
2 . . .  -  1 *

I t  WMWld «1i« b# *ot#d that ttiei# *xpr1*«nt» ;**# #

g ^ i r c  of the accuracy of the chosen value for the quench*! strew  

p ,  $ |r »  toe runs agreed to better than 99% with the theoretical,

^  ^  ¥ ilt»  chosw was correct. (For methods used to obtain the
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APPENDIX V

Th* rw ld e tr . .  U rn  d is tr ib u tio n  * ! , :u r m a , t ,  em A w  ,  v .lw  

te W ohtalwd for the re a c to r  holdup voluw . ind I t  f e l t  that 

(Ml dweld he checked by weighing.

I EXPOUMENTAL PkX:EDUkE

*11 #1r bubble# were remowd f r o ,  the top of the colum W  

Ae eelm i flow Mmee. The column o u tle t plug *#, removed imd the 

eelim  we* fleehed out with pure d is t i l le d  wdter fu, 10 mlmwte* i t  

flew. The tem perature o f the water was recorded. The out­

le t  plug wa: replaced , the In le t  lin e s  were removed am' the columi 

M et* were plugged. The colimei was then detachcd from the support- 

1## fNme. a ll water was drained fro# the quench vessel, and th is  

me* carefully dried  together w ith a ll  colum  ex terna ls . The re tire  

reactor wa» then weighed, together with «n empty 5 l i t r e  beaker.

The bead* and w ater were emptied Into the beak*', and tin 

keeker we* placed In mm oven a t  150%. The col wen In te rio r and a ll 

t&e fittin g : were c a re fu lly  dried  with compressed d ir . #en a ll the 

water had been evaporated from the beads, these were weighed again 

tegethei with the column.

U nfortunaieij the  only balance availab le  for weighing the 

eelime was a 0-500 I . ,  -.sa le , which could be read in Increments of

* «mmce*.

* EXKK'MENTA' RESWTS

The re s u lts  obtained on the 143,8 cm. and 73,0 cm. lengths 

liven In Tabla v .l  below.
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TAKE v .l

«f * * c t* r   H o ld*  lo lu *  (M tre) % „  n i t r . )

1 * ^  1.41 1.S0 1.44 l . »  1.43

73.0 0.718 0.722 0.710 0.715 0.716

Tk# kol<bp volime obUlmed from reildomc# t l w  d l i tn W t l— 

n i w r w H  om tk# 1 4 :^  cm. length we* 1.472 l i t r e ; ,  which d iffe r , 

fm a the ehove h» 2 .K .  I t  we* thwt v e rified  th a t the two mthod* 

holdup eoluew In the wee nc*lom. and itmce the reildence time 

d iitr lh n tlo #  mewwriem nt: appeared to I :  more accurate than thoie 

# o ee . the holdup wai taken to  be 1,472 l i t r e *  for the 149,8 cm.

1m *#,

For the 73,0 cm. co lim t. howaver, holdup vol.ae* fMm r#*- 

Memee time d l i t r lb u tlo n  #«a«urement* were not availab le , (lee S . l ) .

&* the above value o f 0.716 l i t r e ;  *a: uied. Thli value did net 

ceuie the experimental r e a u lt i  to  d if f e r  qreatly  from thow b rid lc t 

ed ^  the plug flow model (:e«  Chapter 9 ).



l a

AWWOl* Vi

1. c m f im  WMLYSIS

1.1 Feed (Str*m I)

k fW lm g  to  the rw cto r flowAMt on 

W IM# tW t M* expo sitio n  of th is  *tr*m  w ,

Z ^ »ol#m/Mtre 

M0M » ^ t t #  m olw /lltre

*1)^0) molw/Htr#

Ae*tlc #cld m oloi/lltr#

N lm o trlc  Mi* r*t* ^  Mtrw/wcomd 

NM: flow n t«  kg/«#tond

N w lty  Pj kg/14tr#

A * p p r# * ir«  w*« w  follow*:-

(1) Acotic Acid

A mmmpi* comUlnlug a gr«m of itrwm I t** t l tn to d  wit* 

» * lm r i t mdor d cow tlc  wd» A**w«# the deniity of th# cauxtlc 

MM *#d OMt & grim  wore required for the t t tn t lo * .  Thee:-

k ,

#o1e*/1itre

( " )  M * l . / W ^ t e  + z „  f

# grow  o f a  m olir i t in d ir d  c iux tlc  sodi were idded to I 

M # l#  coNtmlntmg j  grimi o f i l r e w  1. ThM w » «!1owed to *timd 

«M 1 M poolflcitlom  w, complete, then b ic k t i t r i t ' ' with j  " o l" ' 

roch lo rlc  K id .  A » * e  th a t the density of the hydro- 

: #cW ww amd th a t * g r* »  were required for :me back-



of hOH M#d up « ^—-* *
pl

hK *  m l# ##Mwt#iit% le f t  « — -  —
" ,

* N  I# e # l* * 1 m t to  the  MCI uw d.

Nmi#.

'«  "y »)

Xemce,

(«M) Tot,l Mjrcol f f , ,  * r „  ,

I f  * #  w ep le  we: :apon lfied  to  completion, e l l  the d lecet- 

#t# W  mmomeetete would be converted to glycol and Mil: could be 

fe r  by periodate  ox idation . S u ffic ien t caustic  wda ue: 

W W  t#  * w ep le  o f ! gram: of itream  1 to  cauie cimplete w ponlfl- 

catlam. I#ee th# w pom lflcatlon  wa: complete, the lo lu tlon  wa: 

M A naliw d w ith hydrochloric a c id , and * gram: of periodic acid

u#r# added. Awume th a t the periodic acid solution centale- 

W y ' # ^ e l # e  per l i t r e  of period ic  acid and p" pm.mole: per l i t r e  

#f (W ic acid . (T hl: 1: unavoidable, because the periodic acid de- 

o# xtamdlng.) A fter the oxidation wa: complete, *  g r w  

f  W a r  potaw lim  Iodide so lu tion  were added, followed by i* grma: 

#f » # # l# r  hydrochloric a c id , (y and r  must be a n ,: enough to 

lA o n te  e l l  the  Iod ine .) The lib e ra ted  iodine was th»n backtltratad 

# W | e gremi o f w molar :tandard  lodlwa thlosu^phate solution.

** k ilb re , aaaiple density  "

periodic  acid  den:l*y '  

th lo w lp h a te  deim lty " p^.



p*rW 1c *cW r»dKW » .  iodic K id fommd 3

* » ,  ##1# of periodic *cld In wlytlom - 4

W  m l#  ##rl«#l#*t* of Iodic *c1d In wlwtlom «
*

P#rlo*l« a d d  l« f t  a ft# r oxidation, fnm equatlow 3 and 4:-

l#dlc #cM le ft a f te r  oxidation, from eq-iatlom* 3 and

K^dlc p#t*#%1i# lodldn I :  added, fro* equation I I , (section 

#.#), 1 #M« molecule of periodic ad d  l i  eq'ilw lent to I  grm atom 

#f ledlne. When ecldlc potaH li#  Iodide Is added, from aqwetian IH , 

Met*## 1 .4 ), I gram molecule of Iodic acid 1; equivalent le I #mm 

#f l#d(ne. Hence atom equivalents of Iodine liberated In

kw #ec# atom of Iodine Is equivalent to a molecule of ihlosulphate 

ekoee, mole equivalents of Uilosulphatc «

fine * and 7 above:-

f r ' j i

I f T 'J
*

I* *1

8



M#

Mwc*. m l ,  #f ,1 ^ ,1  4.  w # , ,  .  V
“l

A "  N —tlm , I .  ( * *  # .4 ) ,

W rW lc  K id  r w w d  .  ' I f i i  .  (Wlc K id  fwmd ,

Nm. m l#  #f mModle K<d 1m wlwtlom .

and m l#  ##«m1##t* #f Iodic « ld  I# w lutlo# .
" ,

i^r1#41c #cW l« f t  #ft#r w 1d.t1m . from oqm tlo* ] * d

"1

:«di€ *cld !« ft #ft«r omldotlom. from eqwmtlo#* 3 **d I 

'»

IWm K ld lc  pufMlimi lodld# 1* *dd*d, from eqmtlom I I .  (m ttlm  

# .4 ). 1 grm  mlocwl# of periodic K id  1i «qwli#l«it to * y m  iWm 

»f ledlm . I*#m acidic p e tw ilm  Iodide 1* *dd#d, frm  # # iti# #  I I I , 

mcti## * .* ) . 1 #rm  mlecwle of 1#dl: acid i i  aqwlwlmot t# # gmm 

#t«m #f i#dlm#. Name# atom aqalmlamt* of iodim Ubamtad 1# 

«#l#tio# «

0& Pj » PP P]

How each a toe of iodine Is equivalent to a molecule of thlosulphate 

From above, eole equivalents of thtosulphate *

Nemc# fro# 6 amd 7 mbov#:-



r  -  $

M*C*, ZI "  ^  )u{ 1#

I* ordm t»  4«t»m1m# Z_ ,  H»*k w*« dom* «  fo llo w :.

# #Mm «f periodic meld were take*, mud after llbentlmg mil the 

Iodine wit* tiydrodilorlc meld **d poteiilim Iodide mccerdle; te 

reocttw * (I ##d H I ,  (*#e # .* ). the w letloe m i titra ted  with w 

melcr itendmrd iodine tliloiulphite wlwtlom. Aiwme that w i 

of thlow lphete were weed.

A* ebove, periodic ecld In imeple « E_S*1e eqflvileet#

*e ebow. Iodic ecld Im wmple - ^  mole eqelvilemti 

tkloemlphete wwd .K*-molee*i1vi1emti

* , therefore.

Frem ogeetloe * , Ip ' + #p" -  P

E_ "  J * _
DPI*

H ill cam mow b* lu b it l tu te d  beck Into equitlon 10 to give:-

" w c
1 ^ - "

IM* «##t1e« will epply to *W W V T  * i1 n « !  

h  * * #  w o # , i  .



w

S *  w tM  o# of rztlmd Im w ttlo*  2 of tM i x.

(Iv) F r#  (lycol

T k  caic«*tr*U«* of th* f rw  glycol w» ohulmed fro*

# # « tW  I* *m e x t t l y  tW wme *oy «: for th# total (lycol. mcopt 

* f c«*M  A # t th* f*«d rntre* w#$ *m«1y:#d directly for glycoi *11*

mo prior i #*mlflcatiom. (S*« 1.4 for cf impomlficati*

of im lolwtio# *irimg Will im«ly<i:, mud (octio# 3 of tM*

a###W1x for tho tex t of tw  urtho*.)

(*) Flmil Cmlculitiom cf a ll corcmtrmtlomi im St T l*  1

f n #  (1) " known )
)

F f* . ( i i )  M ^ know |  M
)

F T .  ( i i t )  f  .  known )

From ( iv )  T ^ " know }

Equations 14 #r# four fmkpen-ient algebraic equations in four sn- 

k m m t .  They were solved tc gWe %1§, XSe ssd Xf# ,

I . :  C#Wtlc F e^  (Strow 2)

Frma Figur* S.2 I t  will b* wan that tlw compwitio# of

th is  s tre w  m s :-

C#u%t1c )0^a moles/Mtre

Volumetric flcw rate Q, U t ,  J i 'c o r d

Ma, flow rato C, kg /i,cm d

Domoity " ,  kg /litre

A w * l*  K  ,  gram of itroam 2 wa, t l tn tW  with V mol:r ,tam *H

w id . A * t ,  grm« pf hW f«M orlc K id . dom«W

m m  *wd.



