth: 1498 on, Inlet type: T. Temperature: 24,6%C.

Restdence Tiae
T10 X Fa Yoo o2
500867  0,02463  0,00160  0,00007 ,
000861 0.02465  0,00160  0.00007 1
0.00851  0.0%i64  0,00160  0,50007 5.0
000874  0,02625  £,00062  0,00007 .




R ST, W

¥ X

Ketu T

X

e T e

6,00385 0,00326 0,01853 0,01771 o
. ,00504 0,30539 0,
g:ggzgg 8,0335? 0.01888 g.g;gasg g 00486 0,00522 0 00118 8:3‘.3%?3
,00441 0, . 0,00436  0,00103
0,00617 0,00506  0,02127 0,62115  0,00380 0,00388  0.00047 3:&1
EXPERIMENT 2
Column lengtin: 149, cm. Inlet type: T. Temperature: 22,4°C.
X X, B x5, Residence time
90,0518} 0,1068 0,00000 0,00024
0,05175 0,1070 0,00600 0,00024 “7’%13
0,05162 0,1072 0,90000 0,00024 46,6
0,05159 0,1073 0,00000 0,00024 34,2
0,55138 0,1067 0,00000 0.00024 26,8
v X X X,
1 af, 3 'T“"mr's
K Xeedl  AcKual Tdeal Actual {lm‘_ LATTI
0,0 n6367  0,03897 0,03455  0,02072 0,02399  0,02381 0,02439

0,006,. .,.0587 0,06411 0,04168
0,01261 0,01088  0,05451 0,05386
0,0166¢ 0,0:502  0,06224 0,06166
0,02006 0,01884  0,06729 0,06693

EXPERIMENT

0,02314 0,02647  0,02010 0,01964
0,0¢531 0,02812  0,01394 0,01286
0,02495 0,02753  0,01029 0,00028
0,02423 0,02632  0,00783 0,00696

Column Yength: 149,8 cm, Inlet type: T. Temperature: 22,2%C.

Y a0 30

..05090  0,1070 0,00048
p.05002  0,1070 000018
0.0571 0,073 9,00048
005095 01069 0100048
0,65122 011063 0,00048

X, o

; Yot
G e G A
O, 0108 §,00361 0,08277 O 03569
0, ’;{}i a2 0,006883 0, 04831 O, (}4258
0,01 ¢ 0,0‘.(}79‘ 0,05574 0, GS#&S
o,07646 0,01514 O, 06036 0, 0632‘3
pLetgsn " 01883 0,06739 0,0&727

EXPERIMENT 4
column Yength: 149,38 om, Inlet type: T.

3
gy et v
0,00)32 103,56
0,50032 v
0,007 45,6
0,000 3.0
0,00032 26,9

X, k4
T T e

0,01799 02375  0,02367 0,02413
9.00304 0,02629  0,01986 €,01959

0,72561 0,02790  0,71356 0,01284
0 C2520 0,02740  0,01008 0,00920
0,02459 0,02u21 0 0773 0,04698

4
Tenperature: 22,8°C.




X
o a0 L 1, Residence time

o2,
P .-
PRS-

0,09952 0,241 8,00755

0,004  0,z447 000  0.0000 b
0,09890 0,243 0,50750 0,090 765
3,09921 0,2624 000753 0,0003; 2.7

X x
N ] A X, x
Ewal TRl Kia Bl KerEl T tua :

A
0,00512 0,50531  0,09143 0,09083 ¢ 04615 0,04518  0,05612 0,05689
0.01036 0,00849  0,1100 0,1082 0:04851 0,05044 O:OWM g:ﬂ?ﬂ?
0,00261 ©,00160 ,07813 0,07235  ©,03465 0,03079  0,06935 0,07421
0,01158 0,00963 0,103 0,1079 0,05074 0,05225 0,04474 0,04518

EXPERIMENT 5a
Column Tength: 149,8 om, Inlet type: T. Temperature: 21,5%C,

xlo x&’ X _.f 50 Residence time
0,09757 0,2439 0,00906 0,00032 46,5
0,09811 0,2426 0,00911 0,00032 1,0
09862 06,2413 0,00916 0,60032 76,9
0,03767 0,2437 0,00907 0,00032 46,5
x, X, X, x

