CHAPTER 6

RESULTS AND DISCUSSIONS
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6.1  Disruption of Chlorella ellips Vy
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lect of superficial gas velocity in
the absence of supei ‘ elC 'e_ ‘E agitati peed on the cell disruption.

Superficial gas velociti Ch and 40 cm/min. When superficial gas

velocities were increase & i’ | CIm e percentage of cell ruptured
was decreased from 41.8 1. ; ;n e 6-1). However, when the superficial gas
velocity was increased to t"" --_\ cell ruptured rose slightly. Such

result could be confirmed by he—rate of disruption (Figure 6-2), change of cell

volume at various opegati Chlorophyll A released (Figure

6-4) and morphologigal.change of cells (F X
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particle interaction and particle-cell interaction andx(2) shear stres§.generated from the
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The motion of glass beads, which were employed as grinding media, is
could be implied to take place because superficial gas velocity employed in this work
was high enough to induce their fluidizing state. The following equation is used to verify

this assumption;
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(6.1-1)

,can be calculated from Wen and Yu's correlation (1996) for quuid-solid

(6.1-2)

(6.1-3)

u.,;. fluidize bed system (m/s)

olid system (m/s)

Based on the above mentloned equations, the minimum fluidization

velocity of theﬂ ﬂtﬁdﬁnﬂt%ﬁ Wﬁ Giﬁﬁm were determined as

shown in Table 64

AR IWNNINGNAY

Iculated minimum fluidization velocity in a three-phase fluidize bed system

Yo Unpo Uny

(cm/min) (x1 Osm/s) (x1 Osm/s) (x1 03m/s)
10 1.7 0.9 0.75
20 3.3 0.9 0.71
40 6.7 0.9 0.66
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From Table 6-1, it is reasonable to imply that moving of the glass bead
was a direct consequence effect of gas flow which was much higher than the minimum
fluidization velocity (U,y. Such flow could also give rise to the particle-particle and
particle-cell interaction. When the impact forces due to particle-cell interaction were
higher than the yield strength of the cells, they would become disrupted. Similarly the
collision of cell and glass bead could also result in the damaged of cells. This implied

mechanism was consistent with that of Heim and coworker (1999). They proposed that

were flowing in colu

calculated by the follg

(6.1-4)

when v, : average shear rate{4/s)"/ = ‘&

U, : gas veleglly (m/s)

X

In this equatloﬂwhen gas velocity was lower thaao 04 m/s, parameters k and a

equal 1000 arﬁou E‘)eﬂw Ernuﬁvw ﬁequal to or higher than
000 and 1, respectiv

0.04 m/s, pararqters and a becom ely. Based on this equation,

t“%“ﬁm“aseamwwﬁwm e
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Table 6-2 Estimation of shear rate

UQ
= Y, (1/5)
(cm/min) | (x10° m/s)
10 1.7 41.2
20 3:3 57.4
40 6.7 81.8

Table 6-2 s ’, superficial gas velocity resulted in

[ J_
: e-psewd the same trend could be

assumed but its magnitudg £ Dle_column because solid particles

filled in the reactor retard.ifie bilh a'//‘o o\\ Ie - Dbles can induce the surrounding

liquid flow. However, thefvs ! urally slower than that of the

bubbles. Thus, momeéntuy ’ : \u\ ads to shear stresses in the
@s- |

1&:
would be torn by shear stfess so ell

the increasing shear r:

surrounding liquid. Thefefoge célls ?;: z\-o’ ear medium-bubble interface,
t il Wa was da naged and led to the disruption of
i

cells. (Bavarian et al; 1991) g!:'f-!"_ Tt
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Regarding-to-the-experimentalresuis—4 ho ‘ est superficial gas velocity

F
sac

of 10 cm/min interestingly prov

¢ taﬁ of cell disruption. This could
be implied as grinding dk;e to collision from‘(.;’Iass beads became predominate factor. It
=%

should be notﬁt!ﬂtﬂl&ﬁe%ﬁ%ﬁa%ﬁ@ﬂﬁe smallest shear stress.

