CHAPTER V

RESULTS AND DISCUSSI1ON

The results obtained are a

'r and correlated as follows:

5.1 Influence of i:-[_ T2iNp /6op

particular solid -
liquid system, each solid - liguid
The value of Reynolds

number depends on ghe o txﬁ peds of' the agitator, N.
¥t VA
2R

Tables 5.1 tof5.57 show & lags of Rﬂpll'!:l Sh of benzoic

acid coated on mrim. mter, 13 wt X, 20 wt X and
40 wt % sucrose sbiubion respective it the ‘temperature 3¢ “C or
35 °C and datd“fre scales. (see Figures

s I‘E
5.1-5.6) . Y )

SUINnseIng. . .
MY 1) T bV 1) 1313

5.6 combines Figures 5.1-5.5. It can be seen thst benzoic acid
coated on any types of materials could be used as & representative
of the group. Thus benzoic scid coated on €lass beads is chosen
for further studies.




Table 5.1 R.nr vs Shruf‘ Benzoic Acid Coated on Various
Materials - Water at 35 °C (Sc = 677), T = 20 cm
Rotation ﬁhr
Materials | speed nurui‘ ¥u
(rpm) 1 3 | 4 | 5 |Average
Glass 258 )|235|241 249
beads 268 (270|257 262
330|320|300| 3z8
P2|1414(410(379| 402
Polystyrene @]158( 150 145
shperes 51193{192 186
229|215|238| 220
3|228|215|228| 225
295(275(|295| 287
= _ 302|280 (293 299
T T 2
; S ‘,
lastic e [S-I837T IS5 G892 | 140| 158|137
particles ﬁ 3.8 J 171|159 168
type 1 228|218(212|225{228| 219
f 22 e S )
¢ 250128 79|282| 270
3N VIVIE" "
Plastic 270 3.5088|0.1306(158(|174(175(178|155| 168
particles 300 3.8278 18@|190|201)291|173| 189
type 2 350 4.4657 210|200|195(215|220| 208
400 S5.1037 240|250|259|230|231| 242
450 5.7417 273|288 |268 (281|298 280
500 6.3796 300|320|325|301|304| 310

{ 102Q9G A0
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Table 5.2 RBF vs Shrnf' Benzoic Acid Coated on Various Materials
- 13 wt X Sucrose in Water at 35 “C (Sc = 1,210),

v T= om
Hotation ShP
Materials | speed napnﬁ‘ Mv
(rpm) 1]/]2]|3| 4] 5 jAverage
Glass 2881387 299
beads 365(368| 373
( 415|450| 432
i ses|s26| 4g8
Plastic 195|195| 206
particles 361|358 342
type 1 395|418 400
a9p|as8| 475
495|533| 513
& :
Plastic 8. 07¢ 268|202| 284
particles 3 "I : I! 1540 {310|343| 320
type 2 3.9458 399|352 378|386| 3B5
‘e e & 67 36e({3e@| 381
F;‘lﬂ] ' m j | ﬁjlﬁimu as2| 435

AN TUIMININE
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Table 5.3 RBF Vs Shrnf Benzoic Acid Coated on Various Materials
- 20 wt % Sucrose in Weter at 3@ °C (Sc = 2,355),

T =20 cm
Rotation Sh?
Materials | speed Rerxzé‘ Mv
(rpm} 1 2|1 3| 4| 5 |Average
Glass 3se|3s2| 373
beads 431|465| 438
550|59@| s34
573|587| 591
Polystyrene 340|334 325
spheres 320(34a| 345
478 |488| 451
s31{s70| sz8
609|600| 630
Plastic 389 - 05 )|3eS|296| 308
particles 6. | 2.5 365/370| 363
type 1 4@&3 2.8794 azz| a11
asg_ ¢ 4. 475| 460
ff $12) 2 o
o A . / s X

riasGE 17 1) G001 7) 3 B4 oL | S oo |
particles 350 2.51941 357|337|381|367|363| 361
type 2 400 2.8794 447|426 (450|420 |a12| 431
450 3.2393 44p 478|430 |422|435| 441
500 3.5992 566 (520|532|556|560| 542
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Table 5.4 Rua? vs Shrnf‘ Benzoic Acid Coated on Various Materials
- 95.5 wt. ¥ Sucrose in Water at 38 °C (Sc = 10,764),

