Te

2

3e

be

Se

6e

Te

8

e

10.

11.

12,

REFERENCES

RoberteHePerry and CecileHeChiltone Chemical Engineers Handbook

Sth ede New York Mce Graw Hill Book Coe, 1973s

Glyde Orr, Jre Partioulate Technologye New York The: Macmillan
Company, 1966

Nicholas Pintauroe "Agglomeration Process in Food Manufacture
Noyes Data Corporation,New Jersey, 1972

ReGeGidlow and AeDe Mills."Pillsbury Fluidized Bed Process™ U.S.
Patent 2,995,773 3 August 15,196% ”

Leon I Maissel & Reinhard Glang. Handbook of Thin Film Technology
Mce Graw Hill Ino., 19700

AsMe Swanson and DeJe Fenskes "Lactose Agent for Dried Egg" UsSe
Patent 3,262,788 3 July 26,1966,

FeEe Reimers, MsDe Miller and E. Naborneye. "All Purpose Sugar
Process" U.S, Patent 3,143,428 ; August 4,1964.

Je0e Hardesty, "Aggzlomeration—A Chemical Engineering Tool for
Granulating Mixed Fertilizers" Cheme. Enge Progre.,51 pe291
29541955+ _

ReKes Mcqgearye"Mechanical Packing of Spherical Particles™ J.lme
Cerame SOC’ 44,1)0 513'-522’ 19610

EeJe. Crosby, and WeRe. Marshall, Jr. "Effects of Drying Conditions
on the Properties of Spray-Dried Particles™ ChemeEnge
Pro__gr. VOlo 54, N07' p.56—63, July T958.

Ryong=Joon Recee "Theory of the interface between polymers or
polymer solutionse™ JeChems Physe Vole 62, Noe2p 490-9
1975

akuhei Nose "Theory of Liquid=Liquid Interface of Polymer
Systems" Polymer Journal, Vol.8, Nos1p+s96=11391975




13,

144

15

164

17,

184

19«

20,

21,

224

254

125

Daizo Kunii and Octave Levenspicl. Fluidization dnoincering
John Wiley and Sone Ince,1969.

Earle As Clifford. "A Practicle guide to LP-Gas Utilization®
L.P, Gas Hondbook Serics Volume 1, 1960,

Colin Carmichaels "Design and Production Volume" 'Kent's Mechanigal
W caition 1971

Enginecrs Handbook 12

Joln Castell-Bvans."Physico-Chemical Tables Volume ITV Physical
and Analytigal Chemistry, Charles Griffin & GCo. Ltd. ;1911
Alan Charles Sturt "Pglymerization Procésse"British Patent 1,351

624 Uey 1974~ —

vy

William John Merowen"Method of Azglomerating.™ U.S. Patent
,};447;9521June'3, 1969
EeJ+ Crosby and W.ﬁ;/Marshall Jr."BEffect of Drying Conditions on
the Froperties/of Sﬁ&qy%ﬂried Particles."Ch.Be Prog.,
Vole.54 No.7,p.56~63, July 1958,
FeFrief."Berkeley Phy31oo Coursc Volume 5. Statisticcl Physics
Me Graw Hle'Book Co., Do 4445, 319~342 1965,

Blrd Stewart & L1 htfoot. Tran$port Phcnomonu,ﬂlley Internctional
Editlon,dlleJ &uons Ince,19604

! ! v

ﬁﬁ?ﬂluﬁﬂﬂﬁﬁﬁﬁﬂf ﬁDUﬂ 84 NN 2520 , wuﬁ 3, "WHﬂ My

Luuy"

Chemical Abstract "Content of Six-membered Naphthene in Gasoline™
Volume 68,N0.51619 V, 1968,

Robert Noyes, "Dehydration Process for Convenience Food"

Food Processing Review No.2 Noyes Development Corporation,
London, 1969,

A.Se Jlorst, eto.al. Principles of Unit Operations LeﬁlgA University

Pennsylvania, 1960,



YV

264

27

28,

29,

30.

31.
32,

33.

34

126

Warren L. MoGabe and Julion C., Smith Unit Operations of Chenical

gpqinqggigg;znd edelesGrawlill Chems Engin meering Series
1967.

Chemical Abstract "Hydrocarbon in 117~23O Fraction of Gasoline"
Vole68y Nos51618 U, 1968,

Chemical Abstract "Napthene for Producing Gasoline" Vol. T54Nos

38625 V, 1971s
Chemical Abstract "Olefins in @asoline" Vole87, Noe5543741977
Chemical Abstract “thmigal Composition of Gasoline."

Vol.87, No.55438 4, 1977,
Chemical Abstract;ﬁdasoline Production." Vole87, Noe55436 y,1977 .

