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APPENDIX A

METHOD OF COATING SAMPLE SPHERES

benzoic acid is cogt
plastic particles

sample spheres are ¢

Materials & rut in the sguipmont

for coating samp gy gelatin solution
'I\ %

about 4 ¥ - 5 % b .nr:lir: acid and gelatin,

is mixed then be 9 quickly. The pan of

. ‘ L)
the equipment rolls Toréd: L. ich processes are done until

the particles of solidisphieges as desired appearance. The

L

solid spheres ;r— ..:" obtain particle

diameter of 4.7¢ Wb I

j.l i¥

AULINENINYINS
PRIAATUAMINYAE




APPENDIX B
DETERMINATION OF DENSITY OF SOLID PARTICLES [25]

In this work the densihiqs of solid particles are measured

of the empty dried
i with distilled water is m, .
Ten pellets of soldf ot weighing are carefully dropped

into the filled =% The “displacement of solid

ycnometer with solid

particles and distiflefl wabesr i L0 '1‘ density value can then

- s
”’Eﬁmﬁwﬁw UNNT v &
Qﬁsﬁﬁwahmﬂqa ﬁassw €/cc

displacement, m —(m -m, 1/Density
of water at 39 °C C[331, v

@.9268 s/coc
Density of solid particles = m_/v

= 1.7998 g/cc
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The wvalue 1.3999 g/cc is one of five experimental
results, The density value is obtained from five experimental

results of which the meximum error is within + @.5 X.

The Bﬂ.psit.y Value for Each Sample Spheres

Sample Sphe Density (g/cc)

Benzoic acid coated 8f

1-4028

Benzoic acid coated 1.2367

Benzoic acid coat®y aff Ji4. \ par \ pe 1 1. 1866
_ -

Benzoic acid coe d RS IC particles Lype 2 1.1238

AULINENINYINS
RN TAUNIINGIAE



APPENDIX C

SOLUBILITY VS TEMPERATURE [32]

Accurate values of saturation concentration (seolubility)

are essential for a proper of mass diffusion.

iz
—_ J :

Solubiliby Ehzoie Acidwws Temperature [32]
SR

Temperatbure : /f olube/1,000 cc of water)

10
18
31
4@
60
70

AUt inangwadns

QEARIAIUNNAINGIAY s -

POLYFIT PROGRAM:

7




THE BEST FITTING POLYNOMIAL ERGUATION IS:
Y = A0 + Al%X + n:*x-'\z + ASEX"I + AdE "4
A0 = 1.6&6148B572

Al = 0237363197
AZ = 2.506773532E-0S 5
AS = —4.56411652E-05

Ad = 7.SBI1SST7E-OT

THE COEFFICIENT OF DETERM. ,R*~2 IS5:.999

REAL X REAL ¥

e 1
10 2
ig =
31 4
40 o
&0 L
70 17.8
7S 22

THE STAND#RB ERROR OFEgTHE RELBRE ESTIMATE=.1048
Al
THE VALUE OF F I f-

SOLUBILITY [IE ¥ of ipluhefcc of watar ]

ﬂuaqwawﬁwawnﬁ
ammmmum Wigay

=4

=l

£
T
1

1 1 L 1 1 1 1

2a 4@, @ &a
TEMPERATURE [°C]

SOLUBILITY OF BENZOIC ACID VS TEMPERATURE

87



APPENDIX D

VISCOSITY OF WATER VS TEMPERATURE [33]

Temperature ‘* t osity x 10" (poise)

Vischol el £itted by POLYFIT
=

PROGRAM: iy i

AULINENINYINS
AN TUUMINYAE



THE BEST FITTING POLYNOMIAL EQUATION 15:
Y = A0 + AL¥X + AZ%X~Z + ATEXAZ

A0 = .0172831934

Al = -4.57446484E-04

A2 = 6.85678174E-06

AS = —4.44315171E-08B

THE COEFFICIENT OF DETERM.,R*2 IS:.99g
THE CORRELLATION COEFFICIENT

REAL X  REAL Y  MODELy)

zZ0 0105

235 ?.SE-03
30 8.5E-03
) 7« 7E-QT
40 7.2E-03
45 &.IE-03
=1 6E-03

THE RESIDUAL SuUM OF S

THE RESIDUAL MEAN SQUAR

- )
THE STANDARD ERROR OF T RESRESST ESTIMATE: 0

THE VALUE OF F IS:253%0_ &
2

VISCOSITY [151 poise 1|
1.6 o y -
AIUBINENINENNT

ﬁipﬂwﬁﬂ

1S 34 43 s
TEMPERATURE [°C]

VISCOSITY OF WATER VS TEMPERATURE




APPENDIX E

DENSITY OF WATER VS TEMPERATURE (331

Temperature (°C) o\ ensity x 12" (gfm'l

— f W == ggq.p99

—
m
36
=1
B

- i
- - i
L _..-"" F
o gl A ll_.'
- o
- " i
e o ¥,
-~ y v
# r F.

. :1'1-

-
&
§ 3

e A

'l.‘ T .1
ORI Sl

L

7 <4
Density o© l at.e = ritted by POLYFIT PROGRAM:

AULINENINYINT
RIAIATAUINI TN



THE BEST FITTING FOLYNOMIAL EQUATION IS:
Y = A0 + Al1%X + AZ#X"2 + AZxX"S

AOQ = 1000081

Al = 2, 7489287468E-05

AZ = —5.55054908E-04

RS = 2.378046148E—08

THE COEFFICIENT OF DETERM. ,R™2 15:.9&5
THE CORRELLATION COEFFICIENT IS:.982

RESIDUAL

REAL X REAL Y

15 « 799099
20 - 798204
25 . 997045
=0 - 995647

5 « 974032

40 « 992215
45 . 790213

=18] « F8BOTT
THE RESIDUAL SuU

THE RESIDUAL MESN

THE STANDARD ERROR |

THE VALUE OF F IS
DENSITY hﬁ’”V}E

.II
|
W

1. &8+

(™
[
I

Auganensngnng
RIAINTUNNINY A Y

ESTIMATE: 0

15 za 4s
TEMPERATURE [°C]

