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CMWTBI I

1.1 im m ucnoN

** (1962) h#» :« ld , Th* d»:1y of ckWcml

rw c te r i I :  probably the one area of Imtoreat In omglnearlng that 

la watqwe to (homlcal aoglmotMm. and I t  I : probably th i: function 

mom than anything ola* which jwatlfle* th# ealitanco of chemical 

englnoorlng aa a d latlnct branch of anglnnorlng.'

In the chemical englnoorlng dealgn of mactore, knowlndga 

la ragnlrod In the field* of chemical kinetic*, economic*, mathamb" 

tic * , thermodynamic* and heat, no** and momentne tm m fbr.

There are four main itagea la  the dealgn of chmdcil 

reactors>

1.1.1 Choice of Reaction and Determination of Reaction Kinetic*

The declilon to build a chemical p lant, choice of reaction, ran 

material* and product* may well be outside the *cepe of the reactor 

dealpi englnenr. Generally, the reactor designer will al*e net bo 

ragwlred to obtain kinetic data for the reactor. Theie, t ogether with 

the required production rote* w ill be made available to him a t  the ent- 

*et of the dealgn. (Denbigh. 1965). HI* ta lk , therefore, will be to 

wee the Information * applied to dealpt a reactor which will require 

minimum acceptable capital expenditure and operate a* economically aa 

poaalhle.

1.1.2 Evaluation of Poailble Reactor Type*

I t  I* neceaiary to obtain a mathematical modal for eadi pea* 

Ible type of reactor. The molt accurate model w ill , of coene, be 

that obtained by aolvlng d ifferen tia l heat, me** and momeotm balance* 

In the reactor. The number of variable* In industrial reactor* I* apt 

to oe large, heueeer, and the resulting differential equation* may be
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c ^ l e x .  Tke w in  tkw: be forced to mke ilnpllfyle#

«on#t1em« 1e order to w ire  them, bounder? comdl low for tbe 

edUdtlow w ill o lio  here to be decided. Umfortuoe o ly . eech d if f ­

erent ew w ptlon mode, end eech se t of bounder? condition! choree 

1# Hoble to leed to e d ifferent nethemetlcel model for the reector. 

end the designer w in here to decide which of theme best d-mcrlbem 

the behaviour of the reel reactor.

In men? cemem p ilo t plent mtedlem cen be used to eveluete 

the models end choose the most secure to. Without such studios, how­

ever. choice of e methemetlcel model Is extremely d ifficu lt.

1.1.3 Economic Model of Reector (Profit Function)

Economic Information relating reactor variables to plant 

p ro fit cen be Incorporated In the mathematical model obtained In

1.1.2 to give an economic model for the reector. The economic model 

will thus re la te  the reactor variables to plant p ro fitab ility , end 

wM nrovlde a p rofit function which can be optimised by suitable 

choice f  reector variables. This economic model must Include 

Interautlon between the reector erd other I team of equipment on the 

plant.

1.1.4 [lesion of Optlimie Reector

Combining the methmmtlcel end economic models above, the 

optlesm operating conditions end reector design cen be obtained for 

each reector type In 1.1.2 he optimum reector cen now be chosen. 

This cosmlotes the design engineer's task.

1.2 SCOPE OF THIS INVESTIGATM*

An attempt has beem rid e  In this thesis to approach the 

design of a reactor In as r e a lis t ic  a manner as possible, end to 

study end elucidate seme of the problems encountered. The design 

ef e leboratof? sto le  reacto r  wee accordingly carried oet as outlined
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tn U .  mlMi*** * mcomWc m»d»1 *x 1* 1.1.3 could not

X# oMolood ood o iW#11Mod profit fOnctloo wo* oii imod Tl* 

rooctor wo* tkoo cowotrwctod cod tho rorlow* oothoootlcot oodol* 

tootod.
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OWTE# Z

Z.1 {HOIK OF REACTION SYSTEM

** »Ut#d In th# Introduction, tn# reaction lyoto# end 

r##ct1on k ln tlc *  w in  ####ny h« owpplled to the deolgn onglne*".

For th li  work, however, e reaction iy:tam had to he chooen which 

would beet l l lu i tr a te  certain  e f  the problm* oncownterrd In reec 

te r  deelgo.

A reaction oyetue wet required on which ooee forw of o#t- 

lulsatlon could be carried out for one of the reacting species. A 

ilwple exeeple w uld be consecutiv e  Irreversible f i r s t  order reec-

tions of the type A*fl»C, with the possib ility  of optimising B cone- 

entratlon.

In order to show up Inaccuracies In toe various uethanekteal 

nodals, however, non-linear kinetics would be better than 1 inner, 

(levensplel and Blschoff, IBM), so a set of consecutive reactions 

with non-linear kinetics was sought.

In order to minimise experimental d ifficu lties  Involved la  

obtaining d lf flis lv ltla s , usalyslng reaction mlxtui rs , calllireMng 

flowneters and carrying out leeperature control policies, I t  was 

decided th a t a homogeneous reaction In liquid medlwa was pm ffrable.

I t  was fa i t  that stagewlse saponification reaction: of the 

esters of dibasic acids or dlhydrlc alcohols might be suitable, and 

uccordlngly a lite ra tu re  survey was carried out to dlscovei reaction 

velocity constants for these r f .t lo n  systems

Meyer, (190*), studied the kinetics and obtainau tha rate 

constants for both the acidic and basic saponlflcatlcn of a wide 

variety e f  dibasic and d l-  end t rlhydrlc esters. Of tnerr reactlenn, 

the basic sagenlflcetlen ra te  cmnstents appeared to be of acceptable
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onWr. Ttm pr#ct1t«1 d lffla ilM M  arow at thla point, howawr. tka 

f l r a t  being tbe pfoblae of obtalnlr j raw eaterlala for the reaction 

In large qean tltlea , and the s.cond. the experimental d ifficu lty  In- 

volved In analysing the reaction ml-tures.

Eenntnally. the atageelse saponification of ethylene glycol 

dlacetate was chosen, since ethylene glycol dlacetate. 99.91 purity, 

cw ld be obtained from tbe Don Chemical Company, and the reaction 

txtmre could bn analysed by star da rd wet chemistry techniques.

Z.Z ZEACTIO* MEOWIHM

I t  was Meyer, (1907, 1909) , who f i r s t  realised that the 

alkaline saoomlflcatlon reactions of the esters of dibasic acids as* 

dlhydrlc mcohols were second order and consecutlre. Different 

mechanisms had been proposed for the reactions by Geltal, (1897, 1999), 

Knoblauch (1998), Ostwald (1902), and Kremamn. (190%).

borne of the mecbanlsms assured by these workers yielded 

reproducible values of reaction velocity constants for different In­

le t concentrations, however, and a ll were abandoned, ^mamm, (1999), 

studied both ethylene glycol dlacetate and moroacetata alkallna sap­

onification*, end assiseed that each reaction was blmolecular but did 

not assime that tbe reactions were consecutive. Me wes thes able to 

get reproducible values of the ra te  constants for the monoacetate sap­

onification . but not for tbe dlacetate.

F inally . Meyer, (1907. 1909), studied the Individual steps 

In tbe saponification reactions, f i r s t  In acid and then In alkaline 

medio. He worked with a mlda variety of es ters , using these ef dl- 

beslc acids and d l- and trlhyd rlc  alcohols. He proposed "-at tbe 

saponlMentions were consecu tive and tbat each step was blmolacnlar. 

Since be wes able to a tta in  r eproducible values of the rote const­

an ts , th is  mecbemiam bee beem accepted For th# alkaline sapenlM-
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ca t# *  ef etty leee glycol dlecetete . th# reectlom «ch*e I : me 

fo llo w :-

(NiCWW,
L + No«M -
CHiCOOCM,

othylooo xodlwo
glycol hydroxide

diocototo

CN^M
I * NoOH -
CM:COO«,

ethylene ood l*
glycol hydroxide

momoecet to

OlzCH

CH,C00CH,
OtsCOONa

ethyl one sodium
glycol a e ra te

monoacetate

CM;*
1  * CM,C00lla
OWM

ethylene sodlue
glycol acetate

n

h. mud t ,  ore the rote cow teo t: of reectlom I end II roipoctlyoly.

Z.3 REACTIOM KINETIC:

2.3.1 Provlout wort

Meyer, (1909), did two sets of runs In « batch reector to 

obtain the reaction rate  constants *3 and kl  for reactions I and II .

In the f i r s t  s e t ,  pee# nonoocotato was reacted with caeotlc 

soda. This meant that only reaction II was proceeding In the solo- 

tlon  and the reaction velocity constant. could he obtained fY#m 

a knwledge of the In le t concentrations and by meas .rlng the seta of 

change of caustic soda concentration with time.

In the second se t of runs, pure dlacetate wes used, which 

meant that reactions I and II too* place slmwltanaewsly In the so l­

ution. In order to solve the resulting rote equations for the reac­

tion rata constant. Neyer was forced tc assime a relationship 

between &_ and Since he had found the ratio  In acid medium to 

be h j :h , : : f :1 .  Mayer aesimed th a t the re tie  for a lta llne  saponifi­

cation would he the same, having made th is assumption, he wes aWe
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to :o1*« for lo th# mome fodilom »i for 1.#. bf a kmowled* 

ef Imltlml flaeototo mnd cowotlc roocortrotion*. «nd tbe rmte of 

ckeoge of ceeoMc comcoetrotlom with time. (,ee Apoen. , u ) .  

Meyer't row lte  ere tebwleted belo*:-

TAKE 2.1

In itia l le l t le l  lo l t le l  *;
D l a c e t a t e  M o n o e c e t a t e  C n u e t l c  
c o m e .  (M ) c e m c .  IN )  c o m c .( M )

Temp.
" C .

l l t r e / p a .  
m o le  mln .

•!i * :
0 0 . 0 1 2 5 0 0 ^ 1 1 1 0 8 , 7 3 4 1 7 ^ 5 0

0 0 ^ 4 9 0 5 0 . 0 5 1 0 - 7 , 4 4 4 1 4 ^ 0 2

0 0.01268 0 / 1 1 2 5 - 1 5 . 9 0 5 3 1 ^ 1 0

0 0 . 0 1 9 3 2 0 , 0 2 2 5 - 1 5 . 7 1 9 3 3 . 4 0 0

0 . 0 2 0 0 0 0 0 . 0 2 1 0 1 5 . 3 3 4 - -

0,01000 0 0 . 0 1 1 8 1 5 . 0 4 0 - -

0.01174 0 0 . 0 1 2 5 3 2 . 4 5 5 - -

0 , 0 5 2 0 5 0 0 , 0 5 2 5 3 2 . 0 5 2 - -

Note: Meyer': concentrettom: ere given In oe^ of 8.01 N MCI ewM to

t l t r e te  25 oe^ of eltellm e wmple. Hence e ll concentretlom: In Me

teb le : ew:t be eeiltlplled by 0.01/25 to trenefom tbem to ge.melee/ 

l i t r e  (M).

The reproducible value: obtained for :hoe diet the reee- 

tlon II rate data are f i t te d  by a bleoleculnr model. ly writing the 

Arrhenlu: reletlomehlp In the fone

log » o r  h r

and wiving fo r a  and b from h i: re u l t : ,  Meye r  we: able to "xtrep-

otate h i:  h , value: to  0*C and 1*^*C end compare them with Kremamn': 

(1505) value: o f  a t thmee tm peraturee. The value: are given 

heloe In lltre/gm.mole mlm.



#

TMLE %.%

K m """ * ,

0 Z.5 1.33

19,3 12,5 9,69

Mtyer f e l t  that the agreement between these results was sa tis ­

factory.

Since the k 3 values do not d iffer greatly from each other, 

and since they are a ll roughly twice the t  values at the same 

temperature, Meyer concluded that reaction I Is also blmolecular 

awd that kj »

There are several possible sources of Inaccuracies In 

Meyer's work. F irs tly  I t  Is d i f f i c u l t  to determine the accuracy 

of the approximation that -  R .  from Mayer's resu lts . Secomaly,

Meyer does not report the purity of his raw materials, and If  they 

were not 100$ pure, th is would, of course, produce errors in Ms 

calculated k values. Thirdly, Meyer pipetted samples out of his 

batch reactor and ran them Into acid solution to quench the reaction.

No mention is  made of the time taken to quench the samples, and If  

th is wes great, the reactor concentrations would be In error.

Lastly, the acid saponification reactions will take place slmfly In 

the quenched solution, and these produce acetic acid (see 8 .4), hence 

becktitretlon must be dome soon a f te r  quenching or else errors le 

concentration will be Introduced. Meyer makes no mention of taking 

th is  precaution.

rlnce caustic soda concerntretlon In the reaction mixture Is 

aas sst to follow. I t  wes decided that th is  would be measured Airing 

the kinetic experiments, and a regression technique (see 2.3.4) used 

he obtain the beet amd L ,  (Mote: Meyer (1909) is  Tables 1-8 (pages
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2M-Z7I) #l«#9 M i cmamtmtlem of NiOH yi tlm, d*U. lo U*

gresslon technique was also applied to these.)

1 .3 .2  j ^ * t h  e a c t o r

In itia lly  i t  was decided that a batch reactor would he used 

to check Meyer's resu lts for dlacetate and monoacetate. The react- 

ants would be mi nod in the rooctor a t tloa w i. and sample: of 

reaction mixture would be withdrawn from time to time and quenched 

in hydrochloric acid solution. This solution could subsequently be 

backtitrated with sodium hydroxide, and the original caustic soda 

concentration in the reactor thus obtained.

In order to study the possible cataly tic effects of 

materials present In the tubular reactor which was to be used for 

the main runs, these substances were Included in the batch reactor 

used for the dlacetate runs. Thus the dlacetate batch reactor wall 

and floor were constructed of PVC and perspex respectively, since 

the main reactor was made of perspex, and the reactor system piping 

was PVC. A sta in less steel s t i r r e r  was used In the batch reactor, 

since retaining screens in the main reactor as well as the outlet 

quench s t i r r e r  ware made of th is  material, The s t i r r e r  speed for 

a ll batch runs was 200 r.p.m. The dlacetate reactor was also filled  

with the same glass beads as those used in the main reactor, these 

being poured Into the reactor with the reactants at the s ta r t of the 

reaction. Dlacetate used for these runs was supplied by the Dow 

Chemical Company and was 98,9% pure, tha main Impurity being mame- 

acetate. Samples were withdrawn from the diacetate reector through 

a wide bore glaa: tap l e t  Into the bottom. The raluea of rate cem- 

stants obtained with th is  reactor show, by their close agreement 

with Mayer's values, th a t the above materials had no catalytic 

effects.

For the monoacetate runs, the reactor used wa« a simple
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g lw : w * l w  were with « polythme .fm*

i*lc* Z0 of roKtlom mlxwro. Umfortumotoly. ooly 50: 

pwro todo lco l grmdo moooocototo could bo obtolmod from

Onig Mouses for these runs.

M l wuplo# woro stoeod under h i* , purity nitrogen. In glee:

beakers f i t te d  with rubber stoppers wrapped In aluminium fo il. The 

t itra tio n  procedures used were the same as those for the main runs 

(see Appendix vl - section 1.)

In the reactor optimisation section, 4.3, I t  was decided 

that the main runs would be carried out isotheraally. I t  was thus 

necessary to choose the In let concentrations for the reactor low 

enough to lim it the temperature r ise  during reaction to VC. On the 

other hand, the in le t concentration could not be made too low, or 

the concentration measurements would have become Inaccurate.

In order to ensure that the reaction could go to completion, 

the dlacetate and caustic soda In let concentrations were maintained 

roughly in the stoichiometric ra tio  of 1:2. The same ratio  wus used 

for the monoacetate runs.

From the runs In the batch reactor, the upper lim it of d l­

acetate In le t concentration was found to be 0,1 g» m ole/litre, and 

th is could not even be used for the runs a t 25*C, because I t  led to 

a temperature rise  of 2 ,VC during reaction.

I t  wes also found that mee,ursment of dlacetate cancantre- 

tlons of lower them 0.005 *.mo1a/11tre led to errors of greater 

them the IX specified for th is work (see #.1). Ihe lower lim it of 

dlacetate concentration  wes thus se t a t 0,005 gm.mole/lltre.

The concentrations end teeneretures used In the batch rums 

are given In Table 2.3.

All botch rums wore carried out In a constant la *  era lure
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r w  1m * 1 c &  t W  t m # i r mt mrm com ld W  t h r n m w c t l w l l y  a m t r m l W  

to witmlrn I t .

Therm were eeverel eewrcee of error le the botch experlmemte. 

With the blghett Imlet comcemtretlom used, the dlocetote reached W  

comrerelom 1m I  eecemd*. where percemtoge comrerolom I: imflmed h»:- 

(cemcmmtrmtlom e t time o - comcemtretlom ot tlm, ») 100

(concenc ttor, a t time o)

The eomple time fmr the dlocetote rooctor met ef the ot e r  ef X 

seconds, which meoe the exact quench time very d ifficu lt to ascertain 

for the In itia l port of the concentration-time curve. Tne polythene 

scoop used for the mcnoocetnte runs reduced the quencl time to under 

0,5 seconds, but led to splashing of the quench solution. For both 

dlocetote and monoacetate runs the concentration of caustic soda te- 

werds the end of the rum was much lower thorn ot the beglmmlm#, emd 

the mmoswrmoemt  Is consequently less accurate.

In order to reduce acid saponification to a minimum, the 

quenched solutions mere analysed os soon os possible, but since 

smaples mere totem for botch residence times of up to Id mlmmtos. 

the In itia l samples hod consequently to stand for th is length ef 

time before they could be analysed.

2.3.3 Plug Rrsctor

The d if fic u ltie s  encountered In the botch rooctor com t i l  

be overcome In a plug reactor system In which the outlet stream Is 

neutralised as soon os I t  leaves the reactor. The main eape'Imemfol 

run; were done In th is type of reactor, and the quench and sampling 

system* are discussed In 5 .2 .S. With th is reactor, outlet caustic 

concentrations for residence times of from 27 to 116 seconds could 

he measured very accuretely.

The only d ifficu lty  In using th is type ef fl<* reector for 

hlmwtlc measurements Is In proving that one does Indeed hare a plug



----------  "I
i :

f1«* rw e to r. W  not aw  ohnym wm* othw model. A* w in ho 

worn fro# Choftor *, the throe different model« ««iiaed for the 

reector e ll  give Identical recwlti for different Inlet comcemtretleme.

Wemci, elnce the plug flow model I t  the eeeleet to «elve, th li com he 

meed to  cbteln re to cemetente from meewrementt teten on the flew 

reector.

Two sets of runs were thus done on the plug reactor, neutral - 

lain# the reector ou tlet stream accuretely end me#wring the outlet 

ceustlc concentration. The In let concentrations and tamgeratures used 

for e ll the hatch end flow reactor kinetic esparlments, as mall ee 

those for Meyer's experiments are given belt* In Table 2.3. The 

complete se t of kinetic date Is given In Appendix x.

2.3.4 Method used for obtaining Rate Constants from Exoei ImaWel 

Data

From Table 2 .3 , I t  will be seen thet the kinetic data ceuer 

a range of teagieratures. I t  was thus decided that a ll tha data uauld 

he coahlnod and that the reaction rata constants would he obtained 

as functions of temperature.

