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Ten gele ide. 

Het afstudeerwerk, v/at i n samenwerking met 

S, Lynn i s v e r r i c h t , behelst de absorptie van 

SOg i n vallende v l o e i s t o f f i l m s , 

I n de h ierna volgende concept p u b l i c a t i e s , 

waarin dit werk i s samengevat i s een scheiding 

gemaakt tussen de absorptiemetingen aan een r e ­

l a t i e f lange natte wand kolom, een korte natte 

wand kolom en de absorptie aan v l o e i s t o f i l m s , die 

langs bol len en langs een rij van onder e lkaar 

geplaatste bol len v a l l e n » 

De absorptie snelheden, die bij deze proeven 

zijn gemetèn , kunnen nu behoudens enkele c o r r e c ­

t i e s voor bepaalde e f fecten geheel voorspeld 

worden met de penetrat ie theor ie , Tevens i s door 

deze metingen een beter i n z i c h t verkregen hoe men 

z i c h de absorptie van een gas i n v l o e i s t o f i n een 

gepakte kolom moet voors te l l en . 

Aan het eind van deze concept p u b l i c a t i e s 

vindt men een korte t o e l i c h t i n g bij de f o t o ' s , die 

gemaakt zijn van het e indef fec t , waarvan i n deel I I 

l i t er atuuraanwijz i ng ["51 sprake i s . 
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Tlie 1)0116 t r a t i o n theor^j?' o f a b a o r p t l o n i n the a-bseiicë o f 

gas-pl5.ase r e s i s t a j i eeg f i r s t proj)OS0Cl by 'Q^s^ilv ^1 j i n 1955, 

has lö ï ig been, peeognised as b e i n g i i i t i x i t i t e l y more reasonable 

than t l i e s tagnant l i c p l d f i l m ooneept wl i i e l i i s used so w i d e l y 

I n p r a c t i c a l des lga worfcé Whi le raaiij t n v e s t i g a t e r s [ 2 ^ 

Imv© used the p e i i e t r a t i o n theory to c o y ^ e l a t © t l i e i r d a t a » 

liofiever,- a t tempts t o v e r i f y the t'fieöi'y c j i i a i i t i t a t i f e l y imve no t 

been h i g h l y s 'Uöcesf i i l* Seasons f o r t l i i ö have heen the appeara i iö© 

©f r i p p l e s on the l i f | a i d f i l r a s , mêmmn end- and " b e g i n - e f f e c t s , 

iao3caot aei l iods of a r i a lys io and. w i r i o t t B o the r t j ompl ina t ions* 

As a r o s i i l t ^ the p roo l t s io i i o f the data lias o^enerally been Imt* 

The present i n v e s t i g a t i o n was iiiiderta.lceii i n an a t t o i i p t t o 

v e r i f y the ;peiiet r a t i o n . theory q ^ m a a t i t a t i i r o l j f o r a Tsry e i i i p l e 

f l o w s i t u a t i o n ^ 

At^ ;vjr»lic(l i''t L.!i.̂  e j ï ' j ' ' o f a C:ï1 X I T T : ilcavU} C i l n t?ic 

hoRic c'iöuim'uth'fin o." l;'̂ io .^i.'-iust'eetia'». óiicov-./ ci.?c HorifA.tit 

f a r i ; ; />hnoi.'f'r,d I'-j U' iAr.hin.'il o." <tvC'i o.i t l i o fi:i->MOO( n f lhf,i 

i i l i ' . ' liü . I f t.h'.; '4!i;eJ.'.'itii'. t-T ( i i . Hi .,<-. : i-.aL'Cj'.'j l;».d ditx-xji;', t ' l e C i r s t 

r..>. i j ' . r i , i X i . r l ! d . . I ; ; , / ; / , JU ' . i t , l.syc.T- dii-'-) •<.'] ihi. t:irac-| t - ^ j 

i i l i/>i-JO't 'G'-JJ . I ' l t ' t; nf(\,,^^, tO') C i ' i ifi fjuliti'i.-i t o the 

i'r>üt'«i, 7-iMt!,j V..3.0&1-,/ t i " L'.au t>'i;'t; o-' >')u f.Lliii i;i)-,-'.-,).,̂ r''h 

ci<id t ' ' ' ' i .5' P re;..! f ) i l i [:hr. , I lu» irf' L.i.ó!,,' i . ' on^'iHion t o he 

'Ifi;-*! 5 "ihlOs TS'uf'.n rif:';Utr(j I u'>t,'J /'.V *; M-,0. c OiJCfU i -i tJin f n l i «.Uil.ng i 

ifii.i '* 1 Ui.i- (151" ?o.eo>* t l y l r >ji>,,j ri> ,1.1.'' i, Umt •'.;•';/ con*'i i<j ua ; 

whea?© Q s d i f f t i s i v i t y of the aoliit€3 i n the l i c | i i i d ^ öm^/seCi 