DENSITY OF WATER VS TEMPERATURE

ca

9]




APPENDIX F
VISCOSITY OF SUCROSE VS TEMPERATURE [34]

F.1 Viscosity of 13 wt X Sucsos Water vs Temperature

L AWTRITII0 s
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THE BEST FITTING POLYNOMIAL EQUATION IS:
Y = A0 + AL*X + AZ%X 2 + AZ*XX~T + Ad#x~4
A0 = 0283550253
Al = —1.02789344E-03
A2 = 2.S5337449E-05
A3 = —3.13S98901E—-07

A4 = S.0B3893&64E-09

THE COEFFICIENT OF DETERM. ,R™2 IS:.999

THE CORRELLATION COEFFI BN I15:.999

REAL X REAL ¥ _MODE RESIDUAL
Q .028355 weens '““-’s -03

S . 023805 - 0 L
10 . 02024¢ . . — 0=
1s -017435 ‘ - “1E.

20 < 015204
v <0135
30 .011g2¢&
35 .0105=s

4G 2.518

THE STANDARD F ﬂ = F ESTIMATE: O
i 3
THE VaLUE OF "¢ rul
| |

=2

VISCOSITY [19” ¢ poise ] Yy

T AUEINENTNYINT
INFUNRIINYA UEI‘

—_— -
12 =S P At sa

TEMPERATURE [°C]

VISCOSITY OF 13 WT % SUCROSE VS TEMPERATURE




F.2 Viscosity of 20 wt X Sucrose in Water vs Temperature

Temperature (°C) Viscosity x 18 (poise)
? 3.782
5 3.137
18 2.842
- 2.254

1.945
1.695
1.493
N\ .

1.184

Viscosity - ---';‘ ' = in water vs temperature

oY

£itbed by PO #T-—.Fd

| |
AULINENINYINT
ARIAIN TN ING 1Y



THE BEST FITTING POLYNOMIAL EQUATION IS:
¥ = A0 + Al*X + AZ*X"2 + AZSHX"3 + A4%X"4 + AS¥X"S
a0 = 0373185203
Al = —1.474515R1E-03
AZ2 = 4_11557917E—0S
AZ = —B.93341508E-07
a4 = 1.30791S91E-08

AS = —-B.9I94407E-11

THE COEFFICIENT OF D 
THE CORRELLATION

REAL X REAL ¥

0 . 02782
= Q3157
10 . 025642
15 « 02254
20 -01945
Z3 -Uiﬁ?ﬁ
39 .01323
40 -01184

THE RESIDUAL SUM

THE RESIDUAL MERN

-

THE STANDARD ER&H a IﬂNm ESTIMATE:zO

ki ﬂﬁ’?’ﬁ:ﬁ’ﬂ‘m el

viscosiTY¥ [16® poise ]

e QWWNﬂiﬂJ NWTJWEI’T@ d

2.9

L 1 L L = 1 1

13, g2
TEMPERATURE [°C]

il

43S

VISCOCITY OF 20 WT X SUCROSE VS TEMPERATURE
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F.3 Viscosity of 35.5 wt % Sucroses in Water vs Temperature

-]
Tempersture (°C) Viscosity = 19° (poise)

@ 9.9265

5 N\ 7.9395

Viscosity of
fitbed by POLYFITS .;T:r;;
Y A J

AULINENINYINS
ARIANTAUNNING 1A Y




THE BEST FITTING POLYNOMIAL EQUATION ISz
Y = a0 + m.*x + AZEXA2 + ATHANT + A4RXAG + ASHXAS

AD = 099251212

A1 = —3_50384951E—03

A2 = _1_40BZ2044E-04

A3 = —3.1113388sE-08

A4 = 4_T72090946E-08

RS = —Z2_79S72294E-10

THE COEFFICIENT OF D
THE CORRELLATION COE
REASL X RESL Y

O - 099243

3 - 07939
10 -0&3561S
1= -0SZ=39
s -04472
25 057372
it 0:”‘1*
40 -02351

THE RESIDUEL MEY VWT‘:"

THE STAND&RD E‘ﬂﬁcﬁ a) mssnmrem

j“*E i ”“'ﬂfmﬁ’ﬂﬂmw gIN7T

VISCOSITY YBaise

Q“Wqﬂﬂﬂim Niﬂ?’)ﬂﬂ’]ﬁ e

13 s 4= =15

TEMPERATURE [ °C)

VISCOSITY OF 35.5 9T ~ SUCaCEE ve Tf“qcﬂiTURE




APPENDIX G

DENSITY OF SUCROSE VS TEMPERATURE

G.1 Density of 13 wt % Sucr ,in Water vs Temperature

s /A & = M
)\x N
N

Densit | O mperature fitted

by POLYFIT PROGRAMS )

]
ﬂumwﬂmwmn's
ﬂma\anmumaﬂmaa




THE BEST FITTING FOLYNOMIAL EQUATION IS:
Y = A0 + AlxY + AZ2%X"D

AQ = {.054251&6

Al = -1.32018933E-04

AZ = =3.9990482E-06

THE COEFFICIENT OF DETEE SHRT2 1S:1.414

THE CORRELLATION
REAL X REAL Y MODE! S DUAL
30 1.0457
35 1.0437

40 1.04256
43 L.0402

THE RESIDUAL

HE RESIDUA =0UARE. 18
THE RESIDUAL M ﬁﬁif;

THE STANDARD ERRORF OFZTHE -R

e

THE VALUE OF

DENSITY [g/&af

i |

LS 2

.28

1 1 i 1 1 1

T AuEIneningIns
ARAINTUNRINYRE

ESTIMATE=z O

15 ze 45
TEMPERATURE [ °C ]

