
CHAPTER 2
Backgrounds and Literature Review

2.1 Backgrounds: Airlift Contactors

2.1.1 Classification of airlift contactors

Airlift contactors (A LC s) can b e c lassified  into tw o  major typ es, the external 
and internal loop  as show n diagram atically in F igure 2 .1 .

The internal loop  ALC is sim ply a con ven tion al bubble co lu m n  w h ich  is 
separated into tw o  sections by a cylindrical tube (con cen tric A L C , F igure 2 .1 a ) or a 
b affle  plate (split A L C  Figure 2 .1b ).

The external loop  type is the ALC w here the riser and d ow n com er are 
p h ysica lly  separated as tw o colum ns interconnected at the top and b ottom  parts for 
liqu id  flow  as dep icted  in Figure 2. lc .

2.1.2 Transport mechanism in ALCs

The A L C s com prise three connecting zones: riser, d ow n com er and gas  
separator. The concentric ALC is ch osen  to illustrate the major com p on en ts o f  A L C s  
(dep icted  in F igure 2 .2 ), each o f  w h ich  is described as fo llow s:

1. R iser is the section through w hich  gas is sparged, creating a net upward  
f lo w  o f  fluid. This u p flo w  o f  fluid is replaced by the recircu lating fluid  
from dow ncom er.
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F luid  from  riser enters the gas separator from  w hich  a large portion o f  gas  
d isen gages at the top surface. The flow  pattern in this section  is sim ilar to  
that found in C ST R s w here the h ighly turbulent condition  ex ists.

3. A fter the d isengagem ent o f  gas bubbles, liquid and the rem aining gas 
bubbles enter the dow ncom er. A s the fluid in this section  contains less  
proportion o f  gas, the density o f  the fluid b ecom es greater than that in 
other section s o f  the ALC. This creates a dow nw ard m ovem en t o f  the fluid  
w h ich  leaves the dow ncom er at the bottom  and enters the riser together  
w ith the supplied gas.

The liquid circulation in the ALC is caused prim arily by the energy transfer 
from  gas to  liquid in a sim ilar w ay to a bubble colum n. A s the gas is on ly  supplied  at 
the riser, th is creates a lo w  density portion o f  fluid in this part o f  the contactor (a 
m ixture b etw een  liquid and gas bubbles) w hich m oves upward from  bottom  to  top. On 
the other hand, heavier fluid in the dow ncom er (less proportion o f  gas bubbles) m oves  
dow nw ards and enters the riser section  at the bottom  junction . T his portion o f  flu id  is 
m ixed  w ith  the gas supplied  at the bottom  o f  the riser and continues to  m ov e up the 
colum n again. Therefore a certain circulating pattern o f  fluid can be ob served  in the  
A LC. It is noted  that this kind o f  circulation is not found in bubble co lu m n s as there is 
no net d ifference b etw een  the density o f  the fluid in the system .

2.2 Backgrounds: Hydrodynamic Behavior of ALCs

T o understand the fundam entals behind the ALC perform ances, on e n eed s'to  
be able to describe its hydrodynam ic behavior. This k n ow led ge is crucial for the 
d esign  and control o f  the contactors. The early in vestigations o f  hydrodynam ic  
behavior o f  A L C  focu sed  on the effect o f  the design  param eters such as sparger and 
the ratio b etw een  the cross-section al areas betw een  dow ncom er and riser (Ac/Ar). One 
o f  the very first researches w as carried out by M erchuk and Stein  (1 9 8 1 )  w ho  
in vestigated  the effect o f  sin gle orifice sparger together w ith  m ultip le orifice  sparger 
on gas holdup and liquid v e lo c ity  in an external loop  airlift contactor. T hey found that 
m ultip le orifice sparger produced higher mean gas holdup than that in the sin gle
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orifice sparger. H ow ever , this result w a s  not consistent w ith  the finding o f  K oide et 
al. (1 9 8 3  a) w h o  investigated  the e ffec t o f  sparger on  hydrodynam ics behavior in a 
concentric A LC . T h ey  found that the num ber o f  h o les on  spargers had no effect on 
gas holdup w h en  ga s w as sparged into the annulus, and sm aller n ozzle  diam eter gave  
a h igher gas holdup. O n the other hand, w h en  gas w as sparged into the draft tube, no 
effect o f  sparger on  gas holdup w as ob served  but the m ass transfer for s in g le  nozzle, 
perforated plate and porous sparger decreased  in that order.