The British Plasties ﬁbderation“Polystyrene,Materials." A code of
Practice Copyright Publimntion,Vol.47,1963,

Henry I.Bolker. Natural $ynthetiq Polymers, An Introduction.
Marcel Dellier Inoy Ny 19744

Esso Standard Thailond ftd. "Typical Inspection of Dsso Gasoline®
July 1974.



T i, AR N S
B - R sl B S . S B Sl T e

A
‘~ﬂ
=




Appendix A

Ae1 Calculation of Minimum Fluidizing Velocity by different equa‘biogg

The density of ambient air is obtained ffom (21)

Temp. Viscosity Kinematic Density
Viscosity
: (%) (cp) y X1O_2( om® sec—1) (10"3.3'm cm3)
2 20 201813 15.05 120465
¥ 40 .01908 1692 1.12765
"o At T = 30% P 10“3(1.20465+1.12765) % -1.16615x1o“§m/om3

The gasoline amount isvaricd in the experiment from 20-107 gm/min it
effected very little -on _thé /overall denaity of gasoline-air mixture
that fluidized +the bed, 80 /an averascd amouwnt will be counted in
determining the densitv of /fluidizing mediwn, gasoline~air mixture.
he density of the mix‘bﬁx:e in A% 54 by the amount of fluidizing air

for different particle sizes. Ths ¢nlculation is as the following:—

Average varied gosoline = (20434454+67+80+494+107) 71- 65014 gm/min,

Fluidizing bed areca = 100x5 = 500 cm2
d U: Rate of air flow [va&Rote of Total weight Mixture
¥ A Uo P Gari’ing lixved of mixture density
(em)  (em/sec.) (gm/min.) ( gm/min . ) ( zm/min . ) @ 0-35:m/ om)
0e33 52.4 1833.18 1898.32 1.207
0¢51 6648 2336.96 65414 2402+ 10 1199
0e64 105.7 3697.86 3763.00 1.187

*From Table 4.2

From ccuation 2.12

2 - o E

¢ eif M ﬁf eif Loty o
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Basis PFD size 0633 cm.
0e33U_ . e
175 |03¥ag 0:00120)% 1500 o,g0n)  [0:339,(0-0001207)
(1)(0.401) (0,000186)° 12(401)° 0.000186

= (°33)3(=001204)(0~02-0-0001207)980 .
( .000186)2

182,86 (0.33)% U2, + 9019.83 U_. (0.33) = (0.33)3(641050,3)

o 2 : o = SAG
182.86 U, o 427332.02 U . =121154645
U(;% = Te37 om/scc.
Similarly for PFD size 0.51 cm. U;}) , = 9,82 cm/scc.
and for PFD size 0.64 cms U(;f), =12.38 cm/scc.
From equation 2.14
Umf . =d§()’g—é)£ for Re?20
1650/‘(4.
Basis PID size 0433 cme
U(ig ) =ALQ.QB)Z(Q392—0.001207)980 = 6454 om/sce
i 1650.(0.000186)
Check Re, Re = (0633)(6.54)(04001207) =13497
«000186

(1) Caleculated from equation 212
(2) Calculated from equation 2.14

La)s. Caleul~ted from equation 2.15
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Similarly for PFD gize 0,51 cm,'Ugg) 15¢51 cm/scce and Re= 51653

and for PFD size 0464 cm, Uég) 2459 cm/seo. and Re=101487

o'« forhe last two particle sizes, Re do not sotbisfy the condition
in eqs 2414 that Re¢20

From equation 2.15.

U;if B 0 AN Re > 1000
245 P
Basis PFD size 0433 1L
Bt = £0.339(0.019793)980
X [(24.5)(0,001207)
> a8 / /
Check Re,/f{e/lf# £9:33)(14.36) (. 001207) 30468

| .000186
4

e®s U . = 14.36 was not ﬂit'b‘od ¥ree Re < 1000

1785 cm/scc. and Re= 58492

I

Slmllarly for PFD size 0,51 cm.,U(s)

and for PFD size 0464 cm, mf" coc

19.9 cm/.aec° and Re = 82,82
o's for every particle #ize;—Re—doos not- satisfy the condition
in eqe 2412 that Re 211600

|

A.2 Calculation of Terminal'Fluidizinv 4ir Velocity
3

From CdRep g fg’,( /’)
: o
Basis PFD size 0433 cm.(ran"e 0e25~0.41 cm)
cdgei = 4(980)(_+25)>(.001207)(018793)=14582
3(.000186)2
from fig 2,12 ReD = 120
U~ =120(.000188) = 74.2 cn/sec

(0e25)(+001207)
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Similarly for PFD size Ce51 cmy, U

.t
and for PFD size 0+64 cm, U,

= 11440 cm/sec
= 169¢9 cm/sec

A.3 FluidizinsAir Velocitics

Ae3e1 Tluidizing Air Velocities in the experiment

dp Minimum Superficial ¢ Terminal
Veloeity Velocity Velocity
Umf Uo Ut

(cm) (cm/scc); (em/sec) (cm/sec)