From the Arrhenius relationship, we hove far each rote

constant

k -  t  anpf^r/Mrf 2.1

where

k « rate  constant ( litre /* .m o le  mln)

« frequency factor (U tre /* .m o le  mln) 

g - activation energy (kcal/pa.mole) 

g » gas constant (kcal/pa.mole "K) 

y * temperature of reaction mixture (*K)

I t  Is d if f ic u lt  to obtain the parameters a end t .  directly 

because the ra te  of raectlen Is fa r more sensitive to mxell changes 

In g than to  small chamges In This In turn makes any methed of



i :

l a . t
DOOM la le t
coac.M *

™ y _ 2 ,3 _
Dlocetote la le t 

come.(Ml*
Maeeoceto

la le t cemc.
ID 0X11 0 0,01250
ID 0.05 0 0.04905
ID 0 /B 0.02000 0
ID oxn 0.01000 0
a 0.01 0 0.01250
a ox » 0 0.01532
a 0.01 0X11124 0
a 0.05 0.05205 0
a .o 0.1012 0.04910 0
a .o 0.05004 0 .0 -1 5 0
a .o 0,01023 0,004239 0
a .o 0.01054 0.004201 0
21.5 0.2X1 0,0955 0
21.5 0 .243 0.09245 0
21.5 0.1044 0.04255 0
21.5 0.1052 0.04530 0
21.5 0.01035 0.00502* 0
21.5 0,01030 0.005104 0
12.0 0,2223 0.09900 0
12,0 0.2255 0.09002 0
2.0 0,1032 0.04275 0

12.0 0,1014 0.04091 0
12.0 0.01102 0,004540 0
12.0 0.01115 0,004450 0
M.0 0.04233 0,01)60 0.02922
a .o 0.04902 0.01220 0.02022
24,0 0.05423 0.01151 0.02502
24.0 0.054a 0.01123 0,025*
a .o 0,1100 0.05352 0.002205
21.2 0,1195 0X14222 0,002050

Oit* obtained 
frga

Mayor

Dlocetote Dotdi

Moeeeceto te  betcb

n e ;  Moacter

*(M) - *« eoloo/H tro.
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mwMMmg h r  # **d Mmmltlw to moll dwog** lo * , mod

ImomfM m to tto##m lo I f  tto folloolo# trom fom otlm  1: 

mode, tomomor,

4. ::
oqootloo *.1 tecomoi :-

* -  m*fX. -  j

emd M r  oro now if  t to  oomo ordor, mod hove roo#1y tto  memo 

effec t m  t to  rote com toot. Ttoy com tto :  ho obtolmod olttowt 

d lfflco lty .

Tto rogroooleo technique of King (1*67) oo: need to ottolo

tto  eolooo of the oboeo pormmoton  otlch govo the leoct mm of ique

rod erro r: f i t  het ooom the exporlmomtol cowotlc coocomtrotlom end

tto w  predicted by the botch end plug flow rooctor oodol:.

A: com be Mem from Toble 2.3, thoro wo: o :proel lo tto

enperlmemtel Imlet comcemtretlom:. I t  wo: the: moce:wry to ooo 0

normol'wd :im of mpmred erro r: to prevent t te  high comcemtretlom

rum: from being weighted dloproportlomotely. The mm of equored

erro r: mod wo: t tm :-

(Predlctwd lloCM comc. - Exporliomtol NoCM comc.)*
Sum « [ ---------------------------------------------------o---------------

ompt: (foperlmemtol NoOH comc.)

The revult: of tlil: iegre::lom ore given below:- 

TMtE 2.4

Xeoctlom 4_ (litre /* :.m ole  win) 4 kcol/pe.uole

I 26,977* 0,5203*6 0 10^ 13.6622

II 26.6015 0.357173 x 10** 14.1*43

Using the above values, reaction rate constants may be obta 1 r.td which 

ca# be co#arei1 to those of Meyer and Kremamn:-



1*

3 L
*, fro* 
k o w

TW & ^ 5  

* , fro*
M*r*r Merer bO*#**

0 3^81 1,473 - 1,33 2.5
18 18.M 7.452 15.236 8.088 -

1*^ 22^0 *465 - 9,69 12.5

25 13^8 13.28 32.660 16.312 -

TW v*lw** of th* r*t* c***t*mt* *bt*l**d In thl* wNt *ho* ***< 

*gr****mt with th*** oht*ln*d hy M*y*r. Imllcotlmg th*t th* l* tt* r 

*r* **r* *ccwr*t» th** Kr*m***'* win**. **d *1*o th*t th* ***lyt-

Ical techniques used In th is work are sufficiently  accurate. The 

ralu** of and g In Table 2.4 were the* used In a ll  further 

wc+len* of thl* work to obtain ral*** of rat* cc**ta*t* a t a*; 

tenparatera.
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3 .1  M B 3 IK E  REACTO# TTPK

The three male reactor type* In which hceogemeou* liquid

reactions can be carried out are as follows:- 

( 1) the batch s tirred  tank reactor 

(11) the continuous s tirred  tank reactor (CSTR)

(111) the tubular flow reactor (TFR)

I t will be shown la te r  (3.4.1) that the models for the TFR 

and batch reector predict Identical resu lts , so there would he ee 

special benefits obtained from batch operation. I t  was thus decided 

that the optlsasa f a c to r  would be either a TFR or a CSTR. A batch 

reactor was used for the majority of the kinetic experiments, how­

ever, because these were done In a constant temperature room In 

which the construction of a continuous flow reactor system would 

have been Impossible due to lack of space for storage vessels and 

lack of height for obtaining the necessary delivery head.

The mixing In the flow reactors could be on macro or micro 

scale (Kramers A Westerterp (1363) page 65), In 4.2 I t  Is shewn 

that for reactions I and | i  below, the Ideal TFR Is the optlaam 

reactor for macro mixing of reactants. The macro r txed C3TR wes 

thus not considered, and only the Ideal CSTR equations were derived.

Since an experimental tubular reactor was b u ilt, however.

In which both the flow and mixing could be mom-ldoal, the non-ldeel 

and smcro mixed TFR equations were derived as well as those for the 

Ideal TFR.

Mathematical sacels were thus obtained for the batch reactor, 

Ideal CSTR end Ideal, non-ideal and macro mixed TFR.

The nomenclature used for the concentrations of the various 

species le  the reactors Is as follows:-



Suk i ts ic#

« !* !* *
glycol
dlacetate

Sodlm
hydroxide

Etitytew
glycol
wmoocotote

Sodium
acetate

EtDylem#
glycol

KSS s t i s  s s i r s : -

------------------------  ^ .m o lM /lltro  oe.molea/llbm

V

V

A*r

The reactions are given by equations I and II (2.2). 

*.
Dlacetate * Caustic 

f ,  f .

Monoacetate ♦ Sodlua acetate

a ,
Moeoecetate » C austic  Rlycol » Sodliai acetate

and * » reaction velocity constants In lltre /ge.no le  sec.

As discussed la section 6 .1 . the concentration of the sodlm 

acetate was not measured fo r eny of the reactor systems, hence only 

the rates of chenge of the other species with reactor residence tine 

or reactor length were considered.

As discussed Is  section 4.1, a ll  reactors wars operated lee-
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tke m l ly ,  m#d t W  t*« In let comcwtrmtlom for *11 rw rtor* were

choven low enough to give less than 1°C te-verature rise  during 

mixing - i  reaction. Hence, for a ll reactor models discussed, 

density changes of the reaction mixture due to heating effects were 

assumed negligible. Due to the low concentrations In the reactor 

(5.1.2) density changes due to non-ideal behaviour during reaction 

were also assured negligible.

).Z MATHEMATICAL MOOEL FO* THE BATCH STIRRED TANK REACTO*

If I. Is the concentration of the j'th component In the 

reaction mixture, In gram so le  per l i t r e ,  I’.ien, by mole balance, 

the rate  of change of Zj with residence time, t, seconds, In a batch 

reactor for the above reaction system Is given by:-

a y  * stoichiometric coefficient of the Jth component 

In ith  reaction (-ve for reactants, +ve for 

products)

• reaction rate  for ith  reaction (gm.mole/litre sec)

T • temperature of reaction mixture ("K)

I f  f .  I :  written In term* o f the in i t ia l  comcemtretime mud the

extent of the ith  reaction ',£, then,

Since W ,* ,  not Identical, d ifferentiating :  * and

substituting Into 3.1 leads to :-

Using th is  equation together wl' the nomenclature In Table 3.1, the 

bitch reactor equations fo r extents of reaccion I , f*, and reaction

ar"



I I ,  T ;. mkow ,

I
}

Wth boundary conditions

i t  t  » *

#n u m ly tlc a l xolutlom could met b# found fo r equmtlon# 3 .4 , *0 M* 

modlffod Ewler nww rlcal fmt**r*t1om procedure luggeited by L#p1*e 

(1*62. pe#e * )  wei w ed fo r th e i r  w lu tlo n .

k c e  th e  e x ten t: were known mi function* of batch reec te r 

reeld'm ce tim e , the  concentration* of the Individual rrmrnnenti 

could be obtained from equation 3.2,

3,3 MATIOWTICAI. MOKl FOR 1% IDEAL CONTINUOUS STim g TMK 

X M C n X t  (C S T R )

Olln# the  mama nomenclature :  In 1 action 3 * above, from the 

ateady s ta te  mele balance fo r  th e  CSTR:-

ahere 1« now the concentration of the j th  component of the reac­

tion mixture a f te r  a mean real den ci time of t  leconda In the CSTR.

Suhatlhitlng for the reectlon extent: from equetlon 3 * am 

hefere leeda t# :-

Ua'ng th li  eqweMon and the nomenclature In Table 3.1, the CSTR 

mgwatloea for extent: of reaction: I and II become:-

(-I,*



20

3 .4  m n e W T IC A L  MOKLS FOK THE TUBULAR FlOW REACTING ( IF * )

The Ideal TFR Is the "Plug Flow" or "Mston Flow" reactor

In which elements „f flu id  which anter the reactor a t the same a w n t  

move through I t  with constant and equal velocity on parallel path*, 

end leave a t the same moment. The residence time of a ll elements 

w ill thus be equal.

Any deviation from Ideality  will cause a slowing down of 

seme elements of flu id  with respect to the others, and lead to the 

spread of residence times In the reactor f i r s t  discussed by 

Dtnckwerts (1963). The models far the Ideal and non-ideal TFR are 

discussed below.

3.4.1 Ideal Tubular Flow Reactor (Plug or Flstor Flow Reactor)

I f ,  as In the previous sections, the concentration of the 

/ th  component a t any length i  cm. from the reactor in le t Is denoted 

by Xj 9*.m ole /litre , then for the plug flow reactor:- 

g 'd fv  ;

where

S ' -  volumetric flow rate  In reactor (cm^/sec)

« void area In  reactor ( o f )

-  stoichiometric coeffic ient is  before 

« reaction M te *$ before.

Hence by sw htltw tlon of equetlon 3.2 for the extents of reaction:-

5 ; a r -

thing equation 3.10 pin* nemenclatwre In Table 3.1, the equation: 

fer extent: become:-

3 .W
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Q' £t.

r z * -  V & ,  -  ^  + r ,  -
# '  dr,

Boundary conditions

8t  a =» {?

The residence t iro  In « plug reactor up to any reactor length a 

Is given by:-

and substitution of 3.13 Into 3.11 will lead to the batch reactor 

equations 3.4.

Hence the batch and plug flow reactor equations for rate of 

change of concentration with time are Identical. Equations 3.4 end 

3.11 were both used for predicting concentration changes In the plug 

reactor.

3.4.2 Non-Ideal Tubular Flow Reactor

As discussed by Kramers and Westerterp (1963, page 75), non- 

ideal tubular flow reactors may be considered to be either mixed or 

segregated systems. Models used to describe the performance of mixed 

system non-ideal flow reactors are known as "Axial Dispersion" or 

"Longitudinal Dispersion" models. Segregated reactors are discussed 

In section 3 .4 .2 .f .

The equation for axial dispersion In a steady sta le  flew 

reactor Is (DemcWerts. 1*63):-

3.14

where

o « axial dispersion coefficient (cm*/sec)

f ,  « cemcemtretlem «f tke j t h  specie* a t glw* :



a
(pi.m ole/litre)

:  * dWrnxleml#:: l*mt& along reactor » m/t

l  « to tal reactor length (cm.)

P « mean Held velocity In reactor (cm/»«c) «

" atolchloeetrlc coefficient of j th  commeent le 

i th  reaction

*(  •  reaction rate of i th  reaction (gm.moles/litre sec)

I t  must be noted that In equation 3.14 has been assumed to be the 

same for each component. This is  because D depends on hydrodynwlc 

properties In the bed (see 3.4.2a).

The equation for axial dispersion of a tracer In the unsteady 

sta te  reactor when there Is no reaction, Is :-  (Oanckwerts, 1953;

Taylor, 1953, 1954; Kramers S Alberda, 1953),

* A  a  t  *  

m  d r  * *

where X Is now the concentration of the tracer a t any point * In the 

reactor a t any time t .

Equations 3.14 and 3.15 were obtained by analogy to those 

for molecular d iffusion, with the axial dispersion coefficient 0 J 

taking the place of the molecular diffusion coefficient D,. I t  can 

be meee that o give* a measure of the degree of axial dliperslom 

present 1* the reactor. A* r  tend# to zero the reactor tend: t# 

the plug flow model and as p tends to in fin ity  I t  tends to the CSTR 

model (MWwwr X Wilhelm, 195*). I f  *t l i  aiwmed that the dlipei- 

aloe l i  due to  hydrodynamic effect! only, then will be the «a#e 

for both equation*, a : will B. Theae equation: f r r  the mon-ldeal 

tubular reactor have been the subject of many papers:- 

(a) Axial B lseenlon Coefficient

Teyl#- (l#W , MM) worked on axial dispersion I* stream-
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lined now In tubes. In streamlined flow the parabolic velocity

p rom * 1» 0 *  M *  a w *  « spmed of rusldenc t im s . and h m c

#%1*1 A m p M l*  *f th , f lu id  *1«M ts. Taylor rwsoMd tbet

molecular d lffu s tv lty  In the flu id  would tend to even out the con­

centration gradients caused by axial dispersion. The axial d is­

persion coeffic ien t, which he called the apparent d lffuslv lty , 

should thus be Inversely proportional to the molecular d lffuslvlty . 

He was able to prove the following relationship experlmentally:-

where
Da  » axial dispersion coeffic ient (cm2/sec) 

r t  - tube radius (cm) 

v  •  mean flu id  velocity (cm/sec)

Dm - molecular diffusion coefficient (t»?/sec)

Some of the re s tric tio n s Imposed on the above parameters by 

Taylor were removed by Arls (1956), who described the distribution 

of solute In terns of i t s  moments In the direction of flow.

After these papers had been published, many workers a t t e s ­

ted to obtain correlations between axial dispersion coefficients and 

hydrodynamic properties for a ll  possible flow conditions.

Levenspiel (1958) prepared correlation charts for both 

laminar and tu rtu len t flow of liquids and gases in open tubes. For 

la e W r  flow, Is correlated against =— diere 4 , is the h#a
* D #

diameter. For turbklamt flow ^  is correlated d irectly  agalnet 
d.Rp *

Keynelds nuater .

Axial dispersion coeffic ients for liquids and gases Im

packed beds were obtained by Oanckwerts (1953), Kramers ard Alberda

(1 IK ), NcMamy emd Mlhelm (1KZ) amd Oelsler red Wilhelm (1N»).

* 1 #  th is  da ta , correla 'lem  chert: haw been prepared by L#wms#lel
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" *  r . , .W  ^ - W t W  ^ . I d ,  ^  1, tW

i " " " * *  dp l» t w  b«d pmcklS, partic le  diameter. I t  *111 

be noted that the parameter o ccu rrl*  Im eqwatlow j.14 and 3.1s 1,

K " the reactor lem^h. Levenspiel amd Bl.cheff aha, that
th is may be obtained froa:-

« : . i 7

w  m- r  * w
p

Mllhelm (1962) gives charts which correlate the Reynolds nunfcer based 

on packing p a rtic le  diameter against axial Peclet number, given by>

3 i#

The correlations for turbulent flow In open tubes and flow In packed 

beds are not p recise, showing that Da  does not correlate well with 

hydrodynamic properties In these situations.

(k) Bowidarv Condition*

The boundary conditions for equations 3.14 and 3.15 have 

also been the subject of rich  discussion In the lite ra tu re  Halbert 

(IW i) amJ Oanckwerta (1953) each proposed boundary conditions for 

(he equations. The Oanckwerts boundary conditions were used by 

Kramers amd Alb*-da (1953) amd ,jm and Bailie (19*0). amd Pearson 

(1959) gave a mathematical ju s tif ica tio n  of thami. Wmhner and Wil­

helm (1955) proposed a new sa t of boundary condltlam for the eque- 

tlons. and thes# were used by Van der Laam (195*) amd lewmsflel 

and Blschoff (1959). Im th is  la s t paper equation 3.14 was solved 
p

far a range o f valuet of ^  to stu^y the effect of th is parameter am 

Ute eoluna of the non-ldnal reactor required te  perfom the same 

d#y #* the l& el reecW  far f i r s t  and second order irreversible



reactions.

Finally, Fan and Ahn (1962) presented a c ritic a l evaluation 

W# A r— —t :  of boundary conditions outlined abo*.

1*o *or1a* bowndary conditions *111 no* bo onsldored:-

I. Oar.ctwerts:

Th* above boimdary conditions ha*# bean written for reecMe# 

and dispersion, but they "111 apply to pure dispersion, for wMo* fy 

w ill be replaced by f .  Naturally tine west be Ir  leded In the been- 

dary conditions and extra boundary conditions will be required to 

solve equetlon 3.15.

I II . Soul-Infinite:

In onier to obtain these boundary conditions 1%. Is asmmod 

that the reactor under consideration constitutes a short length of 

an In fin ite  reacto r, so tha t r  In equations 3.1* and 3.15 can bo 

allowed to tend to In fin ity . The boundary conditions will be d iff­

erent f* r the two d iffe ren tia l equation*.

h ander?  condition* fo r equation 3.M :-

II. Wilbert:
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O / w r '  -  m / w  -  ,
» I f  l i  m e y tim  }

"  * / * *  I ' f j  PM ltiw  ;

louW*ry cwdltloiM for #**t1on 3.15:-

^  -  'w ,  -  ^M T  )

f ^ . . f i » i w  |

Fan and Ahn used boundary conditions I, II and III to solve 

ogwtlom 3.14 for vmrylmg v#lwes of ^  ,md W-ere * 1, the

rwctlom raw  comxUnt. Th#y did th is analysis for f i r s t .  — i r f  

and th ird  order irreversib le reactions, and checked whether the 

concentration profiles obtained ware consistent with the lim it: of 

a plug flow reactor and a CSTR.

They found that boundary conditions I gtve results which 

were consistent with these lim its , and they also defined regions in 

and :p#c* In which II and III are applicable. Th# l*c***1:- 

t#nt domain for III wa: m a ile r  than that for II .