L

Ktial '{Iaeal Kty deal” ual_ Tdea el T
0,0G468 0,00588  (,09826 0.09763  0,04928 0,04842  0,05302 0,05465
0,01079 0,01041 6,118 0,114 0.,052%7 0,05338 0,04378 0,04375
0,00532 0,00216 0,08105 0,07373  0,03546 0,03447 0,06732 0,07146
0,00544 0,00590 0,09835 0,09754  0,048:3 0,04650 0,05339 0,05465

EXPERIMENT _5b
Column Yength: 1498 cm. Inlet type: T. Temperature: 21,2°C,

time
o M te esidecetime
2430 9 57,5
09771 0,240 0,0009 0,003 \
cdeh 0.2419 0100913 0.00037 3901
9.,09783 0.2472 2.00908 9.0:9032 16,3
0109806 0.2428 0100999 100032 "
Yor
Ketual “Ydeal
0,09100 0,08929
01081 0,1068

0,08134 0, 07871
0, 107331 ©,06475




164

EXPERIMENT 6
Column 1 :
ength: 149,08 om, Inlet tyve: T. Temperatyre: 24,4,
T Y2 ’ s
0,015 0,029  0,0031  5.0000
s
£) Residence time
0,01740 0,01728 46,6 *
0,01396 0,01354 N2 '
0,01839 0,01844 306 ’
0,01626 0,01562 75,5
0,01910 0,01913 26,5
EAPERIMENT 7
Column Tength: 149,8 cm. inlet type: T. Temperatyre: 22,3°C,
X
rdo Y30 __’gg__ ___{{»g*_ Residence time

0,01115 0,02194 0,00031
0,01100 0,0222« 0,00020

3,00000 45,8
0,01106 0,02210 0,00031 4
0
0

00000 12,5
3

0,01091 0,02240 0,00030
0,01103 0,02216 0,00030

x

i X P x
af 74 ﬁ‘i
Actual — Tdeal Kctual™ Tdeéal  Actual ea tud 0

0,00719 0,00743  ©0,01762 0,01787  0,00419 0,00368 0,00007 0,00035
0,00450 0,00449 0,01470 0,01445  0,0Q579 0,00565 ©,00102 0,00126
6,06/80 0,00813  0,0188) 0,01895  0,00364 0,00302  0,00000 0,00022
0,00591 ¢,00672  0,01687 0,01648  0,0C476 0,00474  0,00053 0,00074
¢,00830 0,00860 0,01941 0,01958  0,00303 0.00268  0,60000 0,00015

EXPERIMNT  8a

Column length: 149,8 e, Inlet type: T. Tewperature: 21,10,

i e
L Xm L L Rasidence t
0,01081 6,02258 0,000 0,00000 75,4
0,01104 a,02214 4,00030 0,00000 33,7
4,01100 a,00282 0,00039 0,00000 112,5
0,01109 0,02204 0,00031 3,00000 26,3

0,01003 0,02235 0,00030 4.00060 45,8




1 X
2 X
LG Cn Yo
000503 0,009 0.0 By L LT KT g
0’00003 3700590 0.,01710 0,01701  u,004/9 0.00455  0,00050
:Oﬂw 0 o, o;g; 83}233 0,00332 €,00283  0.00000 8’883%‘;
00508 0,00482 0,005 100094 o
g.ggg;; o 80“3” 0,01960 0.01971 0’0030 8:32@3; g'oaaee oo
. 00743 0,01864 0,01860  0,00393 6,00344  2.00000 9 os0se
. 3
EXPERIMENT @b
Column Tength: 149,8 em, Inlet type: T. Temperature: 2%,1°¢
XIC' Xw 130 XE
0,01096 0,02222 0,000  0,00000
Actual” l za Jedl . Residence time
0,01793 ¢,01788 57,8
0,91937 001953 29,8
001636 0,01888 388
001587 001538 39,1
0,01948 ¢,01969 28,2