C = c o n c e n t r a t i o n of d i f f u s i n g s o l u t e , g/cm^p 
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Tlie f l o w lias been found t o be ö s s e i i t i a l l j lamina? ^5"| 

fori- Taluo 

« . . . H_r^ 
Th.& t ime dur-iiig vili loli €ui olaaent of area oa t l i e s u r f a e © öf t l i e 

f l l i i i i s I n con tac t w i t h the {jas as i t moves f rom the top ©f 

the öolumii t o the bottoia I s 

Thus, the average r a t o of a b s o r p t i o n per I ' l i i i ; area f o r the 

coluttiii laeeornes 

Co.iiti I t iofir ir,i(\:,j> u'htch 1;|-if a'.i-M'Mr/hl Oiin nf on t l . i f im*-e'^l;/ t h i c k 

l a y e r M O V 1 ii/-- a!; .-i c i n c f n i i i ; v ' :?Iocily a'lTn ati lovif-'o-f* oj_)fjv-oaliaal3f^'Jy 

T n l J f ï , i ' fo i . : A (v'''^!>^'-*f''^l f : ' i l t ' i . inn f i f {hi j f r ^ ec i i i a i , t«f!tiafrlo.ii 

f'•)•.' '") Lxui;ina i n a - " ia i l io f i l i ^ j ' l o . n , . ; y l t i ! . .'̂  M.'a?aholic v o l c c i l y 

rroff :i.l<j ho fus'iiA i.lfio u •{•h<; c t Tcei o f f.hr. ij-o 11 uiH'^ UKC V C I O C J . 

..'jreadf'al!, (Mfl '.lo'r c)iap',o the :«?r'ii(. oi ohiu. i?!}--.j <r,) 'j_y W O J / " Wtn-A 

f,v5 30 len,'.; np; ,Vlif) ya l Uf • O t" I'l",- '1 ! M'-ittn Cn/lcfin p .'Oii]!"^ 1 n loOL-, 

tha>i Oé'i ( i f i B üulïc'oiuj.or». of •"nj;. {''^) n'tui (,'.>) "ro. LhjB .'-.eoiip 

yieldo *<'/4fic> or> i a other words, the r a t i o 

g l | | i i | ; i | ^ l S | ^ he le^ss thau 0 . 4 ) . For the 

OTiallest valuQ of used i n M . ' . M - r-o!, «• ;i.>f-'"i)ii(riit'j 

the correspoD-disg value of h should fimu "no J oua vh.'ui ilOO c n , 

a c o n d l t i o a which ifs met w i t h q u i t e i.'if-- ïun-'ifi' f!.-if(it;\ 

i n those experimonts* 



2 . MSÈ^MMH^. ^}i^il]P!2'll-

A L«eJ->ria,'ibio OJ/i('£'inji of t l i e erxtiipmeiit i s sliówn i n P i g e i » 

'.'fot':j* v.'.'j Miieott lon Wl t'oush, a valve from a pressure of two 

'il;<'iuf.piiü-.\'^ij i . i i r .»?i; ; i) r. voteii ieter and i n t o the ahsoj?her« The 

pi> •'liouQ j f h . iyii;.-, :,iio "uo-ter suj^pl ied under preseure was t o 

,)>-GYC(».t ratal 1 ch.aï»'.;ofi o f pressure i n the absorher* f r o m a f f ö c t l a g 

f i f f i 3 jjiviC) f l o i ; vatr.* . 

'i-'i'i. ifative OTjod. :1 uto the ahsorhei* through a v e r t i e a l 

•̂ vhG wat'ic uf Tta-tT! Intifi B t e e l ' w i t h ' a n . ou t e r diameter of 15 IQIQ* 
T\i& uUi'.Caoo o f t lu - tiiht^ was roughened s l i g h t l y by sand h l a s t i n g 

to f r . o i ] 1 (;otc. xin-vlivj w&te-Tf and the tube w a l l was s l i g h t l y 

,'r>ir,-!.','-u1 3', the, t o j u 'i.'iuj filter enitf jred a t the bot tom öf the 

l-uho .'r.if.. t'3.owc(i ot'it O T o v the t ó p and dotm-the s ides as a f a l l i n i s 

f i l m * Thê l i q u i d l e v e l l a the r i o e i v e r a t the hottm o f th# 

tlJn i fafi kep t cons t a n t t ï io h e i g h t of the oo lu im being v a r i e d 

by moving the tube r a t h e r than 'bj changini;; the l i q u i d l e v e l s 

SÖ^ f r o m a c y l i n d e r f l o w e d ' " ' f i r s t t h rough a l a r g e rotaraetor 

and was then s a t u r a t e d ¥ i l t h water bef or-? L e i n g admisted i n t o 