A  num ber o f  investigations w er e  carried out to  study the effec ts  o f  the ratio 
b etw een  the d ow n com er and riser cro ss  sectional areas, Aj/Ar (K oide et al. , 1984; 
W eiland, 1984; B e llo  et al. , 1985; P o p o v ic  and R obinson , 1989; Choi and L ee, 1993; 
G avrilescu  and T u d ose , 1998; and K orpijarvi et a l,  1999). A  com m on con clu sion  can 
be draw n as all o f  the experim ent sh o w ed  that gas holdup decreased w ith  increasing  
Ad/Ar. This w a s attributed to a reduction o f  residence tim e in riser w h ich  caused the 
gas to  leave the contactor more q u ick ly  and resulted in a decrease in gas holdup. 
M oreover, K oid e  et al. (1983  b) found that colum n diam eter did not affect ga s holdup 
provided w h en  A /A r w a s  kept constant.

L ately, severa l groups o f  researchers paid attention on the n ew  geom etrical 
d esign  o f  con ven tion a l ALC in order to  im prove the contactor perform ances. 
Investigation s w ere  carried out on  th e  m odified  A L C s w ith  the main ob jective  to 
im prove the rate o f  gas-liqu id  m ass transfer. Orazem and E rickson (1 9 7 9 )  introduced  
the on e and tw o -sta g e  airlift contactors. The observed ga s holdup in o n e-sta g e  tow er  
w as found to  be lo w er  than that in the tw o-sta ge  due to  bubble co a lescen ce  appeared  
in the system . T ung et al. (1997) studied  the effect o f  d ou b le perforated draft tube on  
gas holdup and found that gas holdup in  such system  w a s  much greater than that in 
bubble colum ns. T h is agreed w ell w ith  the results obtained  by B ando et al. (1992)  
w h o in vestigated  the f lo w  characteristics in concentric A L C  w ith  perforated draft 
tube. H e  found that a higher perforated draft tube could retain m ore gas bubbles in the 
system  as a result o f  higher su b d iv ision , so more bubbles could  transfer into the 
dow ncom er, and th is led to  a higher g a s  holdup.

The investigation on converged-diverged riser ALC (ALC with varying sizes
of diameter) was carried out by Ghosh e t  al. in 1993. They found that gas holdup in
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converged-d iverged  tube A L C  w as m uch higher than other ferm enters having uniform  
tube. T hey concluded that large bubbles are broken to  sm aller s ize  in converged-  
diverged section s w hich  contributed to  higher gas holdup.

The result o f  static m ixer w as published in 1997 by G avrilescu  et al. Their 
results sh ow ed  that static m ixer provided a higher riser gas holdup than in 
conventional ALC. The shear e ffec t o f  static mixer got rid o f  bubble coa lescen ce , this 
decreased average size o f  bubble diam eter. C onsequently, residence tim e o f  gas  
bubbles increased, hence, riser gas holdup increased.

In 1998, Tung et al. presented the m ultiple net draft tubes A L C  w hich  
sign ifican tly  increased num ber o f  bubbles and decreased  bubble diam eter. A s a 
consequence, the gas holdup in such  system  w as greater than that in the bubble  
colum n.

Schlôtelburgh et al. (1 9 9 9 )  studied the characterization o f  the airlift reactors 
w ith helical f lo w  prom oter togeth er w ith effect o f  solid  particles on  reactor 
perform ances. H e found that so lid  particles acted as a m eans to  break up gas bubbles. 
A lthough the perform ance o f  the reactor with helica l f lo w  w as not sign ifican tly  
different from  the conventional on e in term s o f  the m ass transfer rate, the v e lo c ity  o f  
the liquid in the helical f lo w  reactor w a s much higher.