T=20 cm
Rotation . Shy
Materials
4 | 5 |Average
Glass 610|673 8636
beads 785|825| 780
897|872| 880
9op|ose| 967
Polystyrens 476|504 478
spheres 545(545| 572
695|712| 7@e
788|836 ®©108
911(899| S2B
Plastic 465|464 | 460D
particles 503 |6060|581| SHe
type 1 655(|608| ®48
7591753| 788
F 980 |9@3| 945
!
~ Q1 F | o
LT EE e e T T
partitles 350 1.1962 532'52'? 631|640(600| 620
type 2 400 1.3671 690|680 |666|658|679| 673
45@ 1.5380 75@8{733|761|771|73@| 749
520 1.7@89 B62|BP@|B11|831|BR1 821
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Table 5.5 REF vs Shrnf‘ Benzoic Acid Coated on Various Materials

- 35.5 wt % Sucrose in Water at 35 °C

(Sc = 8+468),

T=20 cm
Rotation Shr
H&teris_nls
3 4 5 |Average

Glass RS0 681|712|739 650
beads $=ial 832|830 | 866 828
._ 901(899|853(879| B804

a5gfeg
h‘*{ 8|o88|989|975| 9se
Polystyrene 2 |aa8(a59 | 4731411 |459| 450
spheres \:\ (4505|577 |568|553| 558
'35 |705|730|719|711| 720
769 764|7as|788| 770
999 |898|936| 910
Plastic RECIPY o 453|aa7]a71| ae2
particles 7 588|571/614| 590
type 1 700|711|708| 705
749(743| 7a4
FJ! E SeS(sse| 880
Pla :w’“aaﬁﬂ s Ml 'mﬂm 474
partities | 380 | 1.3168 508|521 |541|500535| 519
type 2 499 1.505@ 671|689|653 (705|726 690
450 1.6931 795|800 | 800|807 |813| ©0@
500 1.8812 845|874 |861|859|061| B6D
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Figure 5.1
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Eepvs Sh'r.:f benzoic acid coated on wvarious
materials - water

O Glass beads

Q Polystyrene spheres

O Plastic particles type 1

& Plastic particles type 2
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5c=1.210

nzoic Eﬁﬁﬂd on various

% A7 RS

mt.i;rinls-m wt X sucrose in water
O Glass beads

O Plastic particles type 1

4 Plastic particles type 2
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.T L - Se=2,355
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materials — 29 wkt % sucrose in water
O Glass beads

Q Polystyrene spheres

O Plastic particles t:rpu 1

4 Plastic particles type 2




43

10

ar Y &z
b -f

.ﬂﬂﬂ_’lﬂﬂﬂjjﬂﬂ’lﬂi

Sc=18,764

amaﬂmmuwmhmaﬂ

Fidure 5.4 Rn vs Sh.uf benzoic acid coated on warious
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Figure 5.5 Revs Shnfbenznin acid coated on various

wnt.nrinls-:;s.ﬁ wt X sucrose in water
O Glass beads

O Polystyrene spheres

O Plastic particles Lype 1

A& Plastic particles type 2
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Benzoic acid coeted on glass beads are used to check the
influence of Reynolds number again at different temperatures with
various liguids. Density difference between benzoic acid coated
on &lass beads and various liguids is constent for each pair.
Date are shown in Tables 5.6-5.9 and sre plotted in Figures

5.7-5.11. Each line represents constant temperature. Figure 5.11

.,

correlation. \
5.2 Influence of#s : huibor \

\'
To determinl® 4 :---: g of the Schmidt number on mass

transfer the temper L B e r . hile Reynolds mumber and

combines Figures 5.7-5.:18.

From Figure re parallel having a

slope of 1.21, whi

density group are kept _;"; igure 5.11 Reynolds number

are read st 5.5000 3. 8%10 s ‘-_',-.. respectively at
\“A N

various temperatire "f"f‘l-,n'- numbers for each

| J

solution. Data Whe shown in Tables 5.10-5M3 and are plotted in

¢

Figures 51ﬂﬁﬂj§:ﬂ ﬂw‘?-m-s.m- From

Figure 5.163)

OV NPTV e (1am D e

mrralqt.‘tun

t the lines are parallel, having =a

5.3 Influence of Density Group, Mv = {Ps_thPt

To determine the influence of density Sroup on mass
transfer the temperatures and Reynolds numbers are kept constant.