(c) Aw roach to Ideality

I t  1: evident frcm both Fan and Ahn's (1962) paper, end 

that of levenspiel & Bischoff (1959), that for the majority of 

tubular reactors, particularly  large scale packed Industrial reect- 

ors, the axial diffusion coefficient will be so lew that boundary 

condition: I .  II and III w ill a ll yield very lim llar concentration 

profiles down the reacto r, which will approximate those for the 

pin; flow model very c low ly . The approach to Ideality become: 

closer a : the length to diameter or length to packing particle 

diameter ratio  In the reactor Increases. This approach to Ideality 

I* net appreciably affected by the order of the reaction: taking 

pl*«# In Uw reecter.
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A* *  exampl*. cn a ld e r  the c*w for

From F lg u i 3 In Fan and Ahn's work, Itfcan be seen that 

this value Is we.l within the range of applicability of a ll three 

boundary conditions. Their Figures 1, 2 ,  9 and 10 for concentra­

tion profiles down the reactors show that the above value will 

produce a profile  In the non-Ideal reactor Identical to that In the 

plug reactor for a ll  cases.

Furthermore, I t  can be seen from Figures 3 and 4 In Leven-

splel and Blschoff's paper, that the above value of fe  _which Is 
„ a

equivalent to a value of ^  of 1/40 leads to a volume difference of

roughly 21 between the non-ideal and plug flow reactors for 99% con­

version in both a f i r s t  and second order reaction.

Thus, any reactor in which ~r * 1/40 can be assumed to obey 

the plug flow model. The above value has been used together with 

equations 3.17, 3.18, and the hydrodynamic correlations given by 

Levenspiel and Bischoff to construct Figure 3.1. On this figure,

the shaded areas represent the reactor dimensions for which the
P 0

reactor w ill operate Ideally. The upper value of 3 ^ .  or &T. t**

used wherever there was a choice, and since this leads to lower 
j .  d

value: of and Figure 3.1 gives the minima* areas for Ideal 

operation.

I t  1; obvious from th is figure that a ll large »cale pecked 

bed reactors can be assumed to behave I.ea lly , and that a proportion 

of open tube turbulent flow reactors will do likewise. Small w ale 

packed beds, turbulent flow reactors operated at Im* Reynold': 

nuater: and lam j r  flow reactor: w ill a ll be non-llnear to :cme 

degree. The Minima obtained In the graphs for the packed bed: are 

due to  the w e tte r  of the data obtained by previous workers. Thl: 

can clearly  be meen in Figure 2 Im Levenspiel and B ischoff: (1*59) 

peper.
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Indicate M* re#loms Im which reactor behaviour 1« Ideal



(d) Axlml and k  t»rv

used In th l-  work 

Since till!  work represents an attempt to approach the 

design of a reactor In as re a lis tic  a fashion as possible, and also 

since a plug reactor is the optimum for the chosen reaction system 

(section 4.2) I t  was decided th i t  th is type of flow reactor would be 

eewtmcted.

The simplest way to do th is Is obviously to build a packed

reactor w a suffic ien tly  low ra tio . Consequently reactor tubes

ISO an. and 75 cm. long, packed with 0,5 cm. diameter glass beads, 
d

were used, giving values of of 0,0033 and 0,0066 respectively.

The 150 cm. reactor Is thus well within the lim it of Ideality show*

In Figure 3.1, while the 75 cm. reactor approaches the lim it for 

Reynolds numbers between 1 and 10 for liquid flow through picked beds. 

In order to check the work done by Fan and Ah and Levee- 

splel and Bischoff, equation 3.14 was nevertheless solved, using 

boundary conditions H . From equations 3.2 and 3.14, plus the 

nomenclature In Table 3 .1>

O <CT, t
—  —r  -  —1 + -  - T, -  T J  -  *
M a *  a  o '  "  ^

o ar, t
— —T " T "  ^ ^  ^  '  V  "  *f/L 0%

Th«»e can be converted Into a sy*tm o, f i r s t  order equations by 

putting:-

TM axial dlxp#r*lom mndel equatlcn* thu* become:-



2 * - ' ,

A ,  «C
a r - r ' ,

I M C tl*  1 1
« «xt*mt »f hwctlom |  (g i.m e lw /litw ) )

« « x t* t  of rwctlom II (* .*o1«* /1 Itn ) I

;
) "Wflmad by *qw#t1ri 3.Z4

" dlmenxIomlMi rw cte r length m/Z

- to te l reectw  length (cm)

• mnmn velocity of flow In reactor (cm/sec)

« exfe l. 'ongltudlnel, epperent or T*y1or dliperefo#

coefficient (oe^/wc)

" mectlcm ret# of reaction I

" rw ctlon  ret# of reectlon II

)
J

J .  ) ,'mltlel concentretlon* e» defined In Teble 3.1 
*" )

' k  '

The boundary condition; obtained ilm llarly  from equation* 3.f1 er#: 

T . - y .  )

lo

'
r»:

3.M

(e) Utlmatlon of Paremeter: I( the Axial Olsper*f@n %d#j

1 wa: known for the m et to r. hut before eqwetlcn: 3.M could 

bn *ol**d, *#1*w of P amd p had to be obtaln#d. Due to the leek 

of pnocM m  In # o  m rlow  cerreletlon* for (3 .4 .% ^), I t  we*



pwmmty* would b# »wwMd

L e .is p le l  and Salth (1957) give a method for obtaining * 

and a by injecting tracer pulses Into the column In let and using 

equation 3.15 to  f i t  the ou tlet response concentration-time curve.

They use the sem i-in f'n lte  boundary conditions 3.23, which are not 

the same as those used to solve the reactor equation 3.14 in this 

work. However, I t  was expecvid tha t a ll the boundary conditions 

would give the same re su lt (3 .4 .I . e . ) ,  and use of different bound 

ary conditions fo r equations 3.14 and 3.15 will serve to demonstrate 

whether or not these expectations were ju s tif ied .

As sta ted  e a r l ie r ,  (3 .4 .2 .b .), the boundary conditions 3.23 

have to be augmented by one, and hi ve M include time t  before 

equation 3.15 can be solved. The augmented semi-lr nite boundary 

conditions for a pulse injected into the reactor in let a t time t -0  

thus become:-

Z m 0 X » &(t) t  ** I) }

Z > 0 X -  0 t  -  0 ) 1.27

:  « » T -  f im t - .  »h«TdfOre * ' 0 1

where

4 ft; « un it dlrac delta function

The reector output curve w ill correspomd to f ie  "C diagrm"

#1ven t ,  Dmockwerts (1953) and I f  th l :  is  noreellsed, the mormellwd 

curve w ill corrwpomd to the response to a wilt Impulse Ixput, I.e .

Dane; werts' ex it age (residence time) distribution function,

N r which:-

/  -  1 3.M
0

Lewmmplel end Smith (1M7) have shorn that for eqwetlom 

end boemdery cemdltlow 3 Z7. the moan, variance #md Bhmaaow 

of the curve cam be related  to  the panmeter: o, r ,  w d t  ##



fo ilOHS

Variance -  ~ r ~

Skewness
1M.U

I T

Using m m m t gew riting  functions (Kwitz, 1961) to characterise the 

t f t J  curve, i t  can be shown that -

Mean ■ | {
/  M W * * ;

'  I

Variance » j A f t J d t  -  ( [ t t ( t ) d t )> )
0 0 |  

* * * * * * ' }
* * * # )

The experimental procedure used for obtaining the MM

curves fs discussed in section 6.1. Equations 3.29 and 3.30 were 

**W to  w ive for 0 and *. The skewness wes used e# a check *# * *  

values obtained from the mean and the variance.

Tkt value* of 0 and P obtained were substituted lute 

*#*t1em* 3.M and theae were solved on am 1 *  360/50 computer, #Nh 

baemdai?  comditlom* 3.2* using G lasser's (1969) mmerlcal eelutle# 

of two point boundary value problems. The results are discussed In 

Aapter 9.

A# oddltlemel check on the dispersion model md beundanF 

eemdltlemi wes carried  out as follows. The diapers km eguatlw 3.1# 

wMk th**# calculated velue* of and 9. we* solved u*lm# Lap1*e* 

Tramsfem* w  th* mm*Mce1 Inversion techmlque darlved ^  * 3**m
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*"* «  » * * T * 0W 1) te w .  If tW experlmmul : f u  cerw: cewld
be reconstltw tei.

(f) Segregated Flow Model

I# * e  ebove eodel:. I t  h «  been wnmed that the reectemt* 

were well wl%W on emteMm* the reactor, led that the reectlee mix- 

ture remained chemically uniform while passing through the reactor 

(3 .4 .2).

Daitcfcwertz (1957) and Zwieterlng (1959) raised the possibil­

ity  of another mixing mechanise. In which the Incoming fluid Is bro­

ken up Into d iscrete  fragments which retain their Identity while 

passing through the reactor. TM , postulation leads to th» segreg­

ated flow model for the reactor. I t  Is possible to obtain segregat­

ed flow In both a CSTR and a TFR.

The segregated flow reactor may thus be considered to be 

made up of a meber of non-Interacting batch reactors. The residence 

times In these batch reactors will vary depending on the flow condi­

tions In the reactor, and the concentration In the exit stress from 

the segregated flow reactor can be obtained by determining the ex­

tent of reaction In each of the batch reactors.

Hence, from Levenspiel (1962, page 312):-

i 'V k a A '" " *

where Ty. - final concentration of component J In a segreg­

ated flow reactor (« concentration of compon­

ent /  In exit stream) 

a  J& gb* " batch reactor concentration of component /  

a f te r  any residence time *

» reeldemce time distribution function 

Eeuetlom 3.31 ww Integrated using the Modified Euler pro­
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cedure (Upldus (1982) page 88) and the batch reactor equations (see 

3.2). Since both an experimental and a calculated residence time 

distribution were available, both were used to ibtaln final concern- 

tMtfon* fr#» equatlvr 3.31.

Once the resu lts bfd been obtained, they could be compared 

to the experimental final concentrations to see whether or not the 

flow In the reactor was segregated.

3.5 SUMMT Of MATHOWTICAL MODELS MO CALCULATIONS

Mathematical models were developed for the batch reactor,

the continuous s tir re d  tank reactor, and the Ideal and non-ideal 

tubular flow reactor. I t  was found that the batch and Ideal tubular 

flow reactor models were Identical For the non-Ideal tubular flow 

reactor, the axial dispersion model was obtained, together with su it­

able boundary conditions and methods of evaluating the parameters 

In th is model. The mathematical analysis leads one to expect that 

the Ideal and non-ideal tubular flow reactor models should yield 

results d iffering by not more than 21 . for the reactor In th is work.

The segregated flow model was also obtained, together with 

# method of obtaining ex it concentrations from th is model.

All of the models were solved using an IW 360/50 computer, 

and the resu lts and discussions are given In Chapter 9.
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4.1 CMWC OF OWECTIM FWCTIOW

The system of reactions 1s:-

01 acetate ♦ sodium hydroxide — — ► monoacetate > sodium acetate I

X1 Xt  *n *4
Monoacetate ♦ sodium hydroxide  ■* ■> ethylene glycol ♦ sodium acetate II

* J  Xi XS *i

In the above system, monoacetate represents the desired Intem edlite 

product and glycol and sodium acetate the undesired end products.

I t  was thus decided that the monoacetate concentration, would be 

maximised In th is  work. The objective or profit function, w. Is t h *  

defined by:-

where ^ Is a positive constant relating  xt  to p rofit. This Is thw  t

yield problem, as defined by Denbigh (1958), and consists of cheesing 

the operating conditions which maximise w.

*.% OPTIMUM REACTO# KSMN

I t  was decided in 3.1 th a t either a TFR (tubular flew 

reactor) or a CSTR (continuous stirred  tank reactor) could be used, 

with the p o ssib ility  of micro or macro mixing In either of thesr 

reactors. For macro mixing, the flow In the reactor would be segreg­

ated, and the reactor could be assumed to consist of a number of batch 

r##ct#m Im pmr*U*1. Each of these batch reactors would h#v# a n * - 

Idence time associated with I t .

Due to  the fac t that monoacetate Is formed In reaction I



i b m .  mmd comwwd Im rwctlom t | .  tlw r, would he ,n o p t lw  

w ld M M  time Im ,  batch rw ctor fur which z would be ,  mxlmm.

If  tt*  flc*  Im the CSTR ar TM 1: *egreq«t*d, therefore, the flow com- 

f t lo m  Aoyld b* diwem w d , that e;.ch l u id  element reUdes In the 

reactor for tha optlmm rwidemce time. Any spread of rMtdenca tW :  

would cam# flu id  element: a t a concentration below the opt 1mm to 

lam** the reactor together with element: a t the optlmm concent ra ti am 

amd :o reduce the raiu ltlng  outlet value of to below the optlmm. 

This means that I f  there was macro mixing of reactants, the optimum 

type of reactor would be the Ideal TFR. Any other type of reactor 

would lead to a spread of residence times In the segregated streams, 

which would resu lt In being below the maximum.

I t  was found that a similar deduction could not be made for 

micro mixing of the reactants, but I t  Is ','kely that the Ideal TFR 

will also be the optimum due to the spread of residence times of In­

dividual molecules In the CSTR and non-ideal TFR. In order to test 

th is supposition, the CSTR and Ideal TFR models derived in 3.3 and

3.4 were solved to give values of *3 versus time, using the same In­

le t concentrations and temperatures for each model. It wiil be seen 

from Chapter 9 that the ideal TFR model led to consistently higher 

maximum values of I f  than the CSTR.

I t  was thus assumed for th is  work that the Ideal TFR or plug 

flow reactcr was the optimum type of reactor.

4.3 CHOICE Of OPTIMUM OPEMTIWG CONDITIONS FOR THE M.U* REACTO#

The choice of an optimum temperature policy w 'll be consid­

ered f i r s t .

By substituting equation 3.13 into equation 3.9, the mini­

m a number o* s ta te  equ»t1ons defining the plug flow reactor system 

can be nbtilned:-



d r.
a* - W : - V /,

Equation* 4.* c o m tl tu f  two linearly  Independent d iffe re n tia  eqwa-

tlons with boundary conditions

* -  0.

From equation 2.1

Since except in the boundary case where T-0, and since the 

yield problem Is being considered, for which W Is a function of the 

sta te  variables only, and not t ,  (see 4 .1 ), the following substitu­

tions can be made:-

Set

and

Hence

^  »  r  = t —  exp{- 
K1

dt  -  kjdt,  T -

dx

AT

0 when t

(from 4.4)

a r "

d r .

With boundary conditions:- T - 0, J j  -  Xl0, Xg ' 

As discussed in 4 .1 , the objective function 1s:-

The problem thus becomes to maximise M by suitable choice of temp­

era ture policy. In the s ta te  equations 4.7, K is  the only variable 

which is an exp licit function of temperature. From 4.6 * is a mono 

tonic function of temperature, hence AT can become the control and 

the problem is to maximise w by suitable choice of K, 1-e .:-

4 j i

4^i



Hils Is a w l i t l o m l  problem and Peetryigln's Mix 1mm Principle 

(1862) w s  used te  obtitii the optimum control policy.

* #  Mwlmm M m clple. ,  meceewr, comditioi, for

4.9 *#:-

4 . *

i * Is the Hamilteniae for the system and is given by:-

"  W :  Y

^  and *2 are the adjoint* defined by the equations below.

Free 4.11 I t  w ill be seen that a Is linear in the control x.  Further 

except In the boundary cases where t  -  e or - .

Hence in order to  apply 4.10:-

If  *s>e, K mist be set a t i t s  minimum value (banj bang control)

If  Xf <«, K must be se t a t i t s  maximum value (bang bang control)
a .

If  l j - 0 , and j — -  e , * must be se t at some intermediate value

(Intermediate control)

The adjoint equations are :-

V i  -  V

A .

Transversality condition

4 '

Wemce bwmdiry conditio#* for the adjoint equation* are:- (frme 4.1) 

T - T/

T/ cof respomds t# *«*/

I#t*#ratln# * .l*  «#4 *##1y1*g the houmdery comdltiom 4.14:'

4.11

4.M

4 #

4 .#  I
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i, -

* for mu WmlwlM, A, %y :  ?.

Hence except fo r the boundary case where T* -

F r«  4.12 and 4.16, i t  is  evident that bang bang control is optimal, 

and that in orxVr to maxim,se * . K must be minimised by suitable 

choice of temperature.

Froa 4 .5 ;-

In order to minimise

If > l y  T must be set a t i t s  maximum value

If  « f y  f  must be set a t Its  minimum value

If f j  -  f j ,  the maximum value of M is not dependent on temperature.

The reactor must thus be operate.' isothermally at either 

the highest or the lowest possible temperature depending on the 

respective activation energies of th; r. ^ reactions.

Sine# tW rwctlom# take place In liquid mejlim, prwsur# 

would not have a d irec t effect on the reaction rate , but would ob- 

*leu#1y Inflwemc# the mulmu* attainable temperature before a phw# 

dwmge occur*.

A* cam be ieei from Tible ? .4 . tne activation energies are:

-  13.W22 kcal/gm.mole 

» 14,l#43 kca1/#.mo1e

Hence the reaction temper#ture should be kept as low as possible
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Ihw * for #11 idU w ible f  wd T.

Mmc* #ac#pt or th» bo*nd#ty c##* where T/ -

From 4.12 #md 4.1*. It 1: evident th#t bemg bang cmmtrol t« o#tte#1. 

#»* »h#t Im order to w x W ie  * . f  muit be elmlmlsed by wiltable 

choice of f# « # iiite ii .

Rrm 4 .# :-

* "  F J  " P  3 - '

I# o der to mlmhilxe r : -

If *, » * y  r  mwit be :e t  i t  1t« «#x1m« vilen

If  *, < T ji i :  be l e t  i t  It* mtmlmm Mlwe

:f  *, » ̂  the rnexWui v#lue of * 1» mot dependent cm t««#iritwre.

The rw cto r muit thwi be opented lio them illy  i t  either 

th# hlgheit or the lowest pon lb le  temperature dep#mdlmg om th* 

r###*ct1** *ct1*it1om energle) of the two mctlom*.

Since the rw c t l* #  tik* place Im liquid m edia. pr**wr* 

would mot bw* # direct effect on the reectlon r i te ,  but would «6- 

vlouily Inriuemc* the mixlm* ittiliw b le  tw periter*  before I #h##e 

chimg# occur*.

A#c#mbe »een fr«m Tible 2.4, the ictlvitlom  enerqle# ire :-

-  13.9(22 k c # l /p w  1*

« 14,1843 k c il /*  .mole 

W##ce the reectlon t#mp*ritwre ihould be kept i i  Iw  i# poiilble
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I# mmW## K  «1"e« * #  d lfh rm e #  b itm rn wd 1:  m * n .

however, the effec t of U epenture on the maximum value would not 

be g ree t, so no attempt wes made to optimise * experimentally by 

ckeke #f remctlo# tamperetere.