With higher supggrficial gas veI00|ty solid bed would become more fluidized then the
dlstan@aawg?ww%jMﬂd}%mﬁ)ﬁolhsmn between
glass beads would become less. Consequently, probability of cell grinding became
lower despite the increasing shear stress. However the highest superficial gas velocity
of 40 cm/min could provide slightly increased cell ruptured percentage due to the
increasing shear stress in the liquid suspension, which could compensate the

decreasing collision.
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6.1.2 Effect of Superficial Liquid Velocity

Effect of various superficial liquid velocities had been investigated
experimentally at a constant superficial gas velocity and agitating speed of 0 cm/min

and 0 rpm respectively.

Figure 6-7 shows percentage of cell disruption at various superficial
liquid velocities, exhibiting the highi st disfuption percentage of 31.5% at 10 cm/min.
The percentages of cell digruption de .9% at 20 cm/min. However with

increasing superficial liguig=velocity te e disruption becomes slightly

disruption (Figure 6-8), alteration of

e 6-9), amount of Chlorophyll A

(Figue 6-10) and pho f ce' arpholog gure 6-11) exhibit the consistent
BNTTET
trends. p E.;,:l/:‘ , \

P T
Bl ks 2y

Cell disruption-{gok’ place w e_liquid was flowing in the column.
CISTUPLOQ 3G 276 CE e g

Shear rate was gengrate -..-.‘““.-':*".‘;;:T“"—:’:;“EI stress with the absence of

glass beads had a lit

£

’ 'ﬂ even at the liquid flow rate of

40 cm/min (Figure G-yWith the presence of glass bead, under the same operating

conditions, theﬂsﬂtﬁﬁ%ﬁ ﬂ %Nﬁeﬁ]ﬂoﬁ?)3% These lead to an

implication thatéghear stress from liquid flow was inadequate to damage cell. On the

| . ¢ o @/
W TN R A T IV BT oo e
increasegthe cell breakage. Liquid flow results in motion of glass bead particle and

collision between glass bead and cells. As a consequence, microalgal cells will

experience the liquid shear and collision with glass beads, which lead to the disruption.

From Figure 6-8, at superficial liquid velocity of 10 cm/min, an optimal
percentage of cell disruption of 38.5% could be observed. A further increase in

superficial liquid velocity to 20 and 40 cm/min resulted in the disruption percentage of



59

14.9 and 19.3, respectively. This could be implied that despite of the increasing shear, a
decrease in contact time among cells and glass beads due to the increase in superficial
liquid veloc_ity would play on important role in microalgal cell disruption. Alfhough the
increase in superficial liquid velocity to 40 cm/min could provide a slight increase in cell
disruption percentage to 19.3%, it could be clearly seen that the disruption percentage
is much lower than that of 10 cm/min by which the contact time could be assumed much

longer.

¥
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6.1.3 Effect of Agitation

The effect of the agitation was investigated in batch operating conditions.
The experiments were conducted by varying the agitation speed as 500, 1500, 2000
and 3000 rpm without the superficial gas and liquid velocity. Consequently, cell
disruption can be considered by 2 mechanisms: the cell disruption generated from the

tangential force generated from the agitation and the impact force due to the collision

glass beads.

Figure 6-13_reflects t @ cell disruption counted from the
living cell at any times using.Sie s-Rafter countering chamber. It is cleanly seen that
an increase in the agi . peed ol provide.the increasing cell disruption.
Moreover, the result Koy i cell disruption (Figure 6-14), cell size
from ratio between cel 573 \ d starting time (Figure 6-15) and

Chlorophyll A released #Fi B-16 ‘ anly on ideration of cell morphology

observed at the magnificaion 0f-4600 in 'F 7 eould lead to the consistent trend.

AUEINENTNGINS
MR TUAMINAE
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Regarding the experimental results of Currie et al, 1972; Shamlou et al,

1995; and Chisti, 2001 the consistent trend could be observed. The significant
mechanisms of microalgal cell disruption were shear from agitation and the mobilization

of glass bead.

Agitation could influence not only the flowing of fluid but also the

movement of glass beads in the system (Currie et al., 1979). The collision between glass

especially, when cells were between

glass beads. Anyway, the collision bet d others in the reactor was just one

increased, the liquid withjasthe swift mere quickly. Then, the fluctuation of
velocity and tangential fg ecome more rigorous as well.
Therefore, the increase jafthg’ pfobabitity=of the. colli on and interaction between cells

and glass beads will be giorefeghar ‘ed Hué 1o, the inc easing agitation velocity. These
~ N\

could be implied as the il rgas creas \ ell disruption rate.