O ne com m on option  that several researchers em p loyed  as a m eans to  increase  
the gas holdup in the A LC  w a s to  u se  a baffle plate or a s ieve plate. The introduction  
o f  b affles or s ieve plates w as reported to  slow  dow n the f lo w  o f  fluid, cau sing bubbles  
to break up, and therefore in creasin g the contacting area b etw een  gas and liquid. 
M iyahara et al. (198 6) in vestigated  the size  o f  bubbles in a bubble colum n w ith  a draft 
tube and a s iev e  plate. T hey found that the introduction o f  the draft tube into the 
bubble colum n could d ecrease bubble s ize  by approxim ately 15%. This led  to  a higher 
gas holdup. H ow ever, no thorough investigation  on the m ass transfer perform ance  
w as yet provided. Chen et al. (1 9 9 7 )  introduced a n ovel rectangular A L R  w ith  m esh  
baffle-p lates. The results revealed  that m esh  baffle-p lates facilitated the attainm ent o f  
gas bubbles in the system  resu lting in a higher level o f  gas holdup com pared to a
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conventional ALC. However, the overall gas holdup was still less than that in the
bubble column with the same condition.

2.3 Backgrounds: Gas-Liquid Mass Transfer in ALCs

The early w orks on gas-liqu id  m ass transfer in A L C s w ere u su a lly  in vo lved  
w ith the investigation  o f  the interrelationship b etw een  the m ass transfer rate and 
geom etrical param eters such as Ac/Ar, colum n height, colum n diam eter, etc. For 
instance, K oid e et al. (1983  a) studied the volum etric m ass transfer co e ff ic ien t  for 
liquid phase in a bubble colum n w ith  draft tube w here gas w as dispersed in to  annulus. 
T hey found that h a  inversely varied d irectly w ith  the ratio o f  AyAr. This w a s  because  
a h igher AyAr induced a higher liquid circulation v e lo c ity  w hich  resu lted  in the 
reduction o f  the riser gas holdup and h a  correspondingly. Their results w er e  in good  
agreem ent w ith  the w orks o f  C hoi and L ee  (199 3), B e llo  et al. (1 9 8 5 ) and A l-M asry  
and A basaeed  (1998).

A  num ber o f  w orks have been contributed to the d esign  o f  n ew  configuration  
o f  A L C s w ith  an im provem ent in the m ass transfer rate. Lin et al. (1 9 7 6 )  in vestigated  
the o x y g en  transfer and m ixin g in a tow er cyclin g ferm entor (external lo o p ) w ith  
b affles installed  in the riser. T hey found that the b affles broke large air b u b b les into 
sm aller on es and hence increased the interfacial area {a). H en ce, the flu id  f lo w  in this 
section  w as also made turbulent and a high lev el o f  gas-liq u id  m ass transfer rate could  
be observed. In addition, h a  va lu e  w a s  found to  increase w ith  the in crease in 
distance from  the bottom  o f  the v e sse l due to  the increasing lev el o f  turbulçnt 
in tensity w ith  colum n height. Later in 1979, O razem  and Erickson stud ied  the  
e ffic ien c ies  and oxygen  m ass transfer rates in one-and tw o-sta ge  airlift tow ers. H e  
found that kLa in the tw o-sta ge  w as a linear fonction o f  superficial gas v e lo c ity  and 
also higher than that in a on e-stage tow er for high superficial gas v e lo c ity  ( f / 5g> 1300  
cm /m in). This w as due to the increasing o f  co a lescen ce  in s in g le  stage w h ich  caused  
bubbles to  increase in s ize  and to  escap e m ore quickly from  the dispersion.
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V o ig t and  S chügerl (1 9 8 1 ) cu ltiv a ted  Hcinsenulapolymorpha (C B S  4 7 3 2 ) in a 
th re e -s ta g e  to w e r  lo o p  co m p arin g  to  a  sing le  s tag e  reac to r. T h ey  fo u n d  th a t th e  kia 
v a lu e  in  m u lti-s ta g e  w as g re a te r  th an  th o se  found  in sin g le  stage. A n d  to g e th e r  w ith  
h ig h e r kia, a  s lig h tly  h ig h e r cell p ro d u c tiv ity  cou ld  a lso  be  ach iev ed . H o w ev e r, th e  
cell c o n c e n tra tio n  b ecam e  v e ry  low  at th e  lo w est s tag e  o f  th e  co lu m n , and  fo am s 
o c c u rre d  a t th e  u p p e r  stag e  (su rface) w h ich  lim ited  th e  su b stra te  co n cen tra tio n .