the absox'hor» The incomirig f low r a t e of the SOp was always 

g r e a t e r than tho r a t e a t which the gas ¥ias be ing absorhei^ and 

the exaesB passed out throu£?ii a second.^ muoh sma l l e r ro tameter 

i n the o u t l e t l i n e * The f l o w th rough the sma l l e r ro tamete r 

was ahout 5?̂  o f the ineoa ing f l o w ^ By thue raai n t a i n i n g a :--iaall I 

stea&f stream o f .f;as through the ahsorher^ the aceumula t ion 

of l u s o l t i b l e gaseous i m p u r i t i e s a t the l i q . u i d i u t e r f a o e wag 

p r e v e a t e d é , The temporatures o f t h é incoming gas s t r e ^ i of the 

water in . the s a tu r a to r^ and of the ln.0oaing and ou tgo ing l i ^ i d j 

streamsg and the pressure i h the absorher and b e f o r e the gas 

r o t a p e t o r were Dioasured f o r eaeh exper imen ta l point*. Small 

ad jus tmsnte of th© data were then a p p l i e d t o o h t a i n the r a t e 

of a b s o r p t i o n a t 2 0 % and a p a r t i a l pressure o f SO^ of 750Bm Hg* \ 

These ad jus tments w i l l be d i s ö u s s e d i n more d e t a i l i n another 

seö t ioö .» 
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5* ÏM^MmL^L^/i^-' 

7 
i | f o above fi le a¥emg© of tliè 

see soc t io i i 5)# Tha rate- of 

For ease o f ooaparisoa, t l ie data obtained were a l l 

ad3noted to a aosastaiit Y&IV.B of the sur faoe temijeratiire o f 

tho watöjf f i l m and a corifetarit va lue o f the p a r t i a l pressure o f 

SOp w i t h i n the. absorber . The avtsrage t e i a p e r a t u r © of the s u r f aoe 

of the f i l m was assumed to be 1 

i ï i l e t null o u t l e t teraperatures* 

abeo3?., - MMi a t the average temperature o f the ©irperlaerrfc (16®| 

20®, or 24®0) Tias then o a l c i i l a t e d by assiimiiig the theraial 

c o e f f i o i e n t o f ahporptlon. to he -le'SJ^/^Cj a f a l t i e Yihich ië 

based on the p e n e t r a t i o n theo iT (soe section. 4 | A ) and whlöb. 

was Te r i f i e sd by e i ïper imeï i t» ThuSj the r a t e of aheo rp t ioa oh-

served, f o r esample, a t an. avorags sup fac© temperature o f 2065^ 

?ias i n c r e a s ó d by 0*8% t o ohfcalii the .Talae f o r 2 0 ° . The a d j u s t * 

iri.en.ts mds i n t h i s aaiiiior rearoly eï^öoe^ded 2$ and wei'e i ig-aal ly 

l e s s tlian 

The p a 3 ? t i a l 'preatmto o f the ë O j i n the ahso j /p t lon vesBOl 

was öoap i i t ed hy siihtraotip.f.^ the Tapoi» pressure o f water a t 

the temperature of the watei* i n ' t h e s s t u r a t o r f r o a the abso lu te 

pressure i n the vesse l* 

Tha coiiGoatration. of SO^ a t the s t i r faoe o f the f i l m aiid 

hence the r a t e o f a h o o r p t i o n of S0<-, i n the l i < p i d , was assumed 

to ho d i r e c t l y p r o | ) O r t l o i i a l t o the p a r - t i a l -pteBSiiTe o f S O g i n 

the Teasel# Thus^ th© r a t e o f a b s o r p t i o n observed, f o r exaraple, 

a t a p a . ^ t i a l wceasuve o f SOg of 755 nm Hg was deereased hy 

0^67?i t o o h t a i n the r a t e a t 750 nm Hg, These a i j u s t m e i i t s too^ 

were u s u a l l y l e s s than 1 ^ , 
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5* l4M3SSlBLJ>i.M^mM.' 

The raïidom e r r o r j as oaii be seen from the p lo t s of the 

experimental data^ is ' q.irite small^ about + li^S. I t arises from 

uncer ta in t ies i n reading the-.ffot,aïttete2?s and themometersi and 

i n de t emia i i i g the h é i h ï s t of the ©olumn* 

Til© systematiQ e r r o r s I t io lude both the iiiicej?tain.tles 

i n the ca l ib ra t ion , of the equipment and also th© t iaoer ta in t ios 

I D . tho aostimptions i w o l T o d i a the es t imat ion of the surfaoe 

oa the top of the ooluiim^ of the changes i n s o l u h i l l t j duo 

to teraperature .sind pressure (i#.ee of the correet ioi is made to 

present the data f o r a standard tempepature and pressure), 

aiid o f the ourface tempe rat tare of the f i l m s 

•fhè est imation of the eq.ulfal6:flt height of the oolunm. 