I t  «es decided tliat the reactor would be operated tso- 

theieelly  a t  atmospheric pressure and as close to room temperature 

as possible while s t i l l  maintaining constant In let temperatures of 

reeotemts
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CHAPTER 5

*.1 CHOICE Of OPEHAT1N6 COMOITIOWS

5.1.1 Omrttlnq Temperature

In section 4.3 I t  can be seen that the reactor was to be 

operated Isothermally. I t  w s  decided that th is would be done as 

close to room temperature as possible. Heaters and thermostats were 

Installed for the feed tanks so that the In let temperature- could 

be controlled a t  3-4”C above room temperature. The resulting 

temperature range fo r the runs was <!I-26”C,

5.1.2 In le t Concentration

Fron the discussion of the batch reactor experiments In 

2.3.2, I t  will be seen that the dlacetate and caustic soda were fed 

to th* rw ctor* In stoichiometric ra tio s. Further, th* upper amd 

lower limit* of dlacotat* conc*ntratlon war* 0,1 and 0,005 molar 

r**p*ctlY*ly, Th* feeds to the main reactor w*re thus kept Im 

sto lchlow trlc proportl' s too, with dlacetat* Inlet concentration 

Wing hold b*tw**n thmsu lim it*.

*.1.3 Fl@#r#S#*

The diacetate and caustic soda solutions were supplied to 

the reactor In let by gravity feed. The pressure drops in the supply 

tubing, in le t mixing section and the reactor packing thus set the 

upper lim it on the reactor flowrate. I t was found from experiments 

with water flowing through the column that with both streams flowing, 

the maximum flowrate was 4 l i t re s  per minute. Hence the upper limit 

In e ch feed stream was 2 1itre s  per minute. The Flscher-Porter 

flowme*jrs chosen for th is work delivered a maximum of 1>8 , and a 

minimum c f  0,18 l i t r e s  per minute. In practice I t  was found that 

the maximum and minimum in le t flow of each stream which could be



obtmliwd %*r* 1.65 mud 0.38 li tre *  per minute (*ee Appendix 1). T&e

Inlet flowrete could thus be varied from 3,30 to 0,76 li t re s  per 

minute, corresponding to column residence times of 36,6 to 116,3 

te a m *  for tko long reector, end 13,1 to 56.5 seconds for the short 

remoter.

Solving the plug flow s*del elth these residence times end 

the In let comcentretlons given ebove, e t 33'C, I t  wes found thet con­

versions of dlecetete (see 3.3.3) from 15% to 96% could be ohtetned 

In the reactor. I t  was f e l t  that these spenned the conversion amge

Sufficiently to give e good te s t  of the methmnetlcal models.

5.3 UfOUT Am CONSTRUCTION Of THE REACTOR SYSTEM

Figure 5.1 shows the layout of the experimental plug flow

reactor system. Figure 5.3 gives e flowsheet for the systm . The 

figures a: not drawn to scale , end foi c l’ - lty  the sample points

end drainage lines required to remove e lr  bubbles from the systasi 

beve been omitted. A photograph of the apparatus Is given on the 

following page.

5.3.1 Feed System end Temperature Control

The stock tanks were polythene, had a capacity of approm- 

Imately 800 l i t r e s ,  and were mounted on a gallery 10 metres cbcva 

the reactor In le t. They were s tirred  at 735 r.p.m. The dlacetate 

and caustic soda feed tanks each had four I kw. r 's c t r lc  wall mount­

ed haatnrs. The current supply to t ' t  ,! was controlled by an on-off 

thermosta t  which could be used to regulate the feed-stock teaqxera- 

tures to  within I t .  (The makes and model numbers of a ll eq*,l#emt 

used are given In the equipment l i s t  In Appendix x l).

There wes no need to  regulate the temperature of the acetic 

acid solwt' i since th is  was a imply used to quench the reactlom 

mTmbw* a t  the rmactar e a tle t .
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f " Inlet tl«neoneter 
g « peeked tod reector 
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H » M w : f rm  tk# fwd UmU to th , control w lw  **, th . 

Inlot commocttm# ploco: nor* 2S.4 dim otor floxlnlo PVC. All 

othor lino# worn 12.7 mo. dim otor rig id  PVC.

* 2.2 Flon Control ond Mmouromnt

71* flc*  of i l l  throo lo lo tlom  wo: rogulitod by 12.7 m . 

dlomtor otnlnloo: : tm l  noodlo rolwo:. ind #: mrtionod obovo, 

FlKhor Portor F lo * * to r m to r: woro wood to m t« r tho flow:. I t  

woo docldod tbn t rot mo ton  would bo mod In proforonco to orlflco 

ploto: bocnmo tho fomor oro :o1f-c1oon1ng ind 1noen:lt1*o to tho 

prooooco of flow obotructloo: up md downotrom frm  thm. Tho 

flochor Portor m toro woro choion bocouoo thoy hiro o dogroo of 

oiocoolty Inmmlty ond oro tbu: not of octod by m oll tooporoturo 

chongo* In tho liquid (Flochor ond Portor. 1*8 ).

8.2.3 In lo t Mixing Section

The In let mixer proved to be the most c ritica l section of 

the lAolo reoctor. both In le t miner: mod In this wort ore shown In 

Figure 5.3. Thoy wore f i t te d  with 0 ring too ls, ond c lo sed  Into 

tho top of tho reector. Both woro f ille d  wlrh hood: to reduce tho 

residence d m  In thm  to o minimum.

Im ldolly  I t  wo: thought thet the T-plece mixer would not 

bo effic ien t ot low flow ro tes , ond consiguontly experiment: woro 

cerrled out ot tho low flow ro te: to check the efficiency of mixing. 

Trecer: of 4y* were Injected Into each of tho Inlet lino: In turn 

with water flowing In both of thm . The mixing seemed to bo Instom- 

tuwocms, tho liquid eppeering homogeneous with no dye stream: 

v isib le. Thom experiment: wore repeated la te r  wl^h a concentrated 

4yo solution In one stream and water in the other, and tho fluid: 

t i l l  appeared perfectly  sained. When the aaaln rum: wore carried 

out. however. I t  we: found that the In let mixing ot 1m flm  rote:
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NM w e w l y  wd mwiuMmMt, with ,  conductivity

* * ,  awflM dd thlm ( w  Awmdlx i l l ) .  The wcond Inlot w lw

1h F1#m  *.3.2 ww thM wde up. Tr,l« . l , e r  hod ,  coneldeMhly 

#M hW  pe«***d *rop ncrow I t .  hut the In let nixing we: greatly 

Wprwhd.

* :  * heKtd f

The reector coeetructed from *3,5 me. 0 .0 .. 50.* m .

I.D. perepee elece th l :  «*: reeolly evelleble end chmelcelly Inert.

Ae dleceeeed 1e 3 .4 .2 (d). the length: of reector ueed were to have 

heen 150 cm. end 75 cm. Idmm the u n it: had been fabricated, the 

ectwel lieg t h: were found to be 143,8 cm. and 73.0 cm. The reactor 

wee peehed ramdcml; with 5 me, diameter g le :: bead:. The bold* 

eel wee for the 143.5 cm. length we: fowJ to be 1,472 l i t r e : ,  and 

th e t far the 73,0 on. length wa: found to be 0,71* l i t r e : .  (Coe 

1 4  end Appendix »).

The In le t and ou tle t t hermomater: were f itte d  through heaae: 

an the reector w ell: with rubber bung:. Both themcmeter: were *1 

ma. leeg, calibrated  In 0,01'C. The thermcmvter bo::e: were uaed 

Ih r the conductivity probe when tenting the H le t nixing ayatem.

* 4 .5  Reactor Outlet and Outlet Quench Ve5::1

The reactor ou tle t pipe consisted of a very abort 12,7mm, 

dleenter rig id  P3C W-bend which tereHnated In the quench veawl.

I t  we: found t o t  a U bend pointing vertically  upward: w:: necessary 

an the reactor o u tle t, K else  the reactor would drain a: won a: 

the flew: were turned o ff. For the same eason I t wa: necoaaary to 

heue a U aend an the acetic  acid quench pipe.

In order to prevent accidental draining of tie  colimn, a 

Mhher ime; we: f i t te d  to  th l :  ou tle t whenever the colimi we: net 

I# * 0  or when the drelnefe lin e : were open to remove a ir  bubble: 

the ay: turn.



* d e U IW  « k * ta  e f  tW  rw ctor uwtlwt mmd th* w itlw  

qswd, **«*l I :  #1*» In F I* * , 5.4. I t  c n  h* ««n frm, th l ,  th*t 

w r y  Fffwr* W  "hd, to obtain rw ld  qwnchln, of th* outlet : t r * .  

*r1*1n,1ly th* *n.nth i t ro m  jo lw d  th* rw ctor outlet *1* a T-p1*e, 

hut I t  wo, fomd with th l ;  a r r , , ,m *nt that a ll three low , In terK t- 

ed. and I t  m , 1«po;:1blo to  rogel-te them w  a; to obtain the 

conmct a* of the quenched aoletlom. The quench veawl wa; ;t1rred 

a t NO r . f ^ . . and although th* liquid level wa; 1.75 a , . ,  the 

ueaa* wa, M hi* , to pro want :pl acting out.

5.*.* ah heavwrenanl and Notaaaeter Calibration

"row the quench veewl the quenched tolutlon flowed ' a 

flexible tube Into a funnel and thence Into a beater where the *1 

could bo weaiuped.

Originally the pH el*ctrod ,: were placed directly In the 

outlet quench wexwl, but I t  we; found that ilwg; of a ir  ;tlrred  

Into tho quenched aolutlon mede I t  lupoiilble to read the pH. The 

liquid leaving the quench weaw al:o  carried the alug: with I t .  w  

the funnel we: provided to reduce th* liquid velocity and enable the 

a i r  to OKap* before the pH wa: uuaiured In the beater. Once th* 

:y itm  we; a t ateady ate to . L e  pH in the quench v*::*1 and beater 

ware the aane. Thlr ayatam wa; teated and found to wort within the 

lim it: of experimental accuracy (aee Appendix Iv). The * , electrede 

wa, camblned with a tauqmrature compenaator :o that the pH meter did 

net bawe to be re reroed for d ifferen t outlet temperature;.

The ou tle t tube from the quench vnaael wa: made flexible to 

allow the flow to  be awltched from the funnel to a meaawrlng cylinder 

fo" floaeaeter callbretlona.

A awmnry of tho reactor and the outlet quench veawl dim- 

euilena la given in Table 5 .1 . together with the maxlu* and mlnlmN 

foxldamce time, and flow ra le ; In each.



4#

politic* of 
dlicotat*
food pip* 
for to it  
1*9 owtlot 

quench

ocotlc odd 
qwonch

rooctor

owtlot

:  %

^  outlet U tube packed 
with 5 tro. beads

quench vessel

flexible tube o#
outlet

FIGURE 5.4



*

IL tarM

C.O.
M l  tM d * —  

Uw*W!

M * #  M u m

LI#W  l###1 

IWImm flo w rt#

M&llm* r w id r  c# 

NlmWmi rw ld Mc*

W _ L i

Kwctcr

M * m . 

* ^ 5  «#.

1W.S a .  

1.47%  l i t r e

t '# e  114,2 wc 

71#r 2 4 ^  w c.

73,0 im. 

0.714 l i t r e

56 .5  WC

"3,1 wc

Outlet Owm* 
— X u a ]___
FVC

101 6 me.

7,44 m .

25 cm.

0,245 l i t r e

1,75 cm.

3.3 lltre/m le. 

0,76 1ltr*/Mm

1 5 .3  w c .

4,5 wc

Ow. dlemeter " W ; beede

3.3 litre/m m .

0, r  I'tre/mlrn.
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CHAPTER 6

#.1 EXPOlllBITAI. TECHNIQUES

dlicu»*d In 3 .4 .2 .# , in experiment#! technique wu 

reqplrmd to obtiln  th* exit *ge distribution function PfU for th# 

rooctor i t  uirlowt flow rites, so thet th is function could be used 

to  o ttsln  r ilu e s of omen velocity (/, end exlel dispersion coefflc- 

leo t, P , fo r the reector. The f f t f  function was else required for 

the solution of the segrepeted flmr model In section 3 .4 .2 .f.

I f  e trecer pulse Is Injected Into the colum In le t, the 

exit concentretlon function Cftl discussed by Denckwerts (1553) 

mill ho obtelned e t the reector ou tlet. The ex it eg# distribution 

function y ftl con be btelned by normalising the Cftl function, end 

leuensplel end h e lth 's  (1*57) method cen then be used to obteln 0^ 

end e .

The trecer used In th is wort 175 p e ./ l l t re  sodlim 

chlorloe solution. This nes chosen S:ceuse sodium chloride concern- 

tretIon Is proportion#! to conductivity end e condictlvlty meter 

was available which could be connected to a p recorder to trace 

out the emit age d istribu tion  curve. (Nates and model numbers of 

e ll Imetneeents are given In Appendix x l).

I t  was found experimentally that with pure water flowing 

le the column, the maxlenaa volwee of trecer required was 0,5 oe . 

Ihls volma could be Injected In under 0.2 seconds Since the min­

imum residence time In th* long col men was 27 seconds, I t  was ass 

meed that a perfect pu'se could be Injected. The tracer was thus 

Injected Into the flex ib le  reactor Inlet lines with a hypodermic 

syringe, end a 1 on. standard conductivity cell was f itte d  Into the 

reactor ou tle t pipe by means of a rubber stopper.



Frm * .2 .3 , I t  W i n  be seen thet two different le lf t  nix­

ie* eysteme mere meed for the reector. I t  we: not known how the 

reeldaece time distribution  would oe effected by theee In le t: :o MW 

curves were obtelned for both. Eighteen runs : penning the flowrete 

remge were cerrled  out with the T-plece mixer. Figure 5.3.1. For ell 

of these rums, the trecer wee 1 ejected Into the straight rue Inlet of 

the T, with d is til le d  water flowing In both Inlets. Ten runs spann- 

log the flowrete renge were dome with the ring mixer, Figure 5.3.2, 

and for half of these the tracer was Injected into the straight run, 

and for the other half i t  was 1ejected Into the side In let. The 

results should thus show the effect of the in let system and injec­

tion point on the residence time d i s v !button.

Table 6.1 l i s t s  flowrates and injection points for each run, 

together with the values of D and u obtained. These runs were only 

carried out on the 149,8 cm. reactor length since i t  was fe lt that 

the residence times would be too short in the 73 cm. length. The 

Taylor model was thus not solved for the short reactor.

*.2 LIMEMITT OF CONOUCTIVITT METER

Sodlme chloride solutions of varying concentration- * r*  

mede up, th* coll was placed In them, and the recorder reading was 

mated. The resu lting  graph of concentration versus potential la 

given le Figure 6.1. Frm the graph, i t  can seen that the entire 

system Is lin ear, end that .he recorder outp* gives a measure of 

concentration. The recorder traces were thus taken a: the concantra- 

tlom-tlm* curves for these experiments.

*.3 NATHEWTICAL PROCEDURES (see 3.4.Z.*)

The experimental data obtained during these runs are listed  

le  Appendix v l l l .  These were stored on the l#M 350/50 computer, end
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TABLE f .1

W  NC. M e t  Type
Injection

Point
Flowrete

( lltre /n ln )
a

oa/aec

0.9371

o r/aec

0.90121 T Straight run 0.5509
1 T Straight run 0.5509 0.9360 0.9623
3 T Straight run 0.7819 1.320 1.474
< T Straight run 0.7819 1.305 1,243
6 T Straight run 1.1944 2.013 l . /K
7 T Straight run 1.5613 2.617 2.492
8 T Straight run 1.5613 2.637 2.266
9 T Straight run 1.9257 3.276 2,700

10 T Straight run 1.9257 3.266 2.829
11 T Straight run 2.2851 3.882 3.179
12 T Straight run 2.2851 3.881 3.282
11 T Straight run 2.6450 4.462 3.823
14 T Straight run 2.6450 4.490 3.789
1$ T Straight run 2.9940 ' .046 4.403
17 T Straight run 2.9924 5.100 4.066
18 T Straight run 3.3342 5,676 4,470
19 T Straight run 3.3342 5.674 4,613
20 T Straight run 3.3242 5.672 4.300
27 Ring Side branch 0.4878 0,8315 0.901
28 Ring S traight run 0.4878 0.8618 1.039
29 Ring Side branch 1,2018 2.055 1.918
30 Ring S traight run 1.2018 2,019 2.661
31 Ring Side branch 1.9584 3.378 2 669
32 Ring S traight run 1.9584 3.332 2.807
33 Ring Side branch 2.6694 4.549 3.540

34 Ring Straight run 2.6694 4,554 3.500
35 Ring Side branch 3.3374 5.654 4,921

36 Ring Straight run 3.3374 5.749 4.960

Note: Runs 5 and 16 were dlscaraed due to excessive basalIne d rift. 
Rww 21-2% were dlicmnkd because the recorder was overdmped
and the Eft)  curves were affected by the recorder dynm Ics.
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a

wed ** Input* to * program whtcti:-

(*) nomollwd tho recorder trace :o a: to get the r r t ;

curve end stored th l:  a: a new data set;

(b) calculated the Man. variance and :kewne:: of the ifw

curve;

(c) used the mean and variance to v Iculale tie  liquid

velocity « and axial dispersion coefficient, p^;

(d) used the skewness to check the value of o obU Vied

In (c).

The record length and time Intervals of the original trace* 

plus the values of and p calculated In (c) were fed a: data to a 

program which solved the diffusion equation 3.15 (section 3.4 .2). to 

give a theoretical z f t ;  curve - th is  curve was also stored as data.

One of the output devices attached to the computer used In 

this work Is a Calcomp p lo tte r , by means of which output data can be 

obtained d irectly  In graphical form. * further program was thus 

used to combine the experimental and t:*eoret1cal SYU data and plot 

them on the same axes using th is p lo tter.

The experimental and theoretical f f f l  curves were also used 

ms Input data to a program whirl so l'id  the segregated flow models 

for the reactor (3 .4 .Z .f) .

4.4 RESULTS

The velocities and axial dispersion coefficients obtained 

for the experiments are given In Table 5.1 and p 'd tc d  In figures 

4.2 and 6.3. The method given by Mlckley Eh, wood and Reed (13a7, 

pages 95 96) wa: used to obtain the least squares straight lines 

through the data. The equation: to the lines were:-

P - l.Poag with a variance of estimate of 0,00104 

0* "  *,444 a I,M M  with a varl'nee of estimate of 0.0390



p « vuloclty (cm./sec.)

d1*per*1on c o e m d e n t (cm^/,«c.)

8 « wlwmmtrlc flow (H tr** /* ln .)

Flyoro* 6 .W .1 6  arm tho ( f t ;  curves drawn by the Calcomp 

plo tter. The * m  curve obtained by normalising the experimental 

C(W curve (aee 6 .3 .0 .) Is marked by triangles which were urawn la 

a t every th ir t ie th  actual experimental point. These curves are for 

low. medium and high flow rates. and the Injection points for each 

cam be obtained from Table 6.1.

Similar curves to  the above were obtained for a ll the exp­

erimental nans, so Figures 6.4-6.16 may be regarded as representat­

ive of these.

6.6 DISCUSSION

I t  was found for a ll runs tnat the skewness of the Pftj 

curve did not y ield  reproducible values of Values of P and o 

In Flynvs 6.2 and 6 .3 , therefore, were obtained from the mean and 

variance only.

In 6.1 1t will be seen that the n let mixing devices and 

Injection points were va'led  dwr'ng the runs. The extremely I mi 

value of the variance ol esllmale obtained for the P data therefore 

pro a Met the mean c  the r- cn time disc. Ibution Is not 

affected by the Inlet mixing or by tue .lot Injection point. I t 

also shows tncl the Injection time was negligible compared to the 

seen columr, residence tire .