A  p e rfo ra te d  d ra ft tu b e  w as in tro d u ced  in 1992 by  B an d o  et al. w h o  stud ied  
th e  f lo w  c h a ra c te r is tic s  o f  a b u b b le  co lu m n  w ith  a  p e rfo ra ted  d ra ft tu b e . T h e  resu lts  
re v e a le d  th a t  u n p e rfo ra te d  d ra ft tu b e  w as no t e ffec tiv e  as a m ean s to  im p ro v e  m ass 
tra n s fe r , w h ile  p e rfo ra ted  d raft tu b e  p resen ted  a h ig h e r g as  h o ld u p  w ith  a 
c o rre sp o n d in g ly  g re a te r  kia. T h ey  a lso  fo u n d  th a t gas ho ld u p  and  kia in c rea sed  w ith  
in c re a s in g  d ra f t tu b e  h e ig h t as a re su lt o f  h ig h e r b u b b le  su b d iv is io n  freq u en cy .

G o to  and  G asp illo  (1 9 9 2 ) in v estig a ted  th e  e ffec t o f  s ta tic  m ix e r  on  m ass 
tra n s fe r  in  a  d ra f t tu b e  b u b b le  co lu m n  and  in an  ex te rn a l lo o p  co lu m n . T h ey  fo u n d  
la rg e  b u b b le s  d isp e rse d  and  b ro k e  in to  sm alle r sized  b u b b les  by  s ta tic  m ix e r in  th e  
r is e r  an d  th e re fo re  re su lted  in an  in c rease  in th e  kia.

G h o sh  et al. (1 9 9 3 a , 1993b) s tu d ied  th e  e ffec t o f  c o n v e rg e d -d iv e rg e d  tu b e  
r ise r  o n  g a s  h o ld u p  and  m ass tra n s fe r  co e ffic ien t o f  th e  m o d ified  a ir lif t  fe rm en to r. 
T h ey  fo u n d  th a t  kia d ec reased  w ith  in c reas in g  su p erfic ia l g a s  v e lo c ity . T h is  w as  th e  
re su lt o f  lo w e r liq u id  v e lo c ity  (m o re  re s is tan ce  to  th e  liq u id  f lo w ) w h ic h  red u ced  
m o le c u la r  d iffu s io n  an d  led to  th e  d ec reas in g  o f  kLa. A lso  th e  g a s - liq u id  in te rfac ia l 
a re a  d e c re a sed  w h ile  liqu id  v e lo c ity  in c reased  due  to  la rge  b u b b le s  p ro d u c e d  1 by  
b u b b le  co a lescen ce .

S iegel an d  M e rc h u k  (1 9 9 1 ) and  M erch u k  (1 9 9 4 ) in tro d u c e d  an idea  to  
in v e s tig a te  th e  e ffec t o f  g eo m etrica l d e s ig n  on p e rfo rm an ces  o f  a  c o n c e n tric  tu b e  
a ir lif t re a c to r. T h ey  co n c lu d ed  th a t th e  d esig n  o f  gas se p a ra to r w as an  im p o rta n t fa c to r 
a ffe c tin g  m ass tran sfe r . T h ey  a lso  p resen ted  new  co n fig u ra tio n s  o f  g a s  se p a ra to r  and 
m a th e m a tic a l m o d e ls  to  p red ic t m ass tra n s fe r  in th e  d e v e lo p e d  A L C . T he 
e x p e rim e n ta l re su lts  rev ea led  th a t h ig h er to p  sec tio n  c lea ran ce  g a v e  a  h ig h e r gas- 
l iq u id  m a ss  tra n s fe r  rate.



10

A n  a ir lif t re a c to r  w ith  d o u b le  n e t d raft tu b e  w a s  in v es tig a ted  by  T u n g  et al. 
(1997). E x p e rim e n ta l re su lts  rev ea led  th a t th e  im p ro v e m e n t in th e  liqu id  m ix in g  and 
g a s-liq u id  m ass  tra n s fe r  co u ld  be ob ta in ed . T hey  a lso  sh o w ed  th a t th e  m ass  tran sfe r  
ra te  in th e  d o u b le  n e t d ra ft tu b e  w as h ig h e r  th an  th a t in th e  b u b b le  co lum n.

