Chapter V

DISCUSSION AND EVALUATION

The results from the experiment in the preceeding chapter
has provided comprehensive relations among variables and some
parameters which are criteria to study the phenomena of the PFD
agglomeration rate in the fluidized bede The following details will
be the discussion on what are problems in this experiment outlined
uders: The effect of the air distributor?s design on the fluidizing
air velocity, The PFD feed rate, The ratc of PFD dissolution by gasoline.

Further more, the evaluation of the result and emphasis on
what this experiment execcutes are very interesting and they will be
rresented unders Gasoline feed/(¢) and number of agglomerates (w),
correlations, Coordinate transformation, Agglomeration efficiency,

Defection in agglomeratione.

5¢1 The effect of the air distributorts design on the fluidizing air
velocitye
From table 4425 it is observed that the superficial air

velocity along the bed length was not uniform and deviated not more

than 15% from averages It cannot be assumed whether this is satisfied
or not because there is no reference showing how the wniformity of fluid
in a longitudinal section is justified but it is deserved to say it

gave no trouble in fluidizing the PFD bed because thc bed flow smoothly
and continuously with no obstrucle and this can be closely seen from

the photos in fig 341 and fig 5¢1. However, it can be explained that:
the depression in the wiformity of fluidizing air is effected by two
factorss The first is the fluctuated induction of the surrounding

air by the jet sprayed from the paint spray bottle into the mixing path
of the air distributor. The jet sprayed from the bottle was controlled
by air pressure which was kept over the required operatlng condition

4 kg/cm and regulated manually to maintain the 4 kb/ cm e« which ofgourse

sometimes went higher causing the unsteady inductions In addition,
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FIG. 5.1 PFD IN CONTINUOUS FLUIDIZING BED

in case of d}= 0s64 cme the /2ir induced was net sirong enouch te
fluidize the PFD bed e the height of 5 cm., se the blower was employed
and caused the degree of imsteady flew hisher. The second effect is
the design of the air diétribu#or which cannot fellow the general desism
(13) that it recommends to have pressure drop across the distributor be
10% of the pressure;drop,aéross the bed with a minimum in all cases of
about 35 om.H,O. »The Teason is that the distributor was not a close
system! so even though, we can find a packed bed of which the pressure
drop across the distributor is 35 cm.HZO, the air was not able to pass
through because there was a back pressure developed by the distributor:
azainst the input induced air which it may be assumed to be a resistance
to the exceeding amount of fluidizing medium by the pervious distributor.
If the bed was fluidized in a close system which means the fluidizing air .
&as fed through the distributor by an air compressor not by induction of -
the jet stream, the uniformity of velocity along the bed might be easier’
controlleds

In additien, the minimum fluidizing velecity was observed as
described in 3.3.1 and ensured by eg.2.12 which is a general equatien
that it was reliable. Besides that the calculatien in appendix A.1

shows how eq.2.13 and 2.14 did net fit to determine the obtained
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experimental minimum fluidizing velocity by the unsatisfied boundary
conditionse Table Ae3e2 shows that equation 2.12 gives the best
support to the result obtained, considered by means of the sum: of
square errory, and it gives the minimume Besides that the terminal
velocity of all particle sizes are calculated as shown in appendix Ae2
by description in 2.Te4e Both the minimum and terminal velocity are
found outt so that we would conduct the superficial velocity at tthe
right way, that is, the superficial velocity must lie betwcen theme

5¢2 The PFD feed rate

'I;WO feed rates of PFD for every particle size were conducted
and from the result in fig 4«12 it shows that the PFD feed rate
controls the relation between PFD particle size and gasoline amounte
It can be noticed tha.‘l;i the' PFD feed rate was varied only 2 rates which
is not enough to evaluaté good experimental relations, the rcasons:
that: only 2 rates have been conducted are

1e At first, four verious fecd rates were performed, it
was found that any feed rate and the next provided a series of
relations quite similar and difficult $o distinguish the curvess
This can be noticed from the two scries of curves obtained from the
experimentss shown in fig 4.12 which indedd were the first and the
fourth rate and so if the rate was varied a little bit the series of
the curves might be quite similar and difficult to identify which was
in the same seriese.