l i i fo lYes a t"v7o-folcl assuBiptioni f i r s t an est imat ion of the 

s t i r f ace of the l i n u i d on. the top of the eolumn and seeoricl an 

ös t i raa t io i i of tha f e l o s i t y at the stirfaae^ Both ara necessary 

i n ordGT to estimate the time of contact ©f aa element o f 

surface area* HoT/ever, tha value of A h amount e' to only 

5-10^ of h^ so that a r e l a t l f e l j ' ' Itirg© or ro r i n the estimation, 

of h w i l l not gïeafi.y a l t e r the 3?elationship of the gas 

absorption t o he igh t , slnee t h i s varies v/i th h | * 

The es t imat ion of the aottial temperature of the io.te.rfaoe 

i s subject to the most ui ieertai t t ty of a l l of the a s smpt ions 
iriTilvecie I f the f i l m ac tua l l y hehaTod ag a s s m i ^ i i i f i n i t e 

stagnaat l a y e r , the surface teraperatur© would remain constant* 
lïowewef, the therraal c i l f f i i s i ' v i t y o f watei' i s of the o M e r o f 

a huiaclr-ed tiraes greater than, the c f l f f t i s i T i t y o f SOg in. water, 

so t ha t , wherr-rjas the ass i impt loh 'öf odnstant Te loc i ty axkd i n ­

f i n i t e depth i s J i i s t l f i a b l o f o r the d i f f u s i o n of raatei?ial i n 

the f i l m s oonslderod, i t I s not at a l l j u s t i f i a b l e f o r t h é 

d i f f u s i o n of t h0 .ma l energy* 

One 0841 i a l c u l a t e the temperature r i s e of the surface of 

tho f i l m due to the absorption of SOg ( g a n g l ^ ^ l s [ 1 4 ] ) , I f 

one takes the hea.t of so lut ion of S0« 





Tlie o o n d l t i o i i s e t ud l ed liere. l ï o ï e f o r e f f e c t i T e colujaa 

h e i g h t s between 12^5 and 22^5 © E U aiid fop Reyriolcis imiiibers 

betfreen 125 and 1150» ï h l s coa^resporids t o oontaet t imes bêtweei i 

Oe13 and 0,98 aeconds» Lower f l o w rntes -tfer© not studied, 

beaause of the d l f f i e u l t y i n keeping the tt iho c o m p l c j t e l j wet 

by the s o l u t i o n ^ Measureraents w i t h s h o r t e r tubf3 lengthfs were 

not i n c l u d e d because of the inoi?oasing r e l a t i v e i npo r t a i i c e 

not on ly of the entrance e f f e c t bu t a l so of an e s l t e f f e c t . 

This s s i t e f f o e t i s eirldenced h j the appearance of a band 

of r i p i ^ l e s about a aent lraeter above the l e f e l o f the l ic iuici 

i n the receptor* P r e l i m i n a r y , c iua l i t a t lTe expG,i?irientg i n d i c a t e 

t h a t the su r f ace of the f a l l i n g f i l i a belotf t h i s band of r i p p l e s 

i s n e a r l y s t agnan t , ancl t h a t the hól .gh t o f the band o f . r ipp les 

v a r i e s inverse l j i - w i t h the v e l o c i t y of tha f a l l i n g filBi«ii 

s i m i l a r piienowenoa has been r e p o r t e d by llatgnyag-a \15} , who 

s tud i ed abso.rpt ion by shor t l ic ra id j e t s * Th is e f f e c t w i l l be 

discuss eri i n Pa?t I I of t h i s paper* 

è s k n a s l e d g e m e n l * 

The au thors w i s h to aclrnowledge the o o n t , f i b u t i o n s to 

t h i s paper hj A» K e s o l e r , who deTeloped the abso i ' p t ion appa^ 

r a t u s , and t o R«A«T«0^ l y s i n g , iftio he lped w i t h p a r t ' o f the 

t a k i n g o f the tlatae 
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lil f,ï\o :Ci:-*ot* ni 't lolo (y? «ïi lö oöv^iü;. [i j i t 

iTMS 1*0112.-1 :CGr ylr /alctsl .'ibeokiiilo?. wit 'l 'ottl' 

e:aiJ i)}jaoa i-oalsvGiioD i a ;7ötto'.l"i.?all r-.olra'.:;} iHm 

aiOj;jio theo^'y o.? tro,vuiior«it •'•i^fnulcm :l,;itr) Ü wta.-_̂ -

ïi::;.Tit layoï? o i ll{iiii='5 (po"ió'&A'atlo.it thuor-yl io •vv'li€\ 

>?U'' cOi}iK:.ct tli",33 tijj l;o 1 oeca-'-'l, l i l wt? r:.ati'> oi' 

a S:i'h.i of l l c ^ v l - i >.'lovri;.i:j o'^'ct- a Ui/liom n oirpJci?? 