I t  should be noted that there w.is a time Interval of two 

years between t ie  sets of runs with the two different in le ts , and 

that the column was unpacked and repacked approximately eight times 

during th is period. Tho fac t that reproducible values of P were 

a t m  obtained Indicates that the colwn packing was truly random,
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w  t k ,  w w #  M l —  a  a #  c o lm m  r . x  . f f e c W  W*m t h ,  e l m ,

@» a *  » a # r  hmmd, th# high Yirlmmc* of Mtlmit# ohtalmod 

for th# 4 ,  dmt# ohm* that th# m otheutlcol model le not eeneltl*# 

a  a i l  p#rm#«t«r. a i l  #gr#«i with th* finding! i f  o th r  worlw: 

(### 3.*.% ^).

I# ord*r a  t# it th# w m ltle lty  of th# exlil dligMlom 

model a  0 .. two Itrolght 1ln#e (1) end (111) w#r* dr#wn on flgor* 

# 3 . r*gr###mtl#g rough If th# ugp#r end lower bowndi of th* a t* .  

Volwei of 0 chained from **ch lino were uied a  loir* th* reectlom 

gliu dlffuitom egwetlon 3.14 for e reng# of flowretei. Th* re io ia  

or# gleen In Tebl* 9.1, end ihow thet no epprecleble dlfforomte w#i 

med# a  th# r##ctor conc#ntret1on profile by choia of p eelwi 

from either (1) or (111). Th* beit leeit iquere: itrolght lln# (11) 

am thei #*#d a  chain  veluei of P for comperlion w la other 

eodelm.

F ra  Flgwrw 6.4 f  16 I t  will a  :#*n thet In e ll cei*: 

a #  th eo re tla l corv* r l ie i  l e u  iteeply then th* experlmenal 1*1- 

t le l ly , h i  e lower turning point, end f i l l :  l e u  steeply then t a  

experlmena l  curve. Further, e i t a  flowrete become! g re e a r , t a  

f i t  a  tween experlmenal end theoretical curvei wormeni - a l l  l i  

due a  t a  feet t a t  t a  pulie Injection time l i  no longer neglig­

ible cohered to reactor reildence time e t high flmr ret#!.

i t  a n  a  meen t a t  t a  runi xt my flowrea ere la i i t ln -  

a i'heh le  from one enother, exap t t a t  t a in  for runi xh, 3 ', 35 

a d  36 give * poor f i t  due a  a ir l in e  d rift on the recorder t r e a ,  

mod poor recorder reiponie towerd t a  end of the curve.

'  m u w  w u K

W lln g  e  c o l m m  l e n g t h  o f  1 4 9 . 6  c m . . p l w  t a  v e l u e i  o f  4



n

m l » from Tmb,. of colmm holdup wlumo tould bo ob-

Wood ot omdi polot from:-

" colirnm holdup volmo (M trw )

0 " oolm utrlc flowroto (Utroo/mlo.) 

p « volcolty (oo./ooe.)

Tho mooo voluo of tho holdup wo* 1.472 l l t r o i .  ulth # 

otoodord deviation of 0,011.

Tho hol*ip volwoo obtolnod by uel^ilnp (ooo Appendix v) 

woo 1 ,4 3  l i t r e # , tdilch differ* fnm the obove by 2,0*. However, 

e* dloceiied In Appendix v, tne e tw o ty  of thl* le tte r  velee 1: 

oeepeet Hot* i.h«t both method* of celculetlng holdup volume tooO 

the In let end ov tlet tubing volume* Into eccount. For determlnetloe 

of holdup volume for ihort col men see Appendix v.

6.7 COMO. US[QMS

The one point trecer Injection technique u:ed in thl* wort 

to obtelm en yfcl curve together with cherecterlietlon of thl* curve 

by It* meen end verlence, yielded reproducible velue* of w end 

which geve excellent f i t  between experiment end theory. The ebewnei* 

of the curve cennot be u*ed e ither to obteln, or to check, u end 0  ̂

velue*.

U*e of the yft7 curve end u and to eolve the eguetlon*

fur reectlon plu* diffusion 1* dl*cu**ed In 3.4.2.*.



CHWm 7

7 .' EXKm m  MOCEniK

A n m m h — t  f u r  t h e  n e e c t o r  I :  g i w e  Im F l y i r e  

t *  c b U l m  t h e  w m e  I n l e t  c o n c e n t r m t l o n  o f  r e e c t e n t e  e t  A f f e r ­

e n t  n e w e t e * .  I t  n e e  m e t e e f e r ,  t o  k e e p  t h e  f l o w r e t e e  o f  t h e  tw o  I n -  

l e t  e t r e e e n  I n  e  c o n e t e n t  r e t l o  t o  o n e  e n o t h e r .  I d e n t l c e l  f l o w n e t e r e  

e n r e  n e e d  f o r  b o t h  t b e e e  e t r e e n e ,  e o  t h e  n e t e r  r e e d l n g e  w e r e  e t  

e p e e l  e t  e e c h  f l o w r e t e .  T h l e  e n e u r e d  t h e t : -

I t  t e n  t h u s  b e  s e e n  t h e t  t h e  s t o c k  s t r e w n ;  w e r e  d i l u t e d  SO* 

e n  w M e r l n g  t h e  r e e c t o r .  T h i s  m e e n t  t h e t  t h e  s t o c k  c o m c e n t r e t l o n e  

o f  d l e a t e t e  e n d  c e u e t l c  h e J  t o  b e  d o u b l e  t h e  I n l e t  c o n c e m t r e t l o n s .

I n  o r d e r  t o  c e l c u l e t c  t h e  r e q u i r e d  e c e t l c  e c l d  q u e n c h  s t r e w n  

c o n c e n t r e t l o n  f o r  e n y  r u n ,  t h e  p r o c e d u r e  w e s  e s  f o l l o w s .  U s i n g  t h e  

I n l e t  c o n c e n t r e t l o r ;  f o r  i o e  r u n ,  t h e  p l u g  f l o w  w o d e l  f o r  t h e  r ^ s c -  

t o r  w e s  s o l o e d  t o  o h t e l n  t h e  s w e l n u e  m d  w l n l n u w  e x p e c t e d  c e u s t l c  

c o n c e n t r e t l o n ;  I n  t h e  o u t l e t ,  c o r r e s p o n d i n g  t o  t h e  n e x l n u w  e n d  w ln -  

1 * s s  p o s s i b l e  I n l e t  r o t e w e i e r  s e t t i n g s .  T h e  u p p e r  e n d  I w e r  U n i t s  

ud r h e  q u e n c h  s t r e w s  r o t e w q t e r  w e r e  also known, e n d  e  q u e n c h  s t r e e w  

c o n c e n t r e t l o n  c o u l d  t h u s  be ob! I n  '  which w o u ld  be s u f f i c i e n t l y  h i g h  

t o  n u n t r e l l s n  th. ,  t l e t  s t r e a m  e t  . o  m e x ln u w  flow r e t e ,  e n d  s u f f ­

i c i e n t l y  lo w  o  d o  l i k e w i s e  e t  t h e  m in im u m  f l o w r e t e .

T h e  I n l e t  a n d  q u e n c h  s o l u t f o , , :  were m a w  u p  I n  t h e  s t o c k  

t a n k s  u ; '  n d i s t i l l e d  w a t e r .  S o m e  t i t*  b e f o r e  t h e  e o m e m c e n o n t  o f  

t h e  n s s ,  t h e  s t o c k  t a n k s  w e r e  f i l l e d  a n d  t h e  s t i r r e r s  a n d  h e a t e r s

}

e n d  c o n s e q u e n t l y  t h e t



* 4  W P - 'M t u M  c o n t r o l l e r *  * 1 1  w i t c h e d  om . T h e  . c e t i c  , d d .  c e w : -  

t k  W *  e n d  d l e c e t e t m  w e r e  t h e n  w e i g h e d  I n .  W h i i ,  t h e  , t o c k  l o l u -  

M e n *  w e r e  h e e t l n g  u p ,  t h e  r e e c t o r  * y * t e w  w e*  c h e c k e d  f o r  l e e k *  e n d  

M r  k u h b l i * ,  e n d  e l l  e n c l l l e r y  e q u l p w e n t  : u c h  e *  pH m e t e r * ,  b e l e n c e *  

# d  n i t r o g e n  b l e e d *  w e *  m e d e  r e e d y .

When the * t o c k  * o l u t l o n *  r e e c h e d  t h e  d e * 1 r e d  t e m p e r a t u r e * ,  

eeth urn* ellow d  t o  run t o  w u i t e  f o r  o n e  m i n u t e  ( r o u g h l y  t w i c e  t h e  

neeldemee time* I n  t h e  I n l e t  f l o w  l i n e * )  t o  d e e r  t h *  w e  t e r  o u t  o f  

the Hue*, e n d  l e m p l e d  I n t o  e  7 5 0  a e *  f l e i k .  T h e  f l e : k :  w e r e  f i t t e d  

mlth rubber * topper* w r a p p e d  Im  e l u m l n l u m  f o i l ,  e n d  t h *  c a u i t l c  * o d e  

eelmtlon w e e  i m e p l e d  e n d  i t o r e d  u r  - ' r  n i t r o g e n .

The r o t m m e t e r :  w e r e  c e l l b r e t e d  f r o m  1 0 - 1 0 0 % o f  t h e  f u l l  

flew, but the u a e h l e  r e n g *  o f  r e e d i n g :  w e*  2 0 - 9 0 ,  : o  t h e  m e t e r  w tt 

l e g *  ueed w e r e  e p p r o x l m e t e l y  2 0  ,  3 0  ,  5 0  , 7 0  e n d  9 0  f o r  e e c h  r u n .

^ h l *  m e e n t  t h a t  i a » t  r u n :  g a v e  f i v e  p o i n t *  o n  t h e  c o n c e n t r e t l o n - r e e -  

I d e n c e  t b u u  c u r v e  f o r  t h *  r e a c t o r .  F o r  * o m e  o f  t h e  r u n :  I n t e m e d l e t e  

e e t t l e g e  w e r e  u e e d  e *  w e l l .

b o t h  I n l e t  * t r e e m *  w e r e  t h u *  s e t  e t  e e c h  o f  t h e  r e a d i n g *  I n  

t e r m ,  e n d  t h e  q u e n c h  * t r e a m  w e *  a d j u s t e d  u n t i l  t h e  pH o f  t h e  q u e n c h ­

ed e u t l e t  w e *  a t  t h e  d e s i r e d  v e l u e .  O n c e  t h e  d e s i r e d  pH w e*  r e e c h e d  

t h e  *  t r a u m a  w e r e  a l l o w e d  t o  f l o w  u n d i s t u r b e d  f o r  r o u g h l y  t w i c e  t h e  

r e e l d e m c e  t i m e  e t  t h a t  f l o w r e t e ,  t o  e n s u r e  t h e t  t h e  r e e c t o r  w e s  t r u l y  

b t  s t e a d y  * t e t e .  T h e  r e a c t o r  I n l e t  a n d  l u t l e t  t e m p e r a t u r e *  w e r e  t h e n  

M P U r d e d .  t o g e t  , ., - w i t h  t h e  r e a d i n g :  o n  e l l  t h r e e  r o t a m e t e r * .  T h e

#  o f  t h e  q u e n c h e d  s o l u t i o n  w a s  e l s e  r e c o r d e d ,  a n d  a  7 5 0  cm s a m p le  

w e*  t a k e n  o f  t h e  q u e n c h e d  s t r e a m .  T h i s  s a m p l e  w e*  a l s o  c o l l e c t e d  

dbd I t o r e d  u n d e r  n i t r o g e n .

F o r  s o m e  o f  t h e  e x p e r i m e n t s  o n l y  I n l e t  s t r e a m  : a m p le *  w e r e  

, e n d  a n a l y s e d ,  a n d  o n l y  t h e  o u t l e t  c o n c e n t r a t i o n  o f  t h e  c e u s t l c



c a l c n U W .  ( S « #  A p p e m d l :  1 « ) .

At the w d of th , nm the thrw  , t r ,m ,  w r ,

to th K t I f  th ,M  h ^  hwm Mf chon# In ito c t conan tr.tlon  dwrlM

th , nm. wd thm  Kh of tho ro tm e te r, wo: collbroted Im ton, «t 

th, rwdl,#, OLfolmod during tho oxporlwrnt.

(hotomotor collbrotlon ond pH  * to r  itomdordlMtlon ond 

«hot«# of ooufrolliotlom end polot: o r, #U dlicuiiod In tho oppon- 

dlow.)

Tho w # 1 o : tolloctod during tho run were then onolywd for

w dlm  hydroxide, noetic o d d . dlocototo, wnoocototd ond glycol o:

dlic i od I ,  Motion 8 .4 . ond oil noco::ory donoltlo: wore meeoured. 

M I ,  Appendix 11.

The flowrete: o n d  t l t r e t l o n  v o l i m e ;  o b t o l n o d  d u r i n g  tho 

experinont: were u w d  o: the I n p u t  t o  o  c o m p u t e r  p r o g r w  which cel- 

culoW  the experlmentol r e s i d e n c e  time e n d  I n l e t  o n d  outlet concen­

tre  Mom,, ond c o m p e r e d  the r e o u l t :  t o  those p r e d i c t e d  b y  the plug 

flow model.

T .%  K A C T IO N  LXPERIM EKTS

A t o t o l  o f  t h i r t e e n  r u n :  w e s  c a r r i e d  o u t ,  u s i n g  o r e n g e  of 

Inlet tonperoture: o n d  c o n c e n t r a t i o n s ,  a n d  b o t h  t h e  T - p l e c e  a n d  r i n g  

In le t:. T h e : ,  r u n :  o n d  t h e  r e s u l t s  are s w n w r l s e d  In A p p e n d ix  1x  

# d  dlKUowd I n  C h a p t e r  8.
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CHAPTER 3

1.1 iimeoumoN

I t  w #  t h a t  t h «  f l o w M t a r ,  u w d  I n  t h l :  c o u l d

t ,  c a n h r f d  w i t h  am  a c c u r a c y  o f  *9%  I t  w a s  d a c l d a d  t h a t  t h l :  

l a m l  # f  accuracy w o u l d  b *  u a l a t a l n a d  f o r  a l l  o t h e r  w a a w r u m e m ta  

l a  t M a  w o e * .

A raactor v»taw flow ohmat a h o w l  mg a l l  otraau* a r d  c o m e -  

amtratloma l a  g l e a m  I n  f i g u r e  5 . 2 .  S i n c e  t h e  l l n e a  f o r  atreuaa 3  

a a d  d ware le f t  a a  abort a a  p o a a l b l e  t o  r e d u c e  r e a c t i o n  Im  t h * ,  

tbeae a tre e *  could mot b e  a a a * l e d  d i r e c t l y .  R a a c t o r  Inlet and 

outlet LOacamtr . H o m a  therefore h a d  to b e  c a l c u l a t e d  from a u i l e  

halaacaa baaed om a n a l / a l a  of a t r e u a a  1 ,  2 ,  5  a n d  6 .

S t r e a m a  2  a  d  5  c o u l d  o b e l o u a l ,  a n a l y a e d  b y  a l a g i l a  a c i d -  

b a a e  t l t r a t l o m a ,  a n d  t h e  t e c h n l q u e a  u s e d  a r e  g i v e n  b e l o w .  S i n c e  t h e  

a m m t  o f  a e d l i a a  a c e t a t e  f o r m e d  I n  t h e  r e a c t o r  I :  e q u a l  t o  t h e  c a u a  

t i c  a u d a  r e a c t e d ,  mo a t t e m p t  w a a  m a d e  t o  m e a a w r e  t h e  f o r m e r .

R m a l y a l a  o f  a t r e u a a  1 a n d  6  w a a  m o r e  d i f f i c u l t ,  h o w e v e r ,  A m  

k  ' e  p r o h le e a a  I n v o l v e d  I n  a n a l y a l n g  f o r  t h e  o l a c e t a t e ,  m o m o a c e t a t e  

a r  l l y c a l  l a  t h e  a w a a  a o l u t l o m .

1-7 IRfRAREO SPECIP9SC0PY

R  h c h a a n  IR 5 A  I n f r a r e d  a p e c t r o p h o t o r j e t e r  w a a  u a c d  t o  o b t a i n  

a p e r t r a  " f  , H a c e t a t e ,  p u r e  g l .  , 1 , a n d  a f i x t u r e  o f  m o n o -  a n d  

dlacetata amd g l y c o l .  T h e  apactra o f  t h e  d l a c e l a t e ,  v o m o a c e t a t d  a n d  

dlycal ware t o o  a l m l l a r  t o  e n a b l e  t h e  a p e : t r o a c o p e  t o  b e  u s e d  t o  

"aaaera theme a u b a t a n c a a  q u a n t i t a t i v e l y

w* cwmiTOWAm

I t  waa found that water, acetic acid, dlacetate, monoacet-



7a

aw a *  I l f * !  aapaaWd om ,  so m . col urn of Porm w

f  aa-100 —all. (Watar* Aaaoclatlom Inc. Frmlrnghm. N n ,. U.S.A.) 

IW wparatlom wa: carrlad oot om a Partin Elmar F6 Frartomatar at 

a caliaai tamparatura of ZOO'C ualmg hallum aa a carrlar w a. Tha 

total ttaa fo r tho aaparatlom w a a  15 mlmutaa at a carrlar ;a :  praaa- 

ora of 30 pal. amd flow ratoa of ca rrla r amd rafaramca atrama of

1,7 o^/aacomd. At lower tawporatwraa amd praaawraa tha dlacatatm 

poat. o tlc t waa tha la a t to appear, tended to "ta ll"  rather badly. 

Uefortomalely the opper H o lt of temperature for Porapak la 700%, 

amd alow dagradatlom of the packing took place caualmg baaellme 

d r if t am tho detectlmg Imatnmaamta.

t h e  F r a k t o a w t o r  h a a  b o t h  a  h o t  w i r e  c o n d u c t i v i t y  m a 'w r  am d 

a  f l a a m  l o m l a a t l o m  d e t e c t o r .  I t  w a a  f o u n d  t h a t  t h a  h o t  w i r e  o u t p e t  

w a a  n o n - l i n e a r  w i t h  c o n c e n t r a t i o n  f o r  t h e  a u b a t a n c e a  b e i n g  a n a l y a e d ,  

am d c a l i b r a t i o n  w o u l d  h a v e  b e e n  d i f f i c u l t ,  a l n c e  p u r e  m o n o a c e t a t e  

waa u n o b t a i n a b l e .  A l t h o u g h  t h e  f l a m e  l o m l a a t l o m  d e t e c t o r  o u t p u t  l a  

l i n e a r  w i t h  c o n c e n t r a t i o n .  I t  w a a  f o u n d  t o  b e  v a r y  d i f f i c u l t  t o  k e e p  

tha f l o w  o f  o a y g e n  a n d  h y d r o g e n  t o  t h l  a I n s t r u m e n t  c o n s t a n t .

