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Gae abaorpt1on 1• t.ba\ un1t operation or \lll1t proo••• 

1n which one or more oonatt\uent• are re oved tro a g aeoua 

mixture· by abaorpt1on 1n a 11qu14. Sino• the problem ot gaa 

absol'J)tlon 1nTolv • the tranater ot a aoluble gci• tro th 

gaa phaae tot.he l1qu14 pba••• the proo••• 1• one ot 41ttua-
1on, and whether the purpoae be to reoov r t he abacrbed oonat1-

tuent or to purity t.he re lnlng gaa , the largeat poaa1ble 

urr oe ot contact o.r lnt rtaolal ar•a muat b provided tor the 
lnt .ractlon between t he two pbaa•• • 

The proc••• ot absorption t1nd• w14• appl1oat1on 1n 
1nduatr1 today, moat pr-oceaaea being oarr1e4 out ·a oon\1n• 
uoua proo••••• 1n toweN 1n which t h gaa 1a paaae4 upward 
oount,erovNnt to the tlow ot 11qu14. Yet, beoauae ot t;be com-
plex natuN or the meonan11m by Which the p.rooea or baorp,-

t.lon 1a thought t.o oocur, v1de var1at1on• x1at 1n the 1nter-

preta.t1on and ppl1oat1on ot •xperl ental n4 plant data. 

Conaequently• th re baa 'been perata\ent tend noy t,o tN t 

gas abaorpt1on a.a an. art rat.her t han a.a a ao1eno•• 

Although the baaie prino1plea ot gaa abaor pt1on were 

poatulated 1n 18851 the "two-t1lr.i t ,heor," or d1ttua1on upon 

which preaent t heoret1oal oonc•P'• are baaed wae not. a4-

vano d until 1925. M\leh recent x.pe~lmental work has been 

done 1n attemp\1ng to oorrelat.e the •tteot ot such variable• 



• ge.e oompoe1t1on, t mper ture and prtteaure ot the eyet•, the 

over 11 preaaure 4.-op through the t.ov r, and t he &pJNIHnt aaa 

veloc ity or the gaa and liquid pn.as•• through th• tower. How• 

ever, t ,be maJor pol"\1on ot th1• work has been perto.rme4 on 
Nlat1v•1J amall a1ze equipment, and the Naul.t1ng data oannotr 

be aeouratei, appl!ecll to d.ealgn oal.oulat1ona tor 1ndu t.r1a1 
equ1pme,n,. 

'?he purpoee ot this 1nffat1gat1on 1a to oorNl&te, by 

means ot empirical equa.t1oM, the operating oh&ract•r1at1ca ot 
an abaorpt1on ayetem 1n vh1ch oar'bon, dloxl4e 1• paaeed upvar4 
1n oountereUJTent tlow to ihe downward tlow or •-ter. Tl'le 
&bsorpt1on will be performed in a 18" atonevare tower 21 t••' 
1n height• 15 t••~ ot whioh are rand.om paoke4 with l 1/2 \o 
2 1neh coke. 



.. ,. 

qa11•, slno• the prooea& ot s a abeorpt1on 1DYolvea the 
tran.st rot a oluble gas trom the s a ph •• t.o the llqu14 
phase. the pz-oo•s•-, be «ealga ted as a dlttua1onal pcroceaa. 
Aoool"dlng to the ld.net.1c th 017, . pa oonalata ot a l e 

nwn'bor ot 1n41v1dual moleou.le in mp1d motlon. s tnoe th 
moleoulee move tt.t N.ndo 1 1t two gas a al"G pl oed 1n the a 

cont.&lner, d1ttua1oa wlll .result opont neou i,. In absorption 
practice 1\ ls t quentl7 neoeaeary to deal v1th a mlxtu:r,a of \wo 

or more gaaea • bOlh or all or whioh are l!lore or l ••• aolu.bl• 1n 

the solvent. Sherwood(~) d•v•lopa th tollowing equation tor 

the st -aq- eiat• d1ttue1on ot both oom,P<>-nenta ot a btnar, 
mixture 

(1) 

MA = rate or d1ttue1on or 6 a "A'' • gm. ola./(aeo.)( aq.om.) 
Na • rate or 41ft 1on ot gae "B" • gin.mole./( seo. )( aq.om.) 

P • total preeeure , at.m. 

P.42• pan1al preesure ot the g a " " att~u• 41tt\la1on, at.m. 



PA1• pal'\11 preaeure ot t h ga 0 A• before d1ttua1on, 

at • 
x • 41a\anoe 1n the d1reotton ot 41ttua1on• om. 
k • where»-· 41t.tua1on oo ttlaient. , o .2/ aeo. 

1• total p • ure • atra. 
g • law cone n\ • ( oc . )( ta. ) 

?# abaolut te 

However, before the abOvo equ t1on oan olve4 lt le 
t1rot neoeo r, to 4 tine and evaluat• tho d1tfue1on ooett1c1ent. . 

SheNoo4(50) derlvee t h tollow1ng • p1r1o l quatloa 

where 

oG = 41ft ion coett1o1ant . om. a/••o• 
0 t' • -abeolute t mporatur., • 

MA, Ma• molecular w 1p ta ot oo ponent "A" nd •a• 
re ot.lvei, 

1 = tot l pre aure , tm. 

VA,ve• molecular volu • 

The bOV equation hou.14 be d 1n t1 t1ng val.uea 

ot "D .. only 1n c ea where no ::,Ocd export ot. 1 d ta ext ta. 

s everBl tho4 bav been d v loped tor t b xper1mental d -

t rml t1on or g~aeou.a d1ftu ton ooett1o1enta<51>. 

(2) 

t11q!¼l4!h, Bee uae ot the s reater dena1\y of tb llq\114 

phaae , t b rea1 tano to 41ttus1on 1• muob. g t, ·Z-1 i reton, 

41ttua1on t ake plaoe inor l owly . t he ohnnlaa ot molecular 



dlftualon 1• at 11 r ln both 11qu14a nd .a ••t hovev r . 1n a 
l1qu141 o use ot the olo er paolns ot t he mol•oulea, 

moleo\:llar att.raotton ust be eone1dere4. oonaequ nt1117• the 
k1net1c th or, of 11qu1d h . s not been tully developed wtth 
the result that no theoret1oal qua\1ona tor l1qu14 41ttua1on 

ooett1o1enta have 'been 4 rived . 

It t he val ot t he 41:rt aion ooetrtoi•nt ta known trom 

xportment l dat , th n by nalo~ w1t.h gaseous a.yat ma • the 

tollowlns rel t1on for the st.· dy- t te 41ttu 1on of a eolute 
t .h rou,.;h st gnant olvent y ·1,& d ve1opo4(Sl) 

wh N 

NA • re,t,e ot d1ttu 1on ot aolvent , gm. 1:rolaAoeo. )( Q•·• •) 
• 41ttua1on coett1 lent , om.2/aeo . 

x • distance in the d1 otton ot d1ttue1on• om. 
OA • rt.lal moll 4•nal\J ot th aolute, gm. mola/oa . 
08 • partl 1 molal de 1\y ot \he solvent, g • la/ oo . 
ca.a• pan1al moll density ot th• eolvent art, r 

41ttws1on, s· . mole/ oc . 

OBi• partial moll denelt.y or the solvent b tore 

dlttu 1on, gm. mole/ co. 



fh tollow1 empirloal eqUAtlon tor the d•t 
or 11qu14 41tt "a1 tty baa be a 4ev lo . 4(76) 

where .. 
°t. • 11qu1d d1ttwalvlty. tt, 2/hr. 

tnat.1on 

(4) 

MA• f-llo • moleoUl r lgbt. or the aolute " A,; n4 t.he olvent 

llqu1d "c.- epeot1ve17 

A' v~ • moleoul.ar volwnee ot th 
reepeotlvely 

•A•Aa,B = oouianta 
v0 • v1aoo lty ot the olven\ 

• 

oo~nen.ta ,. A.. n4 



9eg qt q a .Absoa,t&gn. rhe problem ot 
ga abaorpt1"n 1n vb1oh t.he oonoent ttons or s e and l1qu14 

are 1n equ111br1um th eaah o\b ran\ 1 und r det1n1te oo 

41 tlQ ma1 b dtvtde4 1nto th • generol c ae • whloh .re< :,) a 

1 . A oh ra1oal re,e.otion occur bet e n t ,1 a nd t t 

11qu1d1 nd t s1 g s ex rt no app o1 bl v per 

p sure tter abeo-r pt.1on • . 

2 • . chem1 a l ct1on ooour a betv en e g a and th 

l lqu14 w1th the torm t1on ot an 

nd t gaa exerta n ppreo labl e vapor p a.au.re . 
, . ooh ml eal reao~lcn oo ur • nd vapor pr-ee ure 

propoJ't lo 1 to the ount of g11 baor . d l e 

X r'\N.• 

5oluJil l 1tY ,at G!!U• A aol ut1on or a ·•• l n a 11qu1 
x r ~o , at a 4 r1n1 t t em tur and eoneentrat.1on, 4et1n1te 

p rtl l p aaure or t h d1 solved g .a . Dl tt rent 

neee. 1n t b p i·t i a l preaaw.-ee t hat. 

t ., 1P sol ution exen e t •qulllbrt • The aolu 111ty ot 8 

1n a liquid baa a l 1m1te4 d t 1n1t value de nden\ upon 

the nat. ot t h• g • and t h l1.qu14 1 and al o pon the 

t per ature nd p a ur • Two eoetr1clen\a hav n • plo7•4 

t o xpresa tb ult• or ol b111 ty m aa\11"9. nt (28) t 



-
1. A~!o£2\1qq_Qoett&gie!l1• Thie coett1c1ent 1e defined. 

a t he volume or sa• • reduced to o0c. and l atm•• 
d1 aolved by un t volume of olvent at t he teaper-

ture ot the experiment under part1 l preaaun ot 
t he gas ot l atm.. Mathe tioally 

vbei-e 

• abaorpt1on oo tt1o1 nt. 
v0 • vol 
v: volwoe ot aolvent 

p r\1al preaeure ot t he r ae , atm. 

2. 02~t£&0&1n~ gt 1'1'AlJ!J'i1l1 &• Thia oo tt1o1ent 1• 
d.et1.ned • the volu, e ot gae, mec.aured under- tbe_ 

temperature and pro sure t wh1eb t.h• gae 41a olvea, 
t k n up by un1t volume or the 11qu1d. Mo.\ .mat1c,allt 

-L 
i,. V 

be ooettlolent or aolub111ty 

V• actual volume of' eS s 41aaolve4 

v• volwrie ot solvent 

<&l 

h etteota ot \emperature and pres UN on the eolub11• 

ity of gaaee 1n l1qul4e y summarized •• tollowar 

l . t~me?Mt1£!• Glaaatone< 28) at te t hat when ••• 
41aeolve 1n wetor. there 1a generally a l1beratlon 



of tt lt follows. the to • tro th L 1; tel1or 

prlno!pl that 1nor .aea ot t mpe tu will re ult 

ln doo •• ot aolub111tJ• 'b 
ab orpt1on oo tf1c1 nt tor ditr pe turea, 

at constant p • UN • 1 Xp 88 4 

where 

(7) 

1 : bao t1on o tt oi nt · t t m r ture T1 
2 • ab orpt1on oo ttlo1 nt t t po t\.ll'e T2 

.c:1 H • d1tterent1 l h t of aolutlon ot 1 mol ot 

the ~•a in a e t . t d aolut.1on ( aeumod 
t.o be 1nd•p•nd•nt of t,.AM'l!\el'"At ) 

• sa -1 .v oon tant 

Tl : Ott 1 l te 

r2 • t1nal tempe,re.tu 

2. ..:...:.:ir,,;::;,.;.• he moat 1mpor\ant f otor tntluenc1 t.he 
olub111\y ot gaa 1 pi-eeau <28) . o salon ot 

tho a w1ll t nd to 1nore • lt aolub111ty . The 

q ntit \1v rel tlon between olub111ty JJ4 pres• 
aure 1a glven by ·J nr, •a law, whSch th t the 

ae or g • 41aaolved by a giv n volume ct aolvent , 
at con tan.t t mpe ture,· la pro rtlonal to the 

ot the gas with wb1oh lt 1a 1n eq\llllbl'1WB. 

ti th t1c 117 



( 8 ) 

P • rt1&l pre1aure ot t he d1saolved gaa 

H • H•'ftl"1 ' • l•w constant 
o • conoentrat1on or t he d1saolve4 g a 

l n gene 11 l t a gae baor pt1on prooes 1a allow 4 to 

reach equ111l>,.1um• t h1a will be th po1nt at Which the partial 

pressure ot t.he olut 1n t.he a • phe.a ta eqWll. to 1ta 

rt.lal preeeUN ex rt.ed by the 11qu14 phiUte ( S) • 

J!\lm D og:z . Wh•n two separate pbaae • auoh a a e • 
and a 11qu14 , are t>rought lnt.o contact , they tend to approach 

a tat~ ot qu111br1 • . t equ.111brlut:'11 t..h tem 

two pba tJ1·a w111 be t he aam I but t he! (" onoentnt.lon of t.ne gaa 

1n solution 1n tho l1qu14 will be le • than in the ga pb.a•• • 

and t,he l1qu14 ooncentrat.1on in t o s aa phae will be l • 

than ln t he l1qu.1d pb& • • Shel"WOo4<52) ahowa t hat t h re la a 

ah&rp ooncentrat1on drop aero 0 t he lntertaoe bet.won two 

p,baa a 1:n oont. ct a.nd 1n equ111br1Wb. The mc,at euoo•••tul 

theory vanoe4 to plat n t.h1 sharp ooncentn\1on drop oroaa 
the interlace la the ,.tvo-t11m tbeor,"(74 ) . Thi• ttieor, oon-

t.eme \ bat on tho ga pbaa s14 . ot t.h• 1nt.e:rtaoe t,here 1a 
et gnant sa• t llmJ on the 11qu14 •14• ot tbe 1nte.rtaoe t her 

1a tag nt 11qu14 t11 . Th •• ivo t1l aff tb pr1nc1pal 
aiata noe enocunt re4 by dlt'tu l ng t rom the p a 

phau 1nto the 11qu1d pbaa • ~ nawok am uaker( 40) , 1n ••• 

peri ent v1th mmonl a.1'¥.1 vat. r , obtained data \ hat. oorrobor-ate4 



the two• f11 theory . 1 tho h lt baa b en a.town th~t th to l 

r aiat nee onaount~rea by h t . n for ot t~ri 1 t:etwe n 

ph sea la not whol-1 otter d by l yer or .boo utc et tion r, 
tlu1d at t.ht · 1nt.erpha s . hound r:, , th,;. t l 1n cono pt baa on 

or 1neat1:n.. l s - rv1a · 1n ndi cat ne t, ~·- pllfs1c l oban1em 

o~ g a beorpt1on(5)) . Thu , vhen ixtur ot a soluble 3a 

ftA•1 and insoluble ga tt H•• 1o brought 1nto cont ot vlth a 

aolvent l i quid "C" • th soluble ga• ~uat ditfueo in aer1ee 

thro ha tll or t h inert ~ a nd a t1lm or the l1~u1d 'De-

tore 1t c n d1saolve 1n the m 1n body ot 11qu14. The tore , 

tho rat& of b orpt1on, .tter oomHt1ona ll ve beoo oonat nt, 

1o equal to the r t ot d1f'fuo1on thl"'OUP..;h e1tb r t1l !1 • »or 
th ~-• t1lm(7S} 

(9) 

NA • rate ot d1ttue1on, lb. mol / hr. 
Do • dlttu 1-vJ.ty or component ••A" t.h.rough th s • tll , 

2 tt . /hr. 
p • tot l p aaur , t m. 
A • tnt rt o1al , or b orbing• are , tt . 2 

p 0• p rt1 1 preo ure ot compon nt 1' A" 1n the • 

ph&••• at • 
P41: rt1al .PN sure ot component '' ·"' ,,. t tbe s a 

liquid 1nterrace. at m. 



wheN 

0 b olute tempontUN• R. 

qulv~l• t t h1ckne . s ot t he gas r 1~, tt. 
Pa"'• log• n rt1 l p "sure o in rt compo nt it ~ n 

1n t he a ti , t m. 

For t he 11qutd tll 

(10) 

DL = d1ttua1v1ty of oomponent nA" through the l1qu14 
t11m, ,,. 2,/hr. 