mf/j'i&rii^Ileal tiMati'iont i o .(•ivciuly oöip'iic-^.vór" i f 

Oiio aftef.iiil'a iil? co..i'jiaoï' tlio t-ti'otcIdiiG Q- t'ho yHup 

LvjJ tht, ffOiihotm/juy f-ioïifr>iiu.>.i of tho CiOHC^intfc) l lo-i 

(•;?*:.'̂ hJ.'jxita, an I t f lo i7o f:..ew tym toy of î'.o i J j i lni 'o 

io ifih: bötto'n^ '-hS u atx»Gto>s*f;ti; w i l l 'iur/f- t : e f f o c t 

of i:-.ïOi.'€O.Gi'i/j thu c.D.-4<ifv.rt5?ctio':5 /;.icu''l^ :.-t'B oü th<> 

t\'r;i.>a-,' i">rilf of th.a ti,-)Lo;.'t.-i ir-'^'O of ^ooreoaGiiiti t lors oy* 

fjio Jo'o'Gr* lw*l. ' . \ ,:kio:ree;.'i tho . " i l i - i op, t h ö 'Girt/O'e ho.!:, of 

tJii^ C;:liirs.n:), holï.t{; S'I-OGHO^^ tibr.oiiyi f a e t u j ' t)iii.-i vlhoa 

I t io Oil t*l:G ? otlc^ i M i l f , o:on v-oulf'- o:c,;o§'fc' try.> not 

o''f0f>.t 0"': 'cho n t r u t c i r l K r ; (yr^d v,o:v{;:-j^icbt-zi'^ of th.u f l l ? . 

to he a>} innt-ontioü ;?Gtö q f aln;o<ytio:^.« './iuhodt C.O!J=^ 

h*t"-vX-i'i t!:u«tj . j f f u c j t r ; , tho ;hjl2 .Aiiüe' 0-'l&C',lr> t l ö s 

Oo-ioidoi- c uph'Ji'c of x»a.lraa Coni) \.-3ti.. aa 

ö:«sCSt''-i'-i-' oo' j i-f i iö/feo '..•hich i f j -a-. Pt p-.o tc-!) o f th-C 

„•: Aczrö ü-ih '/T^ a i Lha toi-tczt, h l m s i h •''"l«r*..-Fi ovc;;- tho 

upho;£?t; i n lî rihae,--.'- f l b i , wivh t t-i-irf.̂  \'cfi,i-i'n3ti.'iG 

13 p a o " ^ leï::-'/üaö 'K I t i s .p.OB'iii'^.f t'YVc ttiv; 

tlLl&kaeuD of t l i o . f i ir:; , ö t r-r^ [^.fititiKh.. the 

Dyuur«'5 -.10 th.o r . f i i u oi: 11 v/oiilc'. bci fc-;? t.b.f;i uö/'.r;- fXoi/ 

r a t o itait lu^irïth, /^^ {ctP/oiz C J G O ) , r.a <? -aiaiio 

ij;i.ï*;faöo r-iahLi:; hhu Ciine a ! ; , lo vsith tho 'vr.c'éim-J i 



13:1"- ^?auQ O f a t » f J O ï . ' p l ? o i i rjA' a i l f f « * @ i i t i 4 l • ' t u i l t o f 

(3) 



'i'liti va.lue o:; feïid t«jï»ra 

mirt 'cke vr.Xüo o? 

M'O pov'il'ti.j-'.rl; j_il'.y{jleal yj-'-roorilc;^ I l ö S o c ' . l : i | J l J 

I f ü f ' C - . u a o f"/-* l l o ; ^ f,oH-lilrJ..3iti' a"ï; l)'.'.- i / r t / ^^.a-' b o 1 ; l $ i , i 

llio ftei^i-vauiGii altOvf> !**tifi boo- I O Ï . » Ü Ü I / - ; ] CJ exjloi'ou. 

VBioü-iOi' 1? '0 atr-aa-;.'linnr! e l UJ.«Ü lMo\,-3,i'.'i l i . : 4 4 tu-c 



i n orivoer.'" 'Co :;At', 1\! iif<A" î!'i'. '"ro.- l-'v:; t«'r' 

!)tH'Yfi-.'•tl. t}j.r: rijiJlO"?ri3j OL»''! i : : 'CJK; C O <<MS ilUj-Cü'' cri 0:1* i'nu 

l ï io ' jdlvc'l ras ln tït-s r/tit-^joy-ir, S lua iö :l3 S'.ctl,'! 