C h en  et al. (1 9 9 7 )  in tro d u ced  a novel re c ta n g u la r  a irlift re a c to r  w ith  m esh  
b a ffle -p la te s . T h ey  fo u n d  th a t th e  JiLa v a lu es  o f  th e  a irlif t re a c to r w ere  lo w er th an  
th o se  o f  th e  b u b b le  c o lu m n  and th e  p ro p o se d  reac to r. A t lo w  superfic ia l g a s  v e lo c ity  
(Usg< 1.5 cm /s) th e  p e rfo rm an ce  o f  th e  p ro p o sed  re a c to r  w a s  s im ila r to  th a t  fo u n d  in 
b u b b le  co lu m n , b u t at h ig h  su p erfic ia l v e lo c ity , th e  b a ffle  b ro k e  up  large  b u b b le s  in to  
sm a lle r o n es  re su ltin g  in  a h ig h er m ass tra n s fe r  ra te  (th an  th e  b u b b le  co lum n).

T u n g  et al. (1 9 9 8 )  in v es tig a ted  th e  b u b b le  c h a ra c te ris tic s  and  m ass  tran sfe r  
p e rfo rm a n c es  in  an  a ir lif t re a c to r w ith  m u ltip le  net d ra ft tu b e s  and  fo u n d  th a t  k,La in 
th e  a irlif t re a c to r  w a s  h ig h e r  than  in  th e  b u b b le  co lu m n  a t th e  sam e gas f lo w ra te . It 
w as fo u n d  th a t  b u b b le  d iam ete rs  in  th e  p ro p o sed  re a c to r  w e re  sm alle r th a n  th o se  in 
c o n v en tio n a l c o n ta c to rs  such  as b u b b le  co lum ns. T h is  w a s  b ecau se  th e  n e t d ra ft tu b es  
b ro k e  up  la rg e  b u b b le s  in to  sm alle r s ized  w h ich  in c re a se d  co n tac tin g  su rfa c e  a rea  
b e tw e e n  g a s  and  liq u id . A lso  th e  n u m b e r o f  b u b b les  fo u n d  in  su ch  sy stem  w as  h ig h e r 
due  to  th e  in te rc h a n g e  o f  b u b b le s  b e tw e e n  rise r and  d o w n co m er.

Z h a o  et al. (1 9 9 4 )  in v es tig a ted  th e  in flu en ce  o f  b a ff le s  on  th e  m ass tra n s fe r  o f  
o x y g en  fro m  g a s  b u b b le s  in to  v isco u s  liqu ids in b u b b le  co lu m n s  and  a irlif t reac to rs . 
T h ey  fo u n d  th a t  v isc o s ity  w as th e  m ain  p a ra m e te r th a t in flu en ced  th e  h y d ro d y n a m ic  
and  m a ss  tra n s fe r  in  th e  system s. H o w ev e r, ba ffle s  w e re  fo u n d  to  be  b en e fic ia l to  th e  
ra te  o f  m a ss  tra n s fe r  as it he lped  b re a k  up  th e  large  b u b b le s  in to  sm aller o n es  and  th is 
in c rea sed  g a s - liq u id  in te rfac ia l area.
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2.4 Remarks

I t can  be  seen th a t  in se rtin g  b a ff le s  o r  sieve  p la te s  in to  th e  A L C  can  be a 
p o ten tia l m o d ific a tio n  o f  th e  sy stem , w h ic h  can  be  easily  im p le m e n te d  to  im p ro v e  the  
g a s-liq u id  m ass  tran sfe r  p e rfo rm a n c e . L ite ra tu re  show s th a t th e re  ex is ted  ex p erim en ta l 
ev id en ces  o n  th is to p ic , h o w ev e r, v e ry  little  in fo rm atio n  is a v a ila b le  on  detail 
ev a lu a tio n  o f  th e  c o n fig u ra tio n  o f  b a ff le s  o n  th e  p e rfo rm an ces  o f  th e  A L C , e.g. the  
op tim al n u m b e r o f  b a ffle  p la te s  o r th e  o p tim a l n u m b er o f  h o les  on  th e  b a ff le  plate. 
T h ere  is th e re fo re  a c lea r n eed  to  p e rfo rm  a d eep e r in v es tig a tio n  on  th is  a rea , and it is 
the  a im  o n  th is  w o rk  to  ex a m in e  th e  p e rfo rm a n c es  o f  th e  A L C  w ith  b a ff le (s )  in se rted  
p e rp e n d ic u la r ly  to  flow  d irec tio n .



Air inlet
(a)

Air inlet

(b)

Air outlet

Air inlet

(c )

Figure 2.1 Airlift contactor (a) concentric ALC. (b) split ALC. 
(c) external loop ALC.
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Figure 2.2 Basic structures o f  airlift contactor
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