OAL* oonoent.re.t1on ot component .. A." ln t.he liquid 

pba • • lb, mol /tt. 3 

o0L • cono nt t1on or tll olv n\ ~,:~0 1n th l1qu14 

p ••• lb. mola/tt .3 

oA1• oonoentnt1on or oompon•nt "A" at t he ga.s• l1qu14 

1nt rtaoe , lb. mola/tt.J 
BL • equl•a.lent t.h1 okneea ot the l1qu1d r11 ~1 , rt . 
OcM• log- n ooncen~ration ot t he eolvent. .., ,)" 1n \ h 

11qu14 t11 , lb. mol /tt., 
In tb~ nb noe ot exp r1mental 4 ta t he v lues or ga 

and 11qu1d d1truslv1t1 ma1 be eat.1 ted fro i quat1one (2) 
ntS (4) ree otlv i,. 



WO•f' l m th Of"'/ · I , 1 ta th ws• 
ot 1Ddtvlc!lu l. t1l:n coett1o1 nt 1n exp a1ng the te or 
mat rlal t n f r< 44) • Slnee t h at. n n f1l .. t th 1 r-
raoe ar eo th1n th t th mount r el t , n 1n t m 

at ny time le n•~l1 1 le o ~.· .r•d to the ount or aoluto 

pass! thro h th.e nd all them t r1al pa s1ng tbro hone 

t1lm muat loo pasa through the other, it tollowa that t aey 

1netant th rate or materl 1 tr n fer \bro hone t1lm 1 the 

a me a the rate throu;:f)l t he other, and the tvo• f11ma oon-

t1tu.te two "" 1etano 
• hown th t.( 6) 

1n eert , . ·rhereto , 1t ha b en 

wh re 

(11) 

· w • ve1ght ot co po nt. a" transte d per bour, lba. 
A • rea .e. UN4 perp n410t1lar to di ot1on ot 

41ftu lon ot c ~pon(tnt ,.a .. , tt. . 

b.1• oo tt1c1 nt ot d1tt'u ion thl"Ougb gas tllm 

Pag• rt1 -1 pres u.re o:r oomponont a" at one bound 

of th g a fllm, t • 

Pa1 • part1 l pressure or oomJ)Onent •1a" nt. the other 

6&8 tllm boundary , at,,. 
( ~) m • ve- • p rt1al pr aaure or component "t>" 1n the 

g f'1lrb 1 t m. 
e6 • t hlokne a of gae t1lm , n . 



bt • a tf1ol nt ot 41tt ion throush l1qu14 ti 
a1 • oonoont t1on of d1tf u 1 o mpo~nt, t o 

bou "I of t.be 1(tu1d f1lf? • lb ./rt .3 

Bi • t 1ckneaa of th l1qu1d tilm, rt. 
Dat tor u val nt t1lrr thioknose • re pre.ot1o 111' non .. 

xlat.ent tor t aot l cod.1tto . umt r Wh1ch baorpt..1on 1• 
ca.rrt o\lt . r.rh1• le 4u to t · e t ct, thnt t 11 thlckneaau.te 

depend, 1n l e part. , u.pon th me.ae Y l oci\l ea ot the tlu.14e 
nd, dlreo\ion ot flow. Th now· or tlu1d.a 1n an abaorptlon 

oolumn 1a extn i, oomplo•J t hefftore, lt 1a convenlent to 
4et1n • t1lm ooett1olent, and a 11qu1d t llm o~tt1oien, . 

- Th g a t1lm ooett1olent . 1 lN d tlned by t.he 

quatlon<7) 

kg • s•• ttlm ooettto1ent 
bv • ooettlol nt of d1ttua1on 

(12) 

(Pt,>m • av ·.-as · P',lrtlal pre ure ot oontpo.Mnl "b' 1n 1.be gaa 

tllm, atm. 
Bg • . ih.1 aa ct the g a tll t tt . 



Similarly, the llquld fllm ooetf 1c1eatr may be det1ne4 
bJ the equation. 

• 11qu14 film ooettlo1 rrt, 

bi,w-= ooett1o1ent o d1t1'WJ1on through t he 11qu14 film 

5L • thie sa ot the 11qu14 t1lm. tt . 
Thon rtquat1on (10) 'lM1 be written 

, : = kg(P -»a1 > • ki,< 0a i-OaL) (1'+) 

'l'he film ooett1o1 nt• 4ett.ned above are aed. upon the 
aaa\ltlpt1on that. tor a stven abaorptton eyetem the ett ''llve 
t11m thioknoae le eon ~ant . 

~! l:Yr'i 1£.lnft£9l\l1QI• It t~ gaa to be baorW le ver, 
eoluble, the llqu14 tllm ree1st aoe 1a llt th gae 

tllm will bet oontrolll el ~anoe. Badger and. YAO be(S) 

onoe •~ t hrou5h the sae t11m, 1a euoke4 1n o avidly oy t.he 

l i quid that t h l1qu14 film :re 1 ta.no• ta ot t glbl• 1 

ortanoe« . Thereto , t h ret; or aorpt.1on 4e · e onl.1 

upon the .., • 11m coett ol Dt and , ua,1on (14) t be writt n 



L&qu1d ; &lm QOD\£OU&N• It th& g • to b 'boor'bed la 

r 1 t1Tel7 1n olubl• • the liquid t11 will be the controll1l1$ 
re 1.atance. dger "-mi , .o 1:,eC 8 ) at&t •t ''Pbya1o lly t h1a oaao 

la the result of t h f ct t h t t h t.•n4 noy tor \ • olute 
gae to move 1nto the liquid t s eo low, 'beo ua ot 1ta low 
eolub1l1ty, th t 1t 1• thla prooes th t 1a of oon\Nl11ng 

rt ot". Th reto , .Equation (14) ·may be vr1t..t n 

(16) 

~-. ... ..a-r...:;;.,;;..::;.:r,,.:w;.;;.a.'• Slnoo the, dr1 1ng tore• t.hro~b 

the 11ctu1d dl lm 1a oonee t.nt1on d1tt nee , t h t through 

the ga tllm 1 partial pree UN d1tt oreno • two overall 

aoett1o1ent c n o loul te4. '?h oo tt1c1ent y be 

4etlned b t he q ~1cna<9) 

w 
KS • A( p • P L) .. (17) 

(18) 

wh re 

~g • ov rall a ttl!c ooott1o1ent 
Y. • ov 11 ~lqu 4 t11 oeft1o1ent 

Pat• t rt 1 sure corre pon41J1S to 
t . eno nt t 0 0 

ag u 11br1 co nt po 1 to 

rt l pre e. p -



Ir , or a g1v•n tJJ oe, JU'f' 1 0014 , the . ollOlfle 
1na ~q t1on ¥ derl 4 tro Eq t1one (a), (14) • and (11) 

Kg •TT (1,, 

ao• t.he tollowl · rel tton-, 4e.rlve4 

JD the apeo lal o.aa 1n wh1ob t,ho go.a tllm contnla 

Kg • kg 
oonve . ly, 1t \~ llqu1A tll , oont~l•, n 

aL • 

SOhol 1<45 ) •' ' "• 0 oo4 on the aa \lftlP\1on t t. 
P • fllm ooettlol.mi 1 4open4ent aol•lt upon. t~ • rate 
and t.be l1qut4 t1lin ooottlolent. 1• 4 ·pendent aolei, upon the 
11qu1 NAte • t,he eve 11 INlUlf r o rts. 1 nt. ror • g1von 

•1•t. ahoul4 ool'T'el.a't,e to the g M ral tvmuJ.a 

(U) 



0pct-n t ·' :T.ft ta '? t· ( (l) X :-Jr~ al\ d n i e l"i!!S or 0 e l 

ooett1c1on , , C'1f.itl thou_-;h ,.1 th 2; n.. l'-:1,u1. 11.l rec C .. l'l.l'aOet 

are 1nvol v1t. , bi~1 ., Ov l;V atr 1 ovor 
t h~ N ngl?) of ooncBntr~ , 1cns encounter 4 ( 5;, ) . 

n !H~. Lo.v1n (78) 

a t t . t "':!hen , baorpt ion t k pl iac n . <lkQ6 t c\'1 r • i t 1e 

dlft cult• m1 f quentl11.poas1bl, to eti ~~te t e etteot• 

1 v · abs.orbing are • In euoh o sea, a, nowle ;,.e or coe.ft1c1ent11 

'ba d en .~re is ot little help . Th retoN, 1t i. s o 

pr of.toe o xpr • Bbso t1on ooett o1&nt 1n t.e rl!l ot volWN 
rs. · bf.Ir t h n i r e . • Th1e 1s done by repl o1ri£ th e.rea t rm ., ff 

t he Anulval.ent t e •• v•• wh N ••a•• ,.,,.. . 
1 t h t ct.lve N ~r cu.bl root or t ow r vol 

Und r th.1 yetem i;;quat1on (14) beoomea 

where 
kg~•kLa• g a t1lm and liquid film ooett1o1 nte , re pect• 

iv ly' • mole/(hr. )(rt.. ' ot pa.eked volu•)(at1n. 

pa.rti al preseur dltre noe ) 
v• paok 4 vol U!r..e• n .3 

OVel'&ll volume r1o oo ttiolenta be 4evelo · 4 from 



ifu\oa ,A((IQ1pg tllm Qota'.1t&Slil• The raotora t.h&t 

S.otlunoe the value or t1ltrJ ooetttclenta may b ewnmarieed • 
tollovat 

1 . X•mRtratyr•·· 'I'emperatUN attoct• both the gaa 

t1lm ooettloient and the 11qu1d. t1lm ooett1.o1en\ . 

(a) Oas t1lm co tt1o1ent . Incr e s ct le 

p ratUl"e re ul\s tn deoreaee ot gaa 

t1lm oo tt1o1ente 1 'because g a v1aoc•1• 

t1ea 1mtN&8 and 4ena1t1 • 4eoNtase w1th 
an 1no..-ae ot tempera\UN{46) , r .rom 
data ob\a1ne4 on the &oaorpt,1on of RHJ 1n 

wa\er and so2 1n water t b.e tollowlng re• 

latlona h ve been der1Te4(3l) 

u • veloo1t1 ot tho g • 

T • beolu.t• temperat\U"G 
• • apeo1t1c gravity ot the g • 

m1atUN 

(25) 

z • \he vlaooalty ot th gaa mixture 

o • o • ' • oonatanta ' 



quat1ona ma., b 
applied with talr eouracy tor aimll r saaes •. un r l1lto oon• 
41t1ona ot temp rat.\11"8, veloc1, • n4 oonc ntrat1on. 

(b) L1qu1d. tll coettto1ent. lnareaae ot 
temperature re ulta 1n an 1nc.r aa• ot 
11qui4 film co ttlc1 nts, o uae ot bOth 

1noNan4 d1tfua1v1ty nd deore sod. via• 
coa1ty or 11qu14(4') • Result ct the 'b-

aorpt1on ot so2 ln w ter nd Na3 ln water 
tn41cate tb t t he 11qu14 t11 ooett1o1ent 
1s d1 0,1.1 propon1onal to the tolU'th 

power ot the abaolu\ te perat\ll'e 

Howev r , other ~xp r1 menta 1nvolv1ng t;be 

desorption ot 002 , o~!t and Ra tro w ter 

'by 1r have produced dat that ae m to 
1nd1oat.e that the oo tt1o1ent tncreaaea 
more rapidly t.han the fourt.h power ot t 
baolute tempentUNC46) • 

2. g9a V!l,~oltz. Change 1n gaa v lootty tteota 
bo\b th 8•• t1lm oo tt1olent. nd. t he llqu14 

film ooettloS nt . 

(a) Gas t1lm coott1c1enta. It blla be n ahown 
that th . relation botween the g tilm 

co tt1o1ent and the g e masa veloc1t7 
may be zpi-oea a.c,a) 



6 . veloo1t, 
o,n • conot a 

rr,,<45) a tee the.I 1n So 

equal to apprtCx1 . tei., o.s. 
( · ) L1qu1d t1lt'l ooettlotem,. 'rhe 11tu1 tUa 

ooett1c1ent 1e 1'•ete4 only al1,~ ,.....,. by 

s•• eloolty<,o) .• 
:, . Llg, · 1!1 . ,•1:t9l\f• Llqu1cl veloott1 atteo~• both \he 

sa• ttlm ooetttos.ent and the llqutd tll.il ooetti• 
olent. . 

(a) • ttl ooett1o1er1' . Data ob\al.ne4 trom 
th absorptton ot 001 tn oarbo aolu• 
tS.ou ln41oate lbat the sa• tUm oo tt1• 

o1ent. 1• al t. 41ff tl1 proportional tie 

the ll~ul.4 te(21) . 

(1,) Llq\114 tll oett1otent. The Yalue ot \he 

11qu14 t1lm co tflolent, 4es-nda up0n tb.e 

11qU14 v loc1t7 Dt!l rel tlftl.J little on 

the natw:-e ot to '11t1'ua1ng sol.at•• 
van ANcli 1<n> eta.to that an lnon••• ot 
11q,u14 tlow rel tlv• to a flow caua•• an 
1110 • 1n t he ll(lu14 tllm o·oett1 lenl 

unt1l a cr111oal flow nu 1 



[ ot,e,n Att•gt1g \t\9 Qt!s-&ll, poett1o 1•n~. oou\ook an11l 
Dod.g•(al), in exper1m nta beor bing 002 trom g aeoua mixture• 

b7 aod1um or potasalum o rbonate, teun4 that, Kg& var1•• 11:wOUSh• 
out t he tower in a given teat, because ot tho ohang1ng ratio ot 
'b1 carbonate to oarbona te • Oonsequent.ly , ln. oomp&rlng rea·uJ. ta ot 
ditterent t. at.a, 1\ ia neoeaaar, to hav the ,verge peroent.age 

conversion approximatei, the a me 1:n th• t.eet to be co p&Nd • 

Althouah no rigorous th&OJIJ b.Aa been otteftd. t.o •xplaln 
why' an incres.ae 1n l1qu14 rate 1ncras • K,t , it baa l)eq 

aaaumed tbat the increase 1a l 1qu1d r t.e 1noreaeee the thlokn••• 
et the l1qu14 layer on the packing and makea more 11Qu14 ava1l• 

able to absorb a given quantity ot aolut•• Th etteo\ ot gaa 

v 1001 ty en Kg& 1e rwgliglble, wt Kg 1no.rease• with an 1n• 

creaae tn t mperatu.-.. 
Shenoo4(61) glvea the tollowlng relat.1on be\woen KLa 

and tbe l1qu14 rate 

(27) 

when 
L • 11qu1d l'At.e, lb./(hr.)(tt.2) ot to\al onaa 

eeo\1on 
However, other 1nveat.tga.t.ora<25) • abaorblng ooa by water 

1n a paoked tower, tound that gaa velocity ha a large etteot 
and w ter rate no ett&ct on Kta• Mw1io1t<41) 4ff•lope4 the 
t ollowtns equation trom th• abeorpt1on ot OOa 1n water ln a 
ooke-paoked tow r 



(28) 

Eta• llquld tllm absorp1:,1on ooerrto1•n\1 lb./ 

(hr.> (n.'> c11;,./n·'> 
L • llciutct now r 1ut, lb,/(hr. )(tt.l) ot \ow•r 

orc>ee eeot1on 
B011t.UN(15) va1ng th• ume a7eum a• MU1ok 4•••lope4 

\be tollow1na relation 

L' log ltta • . · . 1 o.00242P 
. 1•966 • o.5"L 

whe" ltLa • oY•l'lill llqu1d tllm oc•ttlcl•nt·• llh mol• 

OOa/(hP.)(n.3)(1b. mol OOa/lbt raol HaO) 
1,• • •olvent rate, lb.mola/(nr. )(tt.2) 
P • partial preaeuN ot OC>a tn lnlet pa, mm.Hg. 

Donald. and 1.'7eonClO) 1\ate that the ov rall ooott1o1•nt. 
ot ab or-pt.ton ln a tower c!le,eada on the 4ena1ty ot the s•• a-,. 
1• aome tunotton ot the relative veloo1,, between gaa and 
l1qu14 •. 