DENSITY OF 13 WT % SUCROSE VS TEMPERATURE

=15

98




G.2 Density of 20 wt % Sucrose

99

in Water vs Temperature

Temperature (°C)

Density (g/cm>)

Density o
by POLYFIT PROGRA

] ,.
AULINENINYINS
ARIANTAUNNIINGIAY
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THE BEST FITTING FOLYNOMIAL EQUATION IS:
Y = A0 + Al#X + AZxX~2

AD = 1.0722023

Al = 4.85956902E-04

AZ = —-9.99859548E-06

THE COEFFICIENT OF DETERM. ,R~2 IS:2.2&72
THE CORRELLATION COEFFICIENT IS:1.504

REAL X REAL Y

30 1.0777 =
33 1.0772
40 1.0734

45 1.0739
THE RESIDUAL Siu4

THE RESIDUAL
THE STANDARD EGROF gF THE REGRESSIO ESTIMATE: O

THE VALUE DF F ISsflond—tss
a3 - o )

DENSITY [g/cm” ) g&ﬂtﬁﬁw
1.2k

natt

Y
.5 M

TEMPERATURE [°C)

DENSITY OF 29 WT % SUCROSE VS TEMPERATURE
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G.3 Density of 35.5 wt X Sucrose in Water vs Temperature

Temperature (°C) Density (g/cm”)

1.15109

1.1491

Density “or
fitted by POLYFIT#PRQEF

AULINENINYINS
ARIAATANNINGIAY
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THE BEST FITTING POLYNOMIAL EQUATION IS:
Y = AO + AL*X + AZ¥YX~D

A0 = 1.16057517

Al = —3.52974981E-04

AZ = 1.0009533%E—054

-

THE COEFFICIENT OF DETERM. ,R~2 IS:2.118

THE CORRELLATION COE? 1S:1.455
REAL X RESIDUAL
30 1.151

THE STANDARD ERR( % (EGRESS. ESTIMATE: O

THE VALUE OF F IS?E%?’ ,

| Ausingninenns
MR TUNMING 1AL

15 za 4s - €@
TEMPERATURE [°C]

1

.

DENSITY OF 35.5 WT X SUCROSE VS TEMPERATURE



APPENDIX H

DIFFUSION COEFFICIENT VS TEMPERATURE

H.1 Diffusion Coefficie

Benzoic Acid in Water vs

Temperature (35,36:

ST TN E

L _#U z’i ANBNTNYTINS
ULAINIY ANNANYAY




THE BEST FITTING FOLYNOMIAL EQUATION Is:
Y = A0 + AlsX + AZ%X" 2 + AZxX~3
AD = 2.7960042E-0s

Al = S.10097908E-07
AZ = =1.587640045E-08
AZ = 2.43830587E-10

THE COEFFICIENT OF DETERM
THE CORRELLATION

REAL X P n&é_—n ESIDUAL
- e

190
15
20
25
=0
35
40
45
. S0

- sR*2 IS:.997

IS: .99g

= S itE
AL
fadndanis = |

THE RESIDUAL MEAN 58

THE STANDARQ ERROR 1 —FHE-RESRESSION | ESTIMATE:o

\Z
THE vaLUE oF E IS:18992. 49 m

UM Swen s
“RRIAIN TN

1 -

mqtal

g -1 =8 H=
TEMPERATURE [°C]

DIFFUSIVITY OF BENZGIC ACID IN WATER Vs TEMPERATURE

s@

104
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H.2 Diffusion Coefficient of Benzoic Acid into 13 wt % Sucrose
vs Temperature [1]

E-1
Temperasture (°C) D= 19, (em™/S)

31.0848

31.0262

S

43.5350
52.551@

.9532
560232

o
DU P —

Sl e .
| ST

¥
AULINENINYINT
ARIAIATAUUMING 1A Y
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THE BEST FITTING POLYNOMIAL EQUATION IS:
Y = AOD + AL#X + A2%X"2 + AS#XAT + AQ*X~4 + ASxX~S
A0 = 3.10769741E-04
Al = 1.1219691SE-07
AZ = 1.54102597E-09
AS = —3.29823954E—11
A4 = 1.4315354SE—12

AS = -1.467296732E-14 T

THE COEFFICIENT OF D& -« R™2 1IS:.999

THE CORRELLATIO IS:.999
REAL X n-~5u====:;BEsxnunL
0

5 M E -0z
19 g

15 &

20 1E-0%
o5 :

30

35 g ME-03
40 !

THE RESIDUAL SL

THE RESIDLAL K

THE STANDARG ERROR O

r

ESTIMATE: O

THE VALUE U;BF IE.aDﬁ?Eﬁ

_”'F“ﬂW‘BW’MW Eﬂﬂ‘i 5
184

1 L L 1 1

1z2. 25 37 . So
TEMPERATURE (°C)
DIFFUSIVITY OF 13 WT % SUCROSE VS TEMPERATURE
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Diffusion Coefficient of Benzoic Acid into 280 wbt X Sucrgse

vs Temperature [1]

L-]
Temperature (°C) . D x 15’ (em”/S)

23.3054
28.9972
33.3615

9. 1043

W - U
AULINENINYINT
ARIANTAUNNINGI1AY
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THE BEST FITTING POLYNOMIAL EQUATION IS:

Y = A0 + Al#X + AZEX"Z2 + AS*)™3 + Ad#=X"4 + ASxYX"S
AQ = 2.33223011E-0Q&
Al = B.134857373E-08
AZ = Z.44070451E-09
AZ = —-2.10538504E-10
Ad

= 7.1570093&6E-12

 AS = —B.4%58B03446E-14

THE COEFFICIENT OF DETERM.,R"2 IS:.999

THE CORRELLATION COEEFII ‘ 1S:.999

REAL X . &SIDUAL

THE HEEIDU.-.L MEAN.-S0L8
THE STANDARE=ERROR-—DE—THa—iraisrmameeii ESTIMATE: O
y \,‘