Wil') bo a'.ipi'GTZMiicioiyft 

11 V:V-yj:'' '«c "lO r i ^ l u : ; &C \'lr- '3i-i.'C".r ;1-J ^O-J l t ü'ric: 

f ] Ou l5-'-ri1 ai-e i;,<i"f;';:".} l o lï'C- t"'- l-'-f; C-O-r̂ i-̂ crè •utuo 

loï; l i . 1 . 1 ).-••; -y-n^n >" .-.Jl,' o:.' H Ü,M'1..;. .'UA \ . ' i l 

bo / f^"^ , l'lif. iO't.'"t r.i-^ifi t.>r-'i}:.DC!l tn t'..o :.r.r; \ . . l l j ' /^'A 

r,.£ .' .•'« tK • i i.'», 01 Cil C 4a) ï, 

oj'-v^j- ..>u,..','!jj uiti: •'̂ i'̂ OjiU'i oZ yc-".;GS.'.>ulf.O'" t 'l"J 



3^ ••'u;|Ci.\< Vn-l Oil ur' ödlil'ill.'-.vrJj « 

amd/Kioiit. i'c:»J vats CÜ.-;; ês t'tmt 

G,9;; mi \5c;i;-fj liCGC* v-,rt-=li c r l -..'OwJi a i ;S| f'^ IO5 



3é 

E'ilo ',yc-/üi\ \i<jj?a '-jy" t»» i/i'o r-fsit!.;? hairhi 

o r f i iX^ryiliJlii'V tX? fUi.-, O-V '/flO writ i^r; r-ï^'' 

imsfö % 9 ' K : V I 00.-, ï i ' in t i l l Licet 5'-ïl i n ' - r t i ' ^ l -j-itot 

.'öf'* been fif'r',o>- .̂« ' ' . ' I 'O ïiMl'.jï'tjfj i,ui?o I -XU'UÏ 11-01 J, üt'j-^l 

v i ü ö-lr"'.'; e'^,l*üf?C t"-iria-i?'4i^'hllyU}(i i^liwiiivao'^ «r? 



Lrfl».u-;-rt *5l:u:\-i 11 . i / loth.uü ajM^i^st //V /? 

' . ' Io ijl'.5..'Cj u-:,* V'',.! ; Cli*? l i i - ' G V'c.-'.y'i-f?, 

fK,i i -vU f... % V'»'-'.' X'--Vix: r'.-lr . vU: - / ' . 

{j.l" c.-:J ftfl. '"rv*-,; :-jo".ol-.\-t-!Oii t i i - ' O i - j ^ '•'"^Is 

H<-,':a;.,':-ouiic'-u l.-s )ji%''j.an'.;y (-oc \y! t t i - j rt;:-. t.;;̂  

o.:' ''•.t;;j/r*:5on «'-•'•l' ï'"' a c i . a i l , / l^Lc-', ^Ai^^ 

. i u :'.£; Li.. . , '!'! 1') /'.'i(j»i';«ni.''i< 'ï''.;,-.) JiKi'ii --."or-.' t-n^.-i . ' ical 

rr-.vo •?•:>!'' t l o ;l-*fi./'''ü,"C ccVltv*J. uor.:*'-: i 'o rCs / . - lai---

•H'^f'i ci,"'"/''^^'-''^ ' ' " -f joo i't'v? •!;''»'•, I ' / ' - f i i i ' rOi 'o oyJ.ia.ii"'. l-t.-.i-iii vO 
r 'oviLvto ;•»•.; C - C I ' ^ / G O O , rxiid hh-.ovti l*fŝ ,» iil-r, 1 '";-r/f/^oi 'O 

O0lt!i-.':1 'i-f... :T., {.•!'. v i ; i t : J r . l : (>.'- V''-^<J«'* •rtii.u i'\'2i.Q.l> 
iu -JOKJ ÜÜ "aric lr3cr-?.,5'".el:'r',l;/ / ïr)i>ïj ., fe'i^fiir/ u.>" i-lè.-© 

'l:tQ_ii>-^ :!riiu'i t ' j ^*!,:!iiï1c at; « r.il-.i...» i . ' i* ie i ! ' . ••.'otc-

e.l V ' r fep.a.'jjli' 0'." .ri/lioX'óü :>ii iJLo aoleii.':. ID •li-jxr-icuc-il* 
I ' l io %i-'uiaoi'Vlh-/ Oi' ,r-u f i O ' l Oy'rr Vlir . lOiirz' fj-js'..ir''cCö 

i'T noIt'J-ir. i u f>)a'"'5'VO';'. ..-̂ 3 O. tCHVlC<:r?;/ l o r üi'.r-; l i m t i d 

BuTiVju ' 'nariüO'* Ifacir -rtsiJ I I J J - ' M * ot- i i t o ,)€rl;rtc r'l*.e:;?o 

tHuj 0,,l'.jL»-r3:; .'.uro , i ' . ) iru<l tO O-lvli:, nf l iOt ' s '.'-'.'illD t r v ^ m a j ' 

-.isr ('i.n^/r./ino-y •H'tV'öl.iii 'r^V-'ti.i 'j 1>i. tSu . ' .vfci ' t^ieri u l / b o 

t j j -Ufr^ i :^ Oi a üw'ï.ll;y-';.:'.-r'r;uivo ! •avo;r . ial |*'§Gt::r»ol" 1« 

.,.'.;,•'•<, coaooulr»ti"i;i«.j;uo o l ll;o;/ü'^ . r i t . ' -ÏX- "iirjci.•./•"* o r 1ÜÜ0 