Wmme*

W c tg r  Imlet Stf&im ( S t f w  3)

From flgmm 5.Z, th l i  :tf* m  ce#ta1**4:-

f , ,  m olm /lltr# 

7 ^  m o lM /lt tn  

m lw /H tr *  

Jo lM /tltr#  

Wet »m#1ywd for

Camtlc wda

A m w cetat#

Glycol

Sodlim

Volumetric flow rmt« g . I Itrw /w coN

Mw: flow rete  c .  km/wcomdCg kg/wcoiW 

kg /lltr*O w l t ,

Slue# tho food coocomtretlom w*od wore low and the food: wore *t 

Uw wo* tempore to re :, I t  we* eMmed that f*peMtwro end deoelty 

cNm ^ i  whom the :trt«M  mlxod were negligible ( ] . l ) .  The Imlot lloo 

WM too mhort to pemK witpllng, «o the coepoeltlom of Itfoow 3 hod 

to  W ohtolmod by mole hmlomce, (*«e Figure S.%). 

hlomco for cow tlc  |

h lonoe fo r d lic e tite  V i o  "

Mow mil the M * *  eldee of th e *  oxprowlom; wero L-wm*. 

K**W 3 « u # M U W  wii Imm#.

Wlomco fOr glycol ilm llerly

therefo ro

Balance for momoacetite sim ilarly



1 '*  I t r —  (k rw m  4)

s . ! .  t k ,  K  A l l  ATM , m , : -

M w U t ,  f y w l w / l l t n

u w t l e w d ,  f y  w l M / l l t r .

* w ciu t» * l* * /1 ltm

6lK®l Z y  m oles/litre

W lm  N* w ly w d  for

Velueetrlc fltw  rate  fl# litres/second 

now rot# o , k#/i#eo#*

B#"#lty I j / l l t f #

7*# outlet Mo# wox alo# t«o Aort to pomlt impllm#, ## t*#

#mtf#tlom I# thl# itroao hod to b# calcolatod by mol# bolwe*# *##.

(I) Cowxtlc Soda f*y*

Th# «tr*m loavlog tko rooctor w#» mowtrallaod awoetlf WM& 

th# #e«t1c acid qwaocb #tr#*i. which flowod at 0  ̂ lltr*# por wlawt#

#»d co#tm1##d molar a c t lc  od'i.

Nome# kf #c1d &### bolmmc# * @***,

TW mf or# T y  -  ^

Th# omolyxl# for 1: *1vo# 1# tho folTwlw, icctlom. th# flam# 

w#r# blow#, home# f y  eeuli' bo oktalmod.

( I I )  & t# l  i i j g l .  * f * /

TK# total glycol pr##o#t Im th# Imlot wawld b# th# «ame a* 

that pr###mt 1# tho o u t l t ,  ilmc# thli qwmtlty would bo wmthimgmd 

by th# roactlom. If It 1: o#«#mmd that tho food itroami wow awffle- 

lomtly dllwt# to coww mogllglblo domxlty amd teporatoro chom### 

om r##ctlom. thorn

«W f y  * "  * :»  * * * #  * '* #
" " w  w*m b m #  (—  "Ctlom 1.1 Im th l, a#o#dW , am#

hme# * ,  le f t  hom# # * *  ef ###**## 1* wo# k*m .



I f  K%*«t 1, Xtrwm # ^  bmm.
(W , tW  # o w  omiW b . C a l K W  by , l # l .  W .  h i m * : .

'* 1 / * * V « ,

F N .W :.  ,

r »  t« U l f M »  * * * , " "  «&t*1W Im tW M *  *»y M f*r
Stfwm  1, sect ton 1.1 ( 11) of th is appendix.

( W  &MJXMPI ^  :
As ihese,

M

* * , " "  "wlyw< for Im t w  **w w y ^  for *rwm I . (w #  w *.

tlom 1.1 (Iv ) of th is appendix).

Flmel Calculation of a cemceetrmv .mw 1* *trem  *

From (1) •  known }

( I I )  * - known j

(111) * ■ known )

( W « kiwwn }

Am N r Stream 1 . e#m#t1#e# Z2 pm met fper e#«t1eei Im fber 

*e T y . eW ^  teeld be celcwlmted.

1.5 Acetic Acid (beedi (* tre *  #)

Frm Figure S.Z. the cempwltloe ef tbl» itrern ***:- 

Acetic ecW f , ,  # e le i/lltr#

gelmmtrle flewrete lltr m /iecW  

Beeelty m* kg/lltre

A  # # * ! #  ef m grmm ef Strem #  wme tltrete# ellb  #  eel*r A W * #  

MM*1« #e#i. A w ** th#t # grmrn e f  cen t It (daalt* p.) w *



1'* Iwd Strwm (Itrwrn #)

From Figure 5.2, the composition of this stream m s>  

Diacetate xln m oles/litre

Clywl m olw /lltr*

Sodlue acetate Not analysed for.

Net*: If  the quench I i  mot perfect, this s trew  could comulm eodlm 

hydroxide or acetic acid, so In itia lly  an acid-taw 

t l tn t lo m  wes performed om i t ,  The acidity or atkiHmlty 

w* alwmy: found to be negligible, however. *e tble gm- 

cedure was la te r  discontinued.)

I t  will be seem from sections 1.4 ( i l l )  and (iv) above that 

tbi* itream only hed to be analysed for tot*, acetate amd free 

g lym l.

( I)  Saoonlflable Acetate

Thli wa* measered Im exactly the s#e* way a* for Itrem  1, 

w e lectlom 1.1 (11) of th is  appendix.

( II )  Free Glycol W ,,/

This was measured Im exactly the same way as for Strew 1, 

auction 1.1 (Iv) of th is appendix. The above quantities could m** 

be Med to solve equation# 22.

*. iM M s ir iv m  *  (LYcm. M N .n !S

I f  suffic ien t periodic acid Is added to exldlse #11 tbe 

ukeu l Im a : t r u »  1 tbuu free equation# 3 amd 4:-



aA#t1twt* t&l* #qm tlw  #:

Nwc# *  * * p";
V

A m  11:-

mo* * - #f tM ow lph t*  w*#d to Wtrmt* llbomtod W in#

af te r  oxidation of lamp]* 

w " weight of tSIowlphat* w*#d to tl tra t#  lodln# 11karatod 

from periodic acid blank 

m " wolyht of periodic acid aWed or oxidation of aampl#

# « weight of periodic acid taken for blwk 

p ' « ma!ea per l i t r e  of periodic acid preaent In periodic 

acid aelatlo#

p" « melea per l i t r e  of Iodic acid present In periodic 

acid lolutlon.

*  aW * w#M equal 10 that one pipette could be wed h r  a * * *  

periodic acid fa r oxldliliig and b M il. Alia, the Iodic acid ima 

liab le  to  be present In w all ccmrmred to the periodic

acid.

Hence equation f 5 can be approximated by:-

Tbarefore.

5  I

from eqmatlam 1%.



I *

I f  *  -  f  i s  a eve, then,

up,

*" "**** N  W  r  h , « W  to  dwoMtMt, th ,
Iw m altW lty  K  th , wMwd.

Axwm, tW t w - ZO #rm«.

t h "  * W*. " (0,M )(w ) » )5 y m i .

Th, holw c, CMlW h , rwd t ,  w  mccrmty of 0.01 frm *. Nme, * d l  

*,4#li1mg CM h w , m mrnxWi ,r ro r  of 0.0% grm i.

P o rc w t^ , error om w (O^glUfS) .  oj%

P w c w t^ , , r w  om « -

W*# th w , two mr, w b trx cW . hmmW, fu - « 5 * * * .  W  mm-

m for I i  0,M  g ra il. Fnm Z7. p,rcm t*#i w ror om / '  »

. 0 ^ 1

Th, pm ram tfc w m r om f I i  thus mwriy * ttmw thot om w imd «.

Im ordw bt .nw r# t in t  thore ww alimiyi wfficiomt par- 

1«#1c K id  pmwmt to  comp1,t* th , oxldotiom, It *#$ decIdH thK 

would b , M t mt 0,8. lime, th# lim it om th , bolmmc without I 

rm # , chmug, worn 100 g r# « . I t  ww dK td*' that 

w « 100 |rm *

W *« or »/V '  0,8

I '  80 TTHM

Th, por(*m'«g, Mfor on glycol comamtrmtlom would thu* b, r,»ic,d 

te : -

( 2 J * j p S )  .  o ^ *



3. CHMCl Of OnnmMN TIME MB TEST Of ACCUMCY Of rnHMR

As dl$cune<l ee rlle r (section 8.4) the periodic oxldstlo* 

time tied to be chosen so es to  achieve maximum oxidation of glycol 

1* W* md elMmm sepomlflcatlom of mono- *#d dlecetotm.

The method would be expected to be le a s t accurate when solutions 

with high diacetate , end low glycol concentrations were being

A solution was thus Bade up In which the diacetate eonc- 

emtrmtlom ww row#1* four tWe* thet of the glycol, *#d tM i mx 

tmelywd repeatedly with varying oxidation tines. Th# rem it# ar#

given 1" Table A .vl.l below:-

TARE A.vl.l

Solution Made up accurately to contain C.103 nolar diacetate

O.OMK nolir glytel

l ie .
15 

20 

30 

4S

to

90 

120

Two point# becoma evident fi-c* the tib le :-
( I )  Since the standard d e /a t lo n  of the above concentr#- 

tioms from the correc t value I '  MlY * # * »  

glycol anulysls p m ^ k r e  wes su ff lc lw tl*  

fo r  use 1" Mils

(11,  The « 1 d # tW  t W # ^ ' " " ' "  ^
. W  A .  « W A W  tW# AMW W ' f

vcol 

0,024*3 

0,0MS9 

0,02450 

0.0M39 

0.01453 

0,0244* 

3,02460



im

mlm 1* thm f w* mhpeftmut provlW  I t  I i KMWr 

t h *  IS W wtM . In prmctlc*, &* t» the fmtt th«t 

*"*lf*** w#r« dom# (m th#

time roughly 30 minute: per w # le .

All other analyses were tested similarly and found to be 

eceeptehle. except the emalyel* of mixture* of dlacetat* *md mem»- 

ecetet# end glycol. Since pure momoawtate could not be obtained 

to make up xolutlem* with kmewm concentration*, ttw analyila rethodi 

f t r  the** ahxturma could not be teatad.

A dlacuMlom of powlble errori and error growth In the 

analyte* la  given In lectio* 8.5.

4. TITRATION WMATUS

The photograph on the following pagi shows th* experlmemtel 

epparetw weed fo r tltratlom a.

The polythene b o ttle . 1. wa* f ille d  with the *tamda - I # -  

tlo* to be u*ed In the ti tra tio n  and was placed on the balance. :

T*e atwdard solution was supplied through a W . polythene t# e  

umlded Into the bottom of the bottle . This tube, In turn. * *  I*- 

w rted  Into a 3ma. diameter rubber tW* Wilch terminated In a wlom 

tltrm tlo* no» l* . The rubber tubing pa.sed through an en ^ ff  

old valve. 3. which could pinch the tub.ng closed to c u t  off the 

flow of ttan 'a rd  solution throw* the ti tra tio n  noizle into the 

t i tra tio n  beaker. 4 .  A sc rew  on the s.lencld valve also " " e d  

the dellm ry ra te  of standard solution to be controlled when the

t * „  was o p * . N y l"  ^  ^
th l ,  .uWtance I ,  non^ettable. and the n o « ,, ^  e a s i l y  ^

^  d rilled  to produce the « .U M t drop ,IM  -w».lb1e.

The t l t r e t l o ,  e l ^ t r ^ M .  n i t r o n  b.w d tube. ,nd tltre tle*





" t t i 'd  In to  .  holder which could bo 

w .  th .  t 1 t r . t 1 ,n  b » k . r .  T .flon  cov«r«d . t lr r ln g  b .r ,  I T  

4# th .  t i t r a t i o n  b w k c r i. w  ,  mmgwtlc : t l r r , r .  5 . with 

WMdi w»: used to  « t1 r the t l tM tlo n  m lx t,^ .