THE VALUE DFm 1S: 16467B35.346 @

“””“’sﬂ’ﬂm ?‘Tﬁmﬁwmﬂ‘ﬁ

< RN TUPRTINE Y

TEMPERATURE [°C]

DIFFUSIVITY OF 2m WT ¥ SUCROSE VS TEMPERATURE
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H.4 Diffusion Coefficient of Benzoic Acid into 35.5 wt X

Sucrose vs Temperature [1]

Temperature (°C) Dx 18 (em/S)

N 8.8794

._._".'f-".".'_"__}. \ _/_,/J 11.1016

— 13 « 6405

AULINENTNYINT
ARIAATANNIINGIAY
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THE BEST FITTING FPOLYNOMIAL ECBUATION IS:
Y = A0 + Al#X + AZE%X 2 + AZxY T + B4%X~4
A0 = 8.8800883SE-07
Al = 4.12159851E-08
AZ = 4.29821439E-10

= 1.11251284E-12

G

A4 = —1_33409451E—14

TH.E COEFFICIENT OF DETERM. ,R~2 IS:1
THE CORRELLATION CDEF‘FIEIENT = |

y/ RESIDUAL

o 9.8794E-0F0 -1E'-'-03

REAL X HEﬁL Y,

5 1_ 110 S =AY

10 1. 3640- =0 HE—GE
15 1.£50 ,_ —1E-07T
20 1.97058E E-03
25 2. 37056 ol

30 2.7 1g08cdodd ) = |

o 3. 1253 f. 4= L -3

40 S.S81
THE RESIDUAL" s

THE RESIDUAL ME

THE STANDARD !1,_'__. ) ESTIMATE: O

: ﬂuﬂqwﬂw5WHwni
2. ma\mmum“

14 2a 9 43
TEMPERATURE [°C]

DIFFUSIVITY OF 35.5 WT X SUCROSE vs TEMPERATURE

-



APPENDIX 1

SAMPLE CALCULATION FOR SE‘;, Rﬂr. Sc AND Mv

Benzoic acid coated beads — water, speed 453

rpm, temperature 35 “C.

Particle dimy
Time

Weight before
Weight after

Mass dissolved

Mass dissolved /ti
Number of particle
Area of partigihé = ¥

el LA
. RIANT IR

Mass dissolved/Liquid volume

@.063/6283.19

= 1.062675x10 " g/cm’

c is the initial concentration is equal zero

c_ is the saturation concentration CFROM POLYFIT PROGRAM

APPENDIX €)

For benzoic acid and water c. at 35 °C is 4.7118x10" " g/cm’
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ac,, = l:.‘,-cﬂﬂnf l:::s -a:.fn J-ch
-3
= 4.7068x10 g/cm”

Mass transfer coefficient, %

= m/Aac_n

=  6.288x18 cm/s
Diffusivity of benzoic =

o water at 35 °C, D,

c:m“fs
oM™ 10| DIX H.13
Sherwod numha/
Reynolds number
N is rotation sp
Then
Density of F 85395 Ey o= o oo J g/cm
X E]

i¥

Viscoity of wa r at 35 l:, ,P‘ 15 @. T?Ea'?ixm pnisa

ﬂ TNYMINEINS

751{za1rzfxasa}<a gsnaas}rsaxa Eaps?xla ™

QW’TGWWIIW]’W]EI']GEI

Schnidt. number, Se = NP;B

= 677.3g

Density Sl‘ﬂuﬂ, Mv = (P _.PI,{PI.
Densti:.y of Benzoic coated on ¥lass beads is 1.4020 g/cm”

Mv = @.4104



APPENDIX

BLANK TEST

To check whether the

dnying process has an effect on the
mass dissolved in esch ru pellets of solid particles

nasoven at a temperature of

2 h8lf . ““Afken that they ere weighed
:‘ ‘ 1\“ =1 1 da

are first weighed and Yher
60 "C for one
again. The wei The results are

shown below

Weight before dry Weight loss

(%)

The test shows that there are some effects on mass of
benzoic acid dissolved in the experiment. If the weight loss in
the experiment 1{is about 1 percent, this effect should not be
ignored. The mass disolved in each run should be corrected by the

weight loss from in the blank test.



APPENDIX K

CALCULATION OF PRECISION

previous work. It ‘ “vnll.mt.fa the precision of

various measurementss percent errcr of each sroup

of data.

lation in terms of

K.1 Reynolds Number

(7

:' -l L
J

iF |

YA VSR T
ARSIl gnIEe

A = (aNSNY+( b}
REFJ'REP A PIJ:
The speed of rotation measurement error take about + 2 rpm.

GN/NY = e ¢ 2x100/270 2= .74 %
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From Appendix B and G, the relative error measurement in
density take about @.5 XK.

A RJEFJ'REF = B.T4+0.5 = 1:24 %
K.2 Schmidt Number

Sec

ASc/Sc
The maximum erro "I B a cgefficient is 5.36 % L3521

A Sc/Sc

A ShJ’Sh Ak/R)+AD .-’D 3

mqummmzﬂ 17 IR
IR TN INYIAE

k = m/Aac,,

k = (m_-m_) ft.uc_ .

akik =  a (mq-m'}ftmﬂ—mrJHAtJhH(nMﬁ] talac, )/a S



The area A is determined by the diameter, d{ and the
number of particle n.