One 1nyest1gator-<66) toumt that the overall ooett1o•nt1 

tor both ab orpt1an and 4eeorpt,1on 1.noNaae w1th gaa v .loc1t7, 

and at a givens•• v•loeltJ the valu•• ot both coettloient• 
*"• w1th1n exper1 •ntc l enor, \he aa • 

Aoce1'4lng to Sherwooct('1) the ettect ot teape:re.ture, when 
th 11qu1d t1lm oontrole, 11 ao s rea\ t.h tan inc.-.aee, ln the 
tem.peNture over 1lm1\e4 Nnge wq 1noreae• xLa autt1olenti, 



t.o ott• t t.he 1noreaeed vapor preeaure ot th aoluto overt.no 
aolut1on. Und r auch oomd1t- 1on there 1 n opt1 . opera.ting 

temperatur at whioh t he abaor pt1 on ahoul4 be perto 4 . Thie 

opt1ml11t y be well abov room t. mperature, ao 1t hculd not. be 

s• ral rule , ao aomet1 a g1 en, th t. abeorptlon 
proo ans ehould always be oa rrted out at teroper&t.\ll'ee ae low 

as N& praotlo 1 . 

All qutp•nt tor s a abeorptlon 1• designed ao • \o 
bring t he ga nd the 11qu1d pbasee 1nto 1nt1m t mutual con-

tot and t o provide the lara , poaa1ble auri" oe ot cont ct or 

1ntertac1al ro tor the 1nteraot1on tween tb:e two pba ••• 

1~rr, a\at a<-'7) t " &Qu1pmen\ tot' ;sae ab orpt.1on bas never -
comet atalltl rcl1z 4 1 nor la there any acoept,e4 olaea1t1oat1on ot 
auob apparat,ua . E(lulpment tor e: • abaorptton may , hov r-, be 

claaa1t1ed 1nto the tollow1 s roupaa 

1. Apparatus 1n wh1ob bubbles o~ gas 

be ath \ ho \U"taee or a 11qu1d. 

liboNt.e4 

2. Apparatwa 1n Whleh II apr 1 ot 11qu14 ta 1nJeote4 
i nto volu or gaa. 

:, . Appa,rat,ua tn wn1ob g 11 cauae4 to paae over 
pools or llqu1d bOld 1n aultabl cont 1n re , gaa 

and liquid tlow Ge1ng oount.erourre.nt . 



4, A.baorpt1on towera fJ.lled with eu1t 'bl.e ok• 

1ng over vhtch the 11t1u..1d may flow 1n f1lm 1n 

order to ·preaent a l nrge surf o of' cont ot. t,o 

the aao•nd1ng g • • 

5. Abaorpt1on towera ot t he ateve- plat.e ~r bu.bbl•• 

o p eon•t.ruot1on slm1l r to t.hoae emplo7e4 for 

reot1t1oat 1on 1n the t1eld ct d1st1lla\1on. 
6. Apparattua oonta1n1ng meohan1cally drtven part.a 

designed t o ubd1v14e t he 11qu1d and br 1ng 1t. 

lnto lnttmate oontaot w1th th gaa. 

'rh1a type of go abaorpt1on equipment oonalsta ot a 

\over or chamber packed loosely w1th any ono of l ~rs• number 

ot d1tterent t y~ of "packing" over which t.he solvent 1a 

allowed to tr1c l e or tlow 1n. t.bln t 11 • • w1thov.t f1ll1ng the 
1nt~rven1. epaoee between t 

W1th t he pack1nga ord1Mrl ly obt.a1n&ble , the· 1nterf o1al area 

per uni~ of volume 1a mu.ch l os \han can provided by spray 

t.owon or poroua• plAte equipment • but otnce both p a and 

liqu14 pha ea are 1n viol nt turbulence . packed t.owera ma.y be 

u ed wne 1tber th e;a0 or the liqui d t1lm 1 t.be oontroll• 
1:ng r ea1at noeC5S) . 



Tower P ok1M•• To tnereaa the 1ntEtrtaoto.l r a, tower• 
have been filled wi tb paoklnge ot variou a ha pea nd el ea., 

Dos1:rable oharact.er1 · t1o ot a tovor ck ne r ,(2) 1 

l . I.ow weight p~r untt volume . :I n th1e oonn etlon, the 
t.over walla must be trong enough t o &\.\PPoP't the 

aide toroe ct t he oktrsg. 

aurtao per unlt volume. Th1 1nor-ea ee 1 
terr o1al area . 

, . Large tree oro a a ot.1on. Th1• permit.a a low 
pr a .\&l'e 4rop due to tr1ct1on t hrough the tower 

and t b1u·1ttoN re4uoee t he power reQU1ffd tor gu 

o1roulat1o%). 

4. La • tree volume. Thia 1s espeotallJ 1 pert.an\ 
tn cae tn which ac t 1ona 1'!'1\U&t occur 1a the gaa 

pha.ae . 

s. Small w. igh\ ot l i quid re~a1n4td . Thia decrea.aea 

the load on t.h.e t.ow r ard mo es the 11qu14 trom 
t he tow~r aa rapidly ao poaa1bl I bovev r , th1a 1a 
a tlte dvantag• tf t he r etlon between the 11qu14 

nd gaa 1a alow. 
6. ~cbanleal strength nd oh m1oal 1n lftnoea tow rd 

material to be ban41ed. 
'l'he pr1no1pal \ypea ot tower oklng 1n 1n4:u.et.r1a1 uae 

are<,>, 
1. Broken rooke . i'hcae have 11.m1t$d u.ae beoawae ot 

t heir great w•tsht. , nd tbey r +:: not alwaya 
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oh 1o l 1 1n rt. ( Ra o J)QOk .d) , 
2. t;Oke. Thia 1• light 1n weight and htl.e l&rg Sur"• 

taoe p r un1 t e l i;ht. • but 1 t s a &· . 11 tree 

eeotlon. (Random packed) • 

:, . stoneware ahape1s. t'he e t1nd :--:an:, applto \1o 

c w:ae ot the unlimited ~•r1et1 ot etonew re and 

ahapea po•alble. (Bo-th at oked. and ra.n4o ¥)&<> 4) . 
4. Ra&ob1g r1nge . These are the most, w1d lJ ueed 

type ot tower paeklng. one unit. oona1ata ot 
cyl1nd.r1c&l r1nge of t.h •· length aa t.be 41.ame• 
ter of the oyl1nd r, with \h · walla a s th.1n aa 

\ h mat.er1al w111 permit . ( f ndom o.ked) . 

5. 1Aaa1ng r1 nga . Thia type ot paoklng la l'Ml4 ot 
motal w1\h a single 1nto:rna.l w•b• (Random eked) . 

6, aplral rtns•• ?heae are e1m11•r t o ~aaohlg ring• 
but 1nolu41ng an 1nt.~rnal helb. whlch •1 partly 

or oompletel.y till the croae ect1on ot t 
oyl1n4er. rh1a type of paoltlng la extHUly ea-

pens1v • ( fStacked) . 

1. Berl oe.441 • • 1'heae are o. apeo1ally develope4 
patented ps,.ckht(h Th4ty otter greater evtaoe pei-

untt volume and. hav a low ree1ataru,• to g~s tlov. 
It 18 ola.1 d tb. t t.hla t.7,pe ot paokif.18 glv•• 

m1n1mu.m ch.anrieltng , red1.1oe4 a14 t. uet • and 1n• 

oreaaad. 41 t-rlbutlon ot aolven\ ae co pared to 

other t7pea or packing. (Random paoked) . 



used, one o t he inc t 1m l"t&n\ roble!"'! pr aent n a. paclssd 

t.ov r la t he prev: nt.1 n of ,. .~ r1el ng" , wh1 oh l t he t t\d.enoy 

or t he l1qutd to pa.ea tl ro~,h only a a1n Pl •ns• of tbe · 

towel'. fo prev nt oh nnel.1ng. oev ral ty • of d1 tr1bu.t1o· 
pl t , tl e, t\.lt'bin a, nnd pray no zl bAve n ua J 

none o which hnve be n oomplet ly n t1 aotory . The qual1tloe 

wh1ch a good d utr-1but1on pl i mu t have arot etrcng enough. 

to auppcrt the eklng, otter \he le· t amount ot a1 tanoe 

poaalble to tth now ot both gaa and 11qu1d , nd equally 

d1atr1bute bo~h g • and liquid ov r th oroaa aeot1on ot th 

baorptton to r . In a4d1t1on to tho t1 or d1 tribu ion plate 

ueed. 1 the tend ncy tv.1 rd obamwl1ng 1& 1ntlue o d by ratea of 

tlow ot gaa nd. 11qu14• 1 e ot paoktns , a?d. ar..-ansement ot 
p&Ok i ng . 

Bak.er, Oh1lton, and v rnon<ll ) concluded t t 1n l e 
paoked towers t hero ls note 4eno;v tor t h 11qu1d flow to 

oonoent t• near t h valleJ t t umtn d1at r1but1on, one 

obta1ne4, oontlnu a down through &'tr/ r oaoonable depth ot 
pack.1fl8 J that ri por velo~1t.:, and 11qu1d rat v llttl t • 
t ct on 41 \r1but on. Also, th 1 round that th•re 1 l 1t.t.l 

t . ndeno7 toward channel1ns wh r th ratio ot tow r 41 mete:r to 

pao 1ng d1 .. et.e>r le equal to or · ,re t r t han elgb.t. to one. 

~~an, tower de 1 ra< 22) 11ave t hat channel1ng along 

t h:e w ll or t ho tow~•r ma1 be prevent.Gd by arre.nglng tiha 

paok1 . oo th t t he la eet ·packi ng la n ar t h a nter. 



eot1on 1a obt in!'d ; 1t 1s likely t,h t. -~,ll the nacld.116 surr~oe 

to fb.1 h p ok1ng e w tt 

ring. ? 1 is d cn11 o 

to•~• They a r r 1v~ ~. t 

l. T paoki 

top. 

11 
c., 

Wll.8 

(}7) 

nd 0 1n nc p.1. r 
tr hut1o p e t- t.lle 

oonolua1ons: 
J) -tlo lly 100:' w t.t 

,, Ch1g ' 
op or 

4 he 

2. 'the ! ., reentaf~ of we t 4. au,,..rac tell t a.bout 

'K>. 
,. T. tower wall W"-8 , / wet.tad. 

4. The · ·. reentas e of wet\ d p ok1 sw:-f c we.a 

tu 

i re teat n~ r he to :r- w·- lls rut 111$4 Wli• 

torm trom a tew inohe below the top or the tower 
to· the bottom. 

5• Th pero~ntage ot tot l •ur-t o v tted 1no ae4 

·with t h liquor ra.t.e up to t tloodlng point. 

6. The gae .te had no appreol bl tt ot upon 
t. percentage of w 'tted 11\U'taot>. 

Also, 1t vtut . et1 t&d trom t 1 1nvea\ gation, that ot 
tb o\ · l wetted Burt' tJe, 10~, 7 be 1naot1ve- 'beoaue ot 
etas nt, 11qu14 t11 a t t he points ot oont ot or t he elttng. 

L1gul0 . us,«21 ... x .iqta&M ln ,P. ,Sid 12"&1• In paoked 
tov•n \he gas '1~ l lquS.d ratee a 11m1ted by the tendency ot 
t he oolwnn tc f'loo4(59) . The "loa41 point,'* 1 re oho-4 w11ea 



drops ot llquld are meohll-.ntes.lly carrled up out ot the \ower bl 

t.he gas. rhe "tlood1ng polnt. " 1 reached wh n tne gaa v loelt.1 
1a ao hlgh that t he l1quld cannot net,r te I.he tov~r but 1a 

hold a a la7er on top or the paoklng(4). . gin and W•1••0ad) 
arrived at the tollow1ng ooneluelona conoerning llqu14 1:ioldup 

and fioodlngs 

l. Oaa vel oc1\y he.a 11t\le etteot. on liquid holdup 

untll Ju.at bef'oro a cr1t1oal · a velocity 1a 

re che41 at, wh1oh, t he hold.up r1••a rap141J.: 

2. Holdup var!ea llneari, wltb water rate , exoopt. at 
very low rat e , u.nt.11 t11e or1.t1oal water 1ti 

reached, t hon it r1aos r p14ly . 

, . All paekl nga Sh.OW 81 lar behav1or. 

f'ff!!itf 2£28 ,.V¼a!lb £a9keJ 1'.£0!f!£1• Approximately 90~ 
ot t he preaaure drop tbl'OUS,h the paoldns ln · eked towers rte• 

eulte tnm the oontraot1on and xpane1on in th gso flow 

t.h.roush \h irregular ortt1o• • formed by the pack1ngJ \b • 

main!:ng 1o,g l a due to ak1n tr1ct1on<1S) . SheN oo4(5S) tat • •• 

"Apart trom ~eneral ma l ntenanc , the power .required. to tore• 
the gae up thrOugh t ho packi ng £requent.ly .r epreeente \he 

prS.no1pa1 opttrat1ng coat ot a paoke4 tower. Th pov•:r oo•t 1 

proportional to tho prot!u.ot ot the sn rat nd the pNaau.re 

4rop t hrough: t he tower ... Slno• t he PN &UN drop l a the Nault. 

ot oon1u~ otlon l ea ••• expanelon loa ••• n4 ek1n tr1otloa, 
ancl all •O! these taetora a p.roportlonal pprox1 t.•lt \o t.be 

aqu.aN ot t he g a rates the tollowS.ng emp1r1oa l equatlon may 



P • preasure 4rop 1n the height tth" 

t '* tr1ot1on t otor tor g • tlov throllgb paold.ng 

AW-· "wall-etteot tac\or" 
Apz a oori-.ct1.on t otor tw hollow paok1ng 

>-t• a oot-Nto\loa tor tn. w tt.1n; ot tne paolClng 

by the aol.-.ent 01.Nul.at•Mt uni.tr tor 4Jf'1 
paoklftl 

r • s•• 4en11,, 

u0• lln.ear ·••leel 1 •t the 1 • ba•ed. on t.he total 
· croaa aeot.ton ot th• tower 

g • aoo•l•i-atton du• to gravl\7 
4p• nominal ,a.vt1ole aiz of t he packing 

£Acke4 40!!£ 0&l9¥J.al~OM• Sherwooa(59) atatee \hat 
thtt height ot an absorp\1on tower 4•ttrm1ne• 1t.a absorption 
ettloleno1, n4 the oi-oae 1ee\1on date 1nea i he oapactt,7 or 
quan\1\y ot gaa which can be treated. 'fh• tollow1ng eq\1At.1on 
haa been d.evol oped(72 ) tor d sign caloulatloM of pao Gd t.owen 

aeawn1ns oount ~current con,1nuou operation and. that the 
vapot- dls olved 1n the solvent tollon H•m-1'• 1 w 
( E(lwtt1on S) 



(ll} 

Whol"O 

L • aolute•troe aolvent , la ./hr. 
•1• oonoentrat.1on ot aol\lte ln 1nlet eolven • ola/ 

ol ot aolvent 

X'i" oonoent tlon ot solute 1n outlet aolv nt, molt/ 

ol o:t &OlV -
KLa• OYel"fl.11 tranat•r ooettlolent, lb. mole/ (hr. )(t\ .3) 

(unlt oono , 41tterenoe) 
1 • heS5ht ot packed towel"', t,. 
s • •Na ot oroe aoot1on, tt . 2 

(.6. x) Ave~• logarit-hmlo an ot the overall drlvlng torooa 

at t.be \op a nd. bot.to ot t he tower. 

For eet1mat1ng 11q1.114• t11 ooett1c1 nt.e in , eked tow ra 
t he tollovlng l at1onhaa n 4 velope4(77) . 

~•• 11qu1d. film ooett1o1 nt oomb1ne4 wlth area 

t otor, lb. / mola/(hr. )(tt. ,)(un1t oonc . 
d1tt renoe) 

L • aolv ~rat, lb. mol ,/hr. 
A' = eroaa.aeot.1onal a a , tt, . 2 

()2) 



U. • Y1100111, ct \h• llqu14, lb/(tt. )(hr.) 

p • 4eaa1 t,7, 11,-/t, •' 
. . 2 Di,.• d.lttu.1..-111, t\. ta-,. 