T h,pM K t,r. 6. rM d b othp H ,n d ^ . r o r ^ M , , . ^ . ,

g *1*M-c*lomel . i K t r o d .  w ,  used In con junctlc  wlih «

m m i hir* w w lm g element Milch enabled the meter to ( * * * : , te 

d W W  <k. *» te « p .r ,tu r«  Incrw iM  or decrw ,M  dwrln, the 

# * * $ " »  f i r  W* m w xorw enti « c ilo m el-p litin m  electrode p«|r 

W A#W .

The pH f d e  w :  c a l ib ra te d  froo 0 to 14 In :te p i of o .l 

A  W  t k  rw d ing  could be expanded by 10 i t  w y pH, w  that th . 

mWr tm M  b . rw d  to  0,01 pH. S im ilarly , th .  #  icale wu call- 

W #M  A w  0-1400 iW In step*  of 10 «#, and could a lw  be ixpmdeil 

: k p *  o f 1 mV. Th. pH « o t .r  *a: provided with Im  

« W # t M cW t*, om. giv ing  0,1 m* per pH or pw  100 Wf, and the 

a 10 m# per pH o f  per 100 Wf output for a record*".

Th# M cord .r output from th .  pH meter provided the Input 

A f  Ww wtammtic t l t r m to r ,  f . Th. mKhod fo r detwrnlnlng th .  t i t -  

l# M *  #Wp#1iit* i i  g1v#i b .low , amd o n e  th w . wwe known, a .

% #  m W " b o b  wi th .  t l t r a to r  M .bl« l th . pH m^*r *cal; t» k  

# *  M* t l t r a to r  to th . dw ired endpoint i f  the titration . 

# #  a *  ;* *md m* normal and npandwl icalM could b. *wd h r  *1 : 

0 W * .  W th . pH titraU om  mdpoint could b. i . t  to within 0,01 pH 

W '# P  M m tlom A ric  t i t ra t io n  endpoint: to within 1 df. "  " *  

MM th . mV ti t ra t io n  range wa* *o narrow that all potentlo 

W tM tle*  had to b . den. on «p.nded «cale. Th. P* tltr#  

***", however, prpvliW  a wid. wough r.nge to w ^ l .  them to b. 

wrrled out 'nlng the normal scale.

h r i w  * .  t1 t r . t4 . iM ,  t h .  pH m tw  output 1:  fad t .  tb .



k tw w , w W  W  «W w  
point *b** #1w# Mw t#  *m # r w  , 1 ^ ,1  4,  ttw M tm tor wMe» 1« 

w pllfW d W  «*M W  tc  ,  " d t a  c ircu it. TW w itch clwwlt mm-. 

glw# tW w lw M . w lw . #*4 *  cwitrol: the flow «f itw daN  w ly- 

tlom 1A . tW t l t r w io .  h w k r . n *  * , 1 ^  „  % , t l t r ^ r  pmw.j* 

for w  w rM o  flow of stamdmN :  .1#, # i d ,  1,  pn fortlow l t .

Uw w ror 1» tko p ro p o rtio n  h*d  rom#. TM wlomold w lw  * 1,  

pro*1#* om ^ff co#tr#1. TM, mwrnt. Im p n c tlc# . thot wtw* tho 

pH i* t* r  mpproocW to wltMm tke proportlowt k#md of the do,1r#W 

tltrotlom  omdpolmt. IM wlomold wlv* would mdtdi o* W  off with 

iKrowIm# froqwomcy. fina lly  wltchlmg off whom tko imdpolmt ww 

roocW .

Tho cholco of proportlonil homl wttlmg ww ImfloomcW koth 

&y tho delivery r*t* of ,t*itdmrd solution whom tho wlomold vilvo 

wo, op*#, and tho it lr r ln g  r*t* of th* tltrmtlom Wxturo. Mw* th# 

l#*#l of ,t*md#rd w lutlo* In th* wpply bottle dropp*d. th# fl#w 

fro# th# t l t r t t lo #  moz:l# d1#1m1 î*il proport1o**t*ly. ##d I t  w#o 

fowmd thot # w rrowor proportlomil band could be i*#d th#* *h*w th* 

wpply bottl*  w*i fu l l .  Furth*r. If th* tltrmtlom mlxtor* h*d to 

b# ,t1 rr#d  ,lowly to avoid ,pla,h1ng. tho* th* proportional band 

width had to b* Incro***' to pr*v*nt th* itandard wlotlo* fM# 

b*lmg added too rapidly and »# ovorihootlng th* #ndp*1mt. Th* pr*. 

portlom#l band width and w ttlng  of th* «cr*w on th* hilanold v#lv* 

w*M thu, both alt#r*d contlnuouily during titra tio n , , i  ord*r to 

obtain th* d**1md Midpoint,.

K. nfTfRMWTIQh *  TITMT1GX BkMUMn

A 0.71% otm r** l,to r wa, conn*ct*d acre,, the 0.1 *A P*f 

pH Of per 100 a# wchet on the pH —t* r. Thl, provided a voltage 

*f » t»  1 ,*#* fw  I* "e te r  ecele reading, ef 0 te  N Ml f  »



14C 9#. It fwW  tw t tM , * t * t  o . * .

M ,«U o, , f  tw  Ml m t *  w ^ , .  .  tw  w , . .  w  t k t  w m  wm, * .

w .1 . ef th ,  #1 « t « r  m . M W W . th . rK * # T  A 111 r m d O t .  W  

^  f M l w l .  W lw tlom .

tltrwW r ww d1%co*n#ct#d and th , cofr#ct 

. iK trW w  w r .  I ,  th . #1 m t« r. W  I t  * ,  w t w  mW Im

#&. < w lr ^  r * # . .  I f  #1 tltraM w # m r . helm# I t  w« w rW  

wxlM itw dard  hwffw w lA lim  w pplW  b, W lo w tw . Th. rw a N *  

"** ** *** ***. **". Ming i  M r. KipprMiloii mrnTlmitM-

SolwtloM w m  th e , * 4 .  ^  # lc h  e r r .  t ,  th . ecmomAmtl*.

* f iUmd.rdx W  nmtnwu  t .  h . wwd 1. w* K  th . o W r

Th, iWmdard w l,tl« M  w r .  placW Im th . «#,1y b«tt1, W  

th ,  MkncwM Im th . tltrm tlo , bw lw . Th. mltMwr M»W, « tln * r . 

#W recorder w r ,  «ll twnwd cm #md it#*d«r4 M in t!*  w*. ,I I# W  

t ,  flow In t .  th .  hw l*r imtll th .  cm plpt. t l tM tW  cum . hW W * 

tMcW o ,t  by th . r*cord. r .  I t  w* wwmN that th . dm# Im th . 

I I# W  lw .1  Im th . wpply l » t t l .  wwld b. m all amo.#h w  mawr. a 

MMtamt flow of utamdard wlwtlom daring th , tltratlam . Th, t # ,  

w a l ,  on th ,  Mcerdtr traca would thw  b# d lrK tly  proportional to 

tha w ltaa, of t l t r ,  add*.

Smwral typical tltratlom  cwvw i r .  ihmm Im FlparM 

*.*1.1-5. T h , midpoint of thowctlom  with t h , i t * p M t i1 a p ,w  

th w , cwva: wa: taka* aa tha amdpolmt ^  th . tltr^ lom . I t  U w ld 

b , m,tW that th , recorder chart drlv , wa» omly twrwd *  W*, th . 

pm, b^an to acca la ra t,. ao th , poaltlom . f  wch cwrva with rw pw t 

to  th , tlm, axil I i  d l f f .rw t  In wch taw . Th. flow throw# th . 

w lm old  valY. w m  kapt comiWnt for wch t l t r^ lm , c r * .  aW all 

t h ,  WVM am plottW  m  th .  i w  tlm . w a l. to #1*, am Maa of th ,

sHBfTmess of the endpoints,

w  to  tho pmwmw of ao d l*  M ta * . W ff* . ami ,1 *  * ,



*  * "  W  Mml
# * c k  M tf tk m  w dpol^* w m  1«w mtwp * * ,  th , ,trn # %  *W -

b w . W tm ti*  fbr I t r w .  5. TW potM tlom W c tltrm tlo.

m m  1 « i  thw  th , Ml t i tm tlo .  W polmu ^ t *  * .  A 1 # im

effect m*1e# the *1*ce1 detemleetw# titro tlee  *m*etet« tke W e t

oteef e f  i l l .  F l^ re  A.*1.1 ehewi the tltretlom  cerne *w4 te  * -

te le  the M* «**c* *e* te  he meletaleeW Ir the outlet tiwicfi weeel.

* T i m n *  PMcawE fm  wuN i u s

"Wwcee" prlm ry mteWird wletloee were eeed thm e#»#t

thle wwt. Tliey ere gemmmteN eccermte te  * * .« . The w letleee 

eeed were 0.1 nW 1 molar w d l*  hydroxide and 0.1 mud 1 moler hydm- 

chloric ecld imd 0,1 molir Iodine. Certificated A #rede itemdeN 

neek : were wed to met* up the wlutlom* end they were elweye mede 

«p 1e the cemetemt tm penture room i t  KTC. Theie prlmery i temd 

ird i were ewd 1e »  mimy of the imelyw* i  pwslhle, but If i  

lepge *o1ime of itendird wlutlom wi; required for I l«r*e m«#er 

ef t l t r e t lo w ,  then th li lolutlon wei emde up ind itendirdlied with 

the Volucon solution.

All stendirds were uied for « mexlmu* of two days, before 

being discarded, and fresh ones being prepared.

For solutions where the exposition wd te be ki**m eery 

accurately, as , for example, the periodic acid oxidising colwtlem, 

eight samples were taken, otherwise four simples were taken of all 

unknown solutions. If  the result! did not agree te better then MX. 

the analysis was repeated. All t i tra tio n  beakers were fitted  with 

m bk*  stoppers wrapped Im alwlmlwe fe l l ,  end where mecessa*. «he 

wmplei wen, weighed o u t  amd allowed te  , tend im a ,1tn*em aW e 

H a l a v  o ' 'M w e x i-f ly  the erne

cemcemtmtlw ww, te  be t l t r e W ,  th e *  were a ll weired eut.



I *

stoppered, and then tl t ta te d  one after the other, so that the stand- 

mN ultwlo* *14 m*t hav# t» W frm tn# hilmmc* W tw*
t l tm t lo M ,

^  w tm iU c  t l tm tw  wa* connected la  th* pH miter *W 

the #**1r*d *md point and proportional band se t. The rest ef the 

tltretlom  p r  dere was the same as that give* Im S above, except 

th a t the t l t r a to r  turned the solenoid valve off a t the and of the 

ti t ra t io n  and the end pH or a* rmedlm# wes recorded, together with 

the weight of standard solution used Im the titra tio n .

The tltretlom  procedure was found te wort a r tn m ly  well, 

giving bette r results and enabling the titra tio n s to be done galcher 

them those done by hand.
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Mote: Meyer's nownctetiire end equation numbers will be used 

out th is appendix. -  .

The consecutive reactions may be w ritten:-

MeOM

NaOH

H

XH
E/Mh

le t  the In itia l concentration of diester be A moles per l i t r e ,  and 

of caustic soda be I  moles per l i t re .

After time t ,  assume that moles per l i t r e  of diester reac­

ted - e ,  and that moles per l i t r e  of caustic soda reacted - ■».

Hence d ieste r concentration * ( A  -  a t)  

caustic concentration * (B - w) 

fu rther, exsmae th a t y amles per l i t r e  of mc.«o ste r heve foamed # n - 

log time 6 , and a moles per l i t r e  of alcohol. Then, by mole balance.