The Reynolds numbers are 5.ix10°, 3.95x10 , 2.87x10 , 1.53x1@ and
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Table 5.8 Rar Vs ShFu:F Benzoic Acid Coated on Glass Beads - Water,
T=20cm
Rotation Shr
T Se speed |He %19 Mv
G o (rpm) 1|2 |3]|4]| 5 |Average
25 1,833 242 (24@|239 237
29012801286 279
311(325|328 323
381391397 387
3@ 842 229|235|247 245
295|278|274 278
3281385316 312 I
369 |355(344| 348
35 &77 24412581234 240
255269272 262
32@|321(338| 322
395|39@)411 482
40 Eﬁ . 259(235(262| 247
A4 2l 9] 550 o b Bl
N 345(337|319| 329
ARIFERS i Y
45 411 225 3.8545| 0.4159(129|151|147]142]131 149
e 4.5347 174{171|151 158|171 165
b 1571 5.29085 185( 188|199 200|203 195
420 60462 218|225|239(212|236 226
520 7.5578 301|321|300|307|296| 305
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Table 5.7 Rur Vs Shrnf Benzoic Acid Coated on Glass Beads
= 13 wt X Sucrose in Water, T = 20 cm

Rotation <h

e (rpm) ) 1|12 )| 3| 4 |Average

30 366|351| 348
377)381| 386
478|491 489
538|493| 530
35 Jeaj2se| 2399

359(386| 373
449|458 432
500|479 498

]

AULINENINYINg
MIANTUNNINIAY
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Table 5.8 REI' vs Shrnf Benzoic Acid Coated on Glass Beads
- 20 wt X Sucrose in Water, T = 20 cm
Rotation ShF ]
T Sc speed Rﬂrxir M
o (rpm) 1| 2| 3 |Average
25 3,043 350 9.3004|340|369|374] 361
415|400 |4@3| 406
5171544 | 538 533
519|516 515
3@ 2:355 365|367 373
4241445 438
524|516 534
612|556 591
a5 1,868 389|390| 380
444|480 451
‘?— 5@ | 3-6411) 50@| 471
e 605| 576
1 | |
40 1,539 "a: ﬁﬂl 414| 389
ﬂ u oy ql’] : ﬁ a38| 451
ﬂ.’l 45@ £4.9634 525
OV BN R IETT glo Y et i e
q
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Table 5.9 Re_ vs Sh of Benzoic Acid Coated on Glass Beads
~ 35.5 wt X Sucrose in Water, T = 2p cm
{Rotation Shl‘

T Sc speed BEP.':],E‘ Mv
AT (rpm) 1| 2| 3 |Average
26 |14,318 | ase * 8| 9.2166(559|539|525( 541
400 739|648|671| 686
197 722|712(741| 725
1449 “w874(895(871| 880
30 |10.764 g4 :ﬁrj. 5'_:‘ y 8|623|647| 636
a 5880 14(797|729| 780
: Ag: 871/891|878| ss0
N ﬁ: 4|987|970| 967
35 | 8.469 e R -2201/694|705(671| 690
asg b4, 933|830 (821 828
|8g6(876| =994
364|978 (992| 980
a0 718287 700 714
Wﬁ [ o st
500 t’: 9537 849826 | 827
awwa A 1 T LI
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25 “C, Sc = 1,232
3@ °C, Sc = g4z
35 “C, Sc = 677
4@ °C, Sc = 533
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o 38 °C, Sc = 2,355
O- 35 C Sc = 1,868
a ap °C, Sc = 1,539
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4 40 cci Sc = 7,072
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o 35 °C
A 4@ °C
v 45 °C
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Table 5.10 Sc vs Shl,uf‘ Benzoic Acid Coated on Glass Beads
- Water, RaF=55.m. T=20 cm

T O S S8

n ]

AULINENINYINS
ARIAIN TN TN




Table 5.12 Sc

57

vs Shl,uf 8enzoic Acid Coated on Glass Beads

T=20cm
T (°D) Sc S,
as 3,043 525
465
408
365

dted on Glass Beads
' h = 15,000,

_ﬂ_ﬂﬂ’J EWI"W Wﬂ?

EIES

’QW’WNﬂ‘iﬂJ NWTJ‘V]EHG d
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Figure 5.14
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Sc vs Shruf‘ benzoic acid coated on glass beads -

29 wt % sucrosa in water, Ref axia"'
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1.5%18" and the temperatures are kept constant at a5 “C, 285 “C,
30 °Cy 3@ °C and 35 °C respectively. Data are shown in Tables

5.:14-5.18 and are plotted in Figure 5.17.

Figure 5.17 shows that the influence of the density <roup

is not significant on mass transfer. The lines are parallel and

oig an& on various materials

2 the average values of
e .

ror systems of benzoic
\\ N

acid coated on #ar iatien 9 Wt %, 20 wt X and

horizontal.