- itial concentration c_+ the
final concentration & Sane- L hels: : entration ci, by the
relation |
ac,, —cﬂ]!(n;cf! ]
& ac, Vac, - C A G 1H, >, s-cf?J!ln[nsﬂns-chJ
s <

Cpr the final Goucentre s obtained by caloulation

from the initiaj-$as > m and the Ffipel ——- st of snlid exchange,
\ 7 :

and the total volope vussal

" i¥

AUEINENINGINS
ARTRNIRURTINGA Y

‘l"ha. vessel diameter, T is known exactly
anf}'cf = [,g(mu-mrl.f{m-—m*} J+iaH/H)

& ln[e‘!tc_’—nfﬂ = n-:'!(ns—c.,}
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A lan“b’ - = EA(m_—m'Jf{m_-m'J J+(aH/H)

+I‘.hnf!(cs-1:f):l/lnl:csf(cs—c'_]l]
= Alm -m )/(m -m_ )+ H/H)
(-] F - [ 4
+E¢cf!tcr(cs—c!ﬂ|:cffln{csf{ci—nrlZI
= Alm -m )/(m -m )+ H/H)
= * =1 r

+Ca (md—mr}/(mq—m'}+(i H/H) Jmcﬂna’(c’—nfi |

The height floff MU0 ARRcirahenl crorr in the agitated

‘ 1

The mas

i and m_ measured by mei' balance + @.-0001 =

DLl 13 o 0T
{RTEINIOSI TN a-

Cs 8t the lowest temperature, 25 °C,is 3.3930 €/1000 cm”.
¢, calculated form bhe maximum value of rmﬂ—mfi and the volume gof

6,283 cm”
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-

S, = ©.0787/6,283 = 1.2525x10

e -e, = 3.3804x10 ° g/cm’

AS, = c'fln(niﬂcs—c'n

= 1.2525x10 ° /1n(3.3938/3.3804)

A Shﬁi’Sh’ 6%3.3865/3.3804+5.36

From Table thd Red vallies of Sth‘nr the system
using glass bead : M The averasge value

is 534. This d :lative error in this

work.
The  maximum /hefative " ash__ssh, =
{maximumminim
ASh__ = = (59p-5@@) x BG!SGB

ﬂumﬂﬂ'ﬂﬁ‘w gIN3
amawmwa%maa



APPENDIX L

REPEATABILITY OF DATA

To find the repeatability of the experiment data are

collected at the same o il]f/ _i.e. at constant speed,

temperature, solid - Tiquid syster.efl time. The maximum relative

error i§ calculated, dete off th@ systemuof benzaic acid - water

are collected at

458 rpm and the =

,‘ i\Wi\ tha rotation speed. of

9d 5 WinsJ They are shown below
“‘1\

2 of dissolved

acid (s

e

AU INenIniEhs
AN NI Y

Average 2.8761
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The maximum relative error of repeatability in this
experiment is

I(ﬂﬂﬂﬂﬁi"ﬂ-ﬂ?ﬂ)!ﬂ-ﬂ?ﬁhiﬂﬁ =  12.34 X

AUt INENIneng
ARIAATUAMINYAE



APPENDIX M
CURVE FITTING

To draw the cw \
least-squares method -'x //

of Sherwood number “Hid Re; w or Schmidt number or

Density group ar / / \\\ e slope of each straight
line indicates et / ‘ \\

r to correlate two variables

¢ the logarithmic functions

in.f‘luam:e on Sherwood

rumber or not.
M.1 The Influe off’ Réynodds 1 \\ arwood Number

=he influence of Reynolds
number on Sherwood numbir.'” i are drawn by least-squares
method. From Tahles —-———"— dated. Each set of

data of one " with its slope and

il
intercept. Th- mnga value nf the slopes is obtained. Table

“ T SRR o e

least.- -squargs line. The awraa‘n slnpa is 1. 21. This is the

R ST AN B e

slnpﬂqis used draw all curves again as shown in Figures
5.1-5.11.
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Table M.1 Slopes and Intercepts by Least-Squares Method for the

Relation between Reynolds Numbers and Sherwood Numbers

Data from Tables Slope intercept
51 13177 -3. 1586
5!2 1!15? -E-EEE
5.3 =2.828
5.4 —2.817
5.5 . L 9 -2.516
Tables™ MJ 1@ EIhE 2 ) o lation of leasb-squares
lines by wusing { wdig ; Y__, 8re calculated by

least-squares method 1177+ 1:1674 1.247 etc.

The relative ers are shown in term of

X Error. Al T Teast—sg ,'ﬁ: average slope 1.21.

AO__ . is || ce GRP0Int by using the slope 1.21.
1 3, are calcylgbed by leastgsguares method using the average
- ﬁ ‘Hﬂ@ AUNFHYAN T erae erros

o 8re ggran in the aﬁt. cnlwm the Tebles.

qumhmumfmmaﬂ

H.z The Influence of Schmidt Number on Sherwood Number

Figures 5.12-5.16 demonstrate the influence of Schmidt
number on Sherwood number. The curves are drawn by lesst-squares

method . Data from Tables 5.1@-5.13 are calculsted. The detaijls




Table M.2 Calculstion of Least-Squares Line by Using the

Average Slope

Data from Table 5.1

123

Al Y i
Re Cal fiva ERROR
BLASS BEADS 31058.00 -3.3095 2.38h4 -0. 24
57440.00 =133 L.M83 -1.22
63822.00 =3L.3018 2.503% 0.08
T0Zu4.00 =5.2528 2.5534 1.98
POLYSTYRENE  35102.00 -5.3516  2.1898 -1.30
SHPERES 38292.00 =3.3581. pogies 1.52
44675.00 =271 2.3153 1.13
51058.00 =3.3375  2.3884 -1 44
J7440.00 -3.2938 2.M83 0.39
83822.00 =338 L5036 -1.64
PLASTIC 35102.00 -3.39563 2.1B98 -2.42
PARTICLES 38293.00 Seolit 2LT54  -0.45
TYPE | $4675.00 =3.2791 2.3143 1.04
S1058,00 =3L2464 2.3BA4 1.54
57440.00 =3.3201 2.4483  -0.59
43822.00 =3.3297 2.5036 -1.04
PLASTIC 35088.00 5 0 =3.2675 2,189 1.3
PARTICLES 3B276.00 i “*' s i L2620 2.2352 1.84
TYPE 2 MA57.00 208 H A, H'H LHBI 2.3175 -3.'-5“3 2.7181 0.08
ﬂﬂ'?.ﬂﬂ 242.00 87079 2.3338 023858 2.3862  -0.10
Gm? 2.4480 -0.04
e REBIRYIT 1