· ' , a•• 00Jllunt1, who•• value a 4•pen4 u,on tu \7p• ot 
JMIOking, although tor moat packing mater1ala, 
"a" 11 appNxlma\el.J 0.25 

oaa abao17t1on ha1 be•n em,pl.07ed esteu1ve11 ln 1n• 

duatr1 tor the tollow1ng p\lrpo••• ( l) 1 

B•tt•ta: oi: 111•1!11• Vent paes trom oond•uia•~•• 
atorage tanka, and vent1lat1ne gaaea tl'Om aolvent reoo•ery 
ayate a, an often t:rea\e4 bJ gaa ab•or,t1on, wnaali, v1\h 

water•• the l1q1&lcl, although gu adao:rption on aot,1va\e4 
caarbon 1• an alternative proo•••• Benzene and alm1lar pro• 

duct• are reooveN4 fl,011 oon oven gas by ab orptlon ln waah 

011. G&aollne 1• reeovenl tro natural. etU.l, and retlner1 
gaae1 by abaarpt1 on. , 

B~oovea .9£ .l!~!a!!lt J!H•I• A1u11onia , hydrogen ohlor14e, 
oarbon 41ox14e are re•overed by abeorp\1on 1n wal er or ot.her 
apnta. 

Qal:WI ot 1,11!• wat er vapor 1 removed trom alr and 

other gaaea b7 absor:,\1on. 1n coaoentrated aultur1o ao14, by 

• 



varlou, aalt aolutiou, an4 by aaturat.e4 aoluti.on ot cal• 
clwn ohlo.rlcle on the a\U"t'aoe ot tho eolld aalt. 

l!f1t1oal1on ot, q&••a• H74rogen eu.lt1de and mere pt.au 
a.re removed from m&nutactured g a bf aol"'Ubbing ol.ut1ona co.., 

t 1n1ng ae>dtum oarbo· • te, eodiu.m phenclat• , eth nol . ln•, an4 

a1m11ar aub t. noe1. FUtaea are ott•n :removet'I by paas1ng the-

through ab orp\1on towers. 

£~4!llt.1on .•t.~,• ,f!e-w ,muol• The gaaeoua mixture lea• ~ 
ins a ooke-o,en. le paaaed through a aat11Ntor ,walng \llt\&1'10 
ao14 aa the abeorb nt. edlwn. Tb amn,on1 · 1n the eoke-oven 
gaa t s ·be.orbfi4 v1th the torm t1on ot 00114 and er, talllne 
a1'1trton1\1tn ew.tate C 61) • 



The purpoae or t..h1e 1nveat1gat1on was ta eorrelate,. 
by meana of mp1 r1cal quat1ona , oerta1n opero.tlng v r1ablea 

ot an 18'1 atoneware abaorpt1on tow ,., 21 teet 1n h•18ht. , lS 

teei of vh1ch wor• r andom pa.eked w1t.h l l/2 to 2 J.noh ooke1 

v.a.lng the •r•t•• coa-Hao at. approximately so°F. an4 714 mm. 
ot ag. 

'l!h.e tollowlng la an out11n• ot \ h e work perto:rmed 

4Ul'1ng the oovae ot th1a inveat.1gat1onc 

1. gon~t'99t.lg9 ~ncl Mo4it1qat4ora oJ: '1-J?aret~!• 
Note, Letters reter to Fl&UN a. pas• .\6, 

(a) To obtain the solvent ratea ahom ln T bl• 1, 
page 36, a 11/a lnoh 1.-on pipe was l.netalle4 

trom the constant. head tank (B) to t he top 
ot t he t.ower. To regulate the olvent rat,e, 

a 11/2 1noh globe valve vaa placed 1n \he 

line w1th a one inch by'pas• regulate4 bJ 

mans ot on inch needle valve. 

(b) All or1t1oea, manometero, \he~omet•r•, and 

d.ratt gage weN calibrated and sev ral modi• 

tied tc ensure more courate control ot the 

opera.ting var1abl••• 



1';\BLE l 
J>la.a ot Operation ot the. 18" Ga• Al>aor.ptlon Tow r Ualng \ht 
sy t m co2-H20 at Approx1ma1tol1 eo•,. and 714 mm. or li6• 
Tes\ Ga VeloottJ Wat. r Rat ooa 1n 

No. lb.mols/(hr.)(aq.rt.) lb.mola/(hr.)(aq.tt.) Flue Gu 

"' l 12.1 65 , 
2 12.7 65 4 :, 12.7 65, , 
4 12,7 ss 12 
5 12.7 6S 15 
6 12.7 75 :, 
7 12.1 75 6 
8 12.1 .,, ' 12.1 75 12 

10 12.1 I' 15 
11 12.1 ' 12 12.1 85 6 u 12.7 el 9 
14 12.7 85 12 
15 1a.; 83 15 
16 la. l ' 11 12.1 100 ' 18 12., 100 9 
19 12.1 100 12 
20 12.7 100 15 
21 2. 0 100 i 22 2.0 100 
Q 2. 0 100 9 
24 2.0 100 12 25 2.0 100 15 
26 2. 0 200 ' :I 2.0 200 6 a .. o aoo ' 29 a.o 200 12 
,0 2. 0 200 15 ,1 2.0 :,oo :, ,a 2.0 JOO 6 ,, 2.0 ,oo . 9 
:,4 2.0 JOO 12 ,s a.o ,oo 15 ,, 2.0 4oo i ,1 2.0 400 ,a 2.0 400 9 
:,9 2.0 .\00 12 
40 2.0 400 15 
41 2.0 150 ] 
42 2.0 150 6 
4) 2.0 150 ' 44 2.0 150 12 
J+S 2.0 150 15 



2. 21!£1\1101 It \D• Al?•9!Z!ln X9Y!I:• Th• plan •t 
oi-rat1on ot th• abaorption tow•ia la given 1n 1'&bl• 

I, pag• 3th 

,. [)!t! OJn!lJMd• 
Note1 s-• J'1gUre No. 1. ,as• J8. 

(a) T•QeNtUN, OJ'. 
(1.) Inlet, anorben\ water, '?1 

(1) Oll'l•t ab•or1-nt wat•r• Ta 
(') Dry b\llb temp, ot in.le\ tlu• g •••-• f3 
(4) wet bUlb temp. ot 1111., tlu.t , •••• , T4 

(5) :or, b\&11> t•m1>.1 ot ou.tle\ tl\le s••••• T5 
(') W•t b\1lb temp. ot outlet flue ga Me, !d 
(T) Room te-,.rat\AN 

. (b) .Mano•ter roil41nga, tlow nte1 

(1) Inl•t abaorblng ..,.,.,.. V1 
( 2) oompreaae4 alr, Va 

(') Nel 0111 VJ 
(4) water to gaa oool•r• V4 

(o) Drat\ pa• Nta41nga 

(1) stat1o pNa·aUN ln baae ot tower, Pi 

(2) stat1o pNaaure in top ot tower, , 2 
(3) Atmoapberto preeav...-

(4) water •arnpl••• 250 ml. 
(1) Inlet water• o1 
(2) outlet water, Oa 



A. jbs or 9t i on rowe r 
6 . :::-a s Co ol e r 
c . ?urn2. ce 
D. 6eo l1t e Softener 
.i.'...· Blowe r 
F. Air Comp re ssor 
G. ?uel 0 11 Storage 
E . ? lue Ga s Line 
I. Inl e t Gas Line 

J. Cutl e t Gas Line 
i . ,,;a t e r Ma in 
L. Inl e t ~ate r Line 
~ - Cutlet Water Line 
N. Inle t Cooling da t e r 
c . Outlet Cooling Wat e r 
p, F' uel 011 Li ne 
Q. Compressed Air Line 

De "_'.l artr: en t o f C}1 c:-,icc. l .::n : ineerin: 
~!irc;i nia Po ly t e chnic Ins t i tu t o 

El a cks bur g , 1 i r gi n i a 

Flo w Shee t For :'he 
1 8 " Sas Absorption Towe r 

Dra\:n by : ,u!Jt,y 
App r ove d by~~- Fisure ··o.: 1 

Date: 1 i-~a y 191q 



4. Oalo!}.at\og. 
(a) Oal.oulat.1on ot t.he ey rall l1qu1d tllm ce•ttlc• 

lent ot abaorpt.lon, KL. 
(b) Der1vat1o:n ot eaplrloal equation• relatlng tru, 

overall l1qu14 t1lm ooett1o1 n·t ot a'bsorpt.1on, 

KL•• to the tollovtng var1abl• •• 
(1) G • rat•· 
( 2) Solven\ rat• 

()) Inlets•• oempoel\1on 



;tot.aa9\g §%4mtct-, .. pellets, U, s.P. , lot No. 2143. Uaed 
1n SO:' q\leeua sol\lt.1on aa analytic l reagent tor ooa 4et•rm• 

1na\1on. J . T. Baker oo., lb1ll1pab\ll'1h New J'ePa•J• 

iodlWI atdNglA~• pelleta, u.s.P., lot No . 82246. 
standardize<! at 0.009:, N. Ueed in 4et .rm1nat.1oo. ot tr•• 002 1n 
ab orbing water. J. T. Baker oo •• Pn1111p•wrs• Hew J r••7• 

totaatlM ,t\!!4 lhth,ltt•• o. P. Uee4 1n stan4ard1zat1on 
ot 0. 009:5 NaOH. J . T. Bak•r oo., Ph1111p•burg· N•• Jene,. 

f14trgm, trlpl• 41at.1lle4, o. , . UeH aa 41eplao1ng 
tltdcl 1n Fisher gaa m• 1ur11'l6 un1t. • w. Berk cl oo., Ino., 

Wood R14ge Division, wood R14ge, New Jer••1• 

, M•r1y Jied. 9&6t •P• SJ'• 0.0827. Uae4 e 1n41cat1ng 
tlu14 in dratt gg •• '1'he erlam COmpaflT, 19,5 Weat 112th. st., 
Cleveland., Ohio. 

gnat•• stopoook, Dow 00mins , lot Nth 438025. uaed. to 
lubricate all atopoocka on gaa analya1a apparat1aa. 00W Oorn1ng 

Oorp. , Midland, M1oh. 
O•• !:!• gaek t. Perm.at.ex No. 1. Uee4 ln ••altns o,oeler 

and atoveptpe oorm•ot1ona. f rmatex Oompan., Inc •• suepahea.4 
Bay, New York. 

4!11• kiln dne4 1 evaporate4. uae4 1n Npnerat1ng 

zeol1t• in wat r softener, MUlkey salt ao., Detroit, M1oh1gan. 

§odlwa. R;f4N:?!14e, nake, commerol l grad• • uaed 1n 

preparat1en ot 4egNaa1ng aolu.t1on. Diamond Alkali oo., P1tta• 

bureb. pa,. 



£h•nolp9tbale11, l oi No. 42246. Ueed in 1n41oator 
aolut.1.on 1.n t he d•term1.nat1on or tre• 002 1n eolvent. J. 11 . 

Bak _;r Ohem1cal oo •• Ph1l11p•burg• New J raey. 

tow£• Absorption, conelatlng ct aeven 18" (1ne1~• 

41a ete.r ) by 33" ch m1oal atonew re • ot1ona, paoked w11h 

l 1/2 to 2 inch coke . ( s • P'1SW"9 No . 2 1. page "p). Uaed a1 an 

exper1men.t l device tor absorpt1on stu41••• s toneware oot1ona 

manufactured by Un1t•ct stat.ea s toneware Oompan, , Akron, Ohio. 

11:!fD!l':• 011. ».r. a., Humber 02-:,:,72. uaed •o bura 
fuel. Manutaotured by the Denver Flre Ol ar Oo p n,, Denver, 
Oolora4o. 

Furnag~h <>11 aurnlng• built ot tire briok w1th · n ou\er 
•h•ll ot oommon br1ok. (See Fi gure No . 4, page 4~·;. 

1,0••£• Oentr1tug&l, 12" cU e\ei-, alngle 1nl t., 1.7:pe 
Ol, a rial No . 101721, equ1pJ>tt4 with et p cone pull•7• used 
to toroe gaa t hrough abaor,,t;1on tower. M&nutaotuN4 by 

Olarage Fan OoMpa.ny• Kalamazoo, M1oh1gan. 

Gom;eaaaot, ffytor, Nash,, atze AL-574• 5 1/2'' D, 
,soo a. P. M., 75 p.a.1. r;na.xlm l'ltlte4 pNtaaure. Uned ,o 

provide oompreaaed air tor the operation ot 011 burn.er. 

Marn,taet.ured bJ the Nash Eng1rt••r1ng Oompa.111, south Norwalk• 

OOIU'l&ot1cut. 



ttt\•£• Inttu.otlon, weat.em El•etx-101 Type 1824 15•1800, 

Fermo, 15 H.P., 220 volta, 35•9 •mJ>•"•• •~•4 full l.oa4 

1740, 60 oyol•••) pb.a••• A. o •• oontlnuoue 40° rt••• U•-4 
\o dr1v• oonspreaaoi-. Manutaotured by weal•rn Eleo\r-lo compaa,, 
Balt1more1 Maeylandt 

HO\!£• In4uot.1on, GentN.l El•oti-1ot !J~ K1 Mo4.el. 
5U 225A261 Frau 12't l ih F,, 220/440 volta, 'hl/2•1 &llp a-ea• 
epee4 tull load'''• 60 o;rolea, J ph.aae, A• o •• oont.lm&Oua 
40° ri••• uaed to 41'1•• blow•t-• Man.utaotured bJ General 
Elect.rte oompeu,,.. Sob.Mota47 • New xork. 

1st.or, Eleot.ric, ttoompan1on", 1/4 H. '•• f JPft s • .r .H. 
110 volte, 60 0101••• 1?50 R.P.M. uaed t.o 4P1v• oll pllrllp• 

Purahaaed trom sear• anct Roebuck aompany • fb11M1•l.ph1a, P•nn •. 

l!!!!!Ub 011. Rotar, 1 Sliding va.n•J Inlet 3/8 1n ... , outlet. 

)/8 in. u,e4 to elreulate tu•l 011. ti1.anutaot.u.re4 bJ Brown and 

eiuirpe Manuta.o\urlng Ocm:pa.ny, Prev14enoe, Rho4e . Ieleat. 
190tn!E• wat•r, ••olite, NUm'ber n.-1,4-5a, T1s- Hs-18. 

U••d to aotten absorbing water. anutaoture4 b;r the Permut1t 
oompan,, Bew York, • • x. 

§!~A•I• platform type, 500 lb. oapao1t.y, No. E57119'• 
Ueed to welsh 41ach.arge water trom abaorpt1on tower. PVohaee4 

trom Seara an4 RMbuolt oo pan,, Ph1la4elph1a, Perm. 
bl•m,1; Ana.lyt1eal, Becker Oh 1nomat1c. Uae4 1n 

analyt,1cal work. Manutaot.ured by secuterer-Kohl bu•oh , Ino., 

Jeraey a1t7• N. J. 



l!U,11•:t• ReevG"•• Var1•5peed. Ueed. t o var-1 speed ot 
blower. M nu.taotured by t.he Reves PUJ.ley Co~ , Oolu.mbu• , 
Ohio . 

g 1 .. , Dratt. , a1ngl.e tube1 serial No. 106. usocl 1n oon• 
Juno\1on with Pltot tubf, . '-mnutaotured bJ the M•rtam compan,, 

Oleveian4 1 Oh1o. 

T,ubt,., P1tot, 35" 1n lengt.b.. Uee4 t e determine gaa veloo• 

1 t.7 through absorption tower. M&nutaotured by the Ellieon Dt•af't 

Gag• Oompany• Ch.1oa.go 1 I U. 
Manometei.:•, u- tube, vert1oal • ae 1n. • HS .. t1lle4. uao4 

to measure rate or tlow ot water to cooling t ower af.14 rate ot 
tlow of al r t o 011 burner. Deai gne4 and oonat.ruot.ed. 1n the 
Oheatoal Engineering Dopartmen\1 V1rg1n1a Polytechn1o lnatl• 
tu.t.e, Bl okabu.rt;; V1rg1n1a, 

)J!~••i•z:• u-t.ube,. vertloo.l, 28 1n., 011. ovor wat.er. 
uaod \o measure rate ot tlov ot tuel. to oil burner. oea1gne4 
and oonstruot•4 1n the Oh•m1oal Engineering Depart.m•ttt, V1rg1n1a 
Pol7t.eohnic In•t1t.ute, Bl acksburg• V1r g1n1a.. 

9'•!! Ana!Jt\1• r22J?!:rlltu,1, oonaiat1ns ota 
Ga.a Meiaeu.ring Unlt, Preo1e1on M1ne•A1r Mc4e1 , Fleber., 

spec1t1oat1on No. 10.600•:,4, 72 ml , gradwit.e4 1n 
0 . 2 ml., 22 ml . tn 0 .1 ml ., and 6 ml. i n 0 ,05 m1. 

d1v1a1ona. 