For systems BPw

4

and water, the val

at least five ider

35.5 wt ¥, the va .he average values of

at least three ider

This work ig podfind sransfer correlation of
5

solid - ligquid systems _ Ff“ agitated wvessel, The

=t .-’.!#_,-v

of Henzoic acid into wa e et dltrose solution are

(7 AY )
low resulting in low '

1l U

solubilities

it

w i’]:ﬁﬁ id - liquid mass
tranzfer m@jjamasseﬁﬂ 8s rotation speed, hemparat.ura
q Wqﬁﬁm ﬁnﬁllm’* type,
\awm m ize, shape of particles, ratio of

turbine diameter to tank diameter, diffusivity, viscosity ete. In
this work the important parameters that is the rotation speed,
temperature and density difference between solid and liquid are
varied. In order to cbtain solid with different densities,

benzoic acid is coated on various materials. To obtain different
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Table 5.14 Mv vs Shvnf Benzoic Acid Coated on Various Materials
- Water at as °c, REF = 5.1x18", Sc = §77,
T = 20 cm, Liquid Density = @.9949 g/cm’

Benzoic acid Density difference My = aprpl Sh
coated on (sycm'}

Glass beads had@7Te f ‘ 2.4194 240
Polystyrens
spheres = 2 ; . @.2441 225

Plastic particles|

type 1 265
Plastic particls
type 2 Bh1306 242

Table 5.15 Mv vs Sh of : oated on Various Materials
= g Sucrose (n it 35 “c. Re = 3.95x10°,

'VM—- it:f = 1.0777 gfﬂm

Benzoic acid . Dr.msit.y d-:ffaram::a Mv AP{P Shr
coated Fq'il EI i; j[[‘EW1II‘§. iilf]rf]lii
U

Glass beads ‘ 373
Fla;Eq;ig[:aﬂﬁi;gltrl‘sqgij?ELl1}|r]L:l1V1igr¥1‘€iJ
type 1 @-1419 @.1358 40@
Plastic particles
type 2 0.0792 @.0758 385
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Table 5.18 Mv vs Shrnf‘ Benzoic Acid Coated on Various Materials
— 2@ wt X Sucrose in Water at 3¢ °“C, REF = 2-8?313‘-
‘Se = 1,210, T = 20 cm, Liquid Density = 1.pa72 g/cm”

Benzoic acid Density difference Myv = Ap/p. Sh

coated on (g?cm'}

Glass beads @.30a9 438
Polystyrens
spheres @.1475 451

Plastic particle

type 1 411
Plastic particl
type 2 431
Table 5.17 Mv ve S e cated on Varicus Materials
g Rer = 1.53X10 4
Sc itar = 1.1510 g/cm”
I i
;v g
Benzoic acid Bensity differunna Mv = ﬁfﬁpt Shr

™ AUy SHYNT
E::iiiﬁ'l mﬂffﬂ“uw AfiEha ™

spherﬂ ?.0857 @.8745

Plastic particles
type | @.2356 2.0303 780
Plastic particles
type 2 -0.8253 —98.8235 749
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Table 5.18 Mv vs El»nrf Benzoic Acid Coated on Various Materials
- 35.5 wt % Sucrose in Water at 35 °C, Re = 1.5%10 ",
Sc = 8,469, T = 20 cm, Liquid Density = 1.1491 g/cm’

Benzoic acid Density difference| Mv 8.&?!;:‘ ShT'

coated on (g/em”)

Glass beads B.-2201 690
Polystyrene

spheres B.8762 T20
Plastic particles

type 1 705
Plastic particle

type 2 658

AULINENINYINg
RIAINTUUNINYAY
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in water ak the temperatures 3@ “C
or 35 °C



68

densities between solid and liquid, water, 13 wt %, 20 wb ¥ and

35.5 wt %X sucrose in water are used.

Figure 5.17 shows that the density group, Mv, is not
a significant parameter of the systems used, that is benzoic acid

coated on glass beads, polystyrene spheres, plastic particles type

@ wt % and 35.5 wt % sucrose in

‘\ ,. of most investigators
fﬁtﬂ; difference less than
@lﬁ- gfﬂm, hﬂs inﬁ . 2 '-"', ‘ e ""'. . :E_E:'-: e 5' 18.