EXPERIMENT 9

Column fength: 149,8cm, Inlet type: T. Temperature: 22,4%C,
LI ¥, _xso ) ,.._t""i., W:ﬂde:riﬂ tine
0,02524 9,05846 0,0013¢ ©,00004 45,5
0,02505 0,05888 n,00137 0,00004 75,0
0,0253% n,05821 0,00139 0,00004 26,4
0,02529 - 0,05334 0.00139 0,06004 12,5
0,U2520 0,05854 4,00138 0,00004 33,5
x, ’ Xyp Ay X
Kt (dex) Actual Tdeal  Actual_ e T
0,01037 0,00934  0,05364 0,038%4 O, 01230 0,01366  0,00399 0,00367
0,00617 0,00576  0,03350 0,03333  0,03050 V,OMQO 0,00646 0,00630
0,01438 0,01379  0,04537 0,04498 0, 01060 0,01124  0,00185 0,00175
0,03040 0,00781 0,(:!@’97 0,01401  0,00017 0,00914

G,00857 §,00356
0,01214 0,01183

0,04309 0,04277

G,01204 0,01237

0,06243 0,00243

_E_Xfiiﬁ!ﬂifﬂ’ 102
Column length: 149,8 cm  Inlet tvpe: 1. Temperature: 23,2°C

65




X 10 X 30 X 3
0,02503  0,05887 0,003
0.02509  0,05872  0.0013%
0,02527 008833 0,00137
45.02 05882 0.00136
002527 0,05832  0.00137

x 4
18
G el e

0,00554 0,00538
0,01152 0,01122
0,00610 0,00328
4,01051 6,00880
4,71332 0,013°7

0,03254 0,0325}
0,04236 0,04223
0,02952 0.54671
0,04027 0,380
0,04430 0,08432

Eij’fﬂﬁ?ﬂ"
m Rl
0,n1401 0,01436
0,01215 0,01262
0,01030 0,01379
0,01187 0,033
0.01125 0,01187

EYPERIMENT 100
Column Yength: 149,8 cm, Inlet type: 7.
e T S te
0,02514 0,058¢61 {4,00136 0,00005

Colamn Tength: 73,0 .

‘&“"‘YE}LQ'T
ctual  hgeal

0,03510 0,03517
n,04343 0,0 328
0,03067 0,02999
9,081 0,04382

Res idence time
36,9
3.3
50,8
W,

EXPERLAENT 11

K . e

0,D4773 29,1185 0,0020%
x?

FetuEy, Tdeal

0,08870 0,08900
0.04752 0,08346
0.67113 0,07178
g.65951 0,08916
007854 0,07808
0.06620 0,06663
o.08788 008757
006735 0,06663
0,08164 0,08171
o.08654 0,00573
S.0TS1E 0,044

{nlet type: Ring main.

¥

29

0,000

fesidence time

7,4
214
37,4
17.6
0,4
45,0
19,2
45,0
25,3
20,8
32,2

56

Residence time

7%
32,8
12,7
45,0

e

0,00688 0,006/2
0,00284 0,00267
0,0°969 0,07965
0,4 97 0,00392
9,00 2 0,00195

Temperature: 23,2°C.

Temperature: 21,7°C,




X,

~ Besidence time
9,07319 ¢,07150 31,8
0,18152 0,08145 2.3
1,U8600 0,08550 20,9
0,07503 0,07544 32,2
£,07840 0,07871 28,3
0,08788 ¢,08370 19,2
¢,06015 0,06070 5,5
EXPERIMENT 12
Colume length: 149.8 om. Inlet type: Ring main, Temperature: £5,0°C.
lm x Xﬂa .{E

0, 05485 20,1183 0,00285 8,00006

x
B 4
KEEaT 19T negidence time

0,06793 0,06741 26,9
0,05207 (,06297 46,4
9,03603 0,03456 104,95
@,04282 0,04305 74,2
0,06074 0,06053 3,0
0,04725 0,04861 55,5
0,06433 0,06166 29,0
9,08705 0,05795 7,9
0,03747 ¢.03760 88,7
0,05105 0,06126 *),8
0,06279 0,06248 3.8
0,06537 0,06517 48,2
0,04424 0,04472 65.2
0,03580 0.03440 04,7
0,05336 0,05297 46,4
0,0411T 0,04111 © 75,8
0,06074 0,06063 33,9

CPERIMENT 13

Column leagth: 49,8, Inlet type: Ring mafr  Temperature: 28,0%.