Gaa Abeorptlon Un1 t, F1eher, Speo1t1cat1on M'o • lt• 

6<>0•44• Oontao\ Pipette Model. 
Gaa sampling Tubes, P'lahe1!1 speo1t1c t1on No. 10•920, 

v1tb atopcooka , 250 ml. 



Used tor the aQS.lyt1cal dotem1nat1on ot the per tent, 

ot oarbOn d1ox14e 1a lnlet tlu.e gaa to absorption totter and 

ex1t tlue g • trom at>aor,t1on \ower •. •nldaotw-•4 bJ the 11•h•r 

So1ent1t1o oompany, st. Leuia, .o. 
,&9.!mo~et,-,£, ••rtal No. 6058. uae4 to de·ter111ne s•• 

veloo1\y through a~•u>rpt1on towel'• ta7lor Iut..um at Oomp&JIJ , 

Rooheater, · w York. 

nemqm•)•I• glass, •ltO•a. ·to 50°0., 3:o graduations, 
No . 05005. V•e4 to determine room temper tUN. srot,hoc oo ., 
N. I • 

Zl¼•mo11t £e Bl•••• -40°0. to so•o., 1° gra4-uat1ona, 110. 

05004, uae4 to determ1n vet bU.lb temperature or outl•t sa• 
trcm absorption tcwe.r. 'BNtheom oo., •• x. 

tb•mqm. ~!£• glaa•• -40°0.to ,o0a., 1° gn.41:1.atlona, No. 
05008. Uaed to determine 4r)' bulb _temperature ot outlet gas 

tr-om a.bsorp\lon tower. Brothocu.1 oo., • • Y, 

T!!•nomet•.£• wost.on, 00 .. 25000. * a0 gra4wa.t1o.u. uae4 to 
detemlne wet and dry bulb temper&tUFe ot 1nlet gas t,o a.baorp-

t1on towor. we tern El•ctrloal Inetl"\llMm oor-por4t1on, Newai-k, 

Nev Je1M1e7. 

tQ&lf!lOfflttere. \feat.on, o0•a,0°o., 2° graduat.1ou. Uaed 
to determine t. mperature ot 1DJ.et . and outlet eol'Yent. \ffietem 

Eleetr1cal InatNJMnt, oorporat1on1 Newark• N&vt Jene7. 

AE;li:t1o l E9,!l\R!!~'.\" M1eoellaneoua1 
.P1pet.tea, 50 ml. 

Fl aka, volumetr1o 500 ml.. 

Fl aslu11 velum trio, 1000 ml. 



naaka , Erlenm•1•r• 250 ml. 
Bur•tte, 50 ml., •topoook. 
Burett•• 50 ml., bead. 
D1ah••• evaporating, poroela1n, Ho. 2. 

qy••• Draft , a1ngle t.\lbe , 1nal1ne4 20 degre•• • 20 in. 
Filled with Mer1am Red 011. uae4 to det t'mlne pre•aure drop 

aoNaa baorpt.ion tower. De•1gned and oonatructe4 1n the Ohe 

loal Eng1neer1ng Dep rtmen\• V1rg1n1a Pol;rtecbn1c Inatltute, 
Blacksburg, Virginia. 

J!!t9meter, PNe1e1on Merourlal, Fortin pr1no1pal . 

Manutaotured by M•nr, G,reen1 Hew rork, B. x. 

gool•E• oaa , vat l' oooled, heat exobanger. used to 
oool tlt1e gs.a betore it enten th• a'baorpt, 1.on tower. Deaigned. 

and oonatl'U.oted in the Chemical Eng1neer1ng Department . 

V1rs1n1a Polyt. cbn1o Institute, alackab\U"S, Virginia . (S•• 
F1g~N No.,, page 47). 

5lQ!ra.\~gn. The operation ot the baor pt1on tower may 
be d1v1de4 1nM> £our d1a\1nct pha••• wh1oh are a• tol1owat 

1. FU£D!:q• p;erat\on. (Letter• reter to F1gur 2. 
page 46) • In order to 1naur etf'1o1en~ operatlon 

or the otl burner ( .P) » 1t. waa neoeaeary t.o in• 

atall a cloth tilter ln the oil llmt (E) and a 

40 mesh wire tilt• 1n th eompreaaed lr line 
(L) to prevent aol14 part1olee . auoh a.a ruat 





SIDE VIE:11 
Side cover remove d 

Department of Chemical Eng i nee r ing 
Vir ein ia Polytec ~n ic Institute 

Blacksburg , VirEinia 

GAS COCLER 
:"CR 

18 - INCH GAS ABSORPTION TC'a/ER 

Drawn by : .tVcv.L 
Che eked by : .o 1, 

Approved by : . 

F i e;ure No . : . 3 
Sca le : 1/8 "= l" 
Date : 8 , J an . ' 47 



Department of Chemical Engineering 
Virginia Polytechnic Institute 

Blacksburg, Virginia 



and aoalea. trom clogging the ato 1z1na J•t• on the 

011 burner (P). Seto.re ••oh pel'lo4 ot operation• 

'both t1ltera "" removed and olean•d• At\er the t1l• 

ters were "placed, t.ha oil o1rcul ting pump (H) 
and the H,tor alr compNaaor were started. s mall 

amounts ot tuel oil and a1r were then admitted 1nto 

the oil bum.er (P) and the reault1ng inure 1.gn1te4 

by ana ot a pilot light. Atter the m1xt\lN waa 
1gn1ted, the amounts ot oll and air were gra4\l8J.l.Y' 

1noreaaecl unt1.l t.he ratio neoeaaary to pl"Oduo• a 

4eatre4 carbon 41ox14e oono ntt'atlon 1D. the tlue pa 
waa obt.a1ne4. ·rhe t\ll'nO.ce ( W') operated at a oon-

at.ant air-tu.l 1"8.t1o1 wt th the t lue gaeea bypaa.a1ng 

(M) th. abaorpt1cn t.ower, untll a oonatant t,empera• 
ture was reaohe4. 

2. G :! [lo!.• (Letters ret r to F1gUN 2, page 46). ..U-t.er 

the f'urnace (W) had reached a oonstant temperature. 

the tlow ot tlue gases was diverted bJ moan• ot 

damper•• from the staok (M) to the gaa cooler (KJ. 
Th• gaa passed t.lu'Ough the cooler (K) am wae toroe4 

throuah the tower b7 meana ot a o nt.r1tugal blower 

(N), vh1cb waa opeN.ted at apee4s neoeeaar, to g1v• 
a constant rat• or gaa tlow through the tower. 

,. Wa\e£ :rlg. (Let\eN reter t.o Figure 2, pag 46). 
zeo11te aottened water waa paaaed through a eone't nt 
head t ank (B) and then into th& top ot the t.ower 



Just prior tc the tntrodu.ot1on ot t.h• nue s•••• into 
th.e bottom of tm tower. The rate or water tlow 
th.Pough the tow r waa regula t.ed by m au ot a r.aedl• 

J+. Data ooll!O'd• (L•tt.era reter to Figure 1, page ,a). 
After a.ppro:tt1m tely three houra , terminal eond1t1cna 
belng eonatant, th.e a7etem we.a aasumed to be 1n 
equilibrium, and t .be test ,pe:r1od begun. Eaoh test waa 

ot on hour 4urat1oa. during whlch t.lme the tollow1ng 

dat.a nd saaplee were taken at tJle beg1M1ng ot eaoh 

teat, th1rt7 mlnutea at\er \be \ea\ per1o4 ha4 beg\Ul, 

and at tb tnd ot the one holU" te t perto4s 
a. Te pera~ur•• Op• · 

( l} Inlet. ab orbent water, 1'1 

(2) outlet abaorb6nt water• '1'2 
c,> Dr, bulb t'e P• ot 1nlet tlue gaa••• r, 
(4) wet bulb temp. of b\l•t flue gaa •• f4 

(S) Dry bUlb temp. ot outlet tlue gaaea, T5 

(6) wet 'bu.la t.emp. ot outlet tlwa gaae • Tes 
CT) Room temperature 

b. Ms.nomet.•r .rea41na•, tlow rat.ee 

(1) Inle\ ab orbing wat.••• Vi 
(2) Oollpr••••d air, V2 

(3) FU.el. 01.1, v, 
( 4) 'tf ter 'bo ga• oooler • V 4 



o. Dratt s s rea41.nga 
(1) stat1o pr&l&\U'e 1n. •• or tower, P1 
(2) s~atlc pressure 1n top ot tow r, Pa 

d. PreaaUN 

( 1.) Atmoephel'lO preeaure 

•• Veloclt1ea, rt .. / m1n. 
(1) outlet gae 

t. watter ample , 250 ml • 

(1) Inlet vat r, 01 
( 2) . outlet water, o2 

g . Oaa samples, approx. 250 ml. 
(1) Inl•t saa, o, 
(2) Outlet ••• O• 

~,n.10al .Rtt•m&!J!t.1on1 
1. It!• 992 ln wat•t• F1tty ml . portion• trom eaoh 

water aa ple tak•n during the t et wre an.ai,aed 

tor tNe 002 oonton\ bf tlt.rat1ng agatnat 0.009,ih 

NaOH.t ua1ns phenolphtha1•1n •• th• 1nd1oator. 

a. Nr· ,OfJ.\\ QQa 11:! i~!• The preeedUN ueed 1n .tbe 

4ete:rm.lna.t ton ot 00a in the· tlue g e vaa that 

g1Yen bf Ma.t.uzak(J6) . 



!mt& D\•Jr P!:~• The ex,-rlmental data tor \h1a 1n•••• 
tigatlon la pre••nte4 la Table No,. II , pag• 53. 

A••!U!• the reaulta ot th1.a 1nveat1g t1on are ahown 1n 

Table III, page 54 an4 N arNnge4 tor oompar1ao.n 1n Tabl • 
IV, V1 VI, an4 VI! , pagea 55, 5C>, 57 and 58 reapeot1v•lJ• For 
graphical preeentatton •;•• P'igw-ea N<h 5, 6 and 1, pas•• 65, 
69 am 12t "9ptott .... i,. 



r A:JLE NO . II 

Log of Sx periment a l Da ta for Tes ts on l8" Stone,:3re Coke-Pa cked Ga s .~ bs orpt i on 
Tower Us ing the Sys t em CO2- Wa t e r 

'.'/ater 
rempe r a t ure 

OF' 

Concentra ti on 
? r e e ::; o2 in 

. ;bsor b i ng '/late r 
s~ s. CO 2 X 10 4 

100 gms . H20 

.. . . 
3a s 

re:npe r2. :. ur e 
OF' 

Concent r a t ion 
o f co2 in ga s 

;~ by Vo l . 

· ,.. · M@HIMMIIW 
. . 







rest 
No. 

17 
24 

16 
2] 

20 
22 

5olvent Rat e , L 
lb. ':!Ols 

(hr. ) (ft. 2-) 

100.0 
100.0 

100.0 
100.0 

100.0 
100.0 

pp CO2 in 
Inlet Gas 
mm. of Hg 

18.1 
19.3 

36.0 
36.2 

43.l 
50.0 

Gas Rate, G 
lb. mols 

(hr. ) ( ft. 2) 

12.7 
2.0 

12.7 
2.0 

12.7 
2.0 

'La 
lb. mols 

(hr.)(ft.3)(Un1t cone. diff.) 

0.00363 
0.00299 

0 .00508 
0.00299 

0.00543 
0.00525 



Test 
No. 

16-20 
21-25 

Solvent Rate, L 
lb. mols 

(hr.)(ft. 2 ) 

100.0 
100.0 

Gas Ra te, G 
lb. mols 

( hr. ) ( ft . 2 ) 

12.7 
2.0 

Pressure Dro p , L::::. P 
in. of H2o X 10 2 

37.0 
4.2 



Gas Ra. te, G 
lb. mols ----2-

(hr.)(ft. ) 

Solvent Rate, L 
lb. mole · 

(hr.)(ft. 2) 

pp of CO2 
in Inlet Gas 

mm. of Hg 

, KLa 
lb. mole 

(hr.)(ft. 3 )(Un1t cone. diff.) 



No'Le a 11 data uaed 1n eample o loulat1ona weN t •• 

from t eat No. 45 (See Table NC'h Il t pag• 53)• 

1. Q];Etr&ll J,1g9\,d . ,&Am Mt£Pt\on ooet(lolt:at., .KL!.• Th.• 

tollow1ng equat1on (eee Eq\l&t1on No. ,1 page 32) 1 

g1ven bJ Wal ker-, Lew1•, MoAd •• and G1ll11amt <T2) 

vaa waed ln oomputlng th• valuea ot IL& 

(L)(x1 • x2) • (KLa)(H) (~ Xa-..) 
where 

L • lb. mola solute t ree aolvent/(hr.)(rt.2) 

X1• lb. ole sol~t•/lb. mola eo1vent in outlet wat•r 
•a• lb. mola aol\lte/lb. mola aolvent. ln 1nl•t. water 

ff• height ot paok1ng ln tow r, tt. 
c::,.. Xayt ar1thmet1o mean overall 4r1v1ng ton•, lb. mola 

OO,/(hr.) (tt..J)(unlt oono. 411"tereno•) 

KLa: overall 11qu14•t1l eoett1o1 nt. lb. mols/(u,..) 

(n•'> (Unlt oono., d1tte noe) 

The tollevtng exa pl•• ahow how t he quantltiea 1n 

tho equation were 4e\·o 1ne4 

• • (L) !ilt•!l\ ,D!!• ll'h mol•/(hr.) (tt.2) 

L • (mat, 'ft, ot<~;{:!:;!':!mm area o! 
\h• 18" 41am• er tower, n.2) 

• t72,:;U62l 
(18)(1.767) 

• 150.0 lb. mola/(hr. )(tt.2) 



1:,.. (13 J QQft!• .ot Q.22,,.l.1\l °'U\A•l: WB;'t £• lb. mol• OOa/lb. ol Hao 

gm. OOa/SO ml. H20 • ( ml. aOH ) (N. NaOll) (M. E •. 002) 

: {5~4)(0.009J)(0 .. 022) 

• 11.05 x 10·4 

oonv• rt,1ng l h1• valu. to lb.mole oot/lb.mol HaO 
·• • c11.o, x 10·4>c1a) 

1 (44)(§0) 

• 0.00000904 

• 9.04 X 10•6 lb. Ole COe/lb, 
mol HaO 

a, i.122 SlPDOs ot aq2 l&,at\l!' ,pt.et, lb , ol Ooa/l,b.mola H20 
Caloulatnd 1n srune nn•r o.a "b,. above 

Xa s 1.84 X 10-611:,. ol1 OOa/J.b• 
mol a2o 

4. cu> n•le~ 2t2as1t1111n u1•£• D• 
The paoke4 aeotion ot t.he towe:r waa 15 tt • 

•• (6 •av.) ~t!eeti1o m ag 0VeN,l4 ,klv;lg tent, 
lb. mola OOafl.b>.mol H2() 

.6 •av. •i,, • ~a) .--+: ( !) - xt) 

Wh.eN 

2 

xe, • equ111br1WB cono. oorreapoD41ng t,o the 

part1al prea u.re ot 002 ln t.be out.let. 