* -  y * a •

and w * p f P a * u f n - h s - y  ^

The rete  equations for P iaster and moeoester heces#:-

-_e/ -  -  -AjfA -  wlfP - W *

Md -  h,M - mlf# - wl - A,fP - "Ip *

with in i t ia l  conditions a t t  -  d. e  -  f  -  *

Ikyer warn able to use equations 7. a and $ with the ^  kumWaa 

pemdltlonx to show th a t:-  * * &

-

'
••

.



w ;

h*«r * ,  , #  * 1 .  »  w lw  tM , h r  ^  w  W

—W 4  * » t  k, a ,

Eqmtlem ZS e*«W tkw  be reduced te:

A -  *  *  |j<14 - ;»7

*n4 ebee tb i :  wee w betltetW  lute eqwetlee 8, tbe l i t t e r  eeeM be 

eelved te  ;le e :-

s  - f  f g 4 - f ,  H l i A z 51 ^

le  tble eqwetle#:-

8 « l e t t t i l  eemeeetretltn ef d ln te r  e t I -  e

B ■ In itia l concentration of caustic a t e - *

e * ceeatlc weed up In reectlen at e -  e

b . « re te  conetent of reaction II

Nonce Meyer wee able to solve for * from his experbeental rone.



BM W *#!*. KMLT* Of K O O K : TDE OimumUTM

w w m n

At d lsc u n e i In 6,1 and 6,1, thesa results were obtained 

In the fern ef # recorder tree# of e l l l l r e ' t s  rerees ttne . end 

were equivalent te  tbe w e; were*: time fenctlene dieeneded *  

Onoct wart* (1 * 3 ).

The m illivo lt scale on the chart paper contained 100 

dlvleloma, so one division wns taten as one unit ef W e;, and the 

f i r s t  dec heel piece wns estimated. Am overlay was milled act ef 

perspex, by means of which the time scale could be read In Inter­

vale ef 1/20 Inch. Since the chart speeds were varied for some of 

the nans, the Interval at which points were mad off the recorder 

tmcee was varied as wall.

The tables on the following pages give the data mad off 

the above recorder curves. In the tables, the time Intervals be- 

tween successive points am given, as well as the baseline We; 

value at the s ta r t  of each run. The muber of base points for each 

run represents the mwsber of points cn the recorder trace batmen 

tbo Injection point and the point rdrem the WW curve le f t  the 

baseline.
The Ws; values reported for Puns 27-36 had to be multi­

plied by 10 to convert thee to the same scale a s  those for kern 1 - 2 0 .



M  * .  1
Wwllm#: ] . l .  No. of Now po1"t#: go;. Total mo. of point*: 4*0. 
Flowrat#: 0.560* lltroo/o iooto . Sotomd* per point: 0.057*.

3.3 3 ^  3.4 3.5 3.* 4.3 4.6 5 ^  6.1 6.7 7,! 7.7 6^  *.0
* ^  1C.4 11,3 1Z,1 13,1 14/1 15.. 16.0 16.7 16.* 19,1 *0.6 **.5 *4^

*6.3 *7.8 **.4 31.3 3*.* 34.3 36 ̂  38^ 40.1 43.0 45.0 47/1 4*.3 5W
6* 8 55.3 57 * 6 0 J  **.7 65.0 67.* 68 * 70.6 7Z.7 74.8 77.! 7*^4 814
83.1 84.7 86.0 87.3 88.4 *0.1 *1.1 **,3 *3.3 *4.5 *6.0 *6 .* *7.5 *7.*
*8,4 *8 .* **.0 **.! **.0 **/! *8 ,* *8.4 W.O *7.5 *7.0 *6 .* *5.5 *4.7
*4.1 *3.* *1.7 *0.7 0* 6 00.3 86.0 83.* 82.8 81.3 7*.3 77.8 76.5 75.3
73.4 71.* 70,3 67.* 66.0 64.3 6*,3 60.3 58 8 57.4 56.3 54.4 5!.5 50.4
48.7 47.3 45 * 43.7 42/1 40.6 40.0 38 * 37.8 35.7 34.8 3*.* 31.1 **,*
*8 .* *7.8 *6.6 *5.5 *4.6 *3.7 **.* **.* *1.7 *1,2 *0.7 *0.0 1*,* 18.1
17.5 16.* 15.* 15.0 14.3 13.6 1*.* 12.3 11.* 11.4 11.0 10.4 10/1 *.7
*,3 *.0 0.6 8.* 8.1 7.* 7.6 7.3 7.1 6.9 f.7  6.4 6^  6.1
6.0 6.0 5.* 5.7 5.4 5.3 5.2 5.1 5.1 5.1 5.0 5 0 5/1 6^
5.0 4.* 4.0 4.8 4,8 4 0 4.8 4.7 4.7 4.7 4.6 4,0 4.5 4.6
4.4 4.4 4.3 4.3 4.3 4.2 4.Z 4.2 4.* 4.2 4.! 4.1 4,1 4.1
4.1 4.1 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0

*0 . !

Oawllne: 3.6. No. of baw point;: 1**. otal no. of point;: 414 
Flowrato: 0,550* lltroa/m lnot*. Sacond: par point: 0.057!

I *
4.1 4.0 4.0

NUN N0.__1

10.9 10.4 10.0
6.9 6.6 6.3
5.2 S.* 5.1
4.7 4.7 4.7
4.1 4.1 4.1



1 *

#0
73
4%
21
10
5
4
4
4.1
4.0

3 10.3 
I 71,0 6# 
* * , 8  30 
0 21,1 20
4 9,9 9 
0 0.6 * 
0 4.0 4

4.3 4

90,3 90.2 00.0 OOJ 9#.* M 
*  8* 9 44^  *1.7 09.4 57

3*^ 34 
10.2 17

4.0

0 3* 
19

3 9.9 9.3 9/1
4 6.3 5.3 5 2
0 4.7 4.^ 4.7
3 4,3 «.2 4 ^
1 4,1 4.1 4.1

0 31.9 30
10.2 15
7.6

4.6K

9*3.4 92
9 56.2 53 
0 2* * 27 

14^ 13
7.1 6
5.0 5 
4.6 4
4.2 i
4.1 4

IJ90 
5 51
4 76
5 12 
9 6

3 79.6 76.7 76.3 
1 :9.9 47,0 44.9
0 24.6 23.3 22 J  
7 12.0 11.4 10.9

9
5
1 
0

6.3 
9

4.4
4,1
4.0

4.2:::
4.1
4.0

6.9

Ss
4.0

mm *o. 4

Baseline: 4 ,0 . Me. of k t *  poin ts: 145. Total no. of poin ts: 326. 
F1«*r*t*: 0.7*19 litre* /* !* * * . Seconds per point: 0,0672

4 0 4 2 4.5 5 1 5.7 6.4 6 4 7 5 8 3 9 0 10.0 104 124 134
14 3 IS 7 16.9 1* 6 20.2 22.2 25.0 27 0 29 1 31 6 ^ .7 36 2 * 4  414
44 6 47 5 50.0 62 4 55.1 5*,0 61.2 64 2 66 5 68 9 70.7 73 4 75.4 7*4
*0 0 91 9 93.2 *4 5 85 9 96,7 97.3 99 0 88 2 88 6 88.7 99 * * 4  6*4
99 5 97 4 86.1 *4 9 83.5 92.0 80.5 78 9 77 2 75 7 73.9 72 0 704 974
66 1 63 0 60,5 59 6 57.1 55.3 52.5 50 2 48 0 46 0 43.9 42 0 * 4 * 4
37 6 35 9 33.3 31 2 29.7 29.2 27.0 25 3 24 3 23 1 22.3 21 7 2 1 4 * 4
19 2 19 1 17.1 16 0 15.3 14.5 13.5 13 0 12 1 11 4 11,0 10 4 9 4  * 4
9 1 9 7 9.1 7 9 7.5 7.3 7,0 6 9 6 6 6 3 6.1 0 6 4  9 4
5 4 5 3 5.2 5 2 5.2 5.1 5.1 5 1 5 0 5 0 5 0 5 0 4  * 4
4 9 44 9 4.9 4 9 4.8 4 4 4.8 4 7 4 7 it 7 4.7 4 * 4 4  4 4
4 5 4 5 4,5 4 5 4.5 4.4 4.4 4 4 4 3 4 3 4.3 4 1 4 4 4 4
4 2 4 2 4.2 4 2 4.2 4 4 4.2 4 2 4 2 4 2 4.2 4 2 4 4  4 4

mm NO. 5

Baseline: 3,7. Me. ef base points: 221. Total na. of points: 460. 
Flowrete: 1,1944 Htres/mlnwt*. Seconds per point: 0,0672.

3 7 3 7 3.7 3 7 3 7 3 7 3.7
3 8 3 8 3.8 3 8 3 8 3 * 4.0
6 6 7 0 7.5 8 0 8 5 9 1 9.7

15 4 16 2 17.0 18 0 19 0 * 0 21.3
33 3

1
34 5 36.0 37 8 39 0 40 8 43.3

56 57 5 59.3 60 8 63 0 64 8 66.0
75 2 76 1 77.3 78 4 79 3 79 8 80.3
*2 8 92 5 82.$ 82 3 82 1 92 0 81.7
76 7 76 1 75.0 74 3 73 3 72 6 71.8
61 4 60 1 58.9 58 0 57.4 56 0 55,2
44 1 42 9 41.8 40 5 39.9 39 3 * . 2
28 1 * 3 27.4 26 4 25 7 24 * 24.2
20 2 19 7 18.8 17 * 17 5 17 0 16,3
12 2 12 0 11.7 11 4 11 1 10 8 10.2
* 2 8 0 7 4 7 6 7 4 7 2 I '?
* 0 5 * 5.8 5 * 5 6 5 4 6,3

5
4

1
9

5
4

1
*

5,1 5 1 5 1 5 0 5.0

3 7 3,7 3 7 3 4 3 8 3 4  3 4
4.1 4.3 4 6 5.0 5 3 5 8 6 3

10 2 10.9 11.6 12.2 13.0 13,7 144
23 0 24.5 26.0 27 3 28.8 * .4  31.7
44 5 46,4 48 2 50 0 51.1 52,1 54 4
67 2 68.6 69 * 70 * 714 73,0 744
80 8 814 31 9 82 1 82.1 82,4 92 4
81 0 80,5 80 0 79 2 79.8 78.0 77 4
70 5 69.2 67 8 66 6 65.2 *44 624
52 * 51,9 50 5 49 0 47.8 46.7 45.9
37 4 36,0 34 7 33 0 32,3 * .7  * 4
73 6 22,7 22 I 21 8 21,3 * .9  * .4
15 7 15.1 14 7 14 0 13,7 134 124
10 1 *,* 9 7 9 2 9 0 8 * 8 4
6 * 6 4 6 5 6 4 * 4  * 4  6.1
« * 5.3 5 3 6 2 5.2 6 2 5 4
5 4 5.0 4 * 4.9 4 9 4.9 4 4



SE&. TW k M .,W  drift w, th . n c * + r  dwr,^ %.

* ""** " "  tw ld  not be uwd t« utUin a
rwldmc* tW  d litr lh itl* ,.