Residence timp
e 2 e e 2
108669 X 42,5
04663 0,656 0,00065 0,00000 .
g g’iﬁlfs a,.0u686 0,00088 o, 00000 g?,g
£,04692 0.70646 0,00085 0.00000 51,

0,04569 0,09694 0,"008% 0,00000 3.0




X,
T .
0,00795 2,00890
0,01387 0,01447

8, 0,00558
8,01103 ¢,01\78

x
LT\ T
0,04606 0,03626
0,05705 0,06665
0,03694 0 03742
©,05166 0,051%9

X
E.Li'ai‘f ddeal”

0,42509 0,52578
0,02453 0,02517
0,02241 0,02448
0.,02527 0,025714

x i .
LEITi '!m‘
0,01450 0,01289
0,00818 0,00794
0,01974 0,01770
0,011%4 0,01002
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et

A%

|
|
1
!

ol LE 2
Tamp, k’. L ) .1‘50 Temp. f.l_?. xm X,
18 o 0,01 0,00268 18 0 0,05 004506
Time ¥, Time xz
2 0,008152 2 0,62840
5 0,006112 5 0,01850
8 3005000 8 001368
n 0.004256 n 601108
0003320 X
% 9,002560 I 8100725
0002000
4 4,001656 2 000528
85 2.000872 X
60 0060616 I 0.00328
TABLE 3 TABLE &

Temp. X, Ty T30 R P T
25 0 0,00 0,01268 2 o 002 001932
Time ‘!8 Time _ !3
- 2 0,227

T e o,
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APPORIY x

The tables below contain the complete set of kinetic dote
used to obtain the veaction velocity constants reported in secktion 2.2
4, AV concentrations are in gram moles pee Vitre, and 317 times in
in mirutes, and temperatures in °C,

1. Kinetic Data trom J. Meyer (1909).




TABLE 5 -
————, ?
Tomp, X, r X, Tenip. -
— . & 20 'y X X
8 0,000 0,02 o ) o::o iy
1000 G,m [+
Time X,
s ——r Time x,
2 P — d
s oo ¢ Do
1 0/007480 g Qe
o o Soses 15 0.004ezs
3 0,004400 25 o n0a
- 0.003624 39 0,003040
3 002360 15 0.002304
0,002064 80 0,001800
TABLE 7 TABLE 8
Temp,
2 Mo e % T Ky Ky Xy,
% 00178 0y o 25 0,058 0,05 0
Time 41"t Time X,
2 0,007200 r
5 £,004952 5 Sﬁi@‘ﬁz
8 0.002688 8 0.005340
" 9,07 2880 1 0,003600
i 0,002308 " n 09760
7 0,001968 , 7 0,002180
20 0,001592 2 0,001820
25 0,001320 25 0.001300
30 0,001020 30 0,. 4920
1 0,000256

2. Kinetic Data from Batch Runs with Uiacetate
Monoacetate concentration, X, , assumed to be zera for all

these data,

Terp, M_fé o 1, Temp. X0 Ty N
25,0 0,0491 0,1012 %.,0 0,05029 0,00804
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(1)