••'b • _equ111br1um oono. correapon41ng to t.h• 

partial preaataN ot 002 1n ~h• 1bl.M 

gaa 



!he valu s or X.t and x8 b w re ol'Jta1ne4 tr-om data g1vea 

b7 Othmer nd Benenati C4a)~ Detore th1a . data ooul.4 be 

used , however• it was netuuuiar7 to calculate the exacttt 
part1al pnsaUN ot the 002 in both the inlet; an4 out-

1.et gaa. In ol"der t o oaloul te the exaot paJ1tlal pNa• 

s\lr a the tollowl:ng aaeumpt1on.s · re m dea 
(1) ?hat the gs.a aampl•• aa analyzed in the oraat 

apparatWt re 100, turated w1th water vapot.- 111 
(2) That an, obangee 1n per cent relative hum1d1t1 

wl\h amall ohangea in total barometric p.-aeUN 

would i. ne811s 1ble. 
'rh•n., at no• \he outl t gas trom the tower la 1ooi aat• 

u.rate4 

l'\J part. prea. OOg 1n outlet gae . (!iCOa).(fr~,PNI* ,Bf) • 
. . 00 

.,.~,lOl (W,•lt) 
100 

•22.04 It • ot Hgt 

Sino• the inlet g a t o \he \ove:r 1a not 100~ aat.urate4 , 

the oorTected partial prea UN ot 002 1n t ht 1nl t sa• 
may boo loUl.at.ed from t.he ,to1lowlng relation 

Tower oond1 tlons of 1Jil t su weites 

4l'7 bulb , ,.,.,. • 62.0°P. 

wet bulb temp. • tSo.4•r . 
j nlat1Ye hum141\7 • 91.1 



part..pre-a.a2o i 62, 0°F. • 14. 2a m, ot Hs 
part,. p ••HtO at towor t\ond1t1ona •(% rel. hWJ1141t7)(part:. 

pre •HaO at 62.0°F,) 
• (0 . 911) (14.22) 

•la.95 m • ot liS 
••t .pa.r\.pre•.HaO at r oom t ·111:te ( S6. 9°F .. )•)2.74 mm. ot ff6 
Ba.rometr1o prea•\lN • 711.l m . ot fig 

then 

• 24. ,36 • • ot Hg 

•et, at 22~04 mm~ ot Ha and 60.4°F. 1 trom equ1l.1br1wn data 
. ' 

•2 • 10 p as. Oot/100 sma . aa0 
ooavoi-t,1ng th1s v lue t o 11:>.mola OOa/lb.n1ola Ha0 

••t. (~eI9)~1s1 
(44)(100 ) 

-"' ' . _I, * l00 .46 x 10 . . l b . mole, 021 .b,mola JleO 

x•'t>• at, 24.)6 n . ot Hg and 62,0°F., tram •ciu111br,1wa Uta 

• 2.89 gm.e. ·0021100 s• • Ha() 

convert.1ns 1n th a&rae nner aa tor "1a.," 
Xe'b • 11a. 2, x 10-¾o.mola ooa/J.'b. mol H20 

then 

.6.. Xay _.~110 .46-0.,0tl(,10~ ) +. (,l~8.2~-0.~9)Jl O•~i, 
2 

=114., x 10• 4 lb.mol OOa/lb, mo1 H10 

SUbatitu.tlns 111 'th$ cr1s 1nal eqwi.tlon 

(L)( x1 • xa) • Kta (R)( .6 -.,v.) 

(150) ( 9.,04-1. 84} (10-6) • ( !:La) (15) (114.J(lO.~) 



solving tor KLa 

Kt.a • 011006,0 11,.mola/(h..-.)(tt.2) (unit oone. d1tlt) 

2. 9!£&vct.t1t:>n ot •a,itu&i:&oa, 19.Y!~&ttl &1Ht&11 Sb! QY•r-
f'lll L19\\14•f1.ll ooeft1c1•n\ (lt.Jl • .§QlVept. .,, .U-:l, 
•nt t•rlt1!• ,IE!lt!!H".i( QQa &a \A• IDASI °'~• Cpl 1t I 
aogt•Q,\ Ga• Q.1\t ot ;i2,z A)htnOJl(h;r,l<Q,~). 

Aa ahown 1n F1su;r• Ne. 5, page 65, the plot ot log 
Kt& v•r•u• \he partial preeeure ot OOa ln the 1nle\ 

gaa Nault• la a ••r1ea of ,tralgb.t 11n••• Therefore, 
the •qu.atton relating Kt& and the pa"'1al pre••~ la . 
ot lh• general t,7pe 

Xt • 10• + l);p 

w:r1tlns the a1>o•• Equation 1a los torm 
101 Kt•• a+- bp 

ni..n 1>7 a\lbatlt.~lna valt1•• trom Tab.le No. III1 page 
S4, t.he tollowlns equatlone may~ written 

For L • 66.l lb.mole/(hr. )(tt.2) 

Teet. No. 1 - 2.572 •a+ ao.ob 
'feat so. a• 2.752 • a + 18.0b 
'feat No.,• 2.,,1 • a + ,0.11> 
Teet Mo, 4 • a.530 • a + 44.?b 
Test No. 5 - 2.-\-19 51.4-'b 



s uminat1on of the equattona tor T&at Noa . l., 2 ancl l 

and aumm t1on ot t he quationa tor teat Noa« 4, an4 S 
uielda t.wo eq~ t1oaa 1n ''a" an4 '*b,. v h1oh upon &118\ll• 

taneoua solution y1el4 

a •-2.859 
b •+o.O08O 

In l1ke anner. val.t.tea of ~a" an4 "b'' y be toun4 tor 
L • 75•5; L • 84.9, ant L • 100.0. 
summar1e1ng 

.J,_ -L, -L 
66.1 •2.85t o.ooeo 
TS.5 •2•?4J 0.00-64 

"·' - 2.685 0.01a, 
100.0 -2.56, 0.0112 

The valuea of L nd "a" re moat nearl7 reot1t1e4 

when log L 1• plot\e4 ga1nat tta" as ab.ow bi lSUN 

S(a), pas• 74• TheretoN 1 the relat,1oa between L ancl 
"a•• 1a ot t.he type 

L • lOm + a 
In log fQNI 

log L • · m + na 
where "m" an4 "n" are eo.netanta to be determined 

Pro t.he pnv1011a •••luat1on ct "a" the tollowlna 
equation••¥ be written 

For .L• 66 •. 1 

t • 75.5 
I .. • 84.9 
L•lOO.O 

1.820 •II• 2.859ft 
1.878 • m • 2.71+.:,n 
1.929 • m • 2.685n 
2.000 • m • 2,56Jn 
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summation ot the t1rst two equ.at iou and the la.at ~vo 
equati ons and s1mul\aneoua solution or the reeulttq 
two equations yield• 

11 • 5. }85 
n • 1.260 

sucst1\u\1ng in \he equation 

losL• m +na 

slvea 

Thu 
a. 10.1,L-5.,el 

1.a, 
'1'he valu.ea ot L and "b'' are . o•t. nearly reotitiecl when 

L 1s plott.ed ap1ut ttt," ae ahown .tn F1SUN 8(bl, page 
74. TheNtore , the Nlatton 'betwetn L an4 "bet 1a or the 
,,~ 

b•t+gL 
where •t• aid. 111" are oonetants to'8 determ1M4 
From the preytoua •valutlon ot "'b*• \M tollow1ng 

equations •1 be alt.tea 
ror L • 66.1 

L • T!S.5 
L • 84.9 
L •100.0 

0.0080 • t + 66.lg 

0.0064 • f • 75.51 
0.0123 • t + 84.gg 



su.mmat1on ot the tirat two equations and tht la,, two 
equat.1ons and a1multa.neouo solution ot tb Neult1ng 

two equation ylelda 

t • -0.00168 
g • 0.000124 

'fberetore 

b • •0.00168 + 0.000124L 
S1noe bot.h .. '* and "b0 have now been evaluated b1 terma 
ot L t aubat1tvtlon 1n t.be orl g,lnal equation 

log KLa • a -4-· bp 
gtv•• 

101 Kt• • log L-5•~85 + (0.000124L-0.00168)p (:,4) 
1.261 

vh1oh ma7 be a1mpl1t1ed t.o 
log KLa • O.TtJ log L +- (0.,000124L•0•00168)1;>-4 .. ~. (34a ) 

where 

Ki.•• overall 11qu1d•tllm ooettie:l•nt• 
1'b.mola/(h:r-.)(tt.3)(un1t cone . 41tt.) 

L • aol•ent rate, lb.mola/(hl".}(tt.2) 
p • partial preaeUN ot 002 in inlet ea•• 

mm. ot Hg 



'. R!£1 vat,98 ot lis&rloa4 E:qu ttou ,R•l•!i&as \be• Qyer-

all k\su!d.·~f\H g2.•tt&t1-tl\!c (,kt) 1 iO.lX&\ .,, ui~ • 
a,nd ;L!a rt1e. \ 1!£.!IIUE:! gt (Jga ,. \l\' ~let I gl£ft Si!I (1) ai 
a Oonstant ~ e Hate, ~t' 2.0 lb..mol LtlW• Hf\,2 ~. 

a . Equation Expl1e1t 1n P• 

Ae ab.own 1n P1gur Ho. cs. page 69, t he plot 

log KLa venue t he pa.r\1al pNaeure ot 00a 

1n th.e lnl. , sa• reaulta 1a a ser1ea ot a.t.ra1aht 

llm,•• ?heretore. the eq . tton relating KLa an4 
the partial pre•••• la ot t h s•ner-1 t7pe 

.!La• 10• t b:p 

01' 

log Xta • a + bp 

In t he•• • mier a 1n sample Oaloulat1o~ ttumble~ 
2, pag• 4:,, the roll.owins value ot "att an4 tt1,•• can 

be det rim1ne4 t,.om f e•t Nwnoei>e 21 through 45 • 
..J,_ -'- ...L 
100. 0 .. 2.616 o.ooso:, 
150.0 -2.304 0.00499 

200.0 -2.177 0 . 004'4 

,oo.o •l.906 o.004,T 
'K>o.o ·-1.952 0. 00408 

The valuea ot L and tta" · re moat nearly not1t1e4 

when log L 1• plotted against ••a .. s shown 1n 

Fl811·" 8(0) • pas• 74. Theretore , the rela:t.lon be\w••• 
Land "a" 1a or the s•n.ral t:,pe 
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I .. • 1011 + na 
In ~h• aam marmer aa in sample oaleulation Number a. 
page 64• • the tollov1ng value a or th• oorua\ant.e "mu an4 

"nu ma, be 4 term1ne4 

• • 5.001 
n • 1.226 

Theretore 
a• log L-l•OOT 

1,226 

The valuee ot L and "b" a,,e moat, n•arl7 Not1t1e4 VMA 

log L 1• plot.\•cl against log "b" aa ahowa 1n .FlfS\IN 8(d) 

page 74. 'l'h•Ntore., the equation relatina L and "b1• 1• 

or the ,,,,. 

L • t \)S 

or 
log L • log t + g _log b 

In II mam,.e, •1•11.ar \o 1uple oaloulat1on Nwabez- 2, page 

66, b7 the tollewtng •aluea ot In• aonatania "t~ n4 
"gn may 'be 4•t•nined. 

log t • ;.881 
f5 • 1.585 

Thua 

log L # 5.681 + 1..585 log b 

!heretore 
lofL-i.8!1 b a 10 .!F$ j = 

Su.bat1\uttns la the or1g1nal eqwit1on 



log KLa a a + bp 

g1vea 
log K a .10s +(lo)lof1L~~-~8~ (p) 

L 1.22i l.585 

Wh1Ch may be $1mpl1t1ed ,. 

(35) 

. (O,Ct~ log u-3 .Tl) log KL& • 0.816 log L + 10 · p-4. 08 (.Jja) 

Wh•N 

Kt• • overall llqu1d film ooett1o1ent. , 
lb.mola/(hlt.)( tt. • .l) (unit oono. 41tt.) 

L • eolvent rte, lb. mola/ (hr.)(n . 2) 
p • part11 preaoure or 002 in \nlet gaa, 

•• ot HS 
b. Equation EXpl1c1t 1n L. 

Aa shown ln F1gUN No . 1, page 721 t.he plot ot 

1.og KLa veraua log or t he solvent rat.e (L), neUl.t1 

1n a sertea ot stN1ght 11nea. Theretore, \he equ.at.1on 

relatins KLa and 'the eolv nt rate 1a ot the t1pe 
Y"La • aLb 

or 
log Kta • log a + blog L 
In a manner •1!l1lar to sample calculat1on Number 21 

page 64, 1t my be .shown that th relation betve•n 

p and "a" ia or the t7pe 

a • m + np (see F1gure 8(e), page 74) . 

and that 

a • 1.,57 X l0-5 +- (l.942 X l0-8)p 
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S1m.1la rly 

b • t pS (see P1SUN 8(t), page 74 ). 

and 

b a l.OSJp0.0478 

Therefore 
l. 05:, 0.0478 

KL& : [l:,57x10·8 + (1.942x10..S)p) L • p (Ji) 

where 

Kt•= overall l1qu14•t1lm ooett1o1ent 1 lb.mola/ (hr'•) 
(tt..J) (um.t Clleno. dltte . nee) 

' 

p • partial presaure ct O()a in inlet esa , mm. ot Hg 

L * aolv•nt rate, lb.mcle/(hr.)(tt.2) 



De p~rtmen t of ~he1'.lll. c ~l ~ng1neer 1ng 
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ln this 1nveat.lgat1on experiment-al 4 ta.was obtained trom 

the operation ot an 11" oek - pa.eked ·sa• abaorpt1on tower ua1ng 

the •1atem GOz-HtO• and. trom th1a data the overall 11qu14-t1la 

ooetr1o1ent ot abeol"J)tton ( KLa) , t,he solvent rat• (L), and th• 

part,lal preaaure ot co2 1n the inlet (p) were Nlated b7 meana 

ot empirical equat1on1. 

IQ,¼•i w;ater L&n~. Wlth a 1 1/2'1 line tro the constant. 
head tank to the top ot th• \ewer the maximum rate or tlow 
trom t,he water main. oo\ll.4 be paea•4 t.hro\&Sh the towers however, 
tb1a max1 um rate waa only appro:a:1 a t ely 420 lb.mola/(hr.) 

(tt.. 2) . Since othei.- 1nveat1gatonCSS) 1meat,1gat d aolve.nt 

rates ranging from 177 to 88T lb. mola/(nr. )(t, . 2>, th• range 

over wh1oh the reaulta ot th1 1nv tt1gat1on oan be comp red 
1a 11m1t 4. 

9!• ggol•r• Th• maximum peNent.age ot 002 1n th inl t 
flue g ae dur1ng th1a 1nvee\1gat1on waa 10. 71 (aee T t Ho . 

iJ, Table Ilt p ge 53)J other 1nve a\16e.tor•(l5) wming the 

same tuel (kerosene) and using the aame ga oool&r obta1ne4 

an inlet conoentrat1on ot ao2 to the absorption tower or 12.78 • 
W ter waa drained trom the eool1ng 0011 ot the cooler even 



t.ho\lgh no tlue SBS wt10 paas1ng tnrough the 0011. theNb7 1n• 
dioatlng that. th• pre••no• ot water ta the oooltng 0011 eoul.4 
not; have been the reeul.t ot oondena tlon ot a port1oa ot th• 
f'lw:t s••• Since the tlue · • 11 'cooled to near lta dew point., 
the oooltns coil waa pPObabl.y corroded beoaue et the tonaa-
tion et dilute oarbon.1.o ao14. The otlon ot water loa.k1ng 1nto 
th• oe.11ng 0011 ot the p• coeler vae \o "•trip" out a portion 
ot the ooa 1n t.be tlu• t.h•~l>J 11m1ttng t-h• J'IUlg• ot 
ooneentrat1on ot 002 a•allable. several 1nveet1gs.t.ora(l7)(68), 

atu41e4 ol'Jl.7 lnlet 002 oonoent.rat1ou trea 151' to 251'1 tbeN• 

tore, the oomparable re1ult1 ot thl• 1nv••tlgat1on ai-. ap1n 
limited 1n rans•• 

D!ml:9•• '?he Nhaotor, •••nt uae4 b4ttween the wall• 
ot the t1Nbox and the ·out.er tupnaoe elwll cl"\lmbled ••oh t.1• 
the tunaoe cooled atter ope:ratlcn. s ll pan1olee ot tbt 
cement would beoome we4ge4 between the two wall• and When 
the turnaoe was heated •sala would cauae \he wall• to waJ'J) 
pro4uo1ng several cre.oka. 1'h1• Pt'ff nt 4 opeJ'l.tins the furnace 
at high en.ough temperat.u~• to enaure ett1o1ent oo buatlon. 

overall Ligu14:-,:11~ coett1o1ent 8 1.14. Aa ahown in 
Table No. IIl, page 54, reaulte ot Teet l through 201 1n 
Wh1oh the sae rat.e was ooruatant at 12.7 llhmol1/(hr. )(n.2), 
the solvent rate wa var1e4 hom 66.l \o 100.0 ll.'>. m.ol /{hr•) 

(ti.2) and the 1nlet gaa oompoaltlon var1e4 tnm a.'Mi,% 002 

to 1.51~ ooa, give values ot KL• ranging tro 0,00177 to 
0.00543 lb.mola/(hr.)(n.,){un.l\ oono. 41tt.) Bo1•t\'&Nt(l5)• 



-11-

Wtiq th aame equipment an.4 •1•t•m, mad• absc i•ptlon. atu41 • 

in 1'b1ch the gaa rate waa oon tt.nt at 12,T ll>-wols/{hr.) (tt.2) , 
- 2 the ao1Yent rat• vmrl 4 trc>tn s:,.a to 115.2 lb, molo/(hr,)(tt•) 

-ana t he lnl•t s•• oornpoa1t1on varied trorn 4.06~ to 12.78,' 002• 

obtained values ot KLa ranging tro• 0.00544 to 0.01,0:, lb. 
bla/(br. )(tt,1)(un1t 001\Ch dltt.) •· S1noe t h18 bw 1t1g tion 

and 1901 ture•a 1nveat1ption were performed. at appl'Oxlutel.J 
eo0r. nd 714 mm. ot Hg, the result• ehould 'be ~om.parable. 
However, the yaluea ot KLa tr-om thl• 1nveatlgat1on re ao•• 
what lower t han thoee obtatne4 b7 Bo1at\lN, S1nee '1.h Nault.a 
or t his 1nvea\ lgat1on (a e ble Ne. VII, page 58) 1n41catt 
that a n bun ... aae ln the J)ei' ••nt 002 .ln \he 1nlet gae Nau.lta 

ln a high r valu. tor KL• and Bo1et~ employed t11gh•r pefteat.• 

as• ot 002 than were \laed in thla tnYeet.1 t1on, the lover 
va1uea ot K~ ~re to be ex,oote4. 