W  * .  *

Bawllne: *,Z. W*. of b o w  polnto: Z3«. Total mo. of p o l o t i :  g #  
Flowrato: 1,1*44 lltroo/mloot#. Socomdi par point: O.OPZ

Z 4.Z 4j  4 ^  4.5 4.7 4.$ 5.5 5.0 5.4 4 ^  7.Z 7 ^
5 9.0 9,8  10.3 11,1 11,9 17.6 13,4 '4 ,1  15,0 15,7 16,7 17J  18,7
* Z1.0 ZZ.4 Z4.4 Z8.0 Z7^ Z8 ^  30,5 3Z.I 33.3 34,9 38.4 38 J  3#.#
3 44.1 46.1 47.* 4*.7 51,5 5Z.4 54,8 56.6 58.1 50.5 6Z.5 64^ #6j
6 69.1 70.6 7Z.0 73.6 75.5 76.* 78.9 80,4 80,3 8Z.7 83.8 86.8 86.*
7 87.6 88.1 88.6 89.Z **.7 90.1 90,9 *0.8 91.0 91 ,Z 9 1 J  *1 j  *1 j
4 91.3 91.3 *1.3 91,3 *1.Z 90.* *0.0 89,6 89,0 88,1 87.1 86,6 **.*
6 8Z.6 81 ^  8 0 ^  79,Z 78/: 76 6 76,0 74,5 73.6 7Z.7 70.3 68^  67^

94.9 63.3 61.9 60.3 58 * 58/1 57.0 56.7 54 j  5Z.7 51 J  4*^ 48^
4 -  44,7 43.0 4Z.0 40/1 40.0 39,3 38.5 37,5 35.9 34.9 3 3 /  **,*
0 30.0 . .  n Z8.3 Z7.5 Z6.5 Z5.6 Z4^ Z4.1 Z3^ 23 j  ZZ.0 ZZj Z1^
3 21.0 20.5 .  " 19.2 18.6 18.0 17.5 16,8 16.0 15.7 15.1 144 14.8
5 12.9 12.6 1Z.I " 1 1 .3  H.Z 10.9 10.3 10.0 9.9 9.6 * 4  *J8
8 8 5 8 .Z 8.1 7.8 . '  7.4 7.3 7.1 7.0 6.9 6 4  * 4  * 4
3 6.2 5.1 6.0 5.9 5 * '.7  5.6 5.5 5 4  5.3 * 4  5 4
Z 5.1 5.1 5.1 5.0 5 4  5.0 5 4  5.0 5.0 5.0 5 4  5.8 5 4
* 4.9 4 * 4.9 4,9 4 4  4 4  4 4  4 4  4.8 4.8 4.7 4 4  4.71 J:i iil g g g g g g g g g g g
3 4.3 4 4  4 4  4 4

mm w . 7

5a; lima: 3.4. Na. af baw palmta: 181. Tetal me. ef peiata: 408. 
Flawrata: 1.5613 H trea/*1muta. Secamda per pelmt: 0.057Z

iilflii
g  I g  g  g  g  a  g  g  v
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H  *A M  A  4»Z 4*2 4»1 4,1 4,1 4*1 4*1 4,1 4,14*1 4,1 4,1 4,1

WN NO.

kw M m ,: 4,1. No. of bow poioti. 111. Total no. of oolnt;: 3 * . 
Flnwroto: 1,5*13 lltroo/mlnoto. Sotomd* por point: 0,057%

4,1 4.1 4,1 4,1 4,2 4,3 4,6 5,3 6,1 6,6 7,2 8,0 8,6 8,6
10.2 11,3 12.4 13,3 14,5 15.8 17.1 18.8 20.1 22,1 24.5 28.6 20 4  384
33.0 35.0 37.4 40.1 43,4 48.1 48,8 51.0 53,0 58,1 58.5 81.8 88.3 8*4
69.8 72,8 74.9 77,5 79,7 82.5 84,3 *6.1 87.7 *9.0 91.0 91 4  **4 #44
98.0 97.2 984  #8.8 98.7 99.0 99,2 99,2 99.0 98.8 98.3 97.3 *  4  984
94.7 93.7 92 8 91,1 90.0 88 4  88.3 *4.2 82.5 80.7 78,7 78,9 79 4  794
71.0 6^.1 58.5 84 4  82.5 60.5 58.7 57 4  58,0 53.4 51.0 49 4  47.4 48 4
43.8 41,9 40.4 39.5 384 384 34.9 33,3 31,1 29,8 284 274 284 2*4
24.2 23,0 224 21.9 21.1 204 19.9 19.0 18.0 174 18.1 154 14.5 13.9
13.2 124 124 11.9 114 10.9 10.4 10.0
7.8 7.4 7.2 7,0 8 4  8 4  8 5 '
5.4 5.3 5.3 5 4  5,2 5.2 5.1
5.0 5.0 5,0 5.0 5.0 4.9 4.9
4.8 4.7 4.7 4.7 4.7 4.7 4.8
4.5 4.4 4.4 4.4 4.4 4.4 4.4
4.3 4.3 4 4  4 4  4.2 4.2

10.0 9.7 9 4 9.0 8.7 * 4 8.0
6.3 6 4 6,0 6.0 5 4 * 4 * 4
5,1 5.1 5.1 5.0 5 4 5 4 5 4
4.9 4.9 4 4 4 4 4 4 4 4 4
4.6 4.6 4.6 5 4.5 4.5 8 4
4.3 4.3 4.3 4.3 4 4 4.3 4 4

MW NO. *

8**«t1mn: 4.2. No. ef b**# point*: 148. Total mo. of point*: 338. 
Flowrato: 1,9257 lltrai/m lnwta. Second* per point: 0.0872

llillllll1,1
6.1 6,0 5.9
5.0 5.0 5.0
4.8 4 4 4.7
4.5 4.5 4.4
4,3 4 4 4.3
4.2 4,2 4.1

4 4
4.2

MIN NO. 10

,1 134  i t  4  1 #  " 4  1 8 4  M 4  K .8 2*4 304 33.3 384 3*4



IU

4*.0 *5
79.3 73,
az.z  : i ,
57.2 55,
23.4 2$,
14.4 13,
7.4 7, 
5.1 5, 
4.7 4,
4.5 4 
4.3 4,

1 45.0 
* 51.2 
1 50.0

52.2
25.4
13.0 
5.5
5.0 
4.7 
4.4 
4.3

51.0 52.8 56.0 55.7
52.6 #5.3 54.1 54.7
75.3 76.8 75.7 74,8
50.4 4 5 j 46.0 43.8
25.3 23.3 22.7 22.0
12.3 n .5 11.1 10.6
6.6 6.4 6.2 6.0
5.0 5.0 5.0 4.3
4.6 4.6 4.6 4.6
4.4 4.4 4.4 4.3
4.2 4.2 4.2 4.2

62.2 65.3 67.3 63.3 72,0
85.1 8 5^85 .3 85.2 54.8
72.0 70.5 67.6 65.3 63.2
41.8 40,1 38.8 37,4 35.1
21.3 20.5 13.6 18.5 17.1
10.2 3.7 3.3 8.3 8 5
5.3 5.7 5.5 5.4 5.3
4.3 4.8 4.8 4.8 4.7
4.6 4.5 4.5 4.5 4.5
4.3 4.3 4.3 4.3 4.3
4.2 4.2 4.1 4.1

5.0
5 j  
4.7
4,5
4.3

7.6
5.2
4.7 
4.5
4.3

5U5 NO. 11

5*wllme: 4,1. Mo. of how point:; 251. Total mo. of point:: 535. 
F1<*r«to: 2.2851 lltroo/mlmuto. Sncond: por point: 0,0572.

4.1 4.1 4.2 4.3 4.5
8.3 3.0 9.6 10.2 10.8

13.3 21.3 23,1 25.0 26.2
43.5 45.2 46.3 49.0 50.5
68.1 63.3 70,2 71.5 73.2
84.6 85.1 85.6 86.1 86.5
86,8 86.3 85.3 84.5 84.0
75.5 74.2 7 a ,0 72.0 71.2
57.3 56.2 54.9 53.0 51.6
33.3 38.6 37.5 36.4 35.3
25,2 24.7 23.9 23.0 22,4
16.8 16.1 15.4 15.1 14.7
10,7 10.3 10.0 9.9 9.7
7.3 7.2 7.1 6.9 6.6
5.7 5.6 5.4 5.3 5.3
5.1 5.0 5.0 5.0 5.0
4.8 4.8 4.8 4.8 4.8
4.6 4.6 4.6 4.6 4.5
4.5 4.5 4.5 4.5 4.5
4.4 4.4 4.4 4.4 4.4
4.3 4.3 4.3 4.3 4.3

4,7 5.2 5.5 5.9
11.8 12.5 13.2 14.1
77.9 29.6 31.1 32.5
52.1 53.4 55.1 57.0
75,0 76,0 77.7 79.0
86.7 86.9 87.0 87.1
83.5 82,5 81,8 81,2
69.7 68.0 66.4 64,8
50.1 48.8 47,6 46.3
33.9 32.4 31.3 30.2
22.1 21.6 20.8 20,4
14.2 13.5 13.0 12.5
9.3 9.0 8.9 8.8
6.5 6.3 6.2 6.1
5.2 5.2 5.2 5.1
5.0 5.0 5.0 4.9
4.8 4.7 4.7 4.7
4.6 4.6 4.6 4.6
4.5 4,5 4.5 4.5
4.4 4 ,, 4.3 4.3
4.3

6.3 6.7 7.0 7.6 8.0
15.0 15.3 17,0 18.2 13.0
33.3 35,4 37.5 38.8 40.8
58.3 61.5 63 J  64^  66^
80.0 91.5 12.2 53.1 54.0
87.1 87.2 87.2 87.2 87.0
80.2 73.3 77.3 76.3 75.2
63.3 62.2 60.3 53.2 55^
45.0 43.2 42,1 41.7 40.1
23.5 28,3 27.6 26.7 26.0
20.1 13,7 18.3 18.3 17.4
12.3 11.3 11.6 11.4 l l . l
8.5 8 2 8,0 7.8 7.5
6.0 6.0 5.3 5.3 5.8
5.1 5.1 5.1 5.1 5.1
4.3 4.3 4.3 4.3 4.3
4.7 4.7 4 6 4,6 4 8
4.5 4.5 4.5 4.5 4.5
4.5 4.4 4.4 4.4 4.4
4.3 4.3 4,3 4.3 4.3

MUM NO. 12

8d,nl1me: 4.0. Mo. of b«:e point:: 251. Total no. of point:: 546. 
Flowrato: 2.2851 1ltro:0alnwt«. Second: per point: 0,0572.

lliiiisi



IN

Z4.0 M .2 22.7 2 2 ^  21.7 21 ,* 20.7 20^  1*.* 19.3 19.9 19.1 17.0 19 j  
19.9 19^  14,9 14^  19.9 13.4 13.0 12.7 12.3 12,0 11.7 11.1 11.2 10^
I0J  10.0 9 4 9.7 9.4 9.1 9 9 9.7 9 4 9.1 7.9 7.7 7,5 7 4
7.1 7.0 9.9 5 4 9.7 9.5 4.4 9.3 9.2 4.1 4.0 5.9 5.7 5 4
9.9 5,5 5.4 5.3 5 4 5.2 5 4 5.1 5.1 5.1 5.0 5 4 5.0 5 4
5.0 5,0 5.0 5.0 5.0 5.0 4.9 4.9 4.9 4 4 4.9 4 4 4 4 4 4
4.9 4 0 4 4 4 4 4 4 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7
4.7 4.7 4.7 4.9 4.9 4.5 4.5 4.9 4.4 4.5 4.5 4.5 4.9 4,5
4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.4 4.4 4.4 4.4 4.4 4,4 4.4
4.4 4.4 4,4 4.4 4.4 4.3 4 4 4.3 4.3 4 4 4,3 4.3 4.3 4 4
4.3
4.2

4.3
4.2

4,3 4.3 4.3 4.3 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2

NUN NO. 13

9M*1in*: 4.1. No. of bow point:: 219. Total no. of point:: 490. 
Flowrato: 2.9450 lltro/m lnuta. Second: por point: 0.0972.

n : i  i : ' :  ' :

7.0 7.2 7.9 9.*



I #

6,1 6 0 s .# 5,6
5.1 5 1 5 .1 5,1
5.0 5 0 5.0 5.0
4.8 4 8 8 4,8
4.6 4 6 4,6 4.6
4.5 4 5 4,5 4,5
4,4 4 4 4 ,4 4.4

5.7 5,6 5.6 5.5 5,4
5.1 5/) 5,0 5,0 5 ,0
4.5 4 ,9 4.9 4.9 4.9
4,7 4 ,7 4.7 4,7 4.7
4,6 4,6 4,6 4 ,6 4.5
4,5 4.5 4.5 4 .5 4,5
4,3 4.3 4 ,3 4 ,3 4,3

5,3 5 2 5.2 5.2 5 ,2
5.0 5 0 5.0 5.0 5 ,0
4.8 4 8 4 8 4,8 4 ,8
4.7 4 7 4.7 4.6 4 ,6
4.6 4 6 4.6 4,6 4.5
4.5 4 5 4 ,4 4.4 4 ,4
4.3 4 3

mm n o . 15

BcwUw. 4.2. No. of baw fe in t:: 19*. Total mo. of point:: *12.
Flowrato: 2,9940 litreAalnuto. Second: por point: 0,0572.