Time X, Tiwe T
0,25 0,07000 0,25 o ’ a
0.5  0l0s322 005 ot
0-’5 0.94454 ] ’;s o'mm
1 ¥ 0;935‘2 1 'm 9.935!9
1,50 0.03026 1.50 ,02824
2,00 0,02548 2.00 0.
3@ 0,019 20 cloim
5.00 0,0:410 5,00 0,01151
19.00 0,00927 10,25 0,00629 -
15,00 0,00782 00 0,00480
T M X, W My Ty
5,0 0,004739 001073 25,0  0,00781 001064
Time X, Time X, )
0,25 90,0108 0,25 0.01013
0,50 0,009959 0,50 .009095
, 0,009586 0,75 2,009445
1,00 0,609234 1,60 2,909118
1,50 0,008636 1,50 5.002549
2,00 0,003142 2,00 0,008074
. 0,007323 3,00 0,007217
5,00 0,006151 5,00 4,006080
10.00 1,004599 10,00 0,004534
15,00 0,003806 15,00 0,002747
Temp. Yo Ta . Tew. Yo _Tao
2,5 0,04756 0,1044 21,8 0,64638  0,1067
Tima 1, Time ls
0,50 0,06405 0'e g.08758
8,75 005443 0,78 s,
1,00 0,04846 H 'SG 0,04229
1,50 003946 2:00 0.03662
2,00 0,03426 500 0.02979
£ 3,00 0,62666 5.00 0,02281
: 5.00 9.00088 oo otres
. o0 oibizs 15,00 0,06




Tatap,
..‘.”.;. ‘fig_w o
21,5 0,005076 0,01036
Time "3
0,25 0.,03036
0.5 0,0788
0,75 0.008330
1,08 0,009185
1,50 0,60858
2,00 0,008196
3,00 0,007376
§,00 0,006260
10,00 0,004627
15,00 0,003748
Teatip. X, & a0
21,5 0,09550 2361
Time Xy
0,25 0,1492
0,50 0,1130
0,75 0,09496
1, 0,08349
1,50 0,07018
ot 0,06143
3,00 0,05380
5,00 0,04825
10,00 0,04639
15,00 o,
Temp. xlo X
17,0 0,09900 0,2273
Time L
0,25 0,1880
0. 0,195
0.75 0,09755
1, 0,08555
1.50 g.ggw‘
2,00
3,00 0,05000
5,00 0,03954
0,00 0,03177
15,00 0,0

Temp.
21,5

Time

Tezp,

21,5

0,005104

0,003669

‘zo

PR3

0,09245

X

0,09802

n!‘m
06,1206
0,1014

0,03434

172

0,01030

0,2295




73
Temp, X F'e

et —tl o IW' X 10 X
17,0 0,08776 0,1037 17,0 0.04891 ‘“&““a’w“
Time X 2 Time X 3
2,25 0,08599 0,25 0,07978
0.5  0,07064 9,50 0.06787
0.75 09,0608 0,75 005943
1.90 0,05464 1% £,05240
1,50 0,04543 1,50 004318
2,00 0,03946 2,00 0,03738 ;
3,00 0,038 3,00 0,02923 -
5,00 9.023852 500 0 oo A
10,00 0,01555 10,00 8.01312
15,00 0,01277 15,00 001024
I:'f.’. xz o x&, Temp, xio Il
17,0 0,004548 0,01107 17,0 0,00498  0,01119
Time x, Time x,
w—— Sy ———— ——— RS
0,25 0,01083 0,25 0,01096
0.50 0,01089 0.50 0,01057
0.75 0,01026 0,75 0,0103
1.0u 0,01009 1,00 9,01017
1,50 0,009657 1,50 .009752
2,00 0,009321 2,00 9,009413
3,00 9,008687 3,00 0
5,00 0,007679 5,00 0,007847
10,00 0006152 10,00 0.006250
15,00 0,005217 15,00 8,00532

3. Kinetic Data from Batch Runs with Monpacetate

X
G, Gyt T Ny G f
26,0 0,030 0,04733 0,02072 24,0 0,0278 0,04982  5,02872
Time x‘% Time wf&
y 0,04537
0,10 0,04183 8.10 .
0,27 0,03728 0,25 g,ggggg
.50 5,321 0,50 034gs
0,67 0,02782 057 0.03168
0.83 0,02626 0,8 g,ggm
1,00 0,07368 1,00 02700
117 0.02138 1,33 0.0z361
1.33 0,02004 1,87 o,e;za%
1,50 0.01763 2,00 8,618