S1mmomt amt oabom(68) 1nveat1ge.t64 t h• abaorptlon 

002 trom a.ii- bt water, at 760 •• ot HSt 1n a t1ber lube x-
per1nw;ntal tower 1,6 met ra long &M 9.1 o. Ol.\te14e diameter, 
paoke4 w1 th o. 6)5 om. to 1. 27 onh ookth 'l'h•ir data and roaul.ta 

over t.he range or variables comparable to t he range ot varlabl•• 

1n t h1e 1nves\1gat1on ar. eu.mmartze4 1n Table No. XI II, ,ago 

89. The equation uae4 bf s l u ou anti oa_born to evalWlt over-

all l1qu14•t1lm abaorptlon oo•tt1o1en:t, (Kt; >1, waa 4evelo~4 

by Bennetch and Sl fflfflOU(U). Th• unite or (KLa)1 are lb•· 

002/(hr.)( t t ., :5 ot operat1ng tNle volwte) (Ul'dt cone. dltt.), 

Howev r, both total packed volume and operating tN• vol.W"ile 



were measured by the 1nvoat.1gators. Ii', t.hen, ( Kta>1 11 

mult.1pl 1e4 by the t1o er cperat1ns t ree volume to total ptuto4 

volume and th&n divided by 44 (conv rt1ng from lba. ot co2 to 
.ln.mola) , ( Y..La ) 2 wlll hfllVe the un1 ta or lb. mol•/(hr, }(:tt.J ot 

tot.o.l paoked volu e) (unit conch d1 tr. ). Theretore• ( Ki.; >a ae 

shown in the l Ast column of Table XII I t page 89 • should be 

oomparable to ~a• as oo pu ed in this 1nvest1g t1on and ahown 

1n Table Mo. III* po.go 54. It ust be rom.embere-d th.a t the work 

or Simmons and Osborn was 4one t pprox.lmat i, 760 =•• ot 
Ng and t he work or tb1 • 1nveat1g tlon was done t approx1metely 

Tl4 • • ot HEU conaequently, 1t is to be expect d that. t he 

higher preaeure wo\114 pl'Od.uoe b1sh•r Y&lw. ot ltl)l • However, 
up0n eomp!lr1son of t t.e two aeta ot values or K~, th val\l&a 

oomput,ed 'by Simmon and Osborn appear to be somewhat lowet-- than 
th valu a ot nLa oomput d trom thi1 1nv at1gat1on. Aooording 
to the reaulta ot tb..1.s 1nvoat.1ga\1on (•" Table Mo . v., page 
56) • KLa deoreaaea w1th a deore se 1n gs.a l"&tef theretoN, 
o1no th gae ratea ot t.hle 1nve.1tlp tlon were 12.T lbt ols/ 

(hr-. )(tt.2 ) n4 2.0 lb. mola/ (hr •. )(tt.2) . .,hose uaed b7 

Sllll!lO'R nd Osborn waa 0 . 82 1'>. '?>ols/(hr. )(:rt.I) or lese, 

t heir lower vs.lu s or r~La ms.1 be a.ttr!l.but,.~,j t(l lovt r ga 

rat&• • 



Qg~•~n~ 1Rat • Aa shown 1n T ble No . IV, page 55• \he 
~aulta ot \h1a biveet1g t1on 1nd1oate that th v ue ct KLa 

1noreasea aa the eolv•nt rate 1ncr as•• • Th1a conclua1on 1• 
oorroboi-ated., qun.11ta\1ve11, by the work ot both van Arad 1(n) 
and Shervoo4(6l) . Hovev•r• the relation developed hy Sherwoo4 

relating XL• t.o liqutd rat•<••• Equation No. 27, page 22) 
glvea nluea ot I t• oomplettely c\:lt or the magnitude or tho 

oalculated K~ ••• How vert a1noe Sherwoo4•a eq \ion doean•t 

take 1nto cono14•rat1on the etteot ot lnlet gaa oo poait1on 
am aooord1ng tot.be reaulte ot t.hta 1nvea\1pt1on a abolfn. 
in !ab.le No , VII ,. pas- SB KIJ va:rles v1th the inlet gs.a 

oompoa1t1on.; t.be equation oamot be •xpeoted to pply . Hov-
• ••r, it ahorvoc4 4a eq\l&t1on 1• w.i-1\ten 

lt.Jl • (0)(0 •. 016 L0•92 ) CJ7) 
and t.be constant. "o" la naluated trom known value• ot KI)l 
and L tor a glve.n inlet saa oompordtton and gas r t•, the 

equation may \hen be uee-4 to estimate KL• w1.\h an aoou.rae7 

ot approx1rnate17 plus or mlnue 14"• 

Oantelo• Simmons, 01lea, n4 Brill (17) • ab•orbb11 

002 trom air by ue• ot water in a gl •• Raeoh1g ring paoke4 
towe:r 1.6 metera long and 9.1 om. ln diameter, towd that. 

KLa decreases "rapid.17° wiih decu.1ie-a111ns solvent rat.e un'tll 

a or1t1cal flow rate 1s rea.ched wheNtupon the v lue ct KL& 



t he l1nee repreaent1ns different oolv•nt rates re e,-oeci 

approximate ly qu141stant.: therefore , lt may be a eum&d \ bat 

the or1t loal tlow rate t or t ho ay•t em uaed 1n t h1a 1nv 1\1.sa• 

t1oa liea below 66.l lb.mola/(hr. ) (tt •. a) • 
As shown in Table No. II , pagtt 52 (test Noa. l through 

20), a 51.3;' 1norea.se 1n eolv nt rate 1noreasea th pN aUN 

drop across the paoked seot1on of the tower 11.Q% • . o, trom 

Tests 21 t hrough 45 , a:s shown 1n TAbl e II• a 300% increase 1rt 

solYen\ rat 1ncreaaea t ho pNaeure drop cro•s tt1e packed 

••ot1on or t he t ower by 40.1i . In eaoh of t he &bOYe oaa•• 
t he gas rate wa constant. From equation ,o, pas• 31, it 1a 
seen t hat prsaauNl drop ts 1n4ependont ot solvent rate and tor 
a given tower 1s roUghly proportional t.o t.h aquaNJi ot th• 

linear s a velo41ty • .However, the above result• •1 be •x• 

pl ained b1 th taet th t a t he solven\ o1roula\ea ner the 

paok1ng 1n the lower lt. oooupi•• •n ap,PNo1abl• tiiae\lon ot 
the vc14a an4 nctu••• \ht •an tN• ore•• aeot1oa o"a \o the 

paaaage ot the sa•• Theretoi-a, aa the 10):rent. "-t• inona••• 
Uae aotual 11.-a:r s $ ••loe1 t7 1e 1nore aed. and a ahown. in 

Tabl• N<h VI• page 57 as ga veloott.1 1nciN&Ne tu pnae'tlft 
drop aoNea th packet PQ't1on of ti. t.owa- 1no"6a••• The 

above theory la borne out by t.he work of Qh1lton an4 Colburn(lB) 

who found t hat. t he pr a ure drop was 1ntlu.e.nee4 both by the 

gaa ra ta and the fl"lte vol wae ot \he paeld.ng ua•4• 



~e.9 RA\I• Aa shown 1n Ta.bl No . V, page 56, at a solv-en\ 
rat. of 100 lbt tnola/(hr. ) (tt.. 2) n 84. :,J' redu.ot1on ot t.he ga, 

rate l7&duo s t h. va.lu or th ove . ll 11qu1d-f1lm coettioient. 
or absorption oy an verage ot ao~. i1 oolan.1 , Hershey, e.nd Ke•e:n<,o) 

eonelu4 4 tn t. t he 11qu1d -t1lm ceeft1olent is atteoted only 

•lightly by gas veloo1t7. A poss1bl explanat1on tor t..b• tU.a-

erepa,noy between tne l'Caul.tc• ot t.b.ia 1nveat1g t1on an4 tboee 

ot the above 1nvea\1gat.ors 1a that a "duotion or pa rt• 
trom 12.,7 t,o 2.0 lb.mola/ (hr. )(tt. . l) 4 orea• a th tur'bulenoe 
1n th liquid stre lllt with an aocompan,1ng 4 o.Nuu1e in 1nter-

tao1al &Na between gas and l1qu1d phaa•s• ltquatloa 10, page 

12, 1nd1os.tes that the rat . ot d1ttWJ1on through t1lm ie 
proporti on!ill \o the 1ntertao1&1 area, oonaequ.ently, it the 

1nteJ!'fao1al area 18 d.ecui,..aaedt the r t.e ot a'beorpt1on, '-L• • 

would <leorea s.e. 

As sh.own 1n Table Vt, p g11 51, at a ocmat nt aolvent 
rate ot 100 lb.mola/(hr.) (tt..2) an 84.)~ red:u.oticn ot the 

gae rate reduff s t,be preaaur• drop e.or-oaa t he tower ea. 6;(. 
1'h••• reeult,a are eorrottora.ted bJ o\ber 1nveat1ga.t,ora<S8) . 

gqmP!!&!iOD !t ll,A8' 001• Aa howa 1a T ble VII, pap 

5S, Kt& 1noreaaee with an inorea•• 1n part.1al p1"9aaUN ot 
ooa 1n th inlet gaa. Analys1a ot Eq\\ll.\1on 101 ·page 121 in• 

diaate• that the 4r1v1:ng toro• through the liquid tllm, 

vhiob waa I.he controlling r-e•1•tano• 1n \he ayatem u.ae4 tn 
thia 1nveat1gat1oa, vaa a oonoentratlon dlttere,no• over the 

11q\l1d t1lm1 the h1per thla oonoea\rat1on dltferenoe tu 



high r the rate ot -.baorpt1on. 'rho-retore, KL would be ••• 

pe-ctod to 1nore ae w th nn 1nore ae 1n part1a.l pressure in tu 
in.le e . This increa e ot Kta w1t the p rtial pres sures 

1 s also borne c,ut by th6 emp1r1oal quat1ons dev loped 1n t h 1a 

1nvest1g t1on. ( Seo Y.:que.ttons Numoor }4. 35, nd :;6, pa.sea 

67, 71, and 73 re i,eat1Y l.Y. ) 

i:;re••~ Droe Aorqsq 4oV!£• From the re,ult e or th1s 
1nv st1e t1on there np are to be no relation oetv n the 

prea ure drop t hro\lSh t he packed aeot1on of the tow r an4 t,M 
overall 11qu1d- t1lm eoe.ft1c1ent. . ?her n4om var1 \lona or 
t h e pre, sur drop a; ahow 1n Table II, page 53 a~ proball>la 

nor al v r1a t1on1 ot repl1.e,at 1on. s ine• Chilton an1 oolburn(l8) 

show that the preasure drop 1e a f'unot1on only ot the gaa 
rate and tro volume or the paok1ng used and that KLa 1• a 

tun1tton p~1 mar1l.y ot the solvont ra~ and th •utaoe- volwae 
ratio ot th.e pa.ck1ng UBed, no correlation oould be oxp oted 
betweein the preaaure ti rop and Kta• 

In the derivation or F.,quation 
relation ot the aolven, rate (L) to the oGnatant 0b" waa 

toWld to be •t-1ght line ( S, e l gUN 8(b) • ptt.ge 14), vS\b. 

"b" 1nc:reaa1ng •• L lnerea.aed. In th der1vat1on ot E,ue.t1oa 
Nwnber 15, page 71 the l at1oa ot the solvent rate (L) \o 
the oonst.ant "b,. was tound to be etraigbi 11ne wh re log 

L waa plotted aga1net log"-" ( see FlSUN 8(4)• page 7~) . v1th 



"b" de-oreae1ng •• L 1noreaa•d• over tho ra.1'16• of varS.ablea u.a•4 

1n th1a invest.1gat1on, the a ount or th• total value ot leg 

KLa con~r1buted by the exprea11on round tor "b" 1n elth•r 

equation 1a leaa tban 15:'• However, as the aolvent rate 1n• 

crea•ea, the port.ton centr1bute4 bJ •b0 1ncN •••• Th•.refoN• 

the l ogar1thm1o r•lat1on, a1nce 1.t oev n a wid•r t'tlnge ot 
solvent rates, 1• t.he ore accurate. 

The acouno1 ot th• emp1Ptoa1 eqwat1ona dev loped 1n 

this 1~v et1gat1on and. th• ooftd1t1on• under whioh \hey vere 

4•v~loped ar e;1v n 1n Table• No. VIII• IX, and .x, p&gea 84, 
851 ttnd 86, reepeot1vely. Equ tlon Ho . ,s, pas• 71, and Equation 

Number ,s. pag• TJ relat.e the aame variable• at a ga• rate ot 

2 lb.mola/(hr. )( tt. 2) J hewever, Equation 1umbe1- }5 1a •xpl1o1t 

1n "p" and Equat ion lfWltber 36 11 ex:pllo1\ 1n ,.L ... 

Table Nuaber XI, page 87 1nd.1oatea a plt.La o~ minus 44.6j 
deviation whe11 dat obta1Md bJ Bo1atUN(15), ua1ns the aue 

•T•~•m aa uaed 1n thle 1nveattga~lon• 1n appllod to Equat1oa 

Humber '4t page 67 4evalo~4 ln th1a 1.nv at1{; t,ion. Table No. 

XII. pa~ 88, 1nd1oatea a plwa or m1nu1 112. 2% dev1&t1on when 
the 4a:ta obtained in t.h1• 1nveet1gat1on ta applied. to an 

equat.1on developed by Bo1$t.UN uaing t.h nte ay•t•na. ainoe the 

dev1at.1on 1n lhe f1Nt otiae ia le••• 1t appear• tba\ qua\1en 

lumber )4, page 67 hs.a a wider- appl1oat.1cn. 

auba\1tui1on ot th data ot slmmona and Oabom(68 ) <••• 
. Ta.bl$ Nth XIII• page 89) 1n Equa.t1on Ntuab l' 35, pa.ge 71 g1.vee 

poa1tl:ve dev1a\iona up t.o 90~. However, e,1nce Equation Nu11ber 35 



(•_r,;,r,; •ouoG ~,U-)/~,;)(•c;n 
> 

,,( •l.:.: •c;, -OJ.:) L ~l 

(0JJ1P ·ouoo 11un)(~·u)(·Jtt) 
------ST_~---

(&18Q ·sqo rnoJi) el~ 



("JJlP ·ouoo nur.)(,:·+J)(".lll) 

s10.r.•q1 
~(•b2 "ill~ ~C.li) alA 

(·Jn" ·ouoo 1P,)(,:·1J)(·c:11) 
STOIC 'QT -

(B1EC •sqo ~0.li) ali 



KLa ( Fr om Obs . Da t a ) 

-----~ 
(hr. ) (ft . 3 )( Unit cone . di ff.) 

:·:La (Fr om :::m . Eq . ) * 
l b . ~ols 

(hr . ) (ft. 3 )( Uni t cone . d i f f .) 