4,3 4 7 2 5 9 6.2 6 8 7 3 8 0 B 9 9 3 10 4 11 5 12 2 13 ,3
14,6 1b 0 0 18 5 20,0 22 0 24 2 26 5 28 3 31 1 33 0 34 8 37 4 39.1
43,0 44 3 50 8 52,6 55 0 58 2 61 1 63 6 65 3 69 0 70 7 72 7 75,6
77,9 80 2 3 83 8 85.1 86 8 88 1 88 0 90 0 91 1 91 7 92 4 93 0 93.3
S3,6 93 8 9 94 0 94,0 93 9 93 8 93 3 92 5 91 6 90 0 89 6 88 0 86.0
84,2 83 5 79 5 77.6 76 0 74 5 72 9 70 6 68 4 66 2 64 5 62 5 60,4
58,5 57 0 0 54 52,0 49 8 48 3 46 6 44 42 7 41 40 0 39 7 37.7
36,5 /4 6 5 30 8 zr " 5 27 3 26 2 25 3 24 4 23^22 3 21 8 21.4
20,7 20 ? 2 IB 3 17.5 1/ 0 15 8 15 2 14 3 13 6 13 12 4 12 1 11,6
11,4 10 9 3 10 9,9 9 9 2 8 9 8.5 8 3 8 7 9 7 6 7,3
7,1 7 0 9 6 7 6,5 6 3 6 2 6 6 ,0 5 9 5 8 5 7 5 6 5,4
5,3 S 3 2 5 2 5,2 5 2 5 5 ,1 5 5 0 5 0 5 0 5,0
5,0 0 0 5 0 5,0 5 0 5 0 5 0 9 4 9 4 9 4 9 4 9 4.9
4,9 4 9 9 4 9 4,9 4 9 4 9 4 8 4,8 4 a 4 8 4 8 4 8 4 4
4,8 4 ft 4 8 4 8 4,8 4 7 4 4 7 4,7 4 7 4 7 4 7 j 7 4,7
4,7 4.6 4.6 4 6 4,6 4 C 4 6 4 6 4,6 4 6 4 6 4 6 4 6 4 4
4,6 4 ,6 4 s 4 5 4,3 4 5 4 5 4 5 4 ,5 4 5 4 5 4 5 4 5

RUN NO. 1*

ollne: 4,1. No. of baw points: 19*. o' 1 no. Of point:: 350. 
v ra te ' 2 9924 Utres/mlnutc. Second: por point: 0,0572.

l i i l i i i l i
::1 2:3 2:3 S:! 3:: ::: 3:3

Tbo w c e :;1 v o  baw llm e d r i f t  «"
lor during IWr No- **

_ & 11, * * #■ I: i

the

time d is tr ib u tio n



1M

*m w . i ;

ImwM*#: 4.Z. No. *f k*#» point:: IM. Total no. of polot:: 41:. 
FlowrfLi,: *,M f4 11tro:A1mito. ^OkOnP: por point: 0,057:

4.% 4 .:  4 .:
i o . :  n . o  i : , :
3 1 ^  34,0 35.5 
W .0 50,0 70,0
05.5 07.0
01.5 00,3 70.5 
58.4 57,5 55.1
37.0 34,7 3: .8  
: l .7  M.O 15,5
11.0 10,7 10,3
7.0 6 4 6.7 6.5
5.2 5.2 5.1 5,1
4.9 4.9 4.9 4.9
4 4 4.8 4 4 4.8
4.7 4.7 4.6 4.6
4.5
4 4

4.4 4.4 4.4

4.3 4.4
13.3 14.5 
38 ! 40^
71.2 73.0
87.2 8 7 J
77.3 76,3
54.0 51.5
31.5 M .8
18.5 17.2
10.0 0.8

4.3 
5.1 
4.* 
4.C 
4.5
4.4

4 ^
15.7
44.1
75.2
87.4
74.5
50.2
28.8 
14.8
5.4 
8 .2  
5.0

:'j
4.6
4.4

5.0 5.4 5.3 
16,8 18.5 15.8
45.7 45.2 51.1 
77.5 75.2 80.7
87.4 87.3 87.1
73.5 71.4 70.4
48.0 46,4 44.5
27.8 26.5 25.5
15.5 15.0 14,6
5.0 8.7 8.5
6.0 5.5
5.0 5.0
4.5 4.9 
4.8 4.8
4.6 4.4 
4.4 4.3

6 ^ 7 , 3
21.1 23.2
52.5 55 8 
81.7 83.2
86.6 85.6
68.1 66.0 
43.1 41.&
24.5 23.6
13.6 13.0 
8.1 7,9

4 5.5
5.0 
4.9 
4.8 
4 5 
4.3

8 0 8^  9 6 
25.9 77.5
58.1 50,9 63.5 
84.5 85,1 85.8 
M.7 83.5 82.5
64.1 62^

35,1 37.9
22^  22.0 21.:  
12.4 12.1 1M
7.7 7.4 7,1 
5.4 5.3 
4.0 5,0 
4.9 4,9
4.7 4,7 
4 5 4 4 
4 J 4 J

9 J
5 f
4.9
4.7
4.4
4 ^

;

8mw11n*:
Flowrmtn:

4.1 4.1
10 .0  11.0
35.0 37.4
69.8 71,2
83.9 83.7
58.0 65,9 
41,3 39.9
22.1 21.3
11.2 10.9
6.9 6.6 
5,0 5.0
4.9 4.9 
7.6 4.6 
4.4 4.3 
4,2 4.2

4.1. No. 
3.3342 1

4 /  4.1
12.2 13.4
39.3 43.1
73.5 75,2
83.2 82.6
63.3 62.0
38.6 37.3
20.6 20.1 
10.6
6.3 
5.0 
4.8 
4,6
4.3 
4,2

mm no. 18

of baw point:: 171. Total no. of polnta: 371. 
-a/mlnyto. Second: per point: 0,0572 .

10,1
6.2
5.0
4.8
4.6
4.3
4.2

4.1 4,3 4,6 
74.5 15,9 17.5
46.0 48,3 50.3
77.0 78.8 80.1
82.0 81.9 80.0
60.0 58.1 57 1 
35.2 34.0 32.0
19.1 18.0 17.0 
3.8 9.4 9.2
6.0 5.9 5,8
5.0 5.0 5.0 

4,8 4.8 
4.5 (.5  
4.3 4.3 
4.2

4.8

%
4.2

5.1 5.8
19.1 20.9
53.0 55.8 
81.3 82.1
79.0 77.5
55.2 52.2
30.0 28,5
16.0 15.2
8.3 8.5
5.6 5.4 
5.0 4.9
4.7 4.7 
4.5 4.5
4.3 4.3

6 .2  6 .8
23.0 25.1
58.0 60.7 
82.8 83,1
76.3 75.0 
50.6 48.3 
27.5 26.1
14.4 13.3 
8.2 7 4
4.3 
4.9 
4.7
4.4 
4.3

5.2 
4,9 
4.6
4.4
4.3

7.5 8 4  9 4  
28.2 304 334 
63.8 66.2 684 
83.7 834 844 
73.6 72.0 70 4
47.0 45,0 43,8
25.0 23.9 224
13.0 124 124 
7.4 7.3 7 4  
5.1 5.1 5.1 
4,9 4.9
4.6 4.6 
4 4  4 4  
4 4  4 4

4 4

•:!

= r : r = 5 S -
13,'
36.
*8 .
60,

. 1



I *

PUN NO. 20

Baseline: 4,1. No. of base points: 176. Total no. of points: 3*1. 
Flowrete: 3,3342 l i t r e s /mlmite. Seconds per point: 0,0572.

4.2 4,5 5.0 5,8 6,2 6,8 7,6
16.6 18,7 20.0 22.0 26,0 27,0 294
50 4  52,6 55.2 58,1 61,1 644 f  .0
82.9 64.1 86.0 85.6 86,5 8 6 .9 . 1
85.3 84.0 82,9 81,9 80.0 78.5 76,9
62,0 59.7 58,0 56.6 54,5 51.9 50.1
36 9 3 4 4  32.7 31.0 29.5 284 27.1
19.9 18 6 17.9 16.5 15.6 15.1 '4.2
99,8 9.6 9.3 9.0 8.7 8.3 8.0
6.3 6.0 5.9 5.8 5.7 5.5 5.3
5.0 4,9 4.9 4,9 4.9 4.9 4.9
4.8 4 4  4.8 4.8 4.8 4.7 4.7

8.3 9.5 10.2 11.5 134 14,1 164
31.8 34.1 35,1 394 41.7 454 484
59.0 71,0 73.4 754 784 79,9 814
87.5 874 87.9 87.9 874 874 86.7
75.5 734 72.3 71.1 *8.0 654 644 
474  464 44.2 42.5 404 394 38.1
25.8 24.6 23.7 22.5 214 214 284 
134 12,7 ' .5 12.1 11.9 184 104
9.7 7.3 ,2 6.9 5,7 6 4  * 4
5.3 5 4  5.2 5.1 5,1 5 4  * 4
4.9 4,9 4.9 4,9 4 9 4.9 * 4
4.7 4.6 4.6 4.5 4.9

Note: Nun: 21-26 were discarded because I t was discovered that tbe 
recorder had been overdamped and the rew ltln# *7*7 curve: 
had been affected by the recorder dynamic:.

NUN NO. 27

Oasellne: 0,71. No. of base points: 181. Total no. of point:: 420. 
F'owrate: 0.4878 litres/m inute. Second: per point: 0,6000.

l i l i i l i l



I *

jg sisiS » is is is is is ts ts :s a  a
a *  mo. 21

h w lln e :  0,40. No. of how point:: 1*0. Total mo. of point#: 407.
FI w r i te : 0,4878 Utr##/*1mytm. Second: par point : 0.6000.
0 40 0,41 0.43 0 44 0.45 0.47 0 48 0 50 0 52 0.55 0 56 0 58 0.80 0.620 63 0.67 0.69 0 73 0 75 0.77 0 80 5 0 87 0.90 0 93 0 95 1 00 1 101 13 1.17 1.33 1 40 1 52 1.58 1 62 9 1 76 1,88 1 97 2 06 2 16 2 28
2 36 2.51 2.65 2 72 2 8* 2.94 3 16 3 3 40 3.56 3 71 3 80 3 *7 4 12
4 30 4.40 4.53 4 72 4 84 4.98 5 15 6 5 40 5.55 5 75 5 86 5 97 6 17
6 25 6.34 5.50 6 63 6 71 6.83 6 95 7 7 15 7.27 7 37 7 38 7 50 7 88
7 64 7.71 7.75 7 78 7 81 7.85 7 89 90 7 90 7,90 7 90 7 90 7 *0 7 89
7 88 7.87 7.85 7 85 7 82 7.81 7 80 0 7 77 7,70 7 65 7 57 7 48 7 36
7 29 7,1* 7.07 6 *4 6 82 6,70 6 63 7 6 32 6.15 6 01 5 *5 5 87 5 72
5 68 5.49 5.41 4 28 5 19 5.03 4 90 1 4 67 4.50 4 43 4 32 4 20 4 80
4 00 3.87 3.76 3 65 3 58 3 . 1 3 28 0 3 10 3.03 3 00 2 93 2 85 2 77
2 67 2.55 2.51 2 41 2 35 2.27 2 20 0 2 08 2.00 1 97 1 *5 1 *2 1 87
1 80 1.78 1.73 1 67 1 60 1.50 1 46 45 1 40 1.35 1 33 I 32 1 30 1.20
1 26 1.25 1.23 1 20 1 18 1.15 1 11 0 1 09 1.07 1 05 1 03 1 01 1.00
0 99 0,97 0.93 0 90 0 85 0,85 0 83 0 .81 0 ,80 0,80 0 80 0.80 0 80 0.79
0 79 0.78 0,77 0 76 0 76 0.75 0 75 0 .73 0 ,72 U.7I 0.71

.