m

Temp,
> M 2 X5 Tep.  x, X, T
24,0 0,161 0,05473  0,02502 24,0 0,01173 0,05425 9,09529
Tine xg Time X
0,10 0,05015 0.0 “J“Q'm
0,43 0,04253 0,25 0,04510
9,58 0,03909 042 0,04156
0,75 0,03624 0,58 o
1 nw ﬂ ,03300 4] ,75 [ ’msm
1.3 102330 1,00 003213
¥
1 ‘67 ‘W@ 1 ’33 n’mo
2-00 0;02‘59 1 '57 o’m‘a
2,00 09,0239
!
t
; 4. Kinetic Data from Plug Reactor Runs
Temp. X, Xy, 5 _T“w;)_. M t r,
25,0 0,08367 0,1188 0,00279 21,7 0,04772 0,1195 0,00206
2 TH X,
Time X me
0,43 0,06793 0,28 0,08870
051 006279 0,28 0,98951
0,53 0,06074 0,3 0,08788
0,58 0,05973 0,31 0,08787
0,62 0,05705 0,33 0.&8&13
0,67 0,05571 0,37 0,082¢7
0,74 0,05310 0,40 0,08158
0,81 0,05108 0,48 9,07864
0,90 0,04725 0,45 0,07840
1,04 0,04434 0,51 6.675%;
1,19 c.!)d?ﬂg g.?g g,em
1::32 gm;}w 590 3.,06015
1,66 0,05%
1,67 0,03603

P et et deatiata




1. EQUIPMENT LIST

A1l electrical equipment 220V single phase unless other-

wise stated.
Automatic Titrator

Balances:

Conductivity Meter:

Conductivity Cell:

Control Valves:

Flowmeters:

Heaters:

Magnetic Stirrer:

Magratic Valve:

pH Muter:
pH Meter clectrodes:

APPENDIX  xi

Radiometer TTT 11b.

Mettler H 10, Used for density measdre~
ment,

Mettler P 1200 N. Usad for titrations,
Mattler K & T. Used for flowmeter
calibrations,

Wayne Kerr Universal Bridge B221 *n con-
Junction with Wayne Kerr Autobalance
Adaptor AA 221,

Philips PW 9510 1 cm. standard cell,
Used in residence time distribution
experiments.

Lunkenheimer 316 stainless steel i/4%
needle valves, figure 1732,

Fischer Porter Co. precision bore flow-
rator tube no. 84.17.10/77. Float no.
BSYT-45, Hose clamp connections and
end sprivgs 10A 10274,

1 kw electric kettle element. Four used
in caustic and diacetate stock tanks.

Buhromag MO 13 2% vatt, mactuum RPM = 2800
Stirrer bars Z-Bom. long, & mm, diaweter,
teflon covered. Used for titvations,

Radiomater MNV-1C.  Used fn conjunction
with automatic titrator,

padiometer PHM 26 with expanded scale.
Calomel - Padiometer K 401 TS.

combined glass-calome! - Radiometer 14
2311 ¢ K.




Pipettes:

Recorders:

Scale:

Stills:

Stirrers:

Stopwatch:

Temporature Compensator:

Temperature Controllers:

Thermometers:

176
Platinum - Radiometer 1o} py.

H.d. ENN40tt Green Line 20 an® A Grade
with certificate {used tor density
measurement),

Bristols Dynamaster G-1 m¥ with zers
sui-pression, model TPIZHETO x 92-51-T4¢-
THIA-TTIB-TER-TIIY, bieq for residence
time distribution experiments 1-2g,

Rika Denki BO24 10 with zero adjustment
and attenuator. Used for residence time
distrivution experiments 2134,

Avery 3205 ABA. 500 1hs. ir 174 1,

Used for holdup volume measurements,

Buchi Fontavapour-67 380V 3 phase.
Delivery: 5 litres per hour.

Fisons Loughboreugh Still W/SF/8A,
Delivery: 10 Yitres per hour.

174 HP 725 RPM belt driven by Associated
Electric Motors 8$ 2405 856 running at
1425 RPM, Used to stir stock tanks.

Heidolph Elektro KGEBO, 17 watt adjustable
speed stirrer., Set at 200 RPM for batch
reactor runs and at 960 RPM when mounted
in quench vessel.

Onega, 30 secood sweep, smallest diviston
0,1 second.

Radfometar T50Y SU. Used in conjunction with
oH meter.