' I 'T ' . - i 1'. r l i i ui;.r TQii.:l',t>or 1 ^ : .u;r>lo r u 'jM^ojttc. 



ox' i'l.i;:o:.v;s, : iiXl. oy n irh-yo±ij'-i \.i'<hi viiica yiot-vov. 
i.Q tii"y lii'vmaj* :' 'i;>:> 'io a rlT;:,.'fjii:; i i i t i l o o ' t r U / i 

u'üi'oi'.iil'l'iuc ±i\ è ? j f j L'L* .'Itjuü r.ycm ujo 

Isofjo tvor-r loi i r ' . r jua ' t Hurt; . L i i j - l . ' ' l ' . ; , i-.'>.rai'_ Y * 

c\'r-r:' tnaïij i,'>-:>:•.0'"'. L'M" ) .v l : i - . \ ' ; u ••x'i'otivlvr. 

abii'i'-'pfci^vi ' . j 'T.üi ' ' , t l i t s H !•! fjx-cLii'ji t.Mat' A l M i x ' i i , ' ; 

; j l ru ' : - f i f ' l o. 'i , . > ' l 7 . V . . : . : , au l'ii-.j ivp'ihiy.hecl 

t i i 8 . / 0 i f i 'ixini-^A^-ru •.},,:?: cty^ -^v. c i-'n. _}(>•;, c r u 

' lv v"-:-,. t-ij. Vf. ' i . r l : - . ' - i )•••• j / l - i , , | n.y',,i;n vt.,;n.'i üSr< 

i j '*> •c5xliH-/'f"rMa f)'" •>;'-!€. L ' .LH'J ••.•tir/"» wri^o, I r . •ü'.f.fi 

l a [; 'J a r r f'fh"r,i;r.r'''.!*;*i o l ov ra . l l -a l r . t^ -."r".'!orf. 

J..I. èfi'r ,"''Ja, ' u l ^ l ' ^ . -'yjx-'i'rc.rj' Ir/ Ic-ruJ I '- itA'cr* 

.;c-Ml'';a a,r lac, j ) a r ' ' ï ' i ' , l y 11^- r a-'.-i!.,- ..)•. /j^r. # 

'•'•-lt: ;;'r.-alM'll(r-.»'a- -Iji.yC" l<. .'.••.C:-"'N'*rr ia. ^ ' 'luv-ar . . j i r j 

xo-i;irja'"i O» 



5* i*mi^Q^ii?^i:^i<^mu^ïï^ 

?i#y!;i ca-j ;'ov of'^'CuiD cjyyiutv'iii', t n 1-V r;,;'.,crrr.g 

ƒ T . v . ' 1 , • -,'1 {' .1.1 (V <: '1.00 < •?9 ;: .if- : < > .<:- • t l ; :t?a t ' J H 

b-.•t.;ioc:r o^f^ n ' v l /^\> a i "'̂  ,/i/?-'üC, V-'VAO coï^^r-rj" 

aoao.-̂ j ts'3 p,f)„»taf"-t t iwad t5''.t'.vj>.; ^i-i t i ^ t l i ."<vl n.OS 

rjt ï3, l'vx* t h r 1 ft^Wï'G'lfe.'ï ©/t5e5,*-.j 'aal iial-acvai 

1» ' /u c-ait ü«a.;) a.:n* ;loa lia-, taa*-i\\<lit'a öi/i-at-a, 

•rlijr '-t3!itis£itti^i»* 

l ' i ' . t l . l t " r ' ' , ' J V i r ' t t-'J ra-ÏLi'V.ia/:',;•.> 

ta! ' 'ct ,*cat L-'i a'At; f-^^jcv a":];-- !;> l . , t f , ' a t . v ' a t 

tieatioïi» 



' sufeaiicfH. 

Ct' Q c ; . i f ^ r l r i o : s i c'i-. t,> f t r•::'•>'.• yr-'üiJ^.i» (Jc-rr^ 

Co t i r t r-aY-'r-;:-.:vl^r--s a.' f , r : i ! t.-- t.-ala u t c/c-u^' 

^ 'K-C'r i->̂ = i t l • / . . ' , ' t r r l-r--- : a . ' ; T t t j , MM a- . / ' - r i t ' 

^ 't iX' i ' J t a* i"2 L-<ji''-.-.:i,ir!:i l- ' ia) 

.'.'if Jt-j?'- cC ro.l--:r-ijr -l.,», .•r^t.»« r 

:iv?'-,l'. w.-." r.:- -c 

hy: ' • . - ' L . ' ' ' ; - ^ '•'•t"'- . •• . ;•, z'ryy.-Cit y...' y.yQM^ &§ê 

"'}}',..• f'.. •.-iriio/ii: ',':!"(•'• .>'ta O ' l .yi .,'X(.,i.:c.it o t éli 'öa 

if-'' • yrj\: •'>•/• y- y-z. n - .•n'jat'i. ::r^-. 