:
■

NO. 29

0*#o11mo: 1.10. No. of :« point:: 73. Total mo. of point:: 169. 
Flowrato: 1,2018 lltram /atnuta. Satomk por point: 0,6000.

.10 1,10 1,10 1.10 1.10 1.11 1
.40 1.47 1.50 1 .70 1,77 1.96 2
.62 4,97 5.42 5.85 6.17 6.58 6
.71 8.79 8,77 8.75 8.68 8.63 8
.00 5,50 5,23 4.79 4.55 4,23 3

1 10 1.10 1 10 1.10
1 24 1.26 1 30 1.32
3 08 3.41 3 84 4.11
8 15 8.36 8 53 8.68
7 17 6.75 6 34 6.12
3 13 2.80 2 61 2.50
1 59 1.56 1 50 1.49

12 1 14 1.19 1,21
09 2 29 2.53 2 42
96 7 40 7,72 7.90
35 6 09 7. .J 7.53
97 3 65 3,53 3 46
87 1 76 1.70 1.67
25 1 21 140

8a:o1ln 1,60. 
F ln w rto .l ,2016

1.60 1 
1 .6 6  1
3.77 < 
8,74 8 
8.06
3.77

.60

.69

.03
32

3.61

2.08 2.07

1.60 
1.72 
4.37 
9.10 9 
7.45 7 

,40 3 
, 2 1 2  

2.05 2

No. of b ::a point:: 73. Total mo. of polnl:: 131, 
11tr«:/mtmuta. Second: per : nt: 0,5000

l l i l i i i i
m "



I *

M  *0. 11

Baw l!,*: 0.75. No. ef hew polmte- *7. Total mo. of point;: n * .
FI w ro te : 1 .*** 11 tree/minute. Second: per point: 0,3000.

ISSSSllillSllll
NUN NO. 3Z

Bowline: 0,61. No. ef hew point:: 37 "otel no. of point:: Ml.
FI on rete: 1,3684 lltree /e lnu te . Setond^ per point: 0,7000.

0,61 0,61 0,61 0.61 0.62 0.62 0.63
0,63 0,70 0,71 0.75 0,73 0.86 0,31
2,13 2.50 2,72 3.02 3.38 3,81 4.13
6.75 6.34 7.23 7.47 7.53 7.72 7,80
7,53 7,32 \0 5  6,81 6.50 6,40 5.36
3.80 3,52 ,33 3.07 2,33 2,81 2.63
1.60 1.50 1.45 1,35 1,28 1.22 1,15
0,38 0,37 0.36 0.32 0.30 0,88 0,87
0,71 0.70 0,63 0.68 0.67 0,6* 0,65

0.63 0.64 0 .6S 0.66 0.67 0.68 0,00
i.o : 1,18 1.23 1.33 1.52 1.73 1.80
4.42 4.35 5.17 5.43 5.80 6,17 6.68
7.30 7.33 7.92 7.91 7.90 7.78 7.08
5.73 5.52 5,10 4.81 4.52 4.27 4 JO
2.42 2.30 2.16 2,00 l.3o 1.72 1J7
1,12 1,11 1,10 1.05 1.01 1.00 3 J 3
0,84 0.81 0.80 0.79 0.78 0.74.0.73
0.64 0.63 0,62 0.61 0.61 0,61

P *  NO. 33

Bowline: 0,32. No. of hew point:: 73. Totel no. of point:: 160. 
Flowrete: 2,6634 H tre:/e1nute. Second: per point: 0,3000.

0.47 0.80 
5.40 4.00 
7.70 7 JO 
2.60 2 J 3  
0.73 0.70 
0,35 0,34

0.12 0,32 0.33 0.35
0.08 0.75 1.02 1,21
6.30 6.96 7,30 7.61
6.86 6.43 5.92 5.50
2,08 1.98 1.72 1.47
0,66 0,60 0,50 0.47
0.33 0.33 0.33 0.32

0.36 0,37 3.38 0.33 
1.55 1.83 2.23 2.65 
7,78 8.06 8.17 8,21 
S .10 4.6C 4.28 3,80 
1.38 1.73 :.16 1.0: 
0,45 0.40 0,38 0 .'7

0,40 0.40 0.41 0.42
3.15 3.80 4.37 4,82
8.21 8.19 8,15 7,98
3.48 3.31 3.00 2.71
0,95 0,92 0.87 0.81
0.36 0.36 0,35 9.35

RON NO. 34

I n l i n e :  0.30. No. of hew point,: 73. Tote, no. of point,: 162. 
F ,w rote: 2.6694 1, t m : / . 1nute. Second, per point: 0.3000.



I *

m *  *0. 35

Wwllme: O.M. No. ef b#*e point*: 4*. Totel no. of point*: 13*.
FIw rote: 3,3374 lltron/elnute. Second: per point: 0,3000.

0.23 0,23 0,23 0,23 0,23 0,23 0 ̂ 3  0,23 0^4 0^4  0.23 0.2* 0,2* 0 .2 '
0.20 0,30 0 j l  0,32 0,37 0.44 0,*7 0 ^ 0  1.0* 1.50 I .PI 2,38 3,1* 4,0*
4.IU *.3* *.30 *.00 7,40 7 ̂ 2  0 .1: 0,32 *.42 0,43 0.42 0^* 7,$* 7.41
: , 8* *.03 *.50 *.00 4.60 3.** 3.47 3.02 2.7* 2.42 2.1* 1.P0 1.** 1.47
1.2* 1.12 1.10 1.0* 0,90 0.00 0.7* 3.*3 O.M .** 0.61 0,»0 0.4* 0.4*
0.44 0.40 0.39 0,36 0.37 0,3* 0.35 0,34 0.33 0.32 0.31 0.30 0.2* 0,2*
0.27 0 ^ 0  0.2* 0.23

RUN NO. 3*

Oeeellne: 0,11. No. of be*f point:: 49. Totel no. i f  point*: 14*. 
Flowrete: 3.3374 litre:/m lnote, Second: per point: 0.3000.

o .n  o . n  0,11 o ,i2  0.12 0.13 0.13 o . x  o .u  0.1* 0,1* 0.1*0.11 0.11



* * » »  1%

TW UM«« helm, w eeerlie the reectlee , 

e r r , *  W i e t h e  pecW  w . , . r  The ew erW A el W W

C K e ^ r 't lO M  ere cc*ered with thew predicted hy the Ideal t # ^  

le r  reector model for eech cempoeeet. *11 ceecemtretlem, ere le 

P t "  —Idemlee per l i t r e ,  emd e ll tlerne le weemde.

I t was decided le 3.1 t in t  the remperetwre rise  In the

remctmr memld he held te  I t .  le prectlce this was peeelhle fhr e ll 

dmcept * end h, i*ere the le le t-ae tle t tmperetmre dlfhremce 

roee te  I f C .  leeee nets mere Included, howerer, end frm  Flpmre 

@.7 I t  I ;  «ean thet the result., are coepetlhle with these ef the 

other rmme.

The reectlce tempera Lures reported ere the enthmetle 

—em of Inlet end o u tlit  tmape etures recorded dwrlep the empmrlmemhh.

For sc— of the experiments the li.let ce^cemtrmtle— mere 

estimed to he suffic iently  reproducible so es not te  here te  he eel- 

cmlated e t eech flomrnte. The Inlet cencemtretlcei used for e ll  

flows ere thus reported, together with the residence times for eech

rum. The egre—set between Ideal and actual f y  relees for the—

ces— shews tha t th is approach was ju stified .

As discussed le 7.1. for sererel experiments —ly the 

caustic soda outlet conceatrat'oe was measured For these, there­

fore. oml) the experimental and predicted outlet caustic concentra­

tions ere glren In the Lahle.

UPERINUIL I

Colme, length: 1W .I cm. I"l«* type: T. Temperature: ZA.CC.
h—Idenc* Tl—

£  1  is ii I



0 .C O 3 M  0 . 0 0 3 N  
0 , 0 8 4 0 #  0 . 0 0 3 M  
0 . 0 0 4 # #  0 . 0 0 4 4 1  
0 . 0 0 4 1 7  0 . 0 0 6 0 4

0 . 0 1 0 4 3  0 . 0 1 7 7 1  
0 . 0 1 4 0 4  0 . 0 1 4 4 3  
0 . 0 1 1 4 4  0 . 0 1 * 4 0  
0 . 0 * 1 3 7  0 , 0 * 1 1 5

0.00404 0.3043* 
0.00404 0.004** 
0.00444 0.00444 
0,00340 0X10344

0 . 0 0 1 4 0  0 X 1 0 1 4 3  
0 . 0 0 1 3 !  0 .0 0 1 3 4  
0 . 0 0 1 0 3  4 ^ 0 1 0 1  
0 . 0 0 0 4 ?  0 X M O 4*

w aiM Eor *

C o l w m  I m g t P :  1 4 * . *  m .  I „ 1 t  t y p e :  T .  T m p e r e t u r e :  * * , 4 % .

4 * * 1 4 e « c *  t i m e*49 4e ' k

0.041*1 0,1040 0.00000 0.000*4
0.05175 0.1070 0.00000 0.00024
0.0614* 0.107* 0.00000 0.000*4
0,0615* 0,1073 oxwooo 0.000*4
0,0614* 0.1047 0.00000 0.000*4

I*f
loeel nvtmel Ideal 1 |

0.01 00347
0,004,. ,u0567 
0.01*41 0.01044 
0X11440 0.0'40* 
0.0*006 0.01444

0,034*7 0,03444 
0.04411 0,04144 
0.04451 0.04344 
0.06*24 0.04144 
0.0472* 0.044*3

0,0*07* 0.0*3** 
0.0*314 0,0*447 
0.0*531 0.0*41* 
0.0*4*5 0.0*753 
0.0*4*3 0.0*43*

1034
7 4 , *

3 3
* 4 4

4(0*1 U*4W
0 .0 * 3 0 1  0 4 * * *  
0 , 0 * 0 1 0  0 4 1 * 4 4  
0 . 0 1 3 * 4  0 4 1 *  
0 . 0 1 0 * 4  O X  
0 . 0 0 7 0 3  r

EXPERMEMT 3

Col pern length: 149.6 cm. Inlet type: T. Temper# tore: !*4"C.

le 39
v . 0 6 0 * 0
0,050**
0.05073
0.050*5
0.051**

0.1070
0.1070
0.1073
0,1069
0.1043

'39
0,00044
0,00044
0.00044
0.00044
0,00044

1/
Ictu il  Mr#:
I.OICU? 0.00351 
1.00402 0.00543 
1.01. ' 0.0107* 
1,01444 0.01514 
1.11*5'' ".01843

0.0427/ 0.03544 
0.04531 0.04258 
0,05574 0.05445 
0,05:15 0.04220 
0.04739 0,057*7

49
0.00X3*
0.00032
0,00?%
O.OOOJ*
0,0003*

'3 ,
K tw l l*«T-
0,017*9 ,0*375 
0.0:104 0.0*52* 
0.12541 0.0*790 
0.125*0 0.02740 
0.0*459 0,0*m*1

OMldence time

103.5
75.0 
45,6
34.0 
*4.9

4ctu#l_^jA *ll 
0.0*357 0.0*433 
0,01*4 0,01*5* 
0.31354 0.01*44 
0.01004 0.01*31 
0.30773 0.K495

EXPQumr 4_

Clwm, imn^h: 1 4 ,^  m . W ' t  type: T. T m m r .a n :  **X1'C.