-3.3028/

q RTINS ne Ty




Table M.3 Calculation of Least-Squares Line by Using the

Average Slope

124

40 Y 1

fe Cal fivg ERROR

6LASS BEADS  34525.00 3.008 24910 -0l
3945800 29627 2561 0.42

44350,00 -2.9807 .4209 3.43

49322.00 -2.9743  2.4782 0.71

PLESTIC 29593.00 -3.0895 24101  -3.99
PARTICLES  34525.00 29505 24910 173
TYPE | 39453.00 -.9527 215611 1.60
$4370.00 2959 2429 2.05

49322.90 2.9 2672 119

PLASTIC NI 28400 4471 T AL 29500 24100 L7
PARTICLES  34525.00 38625057 29792 24910 0.57
TVFE 2 39458.00 ‘ 5 (2.9689 25611 0.95
44350,00 215,035 24209 160

19332.00 A3 1538 26783 -5.24

vy ﬂz.*;“arxsm,

AUEINENTHEINT

RN TUAMINAY



Table M.4

Average Slope

. W§V//

Calculation of Least-Squares Line by Using the

125

BLASS EEADS

I\\xﬂhx
AR

POLYSTYRENE

PLASTIC
PARTICLES
TYPE |

PLASTIC
PRRTICLES
TYPe 2

I.lm 2.4782

Zﬁﬁ.ﬂ? Eﬂiﬂﬂ .3384
194.00 T3a0.00 4.4013

%ﬂ“ﬂﬁ’lﬁ%ﬁﬂﬂﬂﬂﬁ

3899200  542.00 L5362 27340 LTSH -0.76

Y 1
Cal Avg  ERROR
-T2 25640 0.30
-2, 7474  2.4781 0.28
2T LS LY
2754 L7512 074
2,72 24831 L1
-2.7811  ..5680  -L.02
2,734 LESM 076
-2.7548 24959 0.7S
-2,7068 27512 1.7
27435 4831 0.2
-L.7590 25640 -0.1%
-2.7752 2631 0.7
-2.788l  2.6959 -1.33
-2.7572 L7512 -0.08
27847 24831  -1.20
-2.76i4 25640  -0.15
-2.7546 24341 0.02
-2.8064  2.6959  -L.9
-z.ml L7512 -0.62

Jﬂﬂ.’lﬂiﬂi&ﬂﬂﬂﬂlﬂﬁﬂﬂlﬁ‘




Table M.5
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Calculetion of Least-Squares Line by Using the
Average Slope -

A0 Y

e Cai fivg ERROR

GLASS BEADS  13471.06 43S -2,194 LB -0.57

15380.00 £ -2.1578 2.8928  -0.02

ITW ﬂﬂ ﬂﬂﬂ. "2. ITﬂ? I-q‘i‘ -ﬂ'f 11

18778. 00 -2.1792 2.99753  -0.%0

POLYSTYREME  10253.00 -2.1677 2.4800 =3.02

SHFERES 11962.00 -7, 1706  2.7609 -1.13

13571,00  TOO00 -2.1530 2.8310 0.30

15330.00 B10.0( -2.1514 2.B928 0.54

17089.00 920.G -2.1514 2.94B1 0.53

PLASTIC 10253.00  460.00 4" 4,48 21843 L4E00  ~0.64

PARTICLES 11962.00 S50.00 4.05 { =2.1571  2.7a0% 0.36

TYPE 1 1367100  649.00 -2.1858 2.8510  -0.64

15360.00 -2.1678 2.8928 2 -0.02

17089.00 ¢ 375 -2.15% 29481  0.93

PLASTIC 10253.00 -2.1421 2.5800 0.93

PARTICLES 11962.00 ﬂ 4,07t =135 L.780% 1.14

TYPE 2 lIH'I l'.HI iﬁ .lﬁ Z.HZEE ‘ 1.5313 =, 11 -2.1701  2.8310 -0.10
l'.-'

=% mm

QW’TMTiﬁEUﬁWi WEJ’]@ d



Table M.g

127

Calculation of least-Squares Line by Using the
ﬁvmge Slope

fie

BLASS BERIS  150%50.00
14331.040
16812, 40
ZebT3.00

POLYSTYRENE  11267.20

SAPERES 13168, 00
15029.00
16393L.00
16812, 80

PLASTIC 11287.90 -

FARTICLES 13165.00

TTE 1 1S350.50
1693100
lmm o

FLASTIC 474

PARTICLES

TYPE 2

EH.g

I 0526 2.5758 2.4B1
4.119%5 27152

R R

A ¥ pd
tai Avg ERROR
-£.2097  2.3285 0.3a
2195 1.8%0s 3.9
L2143  2.9457 J.19

-L2O4  2.3957 )15
-2.2883 L8677  -0.391
-L.2080 1,755 -0.68
=2.191Z  2.5%64 .92
L2038 28904 -9.14
=2.2056 2.9457 0.43
-L.232¢ L5776 -0.48
LN 2.758S 0.45
=2.2003 2.528% 0. 59
-2.1388 2.8908 -0.45
=L L5 -0.04
=L21T 2.6776  -0.07
-L -L 632 2.7SES  -1.57
2,828k 0.3a

2.5704 0. 44

-2 EH .95 -0.39
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Table M.7 Calculation of Least-Squares Line by Using the
Average Slope

Data from Table 5.8

I A0 Y I
ERROR Cal Avg ERROR

X
TEMPERATURE  Re $,  Looike) A

A
e 42143 ‘_5\ !,/ : 0.18 -3.2142 .3927%7  -0.75
47411 279 0§57 I D il 0. 11 <3.2052 2454616  -0.37

S 3: 092 SBSLE 0.3 5,199 2.509914 003
57947 0§ "0.27 -3.1684 2539931 g.0g

///A\\\\ &

3 46557 =3.2511  2.3810 0.34
mﬂ -stﬁw Z-HEE ﬂ;ﬁ
3B199 “3.21642 L4981 -0.16
a401% -3.2656 2.5382 0.2
-3.260221
35 S1038 3, 5602 3k 33095 23905 .43
57440 S 2,418 243, 3352 2455 -L:
63822 0507 12,505 4s = 25076 —0.10
70204 2.5576  l.m2

af 0y

123 el 0. S.M22 23113 045
4. T967 E.Wﬁ' L“ﬂl -!.121 -3-33‘3 Lml -IIII?

gﬁ% 396 MBA2  2.5172 #a ﬂ‘@: ig: _::;:
T ABIAS ﬂﬁﬁﬂiﬂﬂ ’%’3 .