Figure 6-15 Show /5-a no ncrease in ratio between the average

volume of cell at any times.and-that of starting vhich_in turn could confirm the cell

disruption taking p h‘i’ stem. it rev “'*a, ger the experimental time,
AP BT WA T o s

that of starting fifhe when applying t?e agitation mto the system was shown in Figure 6-
16. Mdﬁ(Wﬂh&ﬁ/ﬁéﬁfﬁv\N%‘ ﬁ?rﬁﬁ’ﬂtnﬂ \El; considered.

The morphology of cells under microscopic observation at the

the more the big cells Ere de

magnification of 1000 supports the grinding effect of glass beads at 180 minute. Figure
6-17(a) shows no cell debris at t =0, however, Figure 6-17 (b), (c) and (d) shows that

more cell debris could be observed with the increasing operating time.
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(b) 500 rpm =7/ 4 < AR, (c) 1500 rpm

(d) 2000 rpm (e) 3000 rpm

Figure 6-17. Morphology of Chlorella ellipsoidea (x1000) at various agitation speeds
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6.1.4 Combined Effects of All Variables on Disruption of Chlorella

ellipsoidea

Figure 6-18 shows percentage of cell disruption at various superficial
gas velocities with constant superficial liquid velocity and agitating speed of 10 cm/min
and 3000 rpm. Without superficial gas velocity fed into the system the percentage of cell
disruption was 35.6%. However, with introducing superficial gas velocities of 10, 20, and

es 93.6, 60.1 and 60.4%, respectively.

40 cm/min, percentage of cell disn

\

It could bg.Cleatyes hatﬁgetic incorporation of superficial
gas and liquid veloy ioln, 4 @ ge of cell disrupted became
tremendously increased. j due to these incorporation could

provide severe collis Chisti, ,«in turn leading to the disruption.
However excessive g 2 Could res 1 beo :\{; sion, leading to a decrease in

collision between glas

Figure 6-1 trend of cell disruption rate. At the

beginning, the highest disrup ~-t»_;:;f_ L achieved under the optimal condition of
superficial gas ve octty of 10 cm/r ~—..J,e‘.‘;;;:;;:;=;;:=.:;. of 10 cm/min and
e Y

[y

3
agitating speed of 30 08

¢ o ., .
gﬂ’r; ﬂ m ﬁm?wmfﬁe measured at various
operating timeﬂd starting time was in uence by introducing superficial gas and liquid
¢ o

veloci maﬂ imi ﬂw]?)nw f/]uarfugrl gas and liquid
velocity of "1 in"a itati ggee 0 0 rﬂ the average cell volume
becomes drastically decreased from the beginning and than becomes almost

unchanged after a certain time (approximate 75 minute) had passed.

Concentration Chlorophyll A was also measured and then shown in
Figure 6-21. However, the ratio of Chlorophyll A measured at each operating time and

starting time exhibits scattering behavior due to the uncertainty of measuring instrument.
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More Chlorophyll A was released when longer operating time was employed.
Morphology of cells at 180 minute shown in Figure 6-22 was a clear evidence for the

disruption of Chlorella ellipsoidea cells investigated in this work.
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It can be seen in Figure 6-23 that percentage of cell disruption with
superficial liquid velocity of 0 cm/min was 64.2%. However, when the superficial liquid
velocities were fed at 10, 20, and 40 cm/min, percentage of cell disruptioh could be
improved to 93.6, 95.7 and 93.3%, respectively. With the synergetic effects of superficial
gas velocity, superficial liquid velocity and agitation, the cell disruption performance
became much improved. However, an increase in the superficial liquid velocity from 10

to 40 cm/min under the employment of superficial gas velocity of 10 cm/min and

between the core an counter-ba e would lead to a stable cell

disruption performance.

ed from the data of rate of cell
disruption (Figure 6-24 erating time and starting time
(Figure 6-25) and amo Figure 6-26). Furthermore, the
microscopic observation i used, as an evidence of cell
disruption.

i

9
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6.2 Disruption of Chroococcus sp. TISTR 8623

Chroococcus sp. was also chosen to investigate in this work because it had
different morphology cell wall structure compared with that of Chlorella ellipsoidea.
However, due to the preliminary investigation, it had been found that the similar trend of
cell disruption could be obtained. Therefore, only the effect of superficial gas velocity

was investigated.