IM

U s
O.OMM
O.OMM
O.WMO
14M21

0.1447
0.74M
0.14M

i4«*i
0.00512 O.OOM1 
0.01036 0.0004* 
0.00261 0,00160 
0.01150 0.00*63

0.007*5 
0.00746 
0.00750 
0.00753

I f
k t w l  jo##]
0.0*143 0.0*003 
0.1100 0.1002 
0.07013 0.07225 
0.1103 0.107*

0,00031
0.00031
0.10031
0,0003,

Actuit
0.04615 0.04510 
0.04051 0.06044 
0.03465 0,0307* 
0.05074 0,05225

Resident* time

I T
32.7

0.05*12 Od.___
0.04714 0,042* 
0,06*35 0/17421 
0.04474 0/14616

EXKMmtT 5*

. Inlet type: T. T#m*r*twr*: 21 .M .Colimn lengtli: 14*.6 on

' k
0.0*757 0^43* 0.00*06 0.00032
0,0*811 0.2426 0,00*11 0,00032
0.0*062 0^413 040*16 0,00032
0,0*767 0.2437 0,00907 0.00032

Xctwol ld*#l
0.00466 0,00588 
0,01079 0,01041 
0.00532 0,00216 
0,00544 0,005*0

Actual _ J d w T
0,09825 0,0*783 
0,1118 0,1114 
0,08105 0,07373 
0,0*835 0,0*754

Octwl Id**!
0.04*28 0.04*42
0.052*7 0.05336 
0,03546 0.03447 
0,048:3 0,04650

6**1d*ne* tlm*

4* *
34.1

trtW l ld w T
0.05302 *,85445 
0.04376 0/1437* 
0,06732 O.07I46 
0,0533* *4546*

Colt

"fo

0.0*7fl
0,03841
3.0*783
0.0*805

E x m u m n  5b

dll 143,8 oe. In let type:

0,2430 0 ,0000*
0.2419 0,00*13
0,2422 0.00*08
0,2428 0 ,00*)*

0,00032
0,00037
0,03032
0,00032

Reel deuce time

75.3
113,7

'a f

0 .0*100 0,08*2* 
0,1061 0,1068 
0.08134 0.07677 
0,07331 0.0647*



C o ,»  1̂ :  1 * 4  . .  T.

_ f k _  _Z*2_
0,01115 042194

*4f
a fh # l I#41 *Mld#nc# tlm#
041740 04172# 464
041316 041364 1124
04163* 04W44 33 4
041626 041662 75.6
0.01*10 041*13 26 6

Tmpemtw*: 224"C.

EX2BUMD1T 7 

Colum IrnigU,: 16*4 cm. Inlet type: T.

*8e **»
0.01115 0.021*4 040031 0,00000
0,01100 0 .0222c 0.00030 0,00000
0.01106 0.02210 040031 0,00000
0 ,010*1 0.02240 0.00030 0,00000
0.01103 0,02216 0,00030 0,00000

Actwnl idw l
0.0071* 0.00743 
0.00450 0.0044* 
0.00760 0,00613 
0,005*1 0,00573 
0,00830 0,00860

4f
Actual Menl
0.01752 0.017*7 
0.01470 041445 
0.018*1 0.01895 
0,01687 0.01548 
0,01*41 0,01*58

Actual Id**l 
0,0041* 0,00368 
04Q57* 040565 
0.00364 0,00302 
0,00476 0.00474 
0,00303 0.00258

Nanl6#c#  time
664

112,5
334

Actual *^8**1
0,000*7 040035 
0.00102 040126 
0,00000 0,00622 
0,00063 040074 
0,00000 0,0001*

EXPE*1M%1T 8a

Col urn length: 149,8 cm. Inlet type: T. Tae-porature: 21,1%.

jo
0,01081
0,01104
0.01100
0.01109
0,010*3

0.02258
0,02214
0.02222
0.02204
0.02235

0.00030
0,00030
0,00030
0.00031
0,00030

0 00000 
0,00000 
0,00000 
0,00000 
0,00000

Residence time

76.4
33,7

112,5 
264  
454



Colum 1 * 4  * .  ,# ,K  type: T. T m pM W ,: M .,% .

O.OMZf 0,00030 0.00000

*f
C W 1 'id w l
0.017*3 0,01785 
0.01537 041*53 
0.01885 0.01888 
0.01587 0 41358 
0.01*48 0.0195*

8e«14«mci  time
574
2*4
384

2 :1

EXPERIMENT *

Cplma length: 14*.*cm. Inlet t/pe: T. Twperetuee: *2,4"C.

0.02524
0.02505
0,02535
0,0252*
0,02520

0.0684*
0,05888
1,05821
0.05834
0,05854

0,00138
1,00137
0.0013*
0.0013*
0.00138

0.00004
0.00004
0.00004
0.00004
040004

Neeldemc tin

I T '
i& ;
334

A ctirl ^ide
XT

iT  Actual Ideal
0.01037 0,00934 
0,00517 0,00576 
0,01438 0,01379 
0,00657 0,00356 
0.01214 0,01183

0.0:364 0,038*4 
0.03350 0,03333 
0,04531 0.04494 
0,03049 0.02751 
0.04309 1,04277

A E u a T ^ rm a r
0.01X30 0.01366 
0,01:33 0,01440 
0,01060 0 41124 
0.C1097 0.01401 
0,C1204 0,01237

Actual Meal 
0,0039* 0,08367 
0.00646 0.0863* 
0,00185 04*176 
0.00*17 040*14 
0.00243 0 40243

EXPERIMENT 10a

Colueei length: 149,8 oe In let type: T. Tmperatnre: 23,2'C.



w#

io to

i f
ActWI M*#T

I f
e.«mM

# w w

e ^ e w

OAXM
O.QOOW

Nwlfmo# t W

7*,1
3 )^

11*.7

*et#M l3*«\ kt»*« :#*1 *ct»M i d
o,ocsM  o ^ w *  o,oKM  e/«% r  
o,#iis% * .m m  o /M z* o ,* w o

0.010M O.OOMO 
9/133Z 0.0HT7

0.02*% o , w n  
0 .040M o ja a n  
o .o w o  o^wwz

0,11401 0,01430
0 ,01n s  0 ,0126% 
0.01030 0,0137* 
0,011*7 0,01373 
0.0112S 0.011S7

o.oeoo* o^ooi:
0.00M  0,09207 
0/r*03 0,C30S
0.L 17 0*08*2 
0,00 1 *,091**

ETMMNDT 10* 

Colum lemgt*: 14*^ cm. Imlft t w :  T. T«mp#r«Wr#: 23,2'C.

Lluol IjeTT *Ml<k#cf tlm%
0,03*10 0.03*17 
0.04343 0 .0 32* 
0,030*7 0.02*** 
0,04411 0.043*2

30.*
2*.*
*0 .0
z*,1

C o l « "  l i g t k :  7 3 . 0

CXPqiltNT _11

i. 1*1*4 tyo*: M*g M l*. T*mper»iur*: 2I,7"C.

0,04773 0 . 11** 0.0020*

K iw i i w r
0.W070 0,00*00

2:07113 0:*7174 
0.063S1 0,00*1*

D,U8/oo

m m
I 'e i s n

_ _ s ? _
0 .001*

g g lk n c U lm ,
17.4 
23(4
37.4 
17.*
20.4 
4* 9 
l*,2 
4*^
29,3
20,0
32.2



ilT
— °— — J k —

0 ,'A W  0 ,110  0 .00a #  0.00000

S S T ^ B I :  tlm
0.0*703 0.0*7*1 a . ,
0.0IZO7 (.0*M7 * ,*
0.03*03 0.03*** 10*.0
0 .0*202 0.0*30* 7* j
0.0*07* 0.0*0*3 13.r
0.0*7M 0^*0*l 
0,0*433 0.0**** M.0
0.05705 0.0*79* 37,9
0.037*7 0.037*0 0 .7
0.0510: 0 .0 1 0  .* .*
0,0*279 0.052*0 31.0
0,0*37 0.0017 0 ^
O.OW3* 0.04*72 0 .2
0.03*00 0.03**0 10,7
0.05335 0.0*297 0 .*
0.0119 0,0111 7*.*
0,0507* 0.0*00 33.9

UPCMNOIT 13

Column luogtli: '*9.0. ln1*t type: Ring «*!'' Tmwrmtur*: 0 ,0 1 :.

3*, 3^ OMlOnt* tim

0.0*07
0 .0 0 /3
0.04*92
0,0*09

0 .0 0 0
0.0*50
0.09*45
0,09*0

0,00365
0.0000
0.0000
0.0000

0.00000 
0,00000 
0 00000 
0.00000

47,5
Z*.7
51.9
33,0



# , * 7 *  * ^ 0 W »
o ^ w w  

o ^ o w  #.*#*#

e,*we# e^ww 
o ^ m w  » .« « *  
D ^ K *  e . w *

a,on*

e ^ w w  o .c w *  
O^NW) O.OW7 
0^2341 O.OMW 
0 .0UW O.ONM

W # 1 ^W W

0^1*74 OjM m 
e ^ i m  * ^ w *



TW tmhle* b%l*w comtmln U* couplet# :* t of kinetic iht» 

**W to obtmlii th* reaction velocity com* ten I* reported In lection Z. 

4, *11 concentration* are In grim molei per l i t r e ,  end *1% t1#M In 

W mlrute*. end «m #eut«iei In "C.

1. Klmetlc Pet* hrom J . Never (1*09).

TMLE2

^
0 0,01 0,0"

Time r ,
2 0 .00&1H
S 0 .00*112
8 JOOMOO

n 0.004*56
is 0.0033*0
ao 0.00*5*0
25 0.00X000
30 0 .001*66
45 o .now z
#0 0,00061*

IB 0 0.01 0.01268 10 0 0.0S 0.04M*

Time

T "  # ^ M 0
5 04WW
*  o . m * #

11 0.011M
,4 o j» * e
17
%o o^ow#

% »
4«

*S

T * u ;

0.012W

z
4
7

10
13
16
M
*
4»
«0

0.0070M
0.00*30#
0.00377$
O.OOMK
o .o o e r
0.001#40
0.0013K
0.0007W
0.0004*0
0 .00011*

*5 0.01*3:

i.
14
17
*0
*
30
46

0^1**7
0^7000
0.0l **0
0.*%**
0.0W7'W

2 : ^

0.001*00



1 *

m u

0,0*900

*
§
I

H
IS
M
a
*

w

04H M
o ^ W N

o ^ e m #
e / w n *
o^»wo»
e.oo*w
« ,o o o #
O.OOMM

f a _
1# 0,01000 @J#|

TW

<
s
I

11
15
*0
M
*
45
#0

f k

s
O.CM*#
0.00*##
o.omm:
o^w oi*
o ^ o n w
»^m«o#

T«mp.

M

TWU 7

*1*
0.C174 0,111 (

T im

? 0,007200
0,004*52

8 o.ooxa#
11 0,0r2*0
14 0,00230#
17 0.001*5#
20 #,0015*2
25 0,001320
30 0.001020

Tmp.

25

w u  I

5 k .

T W %

2
5 a
B 0,00040

II o.on*#*
14 ".**71#
17 0^021*
20 0,«MW»
25 0^*1%#
X 0..AIM0
45 OJNOR#

5 k
(..OKM* * *  ,

2 K lw tlc h t*  fro# h tc h  %*» tdtli

Mmmwcetmt* cwiceitrotloii. to h# MM A f #H

thew  d«t*.

To#*.

25.0
1»

0.0M1 o .io i:

T##.

25.0



171
T1*.

T'H

I II
T *». f j ,

MXI @.0W7M 0^1073
T W

0^ » 0,01030
0 .W o ^ o m i
0.7S 0,00*5*
1.00 0^0**34
I.W 0*10*3*
f.oo 0^103142
3 A 0.00736
5.00 0/10*151

10.00 q,004M*
15,00 0,003**

» ̂ 04781

0.K
0.S0
0,7*
1^0
1.S0
!,00
3 #
5,00

10,00
11^0

0^ 1*11
O.QMO*
O^OM#
3.0MI1#
O.OOMM
0^0*74
o ^ o m ?
0,M » *
0^0404
o .o m *7

' l a T#*#.
. .

0,0475* 0.1044 21.5 0.04*38 I

TW r w 4
0 ^ 5 0.079*1 (Ij5 0.08214
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