195 47235 2.2900 2.295 -ﬁ.i‘ﬂ =5.4183  2.2924  -0.10
26 4.7815 23541 23432 -0.38 “5AM3 LBB -0.35
75573 05 4.8784  2.4843  2.4747 0.33  -5.4112 2.47% 0.19

ﬂ-\ﬂ] -:o HM
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Table M.8

Averasge Slope

¥

129

Calculation of Least-Squares Line by Using the

I

TEHPERATURE e Avg  ERROR
30 70883 1.5361 0.14
35295 .08 -0.33
37707 2.6700 0.72
44118 7755 -0.04
35 34515 .4977  -0.68
3945 2.5578 0.15
44350 2.562%4 0.22
19322 2.5849 0.46

ﬂuEI’JVIEWIﬁWEI’lﬂ‘i

QW']ﬂﬁﬂ‘mJiliﬂﬂﬂmﬁﬂ
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TJable M.5 Calculation of least—Squares Line by Using the

Average Slope

Data from Table 5.8

130

f 1
TEMPERATURE  Re Sh Avg ERAOR
i} 2192 -2.8948 2,553845  0.14
25342 -2.7139 2.523327 -4.59
8533 -2.4575 2.665754 .53
31703 =0.7217 .7M046  -1.07
: -1,

, ;\\\\\ i
0 5 L7472 L6177  -2.19
89 L7416 2,6993 -2.14
ms ‘L-Em 2-5&?" ﬁqz“
35952 -2.7346 2.8184  -1.59

-1.589721
3 28319 -2.8005  2.5595  0.40
35 T R.65427 -2.7962 2.83%  0.55
b1l L7 4.S 12 2.4730  2.4973  -a.97. £2.8392  2.7015  -1.05
40457 7i 27568 0.13

'ﬂ

-2,810758
40 31404 MA397 1. 2.5843 0.22
wgmmma;% e = &
7162 0.15
45144 578 4.554b yat? 2. ?m -0 13 -z mzui.mﬂ -0.3%

_ AWAYNSAI
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Teble M.10 Calculation of Least—Squares Line by Using the
Average Slope

Data from Table 5.9

. A0 Y 4
TEMPERATURE ~ Re Cal Avg ERROR
bl 10488 -2.1238 2,741421  -0.30
L1987 -1.1122 2.811534 0.1%
12588 -2.1306 2.873338  -0.45
14983 -2.1017 2.928524 0.54

-1, 147557

- =L1%s  2.81%8

i 13671 -0.28
15380 -2.1678 2.8817 0.36

17089 =LIN0T  2.9370 0.26

03

18758 -2.1798  2.9870  -0.

-Il 1?&2"

3 15050 -L.2097  1.8334 0.02
=) 16931 -2.193  2.9002 0.82
18812 -2.2143 L9555 0.4

693 | 9 AR A BT L4 NS 047
B A
il Avg Ij] -2.210170
20 mni 1973 2.8537 Q2.8891  0.16 -L2187 28777  0.92
s hiils d hGC) 49| 4o 1ows oo
'.r 2120 29448 -0.93

4.3355 2.‘1ETI ?.?'Hi 0.4 -2.2517 2.994% -0.23
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are the same as in M.1. The fitted curves of data are enclosed.
For this case the average slope is 0.58. This is the exponent

of Schmidt number in the correlation.

Table M.11 Slopes and Intercepts by Least-Squares Method for the

Relation between Schmidt Numbers and Sherwood Numbers

Data from Tables Intercept
5.10 @.843
5.12 @.359
5.13 1.223

The calculatio 5 lines by using the

average slope, Q.5 own here

i

Wood Number

UM IEINS...., .
TR0 e L1

same as in M.1. The fitted curves of data are enclosed. For this

M.3 The Influence’of Density Group on She

case the averade slope is negligible. Then Density group has

insignificant influence on Sherwood number.
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Table M.12 Slopes and Intercepts by Least-Squares Method for the
Relation between Density Groups and Sherwood Numbers

Data from Tables Slope Intercept
5.14 -8.035 2.36
5.15 2.56
5.16 2.85
5.17 2.89
5.18 2.83
The .cal dod o ,1 »*=q8ar8s lines by using the

]
4

AUEINYNINGING
ARAINTUANINGIAY
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Data from Table 5.1
THE BEST FITTING POLYNOMIAL ERQUATION IS:
Y = A0 + Al#*X
AL = .843034551

Al = .5&81082317 °

THE COEFFICIEMT OF DETERM. ,R~2 15:.998

THE CORRELLATION COEFFICI

REAL X REAL Y MGD

3.0137 2.5578
2.9253 2.48

2.83048 2.4314
2.7287 2.3711
2.86138 2.3118

THE RESIDUAL SuUM

THE RESIDUAL MEAN

THE STANDARD ERRDOR ‘OF FTHEIFESR ESTIHﬁTE:O-

THE VALUE OF F 1S:22443. 0% _*‘.