2¢ The bed area is too small if it is larger the bed weight
of PFD can be increased and the feed rate can also be varicd more
extensivelys

5¢3 The rate of PFD dissoclution by gasoline mist ‘

In this experiment, there is a significant parameter
neglected because it is an unknown and quite difficult to study,it
is the rate of foam drop dissolved by gasoline mist. ;f this rate
was revealed the suitable retention time for FFD in the fluidizing
bed calt be calculated and the agglomeration will be more efficiente
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The study to estimate this rate was omitted because it is doubtful to
predict what model of dissolution of PFD by gasoline mist which may e
called conversion, should bee The exclusive problems arc magnified as
follows:

It is foreseen that during the conversion whioh take place
in the fluidizing bed, the drop may grow, shrink or remain unchahged
in sizes The average conversion of the strcam of PFD depends on the
fate of single particle conversion and the retention times The problem
aims at the rate of single particle conversion which may be predicted
in two ways. The first im the contintious conversion that gasoline
penetrates constantly through the whole foam drop with no resistance.
The second is the conversien deéveloped at the surface and then dry out
resisting the gasoline penctrations Henee, we have six combinations
cxisting BETWEEN grow, shrink on remain unchanged in size AND conversion
with or without resistancec. ‘So, there are six probabilities to carry
out one reliable result, this certainly causes hizh risk, consumes
much time and great effort, and since it is believed the success of the
study can be perceived without ity this part.of study had been dropped
out. :
5¢4 Gasoline Feed (C) and Number of Agglomerates (W) Correlations

There are six correlations in the experiment, showing the 1
linear relation verified by the least square method. The prediction of
linear correlation was determined after 2 anticipations that it may be
linear or exponential was evaluated by cemputer. It shows that the sum
of square error from the lincar evaluation is less than the exponential
one as shown in Table 4.12. Fig 4012 shows the different effects by
feed rate and particle sizes on asglomerations 411 the curves which
are linearly related are extended and found they do not pass the origin
as they should do because the unsteady rote of induced fluidizing air
and the deviation of fluidizing velocity as described in 5¢1« However,
there is no cvident that ¢ VS N may possess the linear relation at the

beginning in the range ¢ { 150,
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From the curves obtained in fig 4012, it informs that
the number of agglomerates, N, is varied directly with the amount
of gasoline used, C, bu'l: inversely with the PFD feed rate, F, and

the particle size, d 0*

)

P

Qi

N=f(C, !

All these terms may be ca.hbined t0-give an equation representing
the agglomeration moclel Of/'thlo experiment in many ways. The
equation may be a s1m9’lzy 6qnb1n1n the three criteria with some
additional terms or e}élg a,‘very complicate relation of several
terms that it is not w‘élé to find out by this experiment because
the phenomena :anolved comprlses ©of iLdsorption of gasoline by
foam, Mass Transfer of the ga.sollne migt to the foam surface,
Fluidization, Strength of_ Polystyrene solution in different stage
and age, Momentum Transf.‘e?j of fluidizing particles and so one
Hence, in order %o p‘;q::n;some advantases from the criteria we have,
the N relation to the combining group of G, 1/F, 1/dp in term
C/Fd will be found out. All data from table 4.6~4.11 are
recrluted and plotted point by point shown in P18 Hede It is
obvious that, if the scattered points are neglected, the points
are densed in a tendency that a straight line can be drawm passing
through them with the slope of 0.1583 allowing to have % 424
deviations That is N relates to C  linearly.

de

5¢5 Coordinates Transformation

The relations of dp VS N and d VS C are presented in order
to assure that the N VS C relation obtalncd has been conducted in good

attention. Tig 5¢3a,b, and 5.3 cyd show the relation curves
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respectively. The curves are plotted by transform the variable
parameters in fig 412 into the ordinates and vice versa, such as 8
which was an ordinate is transformed into a family of curves related
dp VS N at various constant ¢ in fig 53 a,b, for F1 and F2 TGS PECm
tively while dp which was firet a variable in the experiment is transe
formed into an ordinate,