0433 8.29 52.4 T4e2
051 8.64 5648 11440

0464 9466 1057 16949

Ae3+2 Best Equation detéminesion for the fitness of minimum

fluidizing air velocity by sum of sguare error

d EXDe Y

P A= e il o
S  y (2% o fa) (3)
Une UJ Vg Upe” U mgl Omf Ome U'me UneUng
(cm.) (em/scc) (om/sec ) (om/sec) (cm/sec)
0.33 8429 73T 092 6e54- 175 14036 6.07
0«51 8464 9482 1.18 15616 64,97 17.85 9e21
064 9e66 12,38 2:,72 24459 14693 17.90  10.24
Sum square of error 9.64 _ 274455 226453
A.4 Mode of fluidization
Frmf < 1 shows smooth or particulate fluidization

Frm PR 1 shows bubbling or agzregative fluidization



132

(Fr_ )(m' )( P) (L

mf) < 100 confirms smooth fluidization

| g
1;‘rmf)(Rep mf)( uﬁP)‘ (]:'____) > 100 confirms bubbling fluidization

e %

dr ¥ g r Re P-p

i s U2 e LR Inp Index Mode
= Df ) : Pz?; d

(ome )(cm/sec) dpg

0e33 8.29 213 <7/ M1 85T 263 15649  Smooth

0651 8464 «149 /2825 156068 +263 1745 Smooth

0.64 9466 «149 40508 ) 15.85 263 24448 Smooth




Appendix B

Be1l DRetention Time of PFD in the Fluidizing Bede

for dp = 0e33 cm; the feed rate = 7.8 zm/min.
The bed weight of PFD = 5x100x265x060116 = 1445 ¢m
’e Retention Time of PFD in bed is 1445/748 = 1.86 min

Similarly, the other values arec obtained as shown below,

dp Fixed Bed > ‘Feed Rate Ratention Avelleisht
Height , Time of
W 7/ i % 100 drops
(cm) () =/ /) 55 en/min) (nin) _ (107gm)
0033 1405 I = 7.8 1.86 90
1 o IT="11.3 1028
051 1504 AANINSEE56 2433 300
P ene = IT= 10,7 1.44
0e64. 15¢5 Eob 603 2e46 350
Il= 1~O.5 1.4—8

B.2 Agglomeration EBfficiency

- e - ——— - - -

%hgglomeration Efficiency = E.§£:§%§92199-9§§§- x 100

gm.gasoline Jix_ o dyne/cm.

From table 4.6 anexample of calculation will be drawn out
by using the data in the group of ¢ average = 150 to present
the term %Agglomgration Efficiency and the term %hgglonerate .
per Feed Rate. All the results have been shown in Table S5L2
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Gasoline Agglomerate Unagglomerzte
ml/5min. llumber of drops in an

agglomerate cluster Total | Weight|{Volume

-~ Cluster| (gm) | (m1)

z (3-4) (5-6) (7-9) (10-20) >20
150 4L 3 7 39 |3500
160 5 8 2 15 39 [3500
150 ¥l 9 39 3500
150 L 8 39 13500
155 3 4 > 2 9 39 13500
165 e 38 39 13500
150 D 3 2 13 38 [3400
150 B "% 1 2 12 38 {3400
150 7-7 10 9 38 * |3400
150 5 5 39 13500
150 8 I FNEiae g 1 14 39 {3500
160 s R R 1 14 40 {3500
155 459 92 15 42 13600
160 17,HE - - 1 20 39 3500

TOTAL {2155 88 44 13 10 3 158 547

All PFD agglomerated drops

Agglomerate weight

It

527 dxrops
= 527%90x1073/100

Agglomerate weight = 0474

gm.Gasoline used

"~ 2155%0.68

% hgglomeration Ifficiency_ 0.000%24 100

0.2647 X

Il

il

0.474gm.

0.000324

0.1224 %

88x2 + 44x3.5 + 13x5.5 + 10x8 + 3x15 + 0x20







Appendix C

Ce1 Dotemainabion of voidege in e fluidizin; bed

et e

for Lmf.  =2.5 =1 58/ /A%t
L, 5 2 2

0,33 0.401 @A 10
0651 0.355 e 5 1
0,54 00.3827 70591

Ce2 Particle distancelin Fluidized Bed ]
L Gos A
Assume that the PFD in fixed hed was in orthorhombic arransemnent.
Hence the voidage . in the fized bed was the volume of lattice subtracted
by the volume of particle which in this arranzement the total volume

of pariticle in the lattice is equivalent to 2 paticles

Let x was the lattice dimension, it is found +hat

| : X3 X 2‘}’:1‘3 = & 5-’:3
i y 3 T { 'l3
} L 2 e €] )
, 3(1--8)