1 and type 2 and water, i
water. This result a@n

[6‘ 131' Hﬂ-l‘l‘iﬂt-b E 8§ sShOwe

In  thif™ =gk He “ 1 imibs’ afwariation of various
¥ h \

demensionless grg

X - L
- i

L)
E

Thus a —,l i =S tRanfer correlation in
¥ |
vessel for above systems are convenient ly

U EININTNYINT
ARIATAUM TN

By analytical calculation technique r for each system is

¥

standard agitated

obtained, see Table 5.19
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Table 5.19 Values of r for this Experimental Systems

Experimental systems r Range of REF Range of Sc
System [ 1.90x10 - | 4x18” - 7.7x10" 411 - 1,032
System 11 3.00x10 ° | 3x1@ - 5x10° 1,210 - 1,516
System 111 @) j2,2x10" - 4.5x10° |1,539 - 3,843
System IV I "‘ - 2.2x10° [7,072 - 14,318

where
System | ious materials
System [1] f , :j. U % various materials
System 111 | nzoicrasid d on various materials
System IV ious materials

- 35.5 wt % sucrose in wul:.

¢

SHEANENIN0T. . v
= IRIANNINUNINYINY
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Table 5.20 General Solid - Liquid Mass Trensfer Correlation

in this Work

Experimental systems Correlation
System I 1.90%10 RBF"" Fhdght
o . < Re < 7.7%10"
" //) Sc < 1,832
L ——

System 11 ST 21 o 0.80
< sxig”
< 1,516

System 11 at ¢ 0.®0

< 4.5x18°

< 3,043

System } g2

< 2.2%18°

< 14,318

" . - . - " . ol -
) dYIC)Y INC
. W (] ¥

“ ARTR T AN TN g

In this present. work, experimental mass transfer

coefficients of benzoic acid coated on various materials in water,
13 wkt %, 20 wt ¥ and 35.5 wt X sucrose in water are obtained at
serveral speeds of the agitator and temperatures. The exponencs
of Reynolds number and Schmidt number of this experiment are

compared with other investigators, see Table 5.21.



Table 5.21 Comparison ul" i-’J' SC- of this Work with Other Investigators

Aut.hars Rg // ' gnent: of Sc | System of agitator ukilize
| 1//& \ \\\n

Hixson and Baum Turbine in curve with 45°,

Marine propeller

Barker and Treybal Stendard §-bleded turbine

Askew and Beckmann - ,I # . B.30 6-bladed turbine
Humphrey and | 3.58 Stendard g-bladed burbine
Van Mess

Penkha Saetun . :a ,,'J @465 Standard g-hleded bturbine
Boon-Long 28 B.46 Standard G-bladed turbine

e ﬂuﬁ’ﬁ.wnswmm i

’QW]Mﬂ‘iﬂJﬂmﬂlﬂ ToNY

ZL
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A
®
u
4
o
Fi
a
o

Hixson & Baum [13]

farker % Treybal [&]

Humphrey & Vanness L1213
Sastun [25]

Benzoic acid - water

genzoic acid - 13 wt & sucrose
Benzoic acid - 2@ wb X% sucrose

gJenzoic acid — 35.5 wk %X sucrose

gil/]ﬂdiﬁ T 849K
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{Benzoic acid - sucrose solubtion)
Hixson & Baum [)]

Barker % Trevbal (5]

Humphrey &% Vanness [14]

Saetun [25]

Benzoic acid - water

Benzoic acid - 13 wt % sucrose

Benzoic acid - 2 wt % =sucrose

oo e me b

Benzoic acid - 35.5 wt % sucroze
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The results obtained in this work are compared with other
correlations in term of experimental Sherwood number veErsusg

calculated Sherwood number, see Figure 5.19 and Fisure 5.23.

The results of this work are shown in Table 5.21s Figures

5.19 and 5.20. The results have some differences with other

investigators because ing system. the system of =olid -

liquid used and the e e, itions are not the same. A=

various ‘\\ s of this work are jin

veybal (6] and Humphrey and
Van Ness C14Th 4 Tl the systems of benzoic acid

N
coated on vas ”“T \‘:\ '~ ut.ions, the results af

this wark :"ﬁ: ﬁ‘\\ e%ef Hixson and Bsum [11,
" TeRba 1 | \

Sgetun [25] and

These investidgators also

studied low f1 ¥ystems as this work studied.

For the agitation sysbe

and used thegdEtesT. - ;-..r::“-'-:.-l_,‘ his work. Especially

Barker and ey #1d mnd other substances as

standard six bladed turbine

uﬂ
a‘mi 45 wh % sunrnaa solution as liquids.

ﬂ‘IJEI’JVIEWﬁWEI'm‘i

shows that t.he cnr-relat.itm in t.his work 1is rather

r“ﬁea ﬁm ’T?m ;E's of solid -
13 stems. t can be seen that f‘br ‘each solid - liquid

system, the exponent of Reynolds number and of Schmidt number js

solids end wat®

the same as the other workers.
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