The solid curves in these figures are plotted by trans—
form the experimental N VS C ooordlnaieo of in fig 4412 and the'dotted
curves are plotted by trankform tho coordinates of the same curves,
same slope but assumed/ﬁgfgggp‘tae origin as discussed in 5.4.4 so
the dotted curves givé4ébéd/6rder pattern of curvess

From fig 5, 3 By b 1# 1s obvious that the two family of
curves behave the same pqt#enn thoug at €, 300 the experimental
curves deviate from the/ assumed curves., It shows that the smaller
size of PFD increases bhg agsiomeratlon rate faster than the bigzer
oness because the, slope of fﬁe curve at small J inclines more than
that at larger d o So~a§ §§§:same increment of d 2 number of agglo-
merates 1ncreases fdﬁf?%kﬂpen dp is smaller. By similar transform e
ation fige 5e3c,d. is obtained in which the curves inform that

1« The bigger size of PFD lowers amount of agglomerates

obtained by the same amownt 6f gasoline.

2¢ Pize distribution of large particle is less effected by

the same gasoline increasc to obtain the same 831 0w
meration rate.

3e Higher rate of gasoline increase provides increasing

agglomeration rate of any size distribution of particles
However, such informations can also be road out from the fig 4.12
and fig 53 From the tract of the curves in fig 5.3 ayby6,d
it seems that the gasoline amownt over 300 m1/5 min affords good

pattern of agglomeration.
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———————— Transform by assuming the C VS N passing
through the origin with the actual slope

Transform from the curve in Fige4.12

PFD Particle Size, dp(cm.)

Number of Agglomerate Cluster, N
FIGe 5¢3ae¢ THE COORDINATE TRANSFORMATION FROM FIG. 412
TO dp VS N FOR F

1.
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_____ Transform by assuming the C VS N' passing

through the origin with the astual slope
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5¢6 Agglomeration Efficiency

The efficiency of azslomeration may be studied in
various terms as follows:

1e Used gasoline for PFD agglomeration compares to the
initial gasoline amounts This means requires the amount of gasline
loss by flowing along with the fluidizing air, gasoline amount
wastely dissolving PFD which sives no agglomerate and certairly
are difficult to find out.

2. "eight of \PFD ‘agglomérates compares to the initial '
PFD feed weight. Phoughfall the figures can be found out CXDET1Mwe
entally, it shows no éxf)Athttlng to the system because the one
important parameter,/é;zéilne»anount Las not been counted,

3e Comparisdn between the ratio of product or agslo=
merates weight obtalﬂed to the amount -of gasoline used and the
ratio of the weight Qf PFD to gasoline used to dissolve PFD to attain
the sticky property oo/ﬂham it will be able to adhere to the other
drops. The latter ratlo, 1n other word, is the proportion of PFD
and gasoline that glﬂes —the surface ten51on of polystyrene solution
in bawollnc— 28 dyné?ERR~wnloh can be found out in fig 4e4. From

& 4e4, it shows that the proportion or ratio allowins the 28 dyne/cm
surface tension exists at 9000 mg PFD per 34 sm gasoline or at the
ratio = 0,2647.

Before going into detail, the purpose of defining the term
of agglomeration efficiency is to be explained. It is to find out
how the experiment is proper evaluated and in some literatures, it
is evalvated by the second means mentioned above which does not
weight the very significant parameter, gasoline, the wetting agent
that plays important role in agglomeration. Therefore, the third
aspect will be followed.

Appendix Be2 shows the calculation following the third
aspect and also the second means which the result is presented in _
Talbe 5.2 so that it will show how the third means, better and clearly,
represents the evaluation of agglomeration. ¥rom table He2; by

comparison in each
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Table 5.1 Agrlomeration Efficiency

gm agolomerate

gmePFD Foed

x 100

@ % Agglomerate/Feed Rate =

{meagglomerate

gme gosoline used

@ % Agzlomeration Efficiency = x 100
gme PED )
E gmegasoline )
: 6:28dyno/ cm
T XD TR NaRS ()
/' 7 »

0e33 . 150 ELG 03007,  0s12 11,3 0,039 0.08
agp 0a119 0410 0,067 0,08
420 == 0038 0012 0.127 0,09
520 ¢ LR TS Gv16 06152 0409
630 i & - 0e234 0416