A n o t h e r  p r o b l m e  a r o s e  w h e n  t h e  q u e n c h e d  r e a c t i o n  m i x t u r e  

waa a n a l y a e d .  T h i s  c o n t a i n e d  s o d i u m  a c e t a t e  w h i c h  c a k e d  t h e  I n t e r i o r  

of the c h r o a w t o g r a p h  w h e n  t h e  s m a p l e  w a s  v a p o r i s e d .

F i n a l l y ,  w h e n  d i f f i c u l t y  w a s  e x p e r i e n c e d  i n  I n j e c t i n g  a 

n a p r c d u c l b l e  s a m p l e  v o l i a a e  I n t o  t h e  c h r o m a t o g r a p h .  I t  w a a  d e c i d e d  

t h a t  a n a l y s i s  b y  g a s  c h r o m a t o g r a p h  r m u l d  b o  a b a n d o n e d .

I  *  A N A LY SIS BY WET C IE H I t m

S i n c e  I t  h a d  a l r e a d y  b e e n  d e c i d e d  t o  a n a l y s e  s t r e a m s  Z a n d

#  b y  a c l d - h # # *  t i t r a t i o n * .  I t  w a $  f e l t  t h a t  t h e  t e c h n i q u e  i n v o l v e d  

G o u ld  p o s M b l y  b e  extended t o  cover c o m p l e t e  analysis c f  ^ 1 1  s t r e a m s .



T k ,  * w t l c  m e l d  p r w w t  I n  : t r u m  1 c o u l d ,  o f  c o u r w .  b ,  

# , l y w d  k y  t l t r u t l o n  * «  f o r  i t r o w  5 .  T h *  t o t a l  m c * u t *  p r w m t  

M  * V  : t r * o »  c o u l d  b o  m o w u r o d  b y  : « p o n l f y l n g  t o  c w p l . t l o u  w i t h  

I t o o d i r d  o l k o l l  o n d  b o c k t l t r o t l n g  w i t h  o t o m d o r d  o d d  ( S I ; ; ! *  ( 1* 5 9 ) 

MOI dd-47).

I t  w i l l  b o  s h e w n  l o t e r  ( I n  A p p u n d lx  v l )  t h o t  I f  o t h y l o n o  

| l y c # 1  c o n  b o  o n o l y s o d  I n d o p o n d o n c y  o f  t h o  o t h o r  c o w p o n o n t s  I n  o  

s t r e e w ,  t h e n  I t  w i l l  b o  p o s s i b l e  t o  o b t a i n  t h o  c o n c e n t r a t i o n  o f  

o o t h  tw a p n n e o t  I n  t h o  s t r e a m .  A m e t h o d  f o r  g l y c o l  a n a l y s i s  w a s  

t h e r e f o r *  s o m g h t .

N a l a p r a d o  ( 1 9 2 6 ,  1 9 2 8 ,  1 9 3 0 )  d i s c o v e r e d  t h a t  m o l e c u l e s  c o m -  

t o l e l n #  h y d r o x y l  g r o u p s  a t t a c h e d  t o  a d j a c e n t  c a r b o n  a to m s  a r e  r e a d ­

i l y  o x i d i s e d  b y  p e r i o d i c  a c i d ,  t h e  p e r i o d i c  a c i d  b e i n g  r e d u c e d  t o  

Iodic a c i d  In t h *  p r o c e s s .  T h e  d i s c o v e r y  w a s  c o n f i r m e d  b y  f l  .w ry  

and l a m g o  ( 1 9 3 3 ) ,  F l o u r y ,  H e r l s s e y  a n d  J o l y  ( 1 9 3 0 ) ,  a n d  J a c k s o n  a n d  

bndaon (1932).

S i n c e  e t h y l e n e  g l y c o l  c o n t a i n s  tw o  s u c h  a d j a c e n t  c a r t o n  

a t * * ,  t h e  p e r i o d i c  a c i d  o x i d a t i o n  p r o v i d e s  a  m e th o d  f o r  a n a l y s i n g  

I b i s  s u b s t a n c e  I n  t h e  p r e s e n c e  o f  m o n o -  a n d  d l a c e t a t * .  s i n c e  t h e  

l a t t e r  w o u ld  b o  u n a f f e c t e d  b y  t h e  o x i d a t i o n .

S l g g l a  ( 1 9 5 8 )  p a g e s  1 6 - 1 8 ,  g i v e s  a  m e th o d  o f  a n a l y s i s  f o r

d l  h y d r o x y  c o e g m u n d s  I n  a q u e o u s  s o l u t i o n .  T h i s  m e th o d  I s  b a s e d  o n

I b e t  o f  F o h l e ,  N a h l e n b a c h e r  a n d  C o o k  ( 1 9 4 5 ) .  a n d  I s  a s  f o l l o w s  f o r

Slyeol:-

T b e  g l y c o l  I s  o x i d i s e d  w i t h  p e r i o d i c  a c i d  I n  a  1 4 8  a c e t i c

a c i d  s o l u t i o n .  T h e  r e a c t i o n  p r o c e e d s  a s  f o ' l o w s : -

g l y c o l  p e r i o d i c  f o r m a l d e h y d e  
a c i d



M W  «  c w p l ' f .  p o U i U u m  W i d e  I ,  w k h d  t o  l i t * .

# t o  l o d l o o  f r o m  t h o  p e r i o d i c  o n d  I o d i c  o c l d * : -

HIÔ  ♦ 7KI + 7HAc -----------   7KAc ♦ 41  ̂ ♦ 4MgO

M I 9 ,  +  5K 1 +  5H *C  ------------------   5 K * c  +  3 1 ;  +  * U )

T h e  H h e r e t e d  I o d i n e  c o n  t h e n  h e  t l t r o t e d  w i t h  t o d l i m  t h l o o w l p h o t e .

*  h l e n h  l i  r e n  o n  p u r e  p e r i o d i c  o d d  o n d  f r o m  t h e  d i f f e r e n c e  I n  t h e  

t h l o e e l p h e t *  t l t r e t l o m *  b e t w e e n  t h e  p u r e  o n d  r e d u c e d  o d d ,  t h e  p l y .  

c e l  c o n t e n t  o f  t h e  o r l p l n o l  o o m p le  m o y  b e  o b t o l n o d .

T h e r e  l o  o  o m j o r  d i f f i c u l t y  I n v o l v e d  I n  u s i n g  t h l :  m e th o d  

f o r  m e o o e r l n p  g l y c o l  I n  t h e  p r e s e n c e  o f  I t :  e s t e r s ,  o n d  t h o t  1 :  t h o t  

t h e  s o p o n l f l c o t l o n  r e e c t l o n :  o r e  c o t o l y s e d  b y  o d d s .  H e n c e  w h i l e  

t h e  e b e v e  o x l d o t l o n  I s  t o k l n g  p i e c e ,  s i d e  r e e c t l o n :  w i n  b e  f o r m i n g  

m n e  g l y c o l  o s  f o l l o w s : -

% « » « 3  + „ „ ^  .
o y o o o i ,  ^  CH^COOCH,

d l o c e t o t e  m o n o o c e t o t e

CH,QH
| ^  t  C H .C 00H  
CHgdH

g l y c o l  o c e t l c  o d d

W hen t e s t e d  o n  s t e n d e r d  g l y c o l  s o l u t i o n s  c o n t o l n l n g  v o r y l n g  

e o e e n t s  o f  m o n o -  e n d  d l e c e t i t e .  I t  w e s  f o u n d  t h o t  t h e  g l y c o l  c o n c o m -  

t r e t l e m :  c o u l d  b e  I n  e r r o r  up t o  1 0 % . w h i c h  I s  w e l l  o u t s i d e  t h e  e r r o r  

l i m i t  o f  1 % * e t  f o r  t h i s  w o r t .

A n I n v e s t l g o t l o n  w o :  t h e n  c o r d e d  o u t  t o  d e t e r m i n e  i d r e t h e r  

# e  o d d  c o m c e n t r e t l o n  o f  t h e  o x i d i s i n g  s o l u t i o n  c o u l d  b e  r e d u c e d  

* A  t h e  s o p o n l f l c o t l o n  r e e c t l o n  t h u s  s l o w e d  d o w n  t o  o n  o c c e p t o b l e

M̂ COOCH,

m o n o o c e t o t e

oyaow

o c e t l c  o d d



WMl.

I k # * .  J o n k n  am d  R o # ,  ( 1 * 6 ) .  g l w  ,  m a i w d  f * .  ^  

^ t l t a t l w  d f m l m a t l o m  e f  g l y c o l  l a  w a t e r ,  l a  w h ic h  t h e  o a l d a -  

t l e m  t a b *  p l a c e  l a  a p p r o x i m a t e l y  0 . 6  N n i t r i c  a c i d .  F u r t h e r .  A l i e n .  

C h a t h o a m l a r  a m d  C o le m a n  ( I W O )  l a  t h e i r  m e th o d  f o r  t h e  q u e n t l t a t l u e  

d a t e m l m a t l o m  o f  c e r t a i n  p o l y a l c o h o l *  I n  t h e  p r e i e n c e  o f  e e c h  o t h e r  

e * e d  p a r e  p e r i o d i c  a c i d  a *  t h e i r  o n l d l i l n g  a g e n t .

P r i c e  am d  K r o l l  ( 1 9 3 8 ,  1 9 6 2 )  h a v e  i t u d l e d  t h e  k i n e t i c *  o f  

t h e  p e r i o d a t e  o x i d a t i o n  o f  1 . 2  g l y c o l * .  T h e y  f o u n d  t h a t  l a  t h e  pH 

range 7 . 5 - 1 0 ,  t h e  r e t e  c o n e t a n t  f o r  t h e  o x i d a t i o n  o f  g l y c o l  we* 

d a p  indent en p H .  h u t  f r o m  pH  2 - 7 , 5  t h e  r a t e  w a*  I n d e p e n d e n t  o f  pH.

O n t h e  b a i l *  o f  t h e  a b o v e .  I t  w a :  d e c i d e d  t h e t  p e r i o d i c  

a d d  a l o n e  m o u l d  b e  u : e d  t o  o x l d l a e  t h e  e t h y l e n e  g l y c o l ,  a n d  t h a t  

e t h e r  a c i d *  m o u l d  m o t  b e  a d d e d .  I t  w a :  n o p e d  t h a t  t h e  p e r i o d i c  a c i d  

u e e l d  n e t  c a t a l y e e  t h e  : a p o n 1 f 1 c a t l o n  t o  a n y  g r e a t  e x t e n t  : 1a e e  I t  

1#  a  m e e t  a d d .

S i n c e  a n  a c i d  m e d iu m  I :  r e q u i r e d  f o r  t h e  I o d i n e  l i b e r a t i o n  

r e a c t i o n *  I I  a m d  I I I .  I t  m e :  d e c i d e d  t h a t ,  t o  m l n t m l i e  a c i d  a a p o n l f -  

I c a t l o a ,  t h l *  a c i d  w o u l d  b e  p i p e t t e d  I n t o  t h *  o x l d l : l a g  m i x t u r e  j u * t  

a f t e r  a d d i n g  t h e  p o t a : : 1 i «  I o d i d e .

F o r  b o t h  t h e  a c l d - b a : e  a n d  Iodine tltra llo n :,, a  N a d l w e t a r  

pH m e t e r  m e*  u i e d ,  c o u p l e d  t o  a n  a u t o m a t i c  t i t r a t i n g  d e v i c e  w h ic h  

o p e r a t e d  a  l o l e n o l d  v a l v e .  I t  w a :  f e l t  that t h *  « n a l y : l :  c o u l d  b e  

d e n e  q u i c k e r  a n d  m o r e  a c c u r a t e l y  with t h r e e  I n e t n m e n t :  t h a n  b y  h a n d .

A l l  a m a l y e l :  w a *  d o n *  b y  w e i g h t  r a t h e r  t h a n  b y  v o l i a x e ,  : 1n c *  o n c e  

k g e l e  t h e  w e i g h i n g  c o u l d  b e  d o n e  q u i c k e r  a n d  m o r e  a c c u r a t e l y .  T h*  

e m u l a t e  a n a l y a l :  p r o c e d u r e ,  a n d  d e t a i l :  o f  t h *  a n a l y t i c a l  a p p a r a  

td O  i k e d ,  a n d  t h e  d e t e r m i n a t i o n  o f  t h a  t i t r a t i o n  e n d p o i n t :  a r e  d l : -  

d e e e e d  I n  A p p e n d i x  v l .  O e n a l t y  d e t e r m i n a t i o n *  a r e  g i v e n  I n  A p p e n d ix  I I .



o a m  mowm M U *  WMiMis

*  m p M — d  1 "  v l .  * 1 1  *m * 1y w *  w r ,  r * p « * W

# M 1 *t l***t f e m r  * * r «  «kt*1*d w h i c h  a g r e e d  t o  w l t h l a  M X . 

M W tmmtely. hw eeer. the I w e m e l t l n t y  o f  t h e  g l y c o l  * n * 1y * 1 ,  

(j^geedlx * 1  -  2 )  flee  the  f a c t  th a t c e r t a i n  c o n c e n t r a t i o n *  w e r e  

dhtetee* *  a*, .m otion f t  o n  other c o n c e n t r e t l o n * .  l e d  t o  a  dlagro- 

gertlonete growth o f  e r r o r *  d u r i n g  t h e  a n a l y a l * .  C o n t l d e r  f o r  

n m g l t  the following c n e e :

h  dleeetete feed a t r e a n  w i t h  d l  a c e t a t e  w o l a r  a n d  n o n o a c e t a t e

y _  » 1 a r  I *  t o  h e  a n a l y a e d .  F o l l o w i n g  t h e  p r o c e d u r e  o u t l i n e d  I n

u l, ac tlon I : -

t d n r e  u  «  n o l a r l t y  o f  * t a n d e r d  t h l o i u l p h a t e

a, " aangle denalty 

»  t h l o a e l p h a t e  d e n a l t y  

(  «  a a n g l e  w e i g h t

w  *  g r a n *  o f  w a n l a r  t h l o a u l p h a t e  u s e d  t o  t i t r a t e  

p e r i o d i c  e c l d  hi a t 'a

#  *  g r a n *  o f  w n o l a r  t h l o a u l p h a t e  u a e d  t o  t i t r a t e  

p e r i o d i c  a c i d  I n  a a n p i  

e  #  g r e n a  o f  i  r l r d l c  a c i d  tn K a n  f o r  b l a n k .

i t h a t  t h e  f o l l o w i n g  v a l u e *  w a r ;  o b t a i n e d  d u r i n g  a n a l y * 1 * : -  

Total acetate 36 0,20614



* w » . w u i  glycol .  y „  * - is ? .:)  .  p . ,* *

T#W1 ****** " K ] ,  ^ '  O.M*

**** fj, " O.zo: - 0.106 - 0.1M
**6 " 0.106 - 0,1 » 0.006M

If Wk 1: ww lmcr****d by 1%. mil other rmluem rewlnlm, cowtmmt. 

y  '  6/15

6 " *  * ], * „  {^(202 - 157.6) - O.IIIM

" 0.206 - 0.111 " 0.095M

'*#  " -  0.095 - O.MISM

6**c* m 1% error I* w/o cmumw m 5% difference Im y mod m Z67* 

dlffereoce Im y . Theme e rro r :, of cowrme, become co#oumded mho* 

imdf I :  med fo r wvorml glycol concentrmtlom memmwrmmmmt:

Im order to  :tudy th l:  effec t for change: Im other mtmndmrd 

concerntreclom: end denmltle: end flow rete:, e cceputer progim we: 

written to Imcreew eech of thew Im turn by 1% end to print out the 

leewltleg eerle tlon : Im reector :y :te*  concentretlon:. Teble: 6.1 -

6.1 glue th* remult: for e typlcel :e t  of :tock. Inlet end outlet 

cencemtretlom: rempectluely. In eech table th* flrmt lln* implement: 

the uelum obtelnud with no erro r: In the pereeeter:, end eech mwcc- 

eeelue line reprewmt :  yelwe: for e I I  lncr*e:e In th* pereeeter Im

the le ft heed coluem. A blemh Im th* teble Indlcete: thet th l:

eeetlculer concentretlon we: jneffected by the verletlom Im the pere- 

eeter. for the ememlng: of e ll pereeeter: :*e the mouemcletur*

teetlen.

From Tebl* 8.3 th* following mexlee* penemteg* error: cem 

he etteleod In ou tle t concentretlon: for e II  chemge In eny one 

W hee l*  i-
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T A K E  9 . 1  

STOCK STHEAMS SENSITIVITY ANALYSIS

P*n*t#r **r1W 
W »

0.0930* 0.00139

0.09690 -0.00E5Z

0.0911*

0.0969*

0.09102

0.0910*

0.09*06

0.09213

0.08*31

0.0032*

-0.00252

0.003*3

0.003*2

-0.0005*

0.00330

0.01090

0.09*01 0.001*0

0,08917

0,09510

0.1950

0,00529

-0.00065

0.1101

0.1112

0.1970

0,1931

0,1970

0.1970

0.1931

0,1090

0.1112

0.1112

0.109



T1*F 8.2 

im rr i« c T *  STRWM % K rn vm  wwiYCM

wrlcd hy 1%
.

0.04755 0.0*541 0.00071

« 0.04*54 - -0.0012*

d 0.0455# - 0.00168

« 0.04*54 - -0.0012*

0.04700 0.0*4*2 0/1006#

0.047)3 n .0*5*0 0.0006*

h 0.04650 - 0.00176

j 0.04651 0.0*36 0.00175

I 0.04005 - -0.00030

0.04706 - 0.00100

w/* 0.04512 - 0.00557

. - 0.0*446 0.00066

* - 0.0*636 0.00066

0.0477* 0,0*50* -

0.04700 0.0*587 0/10066

0.04555 - 0.00270

0.04058 0.0*445 -0.00033



TWU 8 J

M m .C T  KACTOR STRCW  SCN S lT lV tT Y  AW LVS,*

 bLD-----

#

_ D / _

0.0057Z 0,020*3

0/111* 0,02720

0,002* -

0.01m -

0,000* 0,0207*

0,004*4 0,02600

0,00014 0.02720

0,002* -

0.001*0 -

0,00020 -

0,00*1 -

O/MOK -

0.00357 -

-0,00342 -

0,00070 -

0,00400 -

0,005* 0,02666

0,00000 0,12720

0.00070 0,02707

0,00504 0,02700

0,00*1 -

-0,00054 0,02666

0.00*7* -

0.01447 0.0*07

0,00021 -

0.01737 -

0,00040 -

0.01410 0.02001

0.01:4* 0,02*1

u .01400 0,020*

0,01761 -

0,01004 -

0,01102 0,02004

0,01430 0,02004

0,014*4 0,0277*

o.ckao 0.02*30

0,02303 0,031*

0,01344 0,02*03

0,01535 0,02*3

0.01400 0,02*3

0,01411 0,02*3

0,31454 0,02021

0,01445 0,02*17

0,01430 0,02*3

0.02072 -

0.01040 -



m w i

+47,6% +10,a

-57.0* -1,11*

+47.6%

*M%

&#v#r#1 points emerge froei th l :  analyxl::-

(1) Siru the ou tle t concentration of caustic soda,

*2, Is the most accurate, this should be used 

fo r testing  the various reactor models 

(11) The ra tio  u/y Is c r i t ic a l ,  and great care mist be 

taken to obtain an accurate value for this 

quantity (in  practice th is quantity was meawred 

until 8 values were found which differed  by not 

more than 1%, and the mean of these values wm: 

used,)

(111) The values In Table 8.4 above , apresent the mlnim- 

um expected differences between experimental and 

theoretic# ou tle t concentrations. If  more than 

one paras*ter varies by up to 1%, and i f  inlet 

concentrations vary too, the errors could be 

considerably greater.