KLa ( ~rom Obs . Data ) t La ( ~r am Er:1 . E ~ . ) "' 
l b . mol s _____ l_b_._,,,_o_l_s _____ _ 

(hr,)(ft .3)( Un1t cone . d i f f.) (hr .)( ft . 3 )( Unit cone . d iff ,) 



Y.La (From Obs. Data) 
lb, mols 

(hr , )(ft , 3)(Un1t cone. diff,) 

0 . 00268 
0 . 00177 
0.00234 
0.00295 
0.00381 

l'.La ( From Em . ;;:q . )" 
lb. mols 

( hr.)(ft. 3 )( Un1t cone , d1ff , ) 

0 . 00508 
0,00478 
0 ,00515 
0.00554 
0 . 00575 

Average percentage dev1°!'"n (comput ea with::,ut regard to s i gn) 112,2 



TASLE no. Xll'! 

N.&cciloulation an! humu1r7 ot t.hb Data a..n6 r10eulta · 0l>t.a1ne4 bJ 
S1Jn\OU and OebOm( C>61 ** tl'Cm th• ()pemt1on ot a ihl Cllt PU•r 

oolto•Faokod. a-aa ... Abt10:t"pt1<.n1 T11wr opem.tttd st ,~ppJ?Oximtei, 
75°F. and 760 • • or Hg uab11 \he ayatem Oot•H20 

oaa water Rate ~oea GU Rat• A'bllog:1011 , .. , lnl ' 01.l\ltt. , ,1>,.,m,2:La I ,. l~t S2l! .... CMtf' cd.ent 
(h:r.)(tt.l) (hr.> Ctt. a, ( KLtt>J.• ( KL a)~ 

22 16.8 1.4,.5 0.81 111., o.SM 0.00665 
2J 11.0 1s.1 o.e1 100.5 o.663 o.006fa ai. 11.1 15., o.sa 86,0 o.645 0.00,;1 

1'7,1 15.6 o.a:, ,a,.o o.,~ 0.005 e., 5,1 0.28 4f8.8 0.9 , 0.0010, 
J) 9•I , . .,. 0.21 ,19.7 o.m 0.0011a ,s 15. 12,4 o.1e ,es.t 1.1 ,' 0.00986 

• on1tis1 

( KLa)1 a 1:1>a.co,/(IU'.) (n., ot operatlna tn• volWIJII} 
(unit OOJMh 41tf.) 

('t,a)a• ll:>1htil01•/0i••>( tt,.l et t.ot;a.1 l'60 __ · ·k•4 volume __ > 
(\mlt, cone. di.tr •. ) 

ustmmo:ne, o. w. and oabon, n. a. Tower A'baori,tlon 

100. Efl(h Cln••• il, illl, (19'4) 



~&$ ·ba oo n a sas %'".ate. of. t o l.b,. ol /( r . ; tt.2) and ~1m ... 

nnd \leed ga rat&a of only 0 . 82 lb. 1J1.1ol /(~. )(rt.2J · m 
the N ulte ot' \h • tav• t1gat1o:n lndloato th.~t · reduction ln 
gaia ~te t., eratHH~3 " .S 'T bl No. V,, pa 55), the hlgb l" 

V lue . of R"t,.. from th eqt$t 1on ar~ to expect d • · lau,-• 
Simmcn1s a.nd caoom t~oca•,i 4 1rututf1c,1ent 1.: ,~.ts to Cf.iilculate the 

:~ ho n 1n f'1$UN8 140. 5 nn4 6, p&f3Eh 5:, n;t 69 Nor;,eo-

,1 v ly, t .he etrf!l.1tr.ht l!n&s ont~1ng t..h ave~.;, ot t. poi te 

plotte!l tor- each ot the · ift•rent elv-e,nt. rnt&s .aults 1n a 

•~1ea of n<l . ~rallol at~1ght ·_ in • Sine~ tl'\e tbeol7 of' 4Uf • 

us;1o..'l'l e'tt' .:~ :nr.;, xpl.an ·t1on a.s to wt:y th l1nes ai· not pnr&llel 

a t t, t ffl ,. !e ... l t ttt of 1gn1t1oa.m; t"ia. on th lo ot eh 

1 ne ~J ~~!l!i t ng e~oh o~l•e-:nt rate . 1'h1 t~ t, or rd •• nttt anoe 

1 1c t.,94 t hat thf< $lope of t,he l.1ne 414 not. d r er ignttlcs.ntly 

.tl'<ra ~re t theAf ore, as mu.eh v · iab.tl ty n tho ttlot · of the 



on th bae1. of tne :r&eults obs.noel 1n this bw ~tlga.-

t1on. the tollowl ng reanmmnd.•tions a.1 tu 
l • to any further o~k 14 undert ken_.. U:.1 

oit"t.1cn of the qulpm Irtt ahoUld be- d1s•ntl and 
rebuilt . At le t 1/2° tree p.;,c aho~d be 11 ov d 

oot,. Eten tno r1rebox wall and the out 1• f \U'nl\C 

to pe,1-, 1 xpana1on and cont et.lo 1 of thea . l nts . 

At re· ~ctory ce~nt tt ha c00tt1e1ent ef t..e~ 

S.on .approrl tel1 equal to t h o .. 1c1 nt ot 
t he~ .. l .tt;tlns1on ot t:hO f 1 br1oka ahou.ld • 

ploy .4 in tlie co , truotlon. 

t. 1i'i ~> ,,.,,3A.\tl• n order to reaoh solv nt flow rate 

WU:d by 'lth$1' 1nv stis tor (800 lb . 1nola/(ht'. ) (tt . 2 1 

lit. li .e should 1n ta.ll d d1NctlJ f m th~ wat r 
n 11 .nt rS.ng tJle building to \ht'$ Q("tn~tAnt. he 

oonic 
ao1cl . Ttt1e corroded letne-nte should rier>l~o~ b1 

m w iel~~nt ft.er t1r t 'be1ng t , tetl w1h a. high 

~~nit h1r:;hera percentuge-s of :; ... 2 1n t he i nlet ta 

tJ1~ tcwe, t o oo ot>tain.a. 



paeh.tH1 11ClUi~ ot t,~$ tawCJr. Ta ot::rtr;.1n val G Of Jt;.Le. 

ttw.t n.N!i mere al · se11 x-ela.t.ed tc 'the in"' ~rtacl l. 

vatlabl~ ror at>a1,rpti0t1, ~1,• a.~ould b9 aG4 u~ , 

o~. ro.t hi,~ rme volu .. - or th to~i ... wh1~h i$ r ,.....) 1-tt 

t.ir,, t ~,t- 1 terta~1al roe. . To d. t !IM~1nl'J t .hia f.l ·"'ting 

-~tno!l?'i..tt t t e gas mnd 90lvent thrtn.1el1 t,1':,t; to'iit -I'" t the 4\ 1re4 

.nd t t1&n a.lo ins the 1nl~·t, 1~ outlirt 1'!olvent ·va.lv e 
aim 1 t.iitnth,u~,l:,"' The rn - n.t l1q,u.1d ~ould. t:"lein b& t!w- .1ncd 

.. ff, t ~sux.,,,.,d and aul:'>t1 ""d troa t Lii t1t~a1ned "·"• v_olu.• 

tc E1 VJ!!; th~ O.P$I"S.'tt1-ns :free volu•• 

• _ la:! ~U~. !!,~t.!.~• An 1tlve t1{~at1on abould be d alg-4 

wtth sft1lt!Gt1oal ap_i,>N)t!O.b · to &AUletrt~1n, th \1rftl'1 .t1o:n.',Ot 

t te au-rve. plott~d ln f'1S'UN)e H~i; . 5 a:-~d 6• ~e 6S and 69 

~1s~~,.o ,1ve,l.;r 11 1ntUoat,.od t.nat t ~ie· ~lops ,.:) .d. tr::'l!i curvee '11d 

n~t 11r.rer u1r,1ntt e ntly from z. :r.:,, wt loL il~-~ma tc- 1~li6~Qt1fi'¼ 

t'i~.t. l eg ~-~1}1 doe not ,,-.1.'11 a1sn,1f1oa ntly with th pa..- 1al 



on the ••1• ot tbe data ol>eaM'e4 1n t h.la 1nv••t1aa• 
t.1on, t.he to11ow1ns llmltatlona m.uat be applied to \he 

reaul\aa 
l. Ga.a J'&\e ...... 2,0 and 1~1.7 lb.mole alr/(hr.} (tt.2) 

2. solvent rat••• 66.l \o 400.0 lb.mola water/ 
(hr,) (tt.2 ) 

,. h.rt\1al PNISUN ot OOa ln inlet sa••· 1,., to 
78., mm. ot as 

I+. Temperature ot inlet abaorl>lng v te...,. 54.S to 
59,9°,. 

5• 'l'empere.tlll'G ot 1nlo\ s•••• 62.0 to 86.0°,. 
6. Room \empere.\uN- 72•5 t.o 90,s0, . 

1. !aNH1ol'10 pNa&UM- 110.0 to 716.5 • ot Hg 



In th1e 1nvest1g t1on to relate the operatl Yr1-
abl•• ot solvent rate and inlet gas comp0a1t1on to the overall 
11qu14•t11m coett1o1ent ot abaorpt1on ot an 18" cok••p&oked 
abeor-ptton tower u 1ng the ay1tem ooa-Hao, the rollow1ng 11mlt• 

1.ng conditions wore ue 41 

•• solvent nt••- 66.1 to 400. 0 lb. ol• water/(hr,) 
(tt..2) 

l>. Part,1al pNe•UN or 002 in 1nl t gas- ,- 16.3 to 

7s., • • ot Hg 

c. Temperature ot inlet a.baor-blng wat r-• 5'h5 to 

5g.90p-. 

4. Temperature et lalet gas- 62.0 to 86.5°v. 
•• Room t e peratUN•• 72•5 to 90•5•F •. 
t. B rometr1o pre•eUN.- 710.0 to 716.5 mm. ot Ha 
on the buie o.t the result& ob erv d 1.n thia lnveatl• 

gatlon .• the tollewtne conclue1ons s pe drawn, 

l. The rel t1onah1p• ta constant gae veloolty of 
12.7 lb.mola/(hr.) (ti.a) between the OTera.1.1 11qu14 

tilm abeorptton oo tt1o1ent nc:u ) , the olvent nte 

(L) 1 and \h partial preaaure '(p) ot the aeluble 
conet1tuent (CO2) oontorm• to the equation 

log !Ct tt. • 0 ,193 10(5L ·+ (O. OOOl24L-0 . 00166)P- .r, 
The aceurao.v ot this equation when applied to the 

datn or t h1a 1nveat18e.t1on 1• plue or· m1nua 7•5%• 



2. The rel t1onah1p • at a constant. gaa velocity ot 2.0 

lb.mol s/(nr.)(tt.. 2), bet ween th ove ·11 l1qu1d•t1lm 

absorption oo•tt1o1on\ ( KLa) , t.b.e solvent rate ( L) 1 

and t he pan1al preaaure (p) ot t h aolu.ble oonat.1• 
tuent ( 002) tontorma to th equat1ona 

los KL• • 0.816 log L+lo(o.6:, log L-3.71):p-4,08 

KLa # /j.,sTzl0•8 ( l.942xl0-S)P] L1.05,pO.Oi4'7S 

Th a.ooure.o1es ot these equ.a\.1ou Whtn applied \o 

the data ot thle 1nftat1gat1on. are 7•7% an.4 9•61', 
r eapeot1v 17. 

,. At a solvent rate ot 100 l'b. ola/(hr.)( tt . 2 ) • am. 

84. :,;( reduotlon ot t.ho g • rate re41aoea t he va.l\\ea 

of t he overall ltqw.d-t1lm oo.tt iolent. ot a.baorptlon 
by an average ot aoj. 

4. At a aolv•nt rate ot 108 l b. m~le/(hr.)(tt.2)1 u a..,. N4uot1on ot tbe P• rate reAuc•• the preaaure 

d.rop acuroas the pao.ked aeotton et \he tower 88.6~. 
,. At a gaa velooi·t1 et 12.7 lb.mola/(hr. )(tt.2), a 

51.,~ 1noreaee in aolven\ rat• 1noNaeea the prea• 

euN dr-op &eN>ea the paoked aeot1on ot t he t.over 
by u.o,i:. 

d. A\ a a a veloo1\y ot 2.0 lb.mola/(1:U' .• )(tt.2) • a 

J001' inoreaa• 1n solvent ra'\e 1nonaae t.he pNaaure 
drop ac.-oa1 , he paek•d aeotlcn ot the tower by 
40.,i. 



T • No oor•NJ.at1on x1nta bGtw••n tbe ovel"llll 1lquid•t11m 

oo•tt1e1en\ (Ex; ) nnd t.h pr•a \U'e drop (A p) thr-ough 

t.he paok•cS. -eet1on of the tOl(G>l'• 



Th1a 1nveatlgat1on deal\ wl\h t.h• 4eterm1nat.1on ot the 
operat.tq oharacter1a'b1ca ot an 18° ateneware abaor-pt.1on tower 
tv•nt.y-one teet h1gh• t1tt •D t••t of whioh were nndom paok-4 
with 1 l/2 to a 1noh ooke. !he t.ower wa• loca.ted la th• Un1tt 
OpeN.\1ona Latl>Gn.to17 ot th• nepart.m•nt er Ohemleal Ei,ai.neer-

1.na , v1~1n1a Polyteonnle Inatltut.e, Blaokabura; vtrg1n1a, 

Forty• .flv• expe.rlm•nt.•• U81ng oarbon diox14• 1 t n a tlue gaa 
rd.ature • aa the aolute n4 water aa t he aol vent, were mad.• to 

.4•t•l"lliM and to relate th overall 1S.qu.14•f1lm ooettlolent 
ot abaoi-pt1oa ( KLa• 11,.mole/(:tu-.)(ou..tt.)(unit. oono. 41tt.)) 

to th• aolvent. rate (L1. lti>.mola/(hJ",) (•q.n.)) an4 the po.ri,1al 

preeaure (p, u. or Hg) ot th• 1nlet oarbon 41ox14e t The 
tollowlng .-.lat.ion.a ••re d•v•lopeda 

At a co:u\anl gae r te ot 12.7 lb • .,la/(hr.)(tt.1) 

log KLa • 0.19, los I., + (0-.000li4L•O-Q0168)p,..4.rt 

At a oonatant s•• rat• ot a.o lb.mole/(~.)(:n.2) 
log XLa • o.816 log L + 1o(O,G:, logL•}.71)p-4.08 

'-.L" • [l:557:xl0•8 + (1.9-42 x 10•8 )p] Ll. OSJp0•04'18 
thtt aocniraci s or the above oquat1 cna when applle4 

t.o tl1ei dnt,$ ot this 1nveet1gat1on are 7.51', 7•7%, ancl 9.6,:' 

reepeot1vely w>1th.1n the tollow1ng rangoa ot oond1t,1onaa 
solvent rt$~• 65. l to 400 ,0 l b. moln wn.tor/(hr.) 

( t t. 2) 



Partial presraure ot CO2 1n 1nlet gaa-- 1613 \o 
78 . :, mm . or Hg 

1'emperature ot 1nlet baoJ>bin.g wat•I'-• 54,.5 \o 

59.90,. 
Tempemture ot 1nlet gaa-• sa.o to 86.o0r. 
Room temperatuN•• 72.5 to ,0.5°1. 
·aaro eti-1o preeeun- 710+0 tc 716.5 ma. ot HS 

It wae toun.d "\hat, at a •olvent NLt or 100 11,. ela/ 

(hr. )(rt.. 2), n 84,37' reduction ot \he g a rate r-e4u.o 4 the 

valu ct the ov rall 11qu1d41bl ccettloten't ot abaor.p\1on 

bf an average ot 20:' am \h& pl"ff.el.lff d.rop acroaa the pa.eked 

••otton of tJle. tower 88.6%. 
Reault.1 ot "11a 1nveett,se,tion 1Dd.1oate4 that the 

preaaUN 4.rop aoroaa th towe,r 1noreaaea ol1ghtl;y w1 th an 

1neNa1e 1n eolvent r t • but. no oo?Telation was t0und bttw•n 

the Pl'tt&eu.N 4"p and \he overall l5.ciu.14•t1lm ooe:ttlo1ent ot 
e,baorpt len. 
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