0.51 150 646 Qe224 Ry T 09T - 04081 . 0.1
250 0e471 0e34 ' 0s134 0,16
420 0.767 0¢34 0e254 0617
520 1226 Osdd 0e362 0420
630 - - 06483 0428

0.64 150 63 0,083 0.10 1045 0,044 0408
250 04340 0e24 0,072 0490
420 0e265 0e19 OsT71 0832
520 0e472 0e15 0e253 0414
630 1.006 0629 06291 0415

730 - e 00472 0019
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particle size and feed rate, it is obvious that the value of
efficiency at low ¢ is higher and at high C lower than the value of
the second means in every cascs. This should be reasonable and true
because when the hizh amount of gasoline is applied through the
fluidized bed in the same time interval, it dontacts the same am-
ount of PFD and certainly loses wastely with the air much mores In
some way, though the higher ¢ providing sasoline to contact more
amount of PFD by its $hicker mlst tae gasoline increment dissolwing
PFD is still less than‘the amount of increasing feed. 8o, by
weighting the loss g\/gl@;e it the- ‘evaluation, the % Efficiency
increases with increa§/<¢
f'eed Rate. Hence, %ﬁé}:;élomeratlon efficiency is well defined and
should be acceptable.//lﬁ lS also diselosed that the PFD size Oe51 com
provides best a“glomé§7tlon Wluh Qe 44% efficiency by applying PFD

EKSIOWer than-the usual % 7 Agzlomerate per

feed rate 6.6 ﬂm/nln./wlth gasallne 104 ml/mine which is also con~
firmed by the value of @ qggg&amarate per Feed Rateo
By ave‘all, the efflvlenﬂy is/qnite low because,
1¢ The émgggﬁ of PFD in ubd,was not enough to be contacted
by "aégilne which it can be improved by expanding the
bed width so $that more PFD will be retained
2. The PFD retention time in the fluidizing bed was too
shorts The lower feoed rate allows hetier efficiency,
but it must not be too low because the bed will be
clogzed by sticky particles that contact too much
gasolines
3s The gasoline passed through the bed too fast while
flowing along with the fluidizing air. This should be
controlled by decreasing the air velocity but this would
irritate the height of fluidizing bed. The best way is
to decreas: gasoline amount.

57 Defection in Agelomeration

Three ‘forces involving in agglomeration, they are

1e The shear stress distribution on the particle surface
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exerted by the fluid flowing around the particle. It

is momentum flux distribution or pressure distribution on

particle and has been shown in appendix C.4

2o Agzlomerating strensth exerted by sticky surface of PFD

that holds particles o alhere to cach other by penduvlar

strength at first and after that ddvelop to be capillary

strength as described in 2.6.2. The calculation of the

both strengths arc shown in appendix Ce5 and C.6

3o Momentum of particlé'bollision. This cffected the a:zlomer—
ation p031t1yglyVand nc“ Wively at the same time because it
may assist p&ruaolcm to stiel tosether or else break the

gglomcrates/ ‘

Table 5 3 shbws tnc v»lue of wvarious strensth and terms
participating &:glemeru 1on. It/ is obvious that the pendular strength
for aggzlomeration is vcrv nth hirher than the momentum flux distribution
on particle surface Wthﬂ means thod” aslomeration should occur very
easy and much d’ﬂlonwrutes arc obtainéi, bot in the cxperiment it was
not so, the ag,lonergilon efficiency is geite low and is not comparable.
It may be prdicted tq"i* the 15t fern we have nob count cd, the momentum
of particle collision, has played o very imvortant role on agslomeration.
It may be understood that the momentim flix distribution (F%) associated
with the momentum of collision overcome the agslomerating pendular
strength (ip). In calculation, momentum of collision has no identicle
unit as r, (momentum of collisionfs wmit is : smecm/sec) so it can't e
shown by figure how the pendular strencth is dominated, but it will be
described by table 5.3