OWfTE* *

$.1 KMLM

Th, w k t l w ,  of th ,  w th w ,t l« )  * d , i

* *  prM w W  f l r o t .  follmmd hy th ,  M w lm n t ,]  tw o lt ,  obWoW 

#  th , W tW  W  r w c t* .

#.1.1 # M ,ltl  from IW th M ltld  Mod,1;

I ,  # * r  to ,  comporiw, betwwn th , rirn im oiii

K  th , OT# W  th ,  1#Ml TTh. wwtlom i 3.4 (b,tch/1#Mt TM) «W 

OhMtW 3.# (CSTh) w r ,  w lw d  to give M n o w to t, ec*c*ltr«t b » ,  

w  * Amctlo, of rw tdw c*  t W : .  ; ,  Im th w , tw c to n . Th, 

h k t  cmcwtrmtfow mmd tmWf«twr«& uwd. to#Khw Wtk th , rw - 

,1 th #  cmL,«t r i t l* i-rM l# w c,  t l *  profllM . o r, glwm 1, F1*rw 

* 1  m# #.*. #y [ai*mr1 *«* with 5.1.2 I t  will be ow , thot th , 1w- 

le t ewoowtrwtlwo ,oW fo r thw e prof I!,*  loy wlthlm th , row#, ^  

rwctmr ^ ro tlm g  cowdltlcwo thotem for th li  wort. TWo, f l# # w  

oH , ohm tlw t ot low rw etlow  tomperotwrw. higher wuihwm cmc- 

mtfwtlewo of omwoowtot* o r , obtoliwd thorn ot high te#eret#w o,

M #fW1ttW Im OKtlow 4 .3 .

The Ideel T^t ^lo tlom o were oloo tolved t ,  give the ^w- 

owtIK comcemtrotlom from the rw ctor corrMpowdlmg t ,  emh 

h t  of oepe rlwomtel Im l^ comcmt- itlomo ond <-eo14emc, tlwM. Th, 

tweolt* of th w , cmoputotlono Pro givm In Oppendle lo , Wwr, tWy 

t f ,  cwo#,red to  th , o u tle t comcemtrotlom* obtolned eoperlwomtolly.

OKtlom 6.5 I t  WM decided thot, 1n order t ,  tw t the 

omoltlvlty of th , oolol dloperoion muel to th , oolol dlffoohm 

om ffldew t, p , ^ootlowo 3.14 would be oolvod volmg volow of , ,  

fWhourvM (I)  omd (111) om Figure 6.3. P ro f i le  wore obtolmd for

* M W  to t  o f 1 ,1 ,t cowcmtretlome. omd o romg, of flomotM. Th, 

which ehowod th ,  g reo tw t dlwrgomc, wwe thoo, ot Im  f1«"



*

n t * .  "  w p l *  1: 91"" 1" T.bl, *.1. It c *  b, wm

f f #  W : t«M* thbt th# cholc* #* Dg In tb, ,W«n r * *  dnw mb 

bfhct tbe r e f i l l .  Vnlw: of wwd for comparing th* n«l,| 

floporiloh modol to tho othor modol: w*r* thu: tokon from curw (H) 

M#oro # 3. I*#«h 1* tho boot looot iqnoroo itrolght lino tbrom#

*11 tho dot*.

A* dfoomtood In 3 .4 .Z .f tho :ogrog*tod flow modol comld bo 

1*1 rod by oolo# o lK *r om onporlmomtol or colculotod rooldooco tW  

dlotrlimtlo* fomctlom. In addition, oororal exporlmontal d lo trl- 

botlooo moro ohtolmod a t each flomrato. Tabla 9.2 obowo tho omtlot 

oomoomtratlomo prodlctad by oxporlmontal ami calculated dlocrlbmtlom 

fhoctloo* ohtolmod a t tho oat* flomrato for fir*  different rmm* com- 

forod to that predicted by tho plug f li*  awdol. Table 9. .homo 

almllar predicted concent ra ti  on: for a romp* of flomrato*.

Figure* 9.3-9.6 thorn tho axial d1:pnr:loo amd plug flam 

modal comcemtrotlom profile* for a fixed :* t of Inlet concontrotlomo 

and rarylmg flomrato*. Tho experimental outlet comcemtrotlom* ah 

talood for the** In let concentration: are a1:o given for cmparlaom.

3.1.3 howlt* o ' Experiment] on Packed Reactor

Thirteen not: wore carried out In a l l , ten with tho T-plece 

**let, omd three with t,.e ring In le t. The:* run: yielded 99 exporl- 

OMtal outlet concentration* for the reactor, of Wilch 49 gave a 

i*apl*to omtlot etrem* analyal:, and 53 only the caustic concentration 

*o the omtlot.

The Imlot and ou tle t concentration: obtained, together with 

lh* no* tmporatmro: and residence time: amd reactor volimo: ate 

33vom Im Appendix 1x.

MXUSSHPI Of MSUITS

Ftem flgmroa 9.1 omd 9 . 3  I t cam bo  wen that In all caw*
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TMLC 9 .1

C m o m W T I M  M U F IL E 1 R *  VALUES O f MUM CUTVES ( I )  * 0  

(M l) .  riG U RE 0.3

Twperature 26,0*C kj  -  0,6017 litre/m ole sec D li)  .  2,33 e 2/ sec 

9 '  «"/wc -  0,2398 lltr*/m ole sec .  l.W  o //s« c

Mwrete '  1.4282 H tre /M «

0 -e te r  _____________ i f _____________i f ____________ i .

w ( 1) (111) ( 1) (III) (i) (111) (1) (III)

0 0.04892 0,04892 849646 0,09646 0,00085 0.00085 0 0
7^08 0.03970 0.03988 048889 0,08887 0.00771 0.00774 0,00035 0.00035

M.9M 0.03401 0.03397 0.08251 0,08248 0,01272 0.01277 0,03104 0/18103
U.484 0,02944 0.02939 0.07705 0.07701 0,01641 0.01647 0,00192 0.00192
29,983 0.02571 0.02566 0,07233 0.07228 0,01915 0.01920 0,00292 0,00291
32,443 0.02283 0.02258 048819 0,06815 0,02117 0.02122 0/10397 0,00397
44,932 0.02005 0.02000 0 36454 0.06449 0,02266 0,02271 0,00505 0.00585

8*v*l 041708 0.01784 048129 0,06124 0,02375 0.02380 0.00814 0,80614
99.910 0.01803 0.01599 0.05837 0,05833 0,02453 0.02458 0,00720 0/10720
87,400 0.01445 0.01441 0.05574 0,05570 0,02507 0,02511 0/10825 0/10025
74^09 0,01308 0.01304 0.05335 0,05331 0,02543 0.02546 0.00927 0.09927

92473 0,01185 0,01185 045118 0,05113 0.02563 0,02568 0,01025 0.01025

98497 0.01085 0.01081 044919 0,04914 0,02572 0,02576 0.01120 0/11121

97489 0,00993 0,00989 0.04735 0.04731 0,02573 0.02575 0,01212 0/11212
104449 0.00912 0.00909 044566 u .04562 0,02566 0,02588 0,01300 0,01300

112438 0,00840 0,30837 0.04410 0,04406 0,02553 0.02555 0.01384 0.01385

119424 0,00775 0,00773 044254 0.04260 0,02536 0.02538 0.01456 0.01487

127413 0.00718 0.00715 0.04128 0.04125 0,02515 0,02517 0.01544 0,01545

134403 0.00887 0,00664 0.04(42 0,03998 0,02492 0.02493 0.01619 0.01620

142.292 0,00620 0,00618 0.03883 0,03880 0.02466 0.02468 0.01691 0.01692

149.701 0,00583 0.00580 0.03785 0,03780 0,02442 0.02443 0.01752 0.01754
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TABLE 9 .Z

SEGREGATED FlOW MOOT

(1) fr#d1ct*d ou tle t concentration* using experimental ffw  function
(II) Prmdlcted ou tle t concentration: using calculated r t j  function 
Inlet comcentratlom:
Z j, " 0.0W69 '  0.09694 .  0.00085 .  0
Flowrete: 3,3342 11tre/*1n. Temperature: 27,0%.

  ^ ________
& _  (D (MJ m ___ U i L  ( n  ( u )  (i)  ( i n
1* 0/11370 0,01369 0.05544 0.0S540 0.02532 0.02530 O .r'* '* O/KWK
1* 0,013*9 0,01369 0,05539 0.05539 0,02530 0.02530 0 1 , 0.00*5
%0 0,01368 0,01368 0.05537 0.05538 0,02530 0.02530 0.00855 O.OOM6
*  0,01383 0.01387 0,05550 0.05570 0.02517 0.02524 0.00840 0.00*43
3* 0,01367 0,01366 0.05538 0.05533 0.02533 0.02529 0.00860 0.00*5*

M l  Flew
W*#1 0,01355 0.05520 0.02539 0,00*60

Note: There wei a difference of two year* Iptween run: 18. 19 and 20, 
end mm 35 and 36, and d ifferent appc atu* we* used to take 
W* measurements.

TABLE 9.3

SEGREGATED FlOW MODEL 
(1) Predicted ou tle t concentrations using experimental zftJ function

(11) Predicted ou tle t concentrations using calculated ffW iunction
(111) Meg flow predicted outlet concentration;
Inlet concentrations: "
Fliwrates: Run no. 1

0,5509 litre /m ln . 
Teeperetwr*: 25,0%.

0 .2 ; - 0 .4:
Run no. 10 

l,9?#T ll"tre7i»ln.
Ain no. 20 

].TTQ H tre/*1e.

1

*

(1) . ( " ) . i i U l .
0.00034 0.00034 1] ,30031
0,00452 0.00453 0,00439
0.01187 0.0118/ 0,0115"

_ H i L ..iU L L
0,*252r 0.02521 0,02491
0.0*567 0,06566 0,05539
0^87*9 0.08789 0.03758

0.02587
0.07471
o . m e

0.1744
0.1PM
O.IUOZ

o.nzww
0.0/4/3
O .nw

0.1744
0,1298
0.1002

_U1U_
0.02554
0.07417
0.1108

_UiLL
0.1747
0.1302
0.I0C7
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F IC U R F  9 .1

0 7 *  * N 0 T F *  C O N C F N T W riO N  P R O n i t S  FOR MOWACETATE
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B a A ii'

residence time (see)

FIGURE 9 .2

S I *  A *  T f #  Cm iCEN fK A TIO M  PRO FIL C S  FOP MOWKCITA TF



nMCMTMTION MONIES FOA DMCETATE

tu p m tu r e :  M.O'C
e Mug Flow tw#1
* Axial n is p w iio n  Model

Flowratw: I - 1,4?6Z
2 - 2,07*5 Iltrw /M * . 
j  - 2.67K Mtrw/Mm.
4 - 3,3011 lU r e s /e in .

Emp*rlm#mt#l Outlet Cuncwtritlow *



amcGmwTiM m ofiiEs Fw a u s n c sooA

Temperature: 26,OeC.
0 Plug Flow Model 
* Axial Dispersion Model 

Flowrates: 1 - 1 ,4262 lltres/mln.
2 - 2,0795 l i t r e s / i in ,
3 - 2,6765 H tres/m fn.
4 - 3,3011 lUres/*1it.

Experimental Outlet Concentrations +

— *  
lemgth (* )d  ek" "'M

FICURF 9.4



r a c o m u m o *  PMOFILES FOR MONOACETATE

Twrnperiture: 26.0"C

Expxrlmental O u tle t C y < * rtr« tl« # i »
F lo w rit* : : 1 - 1,4262 ll tr« i/m lm .

2 - 2.07M U trM /l* .
3 - 2.676S n t r w / l m .
4 3,3011 H tTM /m l*.

(#»!*) *  Mug Flow Model
x  k t l m l  O l i p e n i o m  M o d e l

120100

FIGURE 9,&



CCKENTMTIOM PROFILES nw  a  Yrn,
17

T *$efitur*: M.o'C
0  Plug Flow M»d*1 
» k i l l  Dlmpeniom Model

1 -  1.4262 l i t r e , / m i l .
2 - 2,0795 Htrei/mlm.
3 - 2,5765 1 Itrw/wl*.
4 -  3,3011 l l t r e s /m ln .

Fnperlm ental O u tle t  C oncen tra tio n ;

F lew ra te i

length (cm)

FtrURE 9.5
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t o e

I t  1* pewlbl* to r**di * high*- w xhw , concentr.tlon of *wo«c*t.

«*# I" " k * ' TFR than In the CSTTt. The a;no ,cet« t, . lw  rw et, 

fM W  W* TFR. :o that »: th« tw eto r rMldmc, t l *  im- 

« M W  the C5T# concent,etlon eventually becomes greater than the 

Mi#; TF# concentration for the same residence time.

1* 1:  r e s u l t  c o n f i r m s  t h e  a s s i m p t l o n  m a d e  I n  l e c t i o n  4 . 2 .

W w t the Weel H  p r e f e r a b l e  t o  t h e  CSTR f o r  c a r r y i n g  o w t  t h e  

d w e e *  r e e c t l o n m .

Ih section 8 . 5  I t  w a s  s e e n  t h a t  t h e  o u t l e t  c o n c e n l r e t l o #  

f t r w  the reactor w h i c h  c o u l d  be m e a s u r e d  m o s t  a c c u r a t e l y  w a s  that 

ef eemstlc soda. I t  w a s  c o n s e q u e n t l y  d e c i d e d  t h a t  t h i s  c o n c e n t r e -  

tlem would be used t o  t e s t  t h e  l l d l t y  o f  t h e  v a r i o u s  m o d e l s .

S i n c e  It w a i  e x p e c t e d  t h a t  t h e  r e a c t o r  w o u ld  o b e y  t h e  

pW# H o w  model, t h i s  m o d e l  w a s  t e s t e d  f i r s t  b y  r a l c u l a t l n g  t h e  

pefcemta#* d i f f e r e n c e  b e t w e e n  t h e  a c t u a l  f i n a l  c a u s t i c  c o n c e n t r a t i o n  

a&j that p r e d i c t e d  b y  t h e  p l u g  f l o w  m o d e l ,  a s  g i v e n  i n  A p p e n d ix  1x .  

and platting t h i s  p e r c e n t a y  ; a l n « t  r e s i d e n c e  t i m e  i n  t h e  r e a c t o r .  

F i g u r e s  # . 7  a n d  9 . 8  s h o w  t h e  r e s u l t s  f o r  t h e  T - p l e c e  a n d  r i n g  I n ­

let* r e s p e c t i v e l y .

I t  w ill be s e e n  f r o m  t h e  f i g u r e s  t h a t  t h e  p e r c e n t a g e s  a h -  

U1#*d with t h e  T - p l e c e  I n l o t  g o  u p  t o  1 2 .5 % .  T h e  s t a n d a r d  deviation 

A m  0 Is 3,97. T h e  r e s u l t s  f o r  t h e  r i n g  I n l e t  h a v e  a s t a n d a r d  dev- 

k tlen  of 1.13 a n d  a l l  p o i n t s  l i e  b e l o w  4%. F o r  r e s i d e n c e  t i m e s  

f ro m  10-50 s e c o n d s ,  h o w e v e r ,  t h e  s t a n  l a r d  d e v i a t i o n s  b e c o m e  1,12 a n d  

@*N, for T - p l e c e  a n d  r i n g  I n l s t s  r e s p e c t i v e l y .  I n d i c a t i n g  t h a t  the 

d i f f e r e n c e  o n  F i g u r e  9.7 a r e  d u e  t o  p o o r  m W n q  in  t h e  T - p l e c e .  T h e  

«*ncamtratlon m e a s u r e m e n t ;  d i s c u s s e d  i n  A r p e n d l x  I I I  c o n f i r m  ' h i s .

Th#s# KmasLrmaants also Indicated th.it the mWng in the ling inlet 

natramely good. The experimental results * 'th  the rli J Inlet ware 

A *  wwd for a l l  further comparisons with the warleu: models.
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Frm T#M« * 2 W  9 .3 . I t  can he w n  tin t o u t l t  T f m  

W»Omi  w * n g * fd  fl<w model w re  .Imwt Idmtlcal

^ U* r  U* ###rW #W l or c*lo:l«t«d rwldemce time dhtrlbw tlow  

WM «—t  1M: W Ice tM  that t*e vmrtitlom Im rwldenc# tW  

W W W  *hmm 1m Figure* 6.4-*.16 were mot w fflc len t t#

W#Kt pwdlcted ew tlet cw cen tritlom .

*1*o. frrn  Tmhle* * * end 9.3 I t  cam he wen that tke ie#re#

«W  n** predicted almost Identical outlet concentratlew t#

«M #k# flow me<el. I t  l i  thu* preferable lo uw the pie# f lw  model 

iW #  It# Mlutlem preaenta fa r  lea : d tff lc u ltle i than the w letta*  *f 

the #e#re#eted flow model.

All the model; waed In Figure* g .3-9.6 predict practically 

IdW lcil camemmtration profile* and final concentration*. The anper- 

Wmtal ayememt for cau itlc  1: excellent, but due to the error powth 

AlMiied In *#c.,cn 6 .5 , the agreement between experiment md theeiy 

N f the ether component* 1* not good. The deviation* were a ll within 

W# I M ix  detemlneil in that lection.

T&Me T**e1t* *)ww th a t the »**uept1on* made 1m *ectlam* 3.4.1. 

t  W  d are ro rre c t, and that for the reactor length chosen, the reactor 

W#"M a* am Ideal TFW. The assumption made In 3.1 that the mactar 

WUmmal l* also correct.

*"* OXKUmiONl

fur a reaction system of the typt:

A * I  —  C + D

c $ m — L .  o * E

k o t h  r e a c t i o n *  a r e  * * c o n d  o r d e r  a n d  I r r e v s r s i b l a ,  t h e  f o l l o w i n g  

f * * h m l a m i  m a y  h*

For the ram# of In let cw cantrat'ons and of-Jtlm * tomil-



* W  m*l 1m tk l i  work . #* Idw l tubul.r flow rwc 3 , * m  

w # r  w t l *  comcMtMtlww of dMlr«d product. C. than am Idwl 

UM| I***! # t lm d  t W  rw c to r.

( A" Iwthemml tmp*r*twr« policy 1: the optima for the 

W*1 * M * r  flow rw cter. with th# operating temperature let either 

#t M* or mlmlmm value, depending on the activation enwgle:

#f the W  remctlom*. For the rtactton: studied, the activation 

*BT*y *# the wcomd reectlom we* greater than that of the flre t. 

WHdi mecwiltmtee the operetlmg temper, tur* beln let at Ita ilml- 

mm velee.

*. For a reactor pecking pertlc le  d im eter to overall reacter

he#th ratio  o f leea than 0.01. the Ideal tubular flow model and the 

#Mel dliperelom model y ield  Identical outlet concemtret'ona ef eech 

MWtlem specie* for reaction* 1m liquid metlum. Furthermore tie  

tkre# Mt* of boundary condition* given Im the lite ra tu re  for the 

#*1*1 A i peri lan model e l l  y ield  Identical ic iu l t t  for a reactor wit* 

*W above dlmenalon ra tio .