Jnited Electrir Co. Db-850, 6' ctalaless
steel capillary, stainless steel B bu'h
range -150 - 200°F. Temoerature contrel
to +19°F. Used in caustic and diacetate
stock tanks.

Labotes 0-100°C, 15" calibrated in 0,1°C.
Each thormometor was calibr ted agafnst the
standard thermometers kept in the Chemical
Engineering Department.
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Volumetric Flasks: H.d. EViiott Green Line, 1 titre & grade
and certificated. {Used for making up

standard solutions, )

2. CHEMICALS LIST

Acetic acid Riedol de Haen A.G. AR, Grade,

Chloroform: Rledel de Haen A.G. A.R. Grade ;
Ethylene Glycol: Riedel de Haen A.G. Chromatographic

grade,
Ethylene glycol diacetate: Dow Chemical Co. 98,9 % pure.

Ethylens glycol mong-
acetate: British Drug Houses. TechniLal frade.
Hydrochloric acid

ampoutes: May and Ba“er Volucon Standard Solution. 5
Guaranrt - accurate to 20,28 iy

Hyarochloric acid: Riedel de .1 A.G. A.R. Grade, S

todine ampoules: May and Baker Volucon Standard Solution ' )
Guaranteed accurate to 0,24,

Nitrogen: African Oxygen Ltd.  High Purity.

Periodic Acid: Riedel de Haen A.G. A.R. Grade,

pH Buffer Padiometer. pH 6,5, Type 51001,

Potass ium Indide: Protea Laboratory Services. A.R, Grade.

Sndfum Hydroxide ampoules: May and Baker Yoluion Slandard Soltuion,
Buaranteed accurate te +0,7%,

Konto Chemical Co. Cica brand. AR,
Grade,

Sodium Hydroxide:

British frug Fouses. AR, Grade,
(Hote: Sodium thiosulphate standard
solution made up and stored sccovding te
wethods in vogel (1951) page 333,

Sodium Thiosulphate:
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NOMENCLATURE

mass of stream |
Bination (o) sample taken for acetic acid detor.

cross;uctiaml, ares available for flow in reactor
{em®) (void area)

mass of o molar caustic 50da v ream
acid determination {gm) sed for st ! acetic

molarity of standard caustic
(nmton; soda used in analyses

mass of stream 1 sample taken for tota! a
determination (gm) cetate

particle diameter in packed bed reactor (cm)
diameter of open tube reactor {cm)

mass of o molar caustic sods added to stream } sample
during total acetate determination {gm)

mass of potassium fodide and hydrochloric acid
solutions added to iberate fodine from periodic
acid during glycol analyses (gm)

mass of j moler hydrochloric acid used for totel
acetate determination in stream 1 (gm)

used to denote reaction pumber
used to denote component number in ith reaction

molarity of standard hydrcchloric acid used in
analyses {un.mole/1)

reaction rate constant (V/gm.mole min. or 1/gr.mole sec)
reaction rate constant for reaction [, section 2.2
reaction rate constant for reaction I, section 2.2
Arrhenius constant (1/gn.mole min, or 1/gm.mele sec)
Arvhonius constant for reaction I, secticn 2.2
Aerhentus constant for resction [I, section 2.7

mass of stream 1 sample taken for total giycel
determination {gm}

mass of stream & sampl. token for free gliycol
deternination {gm)




3#
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mass of stream § samp]
deternination (gu) = o o 1O total glycol

mass of periodic acld addeg .
deterainations (gm) 1 t0 samples for glyeol

molarity of periedic acid in periodic acid
sol
used for glycol determinations (gm.molef1) utton

molarity of fodic acid in periodic acid soluty
used for glvcol determinations {gm.mole/1} "