The maximum number of collision nresented was found from the
terminal velocity as showm in C.3 because the actual particle veclocity
in the fluidizing state was not known. It is shown here Just to be an
idea for explanation. iny particle collision provides momentum end the

momentim strengih depends on direction, area of collision, velocity
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snd weight of particle. Tor a single sticky PFD that collides the
other one, a good oriented or the center to center direction certainly
boosts the pendular stronzth of the sticky polystyrene, but the
misdirection of the: collision does not assist its sticky surface to
form agglomerates. In term of probability,; the cenier to center
dircction of collision does not cccur so easy, so it hes rother a great
possibility that the pendular strengith of the agrlomerate ig reduced
by collidingz momentum and some particles may loss to aggregate but some
may develop pendular strensih to oaw*llurv strength weakly that may be

broken away by next 0011131on.

v"\

Tor the sticky égglomerates hoiding by pendulor strengih
still regquire more gasoling /o dissolve thenselves for suronzer
strenzth by reaching whe/sirface (bension et least 23 c‘-.yne/cm2 which
is assumed to be the Lowost foéctive strength of surface tension*
and by the same time it has Yo oallide the other clusters so very few
of agzlomerates are Durv1ved. Itﬁwé& be conclusively explaind that the
collision rather depresscs vHen fcr%ilizca the asglomeration because it
is obvious that ot hLo Anstent the fILl&lthlOn bering, collision plays
its role hefore the s%ickJ EUPTEGE can 1@Volo“ the effective stickiness
which %okos time and a certain ‘asowmit of gesoline and though the sticky
PFD collides the others, it hes very little chance to con isort other

particle and in the ssme time the momenium of collision has also 2 great

# Refer to 4.3 the reasons o enticipate that the effective surface
tension begins from 23 dync/cm are
1. Beyond this point, its surfece tension increases slowly
which allows the chance to attach the othcr by its more
sticky surfece greater than those before this point
2. The probability to find a PFD posscssing surface tension
more than 23 dyne/dm is greater because hefore this point

4 increcses rapidly

[y
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Table 53 Various Terms Participete in the Az;lomeration

E——__ o
1 @ ©) D
e . :
d.p F'b p= «-T- lp 13 Max.nos.of
4inecm collision
(em) sec? (dyne/cm2) (dyne/cm2) (dyne/omz) per sccond
Oe33 2384 ~ «6965 158 1099 571
0.51 <1754 9485 96 746 582
064 16553 12191 75 600C 696
Jlj From Appendix Cel
2 w C,5
@ . cu6
D " Cy3

chance to bresk down the /strong agzlomeratess

In order to gain edvanteses from the gasoline that lost with
the fluidizing air, it migh’b‘be worth-to form a multistase of fluidizing
bedse The bed might rbé=tr—cthcr-geonotry such as a round shape and if
one degires a more elab¥fate, he moy —iustall a spiral baffle in that
round shape bed where the feed will be introduced at the spiral conter
and the outlet wll ° be at the spiral ends The spiral baffle incrcascsa
the flow path and resident timce Similarly in the experimental
longitudinal bed the baffle might be arranzed transversally, but here
it was not apnlied becauvsc the bed width was too narrow. Any
geometrical bed ocan  then be top up one by one to form a tower of
multistage beds. In operation, for the non-round shaped bed, there
may be effects of non-uniform distribution of fluidizing air, and poor
fluidizing state occupied by fluctuwation in density with channelling
and sluzzing, hence the best way to simplify our experiment, a round
shap.d zcometry should be practicle in any way. The experimental bed
may be fluidized shallowly and the fluidizing air velocity has to

exoeed 143 U o for good nixing (13
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The principle to be applied for the design of the suggested
multistage beds is the gas adsorption that deals with the mass transfer
operations between the zasoline mist in the air and PFD. The gasoline
for the time being is assumed to be soluble vapour absorbed by PFD ahd
air is the solute—containing or rich gas cnters bencath and fluidizes
the beds. The PFD is enriched while flowing down the tower of
multistage beds. and grows in size by sticking to other particles.

The design of tower depends on (26) megnitude of the desired concen
tration changes and on the rate of mass transfer per uit of packed
volume, material balances, enthaléy;balances and on estimates of
driving force and mass transfer doefficien*asu

To determine whethér the number of beds is suitable, we
should criticize on the optimum cost spent for the experiment or the
industrial applications. The césts concerned are building cost and the

operating cost of the/tower and the efficiency of operation as well,

—t.‘\:‘
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