•t^' ,-.-.ioG:.'„.y .V :.:a-t'-"..':- C.I !• a»/;a..'C 

<^ . ' i - -* ; ».•"• l i - t'Of"",.,-! .! '.'"'tu oa frtica--cj 

.al.j..'.at ' : l an a-aai ;;>a a-ii-i] .lo'ra.tt., aa-'/Vfc aua 

t 

• 7-^ 
- ' • ' i l i . it'lOi'yyM*'-i 

Wit 

i ' . .•..irttc vif^euiraa;; J vi . t ' /Luie. 

l a ;v ' ' ' i t r ' - r - ra o l f;a.!ij a/ö>'a. 
t.a.-a-J 11 C l a.a . . , / . - . u . : , 



| a | V /:iti | r:,| ''b:r.a>VQ'i«/ï,o-^'^ d c a r .'.taa.iv?rO| r ' ^ j 
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tloü oJ a f ' o - r rüc i j "uat iTi t i i o l I I vo.ii i3it v o r o j 

],f fio.S'o''''il } r €1 ua^aoij ti{ -1 tlf 1 i r ö J i l r i r f f a i op iio 

t j to r o ' i j K j ' iL clii.Ui 1'1'r \.jri ÏJ!. acoa'jAoi' .cti i j : i ' : t oa 0 [ > ile 

l o t o ' f . Tania J . ' \ " ' 8 

Ofjo-.̂  v ra-oc i f ' i i i r t i i t ' r naocf j r . a ^ r ^ oü.Lüar^ ' ' r t a i t 

pfCuCG a l l o c i i oa1;.ei ( L vo.aiioca '^loc aai-oi-» j . i l t r o j r 

.-ac y'ül) fini-nO 'jy-l bu voJJ » G'ccoout b ' jv* o 'u 'V.-.'f^o-

l i j f i J i l i i p j c i,a;iao (i'" oalr,? rll;oa3? r.o&laat;.oio loJlc-a 

i . i u-r i v"loi ' i L t r r lo iti/a-..aoaf",3 3 ( f i l e f1r.c-l I I I ) f\aa Pial 

r11i i~''{>jab tiaiC' ' j . .IC b o H c r a l c r , üa-'a: ojif^et» dc 

l a . i t r t r.c daatdir, b o l u i l s;r s i o a 3iji3« 

I j i •pa1ra''ai;u.aricl « tihe''«$c is aaa^^ö^ovor. oy >,ÏG3J':>? 

XiXiiiü ('ii', c r-'ccl 5Kfc i'.ai l 1 ci'i'';. t o f , a'<a nofciiylöe.iii)3 anw 

on l 'ai f.in: .f 1 ü .': . . j t oouo # 

ÜQiiC Mrjü"a^cof üOi'tL "liel» tul^aVa oon c a p i l l a l x ' 

nocaai; l a ' ' u t aaitor a - i a j c c t e o r t i ' l a l s i j i . voo.i' coa 

;^'fo^t ".;/''cr 1 I , ' aaji in-l, o ?r'?la'!- a l i o t i,7atf'3?rilrapje 

aaar b e n é d e n s t r o o m t » 

Oatmoet d i t 

" s t a r r e " v l o e i s t o f -

wmTtse s n e l l i e i d 

k l e u r a a l l a t can* 

raetliyleea'blaiiw mx l i e t 

f & p j e dam zal haat n&er-

wordea geread en de 

sieTer wopdeii# 

W t t . . l - L w t f s 6 ( 

t' /^Ct^M-sW^ <,j,e. 



Op de Mei? Tolgende f o t o ' s 1 en 2 i s d i t dBl te l t j l s 

t e g i e a « Men Icaa oelt: d t i i d e l i j t waariieaieii| dat de liot^le 

Tan i i t ö t t o c t grotea? wordt iiaaasaate men de ¥.lo©l-f 

n t c f b ö l a s t i n g Teroi inder t ,» 

Dat d i t g r o t e i i i t ö i i s i t e i t e v e r s e l i i l n i e t v e r o o r -

saalst wordt door l i e t f e i t j dat de f i lp ,d . i l c t e t e r 

p l aa t s e van d i t e i n d e f f e c t i e t s gj^oter* i s daa daar 

b ö T e a , I s met f o t © 5 aaiigetooaci* 

H i e r i s de k l e u r s t o f n i e t g e i r i j ö c t e ? e r d zodat z i j 

aan l i e t opperv lak ¥aii de f i l i i Itomt, maar aan l i e t 

water- van t e f o r e n toegefoegd^ De i i i e r b i j rgebruikte 

c o n e e a t r a t i e van de k l e u r s t o f trns .cleselfile a l s d© 

a f v o e r van de ¥03?lge g e f o t o g r a f e e r d e p j j o e f j e s a 



Fig . 3 

Kl©ur!3tGf n i e t g e i n j e e t o s r c i . 