*. On* point sampling method* are a lequate for obtali <ng re*-

M**c* time d litrlb u tlo n  function* for the react j r .  and the d li tr l-  

Wtlen function* are not affected by the Inlet mixing, 01 the pwl- 

M #  *f the Injc ' point 1m the In iet. 'Inracklng and repacking 

the cel#*  he# n*. effec t on the re*ldence time distribution functl# . 

A* axial dlffuilon model for pure diffusion l« Im tw sltlre to the 

Wl*1 mixing coeffic ien t. P ,, k i t  Is sensitive to velocity, * 

k  segregated mpHel, when solvec In conjunction with the

*#*Tlmm,tal residence time distribution  function, predict* outlet 

aaan tre tlon*  Identical to .hoie predicted by the Id " !  tubular 

and axial dl*per*1on model*.

* ' The type of In let mixing *y*'.em his a profound e fe .t

*  roector perfonaemce. f ring main type " f  Inlet we* fowo .0



g b ,  w tW ac tw ?  rnlxl*#.

« M tl« t comcemtrmtioM igrw  Kith thow pr*dle-

^  Mwl tubular rw c to r. mxial dl:p*ri1o* md w#r*#it»d 

u ltM " tk* I W t i  w t by experimental error. Since the 

M*1 t*WI#r reector model 1: the ilm pleit of tlieie. end the eeeleet 

##h#. #  * model ekoald be wed when deilgmlng pecked bod roectom 

h  *Mck d »  #d[1m# p e rtlc le  dlimeter to  overell reectar lem#th reti#  

#$ lew  Wwm 0,01, for reectlom* tm liquid medlmm.



APPENDIX 1

TH# w**d *#r# F1,dmr Porter nowrmtomefr, wtl,

m k*.17 10 Inch— 1=M. "W a MVT-45 itm lnle ,: , te *1 float.

1W M #  1: ellbrm tod In porcontage of full flow, cove rimy a rm *  

#f W-100% 1* «t#p# of 1%. Tho f lo a u  were ,e1f clei 'lmg to « iMgroe 

# *  (m adMMo" Une :ta1*le#i itoo l Kroons were Iwerted Immd- 

M #ly upt trw m of the rotametar: to »top fowling of the flo a tl. 

NM#rtWI*M I t  ww f e l t  that I t  would bt *ore accurate to callb- 

n t*  th* rotamat o n  a t  tho and of each run rather than s l ^ ly  to 

Ml* *  on* calibration  curve for a ll new. In th li way, a ll chaa- 

#** In hyl v tm m lc properties such a: viscosity and density of tho 

fM d i *n to run would autoeatlcally  he accounted fdr.

Tne rotameters were calibrated a t each of the five flow 

mt** **#d dwrlwg th* run. and also at each of the flowrates ***d 

I# th* r**4d*nc* t1m* d istribu tion  experiments, and the procedur* 

m* ** Allow*.

Th* stream to be calibrated was allowed to run to '*#te 

throe^1 th* reactor for times which were :le the residence times 

a: that flomrat* so that a ll  other sok  . ,s w?re flushed out of 

th* reactor. The tcuperature was then i*cc i!ed, and ti e rotameter 

* 1  set to the f i r s t  of the experimental flowrates. An ^ty 

*Mmg cyllfwler was tdMd on a P e ttie r  type K4T balanve. AffT" the 

MW had been steady for oof minute, the flexible outlet pipe (s&a 

Ft*=re B.(; was switched ra p id '/  to above u e  measur'ng cylinder,

" d  a  * am » ,l*  o f  r o u g h l y  2  ' I t r e s  w »?  c o l l e c t e d .  T h e  s a m p le  c o l l -  

K M f i  w a s  m d  u s i n g  a  s t o p ^ t c h  w i t h  a  .1 0  s e c o n d  s w e e p  c l l b r m t e d

0 , 1  s e c o n d s ,  a n d  t h e  t a ^ l e  c o l l e c t e d  w a s  w e i g h e d .  T h e  f l c w r a t e

*  l t f * a m  Im k r / m l m u t *  w a s  t h e n  c a l c u l a t e d ,  a n d  t h e  c a l i b r a t i o n  

W  m t n  t w o  f l o w r a t e s  h a d  b e e n  o b t a i n e d  a t  t h e  s a m e  m t a w t e r



I *

m m *  " k t a  *grwd with well «th«r to better thw *M K curK ,.

1W poc#dwr# «#» r«p«#t»d i t  wch «xp«rlMnUI point in —rfm  

##w-

I t  ww fomd thmt t l*  cawittc and d lice tite  rotamtarx dM 

w« #1* n p n iAiclbl* rw u lU  i t  wttlmg* below 20 or ibov# *0. thwe 

l i f t #  Mmlmm wd mmxlmm flow m ^i of 0 .*  md 1.65 tltrw /m lm t# 

M*0«t1w 1y. n * y  were com*«qwmt1y not ««d owtilde U,1: r m ^ .

1W #e#t1e *eW m t w i r i r  rimge w»: 15-100. giving flownt*: of 0^7 

W  1^* lltrw/WmKt#.

0M#W11y th# c i l l b n t l  n curve: were plotted for eech 

m l#  to check that i l l  the point: 1<y on one lin e , but the f i t  we# 

ehNM *o good th i t  th l :  p n c tlc e  wei l i t e r  ibindoned. * typlcel 

cellhntlom curv* fo r eech rote me te r  I :  Included on Igerei A .l.l- l.

&KMliig the ##** flow r i te  i t  eech experiment*! point, the 

vel#*trie flowrmte could e i i l ly  be obtained by uilng tie  demlty 

oorrelatlom* fw  eech f lu id , jlven Im Appwtdlx II.
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V '  *  '  A T E K  CAUBRATIO*



w o m ix  11

S I# *  #11 r o t f m f r  w l lh n t lo M  * d  ,11 t l t n t i * ,  ^  

* # #  b ,  w # 1 # t .  M t h e r  t l " n  b y  v o l i m , .  t h e  d W M lt tw  o f  , n  w i * .  

M # m  #### f #  ( M *  " M *  h # d  t o  b #  know n.

I t  * «  d#cld#d th a t  io lw tlon  d e n il t lw  would b* mwiumd

*  #M «#*«* « w p t  wmter. b#c*io# « ,1 tW  u b lw  could ic t  b# found 

A r  # 0  Ml#M*## In qwM tlon, o r the table* did not extend to  the 

AT:**#*» w W  In Mil* ww*.

Tb# pmcedHTM w*#d were a ;  fo llo w .

'»  *ke ta ^ e r# tw r«  o f the lo lu tlo n  wa: Z3"C or lower, the 

ww limply measured by using an * grade c e r tif ic a te d  p ipette  

*# m#iiM* out *0 cm  ̂ of in lu t tm  which was weighed on « M ettler 

X I# Wlamce. Care was taken to  allow the so lu tion  to run out for 

A# Mm# s ta ted  on thm p ip e tte .  Three measurements S ife made and I t  

### Amad th a t th#  g re a te s t v a ria tio n  fo r any of the density  " i ; -  

# # m # ti m#s le ss  than 0.1%.

I f  th* so lu tio n  tamperalurc was atove 23*C, a w ild  object 

#M **l##d 1# th e  liqu id  and then In d ls t  lied  wats, « . the sm i 

*#*P*iateie. end the loss In weight was used to ctlculm te the dens­

ity  #f th# so lu tion  fn m  the formula:

, . " Y 'w

" d#m*1ty of liquid  a t  temoeral e f=*C 

@y " demiit) of watar a t  f'C

* * MLlght of so lid  object

" wei. t  of solid  object In liquid *t

* * d g h t of solid  object In water at t°C

The dens1L> of we te r  had obviously to be known at any temP"



* *BM 1* e rd T  to be abl* to ipply t h l . formul,, ,  j  t*hl#« w  

w  w  wW t*  ektalm th l i .  Perry ( IN I ' p* * , 3-40. give, ,  teb l,

#f M ter dew lty  *er*w* tm perttw re. In irder to obUtn Intereed- 

W e w^we: of dem fty #t tmpermturw not given Im the u b ie . the 

TT, we# mad to f i t  a pnlyionW to the polmti Im the table 

# h #  i  learnt mqwrei f l t t l i ^  technique. The polymuilil we* thee 

*#d te  K le t  ewt « tab le  of t#«per#tLre verwi dmwlty at 0.1% 

letenrali bat weon ZO and 30%. could be read off th l: table at 

Ibe leleMo# temperature a , and the above fG,mula could them be wed 

to obtala the wlwtlom oamelty.

All mmewrad d e iw ltlx  were checked with tabulated valeea 

lenrmrir peamlble and the agreement wai found to be better than O.M 

le a ll ceee*.



Ill

A ppaon m

Mmgrnm a f  t h ,  two l , l « t  mixing iy ite w  u ;« l in th l :  w k  

M  1" F I* * *  5-3 *» d licw iied  In 5 .2 .3 , ilthougl, . *  T

m lw  # w r * d  to  g lw  Id w l mixing when checked y lw il ly  uilng 

t n e * .  the experimental r w c ta r  re iw lt:  ihewed th a t the mixing we* 

"*r f r *  Idea l. In order to  te x t the mixing, therefo re . « **11 

cendwr t l f l t y  probe we* mede up wh,ch could be Inserted through the 

Ibeimomefir bow  e t  the  I n le t .  The probe cm*1*ted of two

W uleted  copper w ire :, 0 .02 Inch*: In d im e te r ,  bent to  fmce eech 

# # e r  e c rw : * 1/16" gap. * dlegrem o f the probe :y:tam 1: given

#  Flgere A.111.1.

A: can be :een from the  figu re* , the probe could be :11d 

aCMW the re ac to r d iam eter. *o th a t the concentration a t  any point

#  th# diameter could be meaiured. Thm probe w»* connected to  a 

M#d#ct1v1ty meter whoee output could be traced on a 0-1 n* recorder 

w  f#y th# rexldence time d l i t r lb u t lo n  run*. The callb retlon  curve 

for tM i d e tec to r I* given In Figure A.111.2 ar,J can be *een to be 

W rh c tly  l in e a r .

U:1ng t h l :  probe th e  In le t  rmdlal concentration p ro file : 

War# ma# :ered For both I n l e t :  fo r  a range of Mow ra te : with 1.22 

M H Itr#  w i t  lo lu tlo n  flowing In the s tra ig h t un of the In le t:

W  d l i t l l l e d  w ater flowing In the  *1de branch. I Igure A.111.3 

A#m* th# rw tu ltan t concen tration  p ro file*  re la tiv e  to the po:lt1om

#  th# in le t : .

The probe e r r 'd  not be drawn aero*: the whole "d ie*  of the 

W #  vr th# water *#a1 would have been broken, hence the complete 

W M k #  could not b* ob ta ined , but I t  I* rea*onable to aj*i*e that 

wwld have continued In a imooth c jrve .



c a n  b #  : w n  f n m  t h *  f l g w r *  t h a t  t ' t h  t h *  T - p 1 * c * ,  th* 

*M** th* W it solution to on* : l d *  of the reactor and th* 

w #  * W » » t* d  a t  t h *  I n l e t .  T h *  ring 1 n l * t  w i  t h *  other 

th* stream* prop*riy and a  relatively  f la t  profile r*#ult#.



lead* to com-
p lw tlc  co#t#d wlr* dwctlvlty meter

I I
« 4 r * $  e p m l t d  I n t o  i t e t m l e * :  s t e e l  

h y p o d e m l c  t i t l m g

Inlet

dlitemce merk: 
a t 0.5 oe., Interveli

MOBE INSEPTFO IN REACTOR

FIGURE V H I . I

a g K T jY m  PROBE FOR ICASURI% I^ET.COSrCNmnM PTOMIES



w

«

Below 0,7 th* readings bec<m* umreliab?#

0.% .6 0.9 1.0 1.1 L

corcentratiom  of s a lt solution ( * / l )

FIGURE A.111.Z

MLIMMTION OF CONWCTIVm PR0K



recorder readfmg

W lt jw lu tu ,  2  r . ^ m ,  un.ffeckd_by flow 

Poiltlom of

T - p l « c *
Imlot

; — -

Rotameters set
to read 5j#6o1

20 %
50 A

100 0

3.0 4;o s.o
d i s t a n c e  f ro m  w a l l  (cm )

FIGURE A.111.3 

INLET CONCENTRATION PROFILES
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APPMOIX 1v

It v ita l t M  th« rw ctlon  :howld b. qwmd*d „  w o, 

w # *  rM c tl*  mixture le f t  the reactor, m i ,  meant that the mix- 

* |  #f t*e acetic acid quench :tream and the reactor outlet : t r e *  

W W W  rapid enough to  neutral l ie  a ll  the caustic soda present 

kefofJ I t  could react further with the d latetale or monoacetate. 

#*«e the r mmch had been b u il t ,  therefore, U wei necewaiy

te  teat I t  t»  check that the aapomlflcatlon reaction wa» quenched 

ultb e f f ic ie n t  ipeed.

I. EXPERIMENTW. PROCEDURE

Cauatlc *oda wai allowed to flow tt^augh the reactor In the 

aeraal we), but an extra flow H rr  for the dlacetate waa camtructed 

Wild: uMllaed the diacetate m taeater but which terminated directly 

War the reactor ou tlet pipe (see Figure 5.4). The acetic acid 

qaarch a tree* entered the reactor 1r thn normal way. Thla arrange- 

enw ed that the cauatlc :oda leaving the reactor would mix 

with the diacetate before coming Into contact with the acetic acid.

S t o c k  s o l u t i o n s  w r r a  m a d e  u p  a n d  s a m p l e d  I n  t h e  n o r m a l  w y ,  

M d  t h e i r  t a m p e r # t u r t s  w » r e  <c c n r d t  I .  W i th  t h #  c a \ s U c  s o d a  a n d  

w e c e t a t e  f l o w  s t t  d p p r o .  n \ ._ .  i y  a t  e a c h  o f  d * .  v a l u e :  u s e d  i h r l " g  

( h e  M a in  r u n ? , t h e  a c e t i c  a c i d  f i o w r a l e  w a s  t h e n  a d j u s t e d  t o  g i v e  

d e » " r » d  pH  i n  t h e  o u t l e t  q u c i r h  b i a k c r .

The FI,factor readings or the caustic soda and acetic acid 

were recorded, and j t  the end of the run each of these flow 

"W M  was calibrated uslm  the procedure In Appendix I. I t was not 

I t# record the dlacetate flow m te . provided that th l; w i 

# * # * 1  to the ceuetlc flowrate a t each point, becauw this stream 

M vK bd to c o » e te  with the acetic acid In the qw ch



n ;

vessel.

I t  ww dKl<W that th .  d l . c u t .  ,tock concmtrmHm would

*  w t t* W lf O ut ef the c w it lc  w d . itock Th,

*|#c*t*t# * d  caw tlc  wd« thu* entered the quench vessel in the 

r.Mw 1* Wiick they would normally enter the reactor.

& XBULTS AMD CALCULATIONS

TW met: of run: were done, one *t high, end one i t  low.

M * t cmcemtretlan. The stock concentration: used were a :  fellow::-

TABLE A . l v . l

M N

M a c e t a t e  (H A c f r e e )  

Nk

*  t h e  n m  t e m p e r a t u r e .

d e n i l t y  o f  N aO M . p 

4 a M l t y  o f  H A c . p .

Run 1 

0.1136 M 

-O.OS M 

0.1070 M

1.0026 g/0,3

0,9985 ^ce^

R un Z 

0.47SS M 

.0 .2  M 

0.4*3% M

1.01M

1.0<T 2

O w r lu g  t h e  r u n .  t h e  f l o w *  o f  d i a c e t a t e  a n d  c a u s t i c  w e r e  « e t

io that the concentrations of caustic entering the outlet 

ware equal to half the stock concentration*.

T h #  f o l l o w i n g  f l o w r a t e s  w e r e  o b t a i n e d  f r o m  t h e  tw o  n # w . *

v
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TWIE A.lv.2

NsOH flo t«e te r N#OH flowrate Ĥ .c flowrate
" M l "*____ C, (kg/»1n) (kg/mln)

zo.o 0,3767 0,3997

30.0 0,5813 0,6139

* . 0  0.9SM 1,00:7

70 j  1 ,30*  1.3M7

* 4  1,6649 1.7645

RUM 2

ZO 0,3943 0,4350

X*.7 0.592S 0.6591

M.7 0,9731 1,0709

70.1 1.3364 1,4736

86.1 1,6152 1,7909

I t  will b# noted that th* *bov* r o tw te r  w ttlm * 

mpprexlmtaly to the 20 . 30 , 50 . 70 «nd 90 wwd 1# U*

#1#  Mm*.

Mow, I f  the a u tlf t  q w  ch were perfect, then the HAc 

WWW W w c t ly  equivalent to the NaOH In the outlet.

Hence for Run 1, by mole balance:-

2.MM"" " '  "

W R i c t  q t e m c h l n g ,  t h e r e f o r e ,

W ly  fkr Dm f ,



* #  " M w  of g !  obtained, wd the percwug# dlfferw cw  

* *  the *b*w *#1ww w  glwm In Tmble

TA8U

* *  1

* . l v . 3

M  2

1  d i f f e r e n c e  f r o m
Ideal ra tio

c ,
"  t l o % d i f f e r e n c e  f r o m  

I d e a l  r a t i o

w m -0,17 0 . M 6 4 * 0 . ] *

W * 7 * 0 . 2 1 0 . 8 9 9 0 - 0 . 4 8

+ 0 . 3 3 0 . 9 0 8 7 + 0 . 6 0

- 0 . W 0 , 9 0 7 0 + 0 .4 1

- 0 . 0 6 0 , 9 0 1 9 - 0 , 1 6

M*# pm* d1*c*t*t* **« fed d irectly  to the outlet quench wmmel 

Am  # #  I toe* tank, the concentntlon of dlicetete we* cowlder- 

M # e r In the quench v*«scl during these rum tk .i  In the uele 

MM # * e  the dlmcetite was p artia lly  converted In the reactor f irs t . 

1M W#cantr#t1ons above thus represent the worst possible operating 

MWItkP* N r  the ou tlet quoncn systwe

%. gsg iss im
In a l l  cases a b o v e ,  t h e  e x p e r i m e n t a l  r a t h ,  I s  within 

Of the ra tio  f o r  p e r f e c t  q u e n c h i n g .  I t may thus bw asswed that 

# # # * # d i  system w e s  o p e r a t i n g  s a t i s f y  t o r l l y  f o r  t h o s e  r u n s .  As 

*#Mt#d, changing t h e  c o n c e n t r a t i o n :  o f  a l l  s t r e w s  e n t e r i n g  the 

# " * &  eewel pmportlomately d o e s  n o t  a f f e c t  t h e  d e g r e e  o f  quench- 

.# 1  #(#* this d e p e n d s  only o n  the m i x i n g  I n  the v e s s e l  a n d  t h e  

N la liw  n tM  of reaction o f  the asponents. I t  way t h u s  be assum- 

that the ou tle t quench system op*r a t e d  s a t i s f a c t o r i l y  f o r  the
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