6.2.1 Effect of S

. on Microalgal Cell Disruption

ion was-showh in Figure 6-28.The percentage

become higher when ed. Interestingly, there was an

optimal percentage 0 ate was introduced. A further
increase in superficia /min resulted in a decrease
in percentage of cell { “and 13.4%, respectively. These results were

disruption may be implied foF Clroococous: ‘

ore, the similar mechanism of cell

Slighthy, di m Chlorella fea,(Chroococcus sp. exhibited a
stable disruption ra T\rh— ieslas shown in Figure 6-29. In
Figure 6-30, a decreag in the average cell volume b@me steepest with superficial
gas velocity of 10 cm/mir. Lensistently; Figure 6-31 shows that the steepest increase in

amount of chlﬂ)u &Lgdmﬂmgﬁdwuﬂacme‘imeved with superficial

gas velocity of%ﬂo cm/min. Such di§ruption couleésalso be evideat’in micrographs of

omoocotelfeo| itk 8 V11 VIE TR E
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6.2.2 Combined effects of all variable on disruption of Chroococcus sp.

Under a condition of superficial gas velocity of 10 cm/min, with employing
superficial liquid velocity of 10 cm/min and agitation speed of 3000 rpm, the percentage
of cell disruption of 41.6% could be achieved (Figure 6-33). However, without

introducing liquid flow and agitation, the percentage of cell disruption dropped to
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6.3 Disruption of Chlorococcum sp. TISTR 8509

With the same reason, Chlorococcum sp. was also chosen because its cell

structure was different from Chlorella ellipsoidea and Chroococcus sp.

6.3.1 Effect of Superficial Gas Velocity on Microalgal Cell Disruption

of superficial gas velocity at 10, 20 and
40 cm/min were investigated. L . perficial liquid velocity and agitation.
Figure 6-34 shows tha ; al g2 i 10 cm/min gave the optimal

\ rcentage similar to those of

perﬁcnal gas velocity to 20 and

\ the increasing superficial gas
velocity had insignifice orococcum sp. (Figure 6-35).

In Figure 6-36, the incréasing s \ \ bited a slight influence on the

ratio of cell volume at thefend of opeie t'a g ) hat -\ starting. Similar trend could be
observed for the ratio of C ao~n.‘-§:i-— el after starting operation (Figure 6-37). It

could be implied that the exeessivel ial gas velocity, the cell disruption

would be retarded* E_-ﬁ—-;‘;-_--" ~the column. Morphological

observation is also sh . @
ﬂ‘HH’J ﬂﬂﬂﬁﬂﬂnﬂ'ﬁ
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Figure 6t38. Morphology of Chlorococcum sp. (x400) at various superficial gas
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6.3.2 Combined effects of all operating variable on disruption of

Chlorococcum sp.

Figure 6-39 shows that when the liquid flow rate and agitation of 10
cm/min and 3000 rpm were introduced into the system with gas flow rate of 10 cm/min,

the percentage of cell disruption were increased when compared with no introduction of

liquid flow and agitation. However, the percentages of cell disruption in both cases are
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Disruption performance of Chroococcus sp. and Chlorella ellipsoidea in
three-phase fluidized bed system under a condition of superficial gas, liquid velocity
and agitation of 10 cm/min and 3000 rpm were considerated. Figure 6-40 .shows the
higher percentage of disruption of Chlorella ellipsoidea compared with Chroococcus sp.
At 180 minutes, 93.6% of Chlorella ellipsoidea were disruptured while only 41.6% of
Chroococcus sp. was broken. This result could be implied as dependence on the cell

structure. Chroococcus sp. was sorted in cyanobacteria which have unicellular

i of two ntric layers, namely, a thin inner layer (cell
wall) and a gelatinous thick ‘euter laye @g;th). While Chlorella ellipsoide. was

sorted in Chlorophyta having onty single c } efore, it could be expected that

css would also be considered.
s within reproductive cell wall.
cell wall cannot be easily counted.
The release of small cel 1€ thi ) pture of mother wall, resulted in
| \k stribution at starting and ending of

operation, it could be seen tha - ) = 8-28 um) were disrupted and in

turn only daughter ¢ L‘;::'_—.‘;;:._'..—.m._.—.:.:;m peratlon

_—
ueaneningns
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Figure 6-42. Moﬁ%hology of Chlorocogcum sp. (x400) at various opgrating time
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