: -
By the wbove ejuation, it would be

{\ ,\' applied to find the lattice space of
P
o i TR particles in fluidizing staté
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For_cxemple
Bagis d, = 0433 cmy & = 0,701 (fron C.1)
coxd = 2T(0.33)3 = 0.7015°
6
T
(oaog8de® - T (0.33)°
3

X (1.519)(0433) = 04501 cm

o o In fluidizing state, the lattice space would he aboud 0501 em

with the volume of 2 moloculos OCCL’.ylLd
Similarly the lattice fapamor d = 0,51 cmy, X = 0,768 cme

= 0.64 Cm, X =O.961 Clfle

Ce3 Mean Froo Path of FFD (20) and number of collisions

1
N2(n A)
A = mean free 1e.th (avc.nagc‘aﬁlzsrtanco mlol a molecule vravels
before it co@iﬁiﬁﬁsm ghfier/;nolecule in the zas)
n= numbcr of molqmﬂ”cﬂ—pcr_mt volumc

A= total scattering cross scotion for moledule-molecule collisions.

= Tldz (if the moleculcs are,indenticle.)

e R
Y2 (nfd?)
Example
Basis dp = 0e33 om.
from ¢2, b oadiaae L 4
(04501)3
1

= = 01299 cm

i AT
{2 [o 501)3} (0.33)°
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5

In addition, o find §hic pmmber of collision, it would be bessd on
the moximum or terminel fluidizing velocity of particles since the
superficial fluidizin; velocit ¥y of particles was not be able to find

out,

¥elocity of particle _ (415

Mex. Nunber of collision (Nc)

lean frece path »1299

= 570.8 coilision

seo

dp ef X N . Nc

(om) (omp=s (cm) (eollisions/sec)

B30 104 50172 570.8
51693 A/ 531.7
[a64 891 c,96/1; N 69544

Ce4 Force acting on rp&rtlclus 7

Total foroeF 'of-tffthe LI on th sphere is given by the

sum of buoyant foce, xf‘om'u.r't and fri C'LlOd dras or tangential foree

P, %7 Fo+2l/u'zv+m,.
%fﬁ"”}g 4 6"1}(}{ v

i

il

i !
The term %ﬁI{J Pg: oribuoyant force may be disiznated ag B (the force
exerted even if the fluid is stationary) end $he $orm 61941(\{ ag T

k

(the forcé associzted with the fluid movement ie. the kinetic

contribuiion)

Ceim

Basisg ' d.p = 0e33 cm, Uo = 52.4 cm/sce
F, = -3- :T(,33)3 (2001207)980+6 (.00186)(+33)(5244)

1777 + 0607
= 0238-’3'- C:'Lyn.e

. averaze force or pressurc of fluid

] + AN n i Py P
buited on a sphere-= se—
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2384 ;
P = ‘1?- = .a:-f:‘-'.j--l;;;- = )\ _L) d./.u\., /Cm
A (e33)°

Similar celoulation was avplied to the other particle sizes and it was

owscrved as illustratoed.
d P i " A e
P 8 k G
’ ] .3 = 2 2
(cm) .m cm p 4B _om, gn om, om dyne/cm
380 ScC Slele
0.33 AT T 20607 .2384 v 5423 « 6965
0651 8539 « 1195 7754 8175 «9435
O.'\;/.l 10296 02375_ 1053.5 1.2'37 1 0191

Ce5 Tensile Stronsth of Pvﬂydl iy | State Mg lomerate.

From cquation 2.6
(1-€) o

i'l:) -] 2 ° 78 B o — .3:
a : i
p e O D
G pene - (9]
{om) Tar tayre/ om’)

3

0633 Loy (2.76)(0.401)(28)
(02599)(0.33)

i
-
1

0451 *385 (2:78)(0.385)(23) = 96
(0.615)(0451)
0464 382 (2:78)(0.382)(28) = 75

(04618)(06564)

& lomeratc

C
‘:\,J cO8 nd

Assume thet the point of contact is oe large ag the particle

Ce6 Tensile stren;th of Caplllv;J
From equation 2.9 3 Tk L?

L

cross—sccivional arcz, so, C is the circum~forcnce of o particle and

A is the cross—-scetional arca.



140

! G € AT a |
o o 1 = ["‘-(—:l:m)"' -"“-’”“ 60() 300

. ?‘ .T(l
2 (5~2¢&) = (o.r:.,c(= 1 if wet)
de
d T i
P ! G5

(om) & - e‘mf Pise (dync/oma)

0633 « /01 ;&;2(,4,01) “..V_,..%i)_ﬁ..._.,.. = 1099
(«33)€.401)

) n 23

0«31 335 RO ONONR ) B . T s 726
(«51)(+385)

(«64)(382)
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