=Ep' + &p” (gm.mo.e/1)

molarity of potassium fodide and hydrochloric acid
solutions used in the glycol analyses (gm.mole/1)

radius of open tube reactor Lo}

mass of u molar thiosulphate used to titrate 1iber
ated fodine in glycol analyses (gn

residence time in reactor {seconds)
total residence time in reactor » time final {seconds)

molarity of thiosulphate used to titrate 1iberated
fodine in glycol analyses (gm.mole/1)

mass of periodic acid taken for blank titration (gm)

mass of thiosulphate used to titrate 1iberatad
jodine in periodic acid blank snalyses (gm)

mass of stream 2 sample taken for causiic sods
analysis {gm)

mass of g molar hydrochleric acid used in Stream 2
caustic soda analysis (gm)

Tength down reactor (=0 at inlet) {cm)

positive constant used to relate Xy to profit in
optimisation

concentiation distribution function measured during
res dence time distribution exporiments

tal dispersion coefficient {Taylor diffusion
“wefﬁc?emt. Tongitudinal dispersic  coeflictent)

{cmzfse?c)
molecutar diffusion coaff clent {mg!sec}
activation emergy (kcal/gm.mole®d)

activatie~ energy for reaction 1, sectinn 2.2
{keats wole®k)



Y., x. etc,

s X
JaTo#

X ppon
I’
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activation ene fo i
(ica?!w.m!;?;) v reaction 11, section 2.2
residence time distribution function
mass fiow rate in reactor {kg/sec or kg/min}

mass flows of streams )-6 in resctor ¢
" ystem
(see Figure 5.2) {ka/sec or Ly/miny v

Haniltonian used in optimication
= kR,
= Ink
-
= In kq
= In k_g

reactor length [om)

profit funct.on used in optimisation

axial Peclet number in packed reacior = U&P/Da
volumetric flowrate in reactor {1/sec or 1/min)
volumetric flowrate in reactor {m:’/s*ec}

volometric flows of streams V-6 in roo -tor systom
{soe Figure 5.2) (1/sec or l/min)

gas constant {keal/gm.mole®)

reaction rate for ith reaction [gm.moles/7.sec)
reaction temperature (°C or k)

fluid velocity in reactor = x’.%’/av {omfsec)

holdup volume in reactor {volume of void spaces) {1}
concet tration of tracer ir reactor {gm.moles/1}

centration of Jth speclies in ith reaction,
dwl,u gwi 4 lgmaole/1) for species numbers soz

below

o

concentration of Jth speclies in reacior systen
{om.mole/T)  see subscript Tist below

concentration of jib species $n 8 batch rescior [gmmele/l)

total glycol in stream 1 sanple = Xpg Figg * Yoo
{gn.mole/1}




ﬂiq.

&(t)

SUBSLRIPTS

seg Figure 5,2,

-y

extent of {th reaction =12 (gn.mole/1)
extent of ith reaction at time et (Zug)
extent of {th reaction at time potf (fus;

dy
1

i

a,

&z

Ys, 1" 2t time terf f2s1)

dimensioniess reactor Tength = »/1

mass of stream 5 semple taken for acetic acid
analysis (gm)

stoichiometric coefficient of jen component in ith
reaction

mass of o molar standard caustic soda used in stream
5 amalysis {gm}

dirac delta func .n

adjoints used in optimisation

viscosity of fluid in reactor (gn/cm,sec)
density of fluid in reactor (gujz:ms}

dersit’os o streams 1-6 (see Figure 5.2} (kg/1)
density of o molar standard caustic soda (gm;"cms)
density of j molar standard hydrochlovic acid {w&)
density of standsvd periodic acid {wfm3}
density of u molar standard thiosulphate {mfm3)

variable used in optimisation, as defined by equation 4.6
value of T ut tf
These s bscripts refer to reactor system concentrations,

autl © streaw for yeactor {corresponds to time final, tf)

neutralised stream leaving quench vessel




° reactor inlet stream {corresponds to time t=0)
e stock streams
ﬂiﬁ?ﬁﬁ‘f’m" concentrations, i.e. x, etc., are concentrations in
STREAM NUMBERS
1 diacetate feed
2 caustic feed
3 reactor inlet
4 reactor outlet
8 acetic acid quench stream
6 neutralised stress leaving quench vessel

SPECIES MIMBERS

1 ethylene glycol diacetate
ethylene glycol monoacetate
caustic soda
sodium ccetate

sthylene glycol

g oW b W MG

acetic acid
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