Fa #

LOG

LOG Sc
LOG EhFUE LOG Sc
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Data from Table 5.12

THE BEST FITTING POLYNOMIAL EQUATION IS:
Y = A0 + Al#X
AC = _859122135 )

Al = _S35095973

- -

THE CDEFFICIENT OF DETERM. ,R"~2 1S:.998

REAL X REAL Y

3.4833 2.7202
3.372 2.6&75
3.2714 2.5107
3.1872 2.5423

THE RESIDUAL SUM

THE RESIDUAL MEAN
THE STANDARD ERROR OF / L_"; RESE 1O ESTIMATE: O

THE VALUE OF F 1S:9198.757 /)

7
]

FI'LIEI’J‘VIEJ

LOG Sh

LOG Se
LOG Shrvs LOG Sc
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Data from Table 5.13
THE BEST FITTING POLYNOMIAL EQUATION IS:
: Y = A0 + AlsX
AQ0 = 1.22319908

Al = .411933612

THE COEFFICIENT OF DETER H.,R“E IS:.983

I1S:.991

Atz
DEL —é_;es IDUAL

THE CORRELLATION OO
REAL X REAL _ Y
4.1559 2.9294
4.032 2.g99

3.9278 2.845
3.8495 2.8028

THE RESIDUAL &

THE RESIDUAL i
THE STANDARD ERRER ofsd £ E3SION ESTIMATE: O

THE VALUE OF F Igsdd97. %

7

LOG &h, H

b

1 1 1 H 1 1 i

LOG So
LOG ShF VS LOG sc¢

136




Data from Table 5.14

THE BEST FITTING FOLYNCOMIAL EQUATION IS:
Y = A0 + Al1#X
Ad = 2.34172078

Al = —.035438250%

THE COEFFICIENT OF DETERM. ,R"2 IS:.0&4

REAL X REAL Y

-.38&67 2.3802
-.56124 2.3522
=-.7128 2.48232
-.8841 2.3833

THE RESIDUAL SuUM

.lI
|
"

< = AU INENTNGINS

T

—

L 1 1 L 1 1 1

LOG nMw

LOG Ehr VS LOG Mv

ARIAIATAUNMINENAY

137
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Data from Table 5.15
THE BEST FITTING FOLYMNOMIAL EQUATION IS:
Y = A0 + AtsYy
A0 = 2.54512384

Al = —-.02560581413

THE COEFFICIENT OF DETERM.,,R"2 IS:.319

—.44659 2.5717
—.3671 2.5021
-1.12032.5855

THE RESIDUAL SuM ]

THE RESIDUAL MEA

Y17
] HE- REL ) ESTIMATE: O
F e

THE VALUE OF F IS: =§3;-_ .4_.-_

THE STANDARD ERRO;

LOG =h

ARIANTAUNM TN

T

1 L 1 L L 1 i

LDG M
LOG Shr VS LOG Mw
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Data from Table §5.1g

THE BEST FITTING POLYNOMIAL EQUATION IS:
¥ = A0 + Al#X
A0 = 2.63127849 5

Al = .01&45248995

THE COEFFICIENT GOF DETERM. ,R"Z IS:.119

REAL X REAL Y

=-.32158 2.5414
=-. 8312 Z.45541
-. 9937 2.5&1
=1.34722.563544

THE REISIDUAL S

THE RESIDUAL MEAN

THE STANDARD ERRCHF QR4 ESTIMATE: O

THE VALUE OF F IS:2d7 0/

LOG Sh, Y

W

—_

AU INENINeINg
ARANIaIIM NG

1 I 1 1 1

Li3G M

LOG SW_UE LOG Mv
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Data from Table 5.17
THE BEST FITTING POLYNOMIAL EGQUATION IS:

Y = A0 + A1xX
A0 = 2.8946146413

Al = —1_2753B294E-03

THE COEFFICIENT OF DETERM. ,R*2 15:3E-03

-.4613 2.8921
-1.51 2.8921

THE RESIDUAL SuUM

THE REZIDUAL ME
THE STANDARD ERROE ESTIMATE: O
T

THE VALUE OF F 1S:.03 =— —
=

LOG sk, .: -L— .

]

 AUEINENTNYIN]

| ARAINTNNINY AL

1 1 L 1 1 L 1

LOG Mus

LaG Si"l’ VS LOG mMwv
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Data from Table 5.18

THE BEST FITTING POLYNOMIAL EBUATION IS5:
Y = A0 + Al#X
A0 = 2.B34454467

Al = —. 0125125673

REAL X  REALieelODEL ¥ IDUAL

-1.118 2.8573
—1.4B&72.B4E2

ESTIMATE:O

i

THE VALUE DF F ISsd88/ 2/

LOG Sh

r ONQ

i
L)

AU INENINYING
RN TN UNINY A

1 i 1 1 1 1 1

LOG M

LG EhrVE LOG Mw



APPENDIX N
DETERMINATION OF THE CONSTANT, r IN THE CORRELATIONS

From +the results the correlations are expressed in

the form

The valua/ : \‘ d liquid systems. To

determine the and EEP are

plotted on 1ug—1 e relations are in
straight line havi The constants, r ara
obtained by calculs hedvalugsdor| dpti-logarithmic of the
intercepts. Tabl '_ Ja s huk e zsults by least—-squares
method as described in '.?Q?;’; ; he average values of AQ_ .

are the intercepts of IEastriqua hes, From Tables N.1-N.4

—

g

ﬂ iﬂmstnnb, r
ARSI AT N A,

Benzoic acid coated on various materials

- 13 wk % sucrose solution 3.00%10
Benzoic acid coated on various materials
- 20 wt % sucrose solution 3.57%10
Benzoic acid coated on various materials

- 35.5 wt % sucrose solution 5-43113-‘
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Table N.1 Calculation of Lesst-Sguares Line to Evaluste the
" Constankt, r

Data from Table 5.6

ll/

RPN 5¢ san mlLﬂE{tH Gl Mg ERROR

0. m? -l-m ﬂ-H“ .‘-?-I-

400
50 S759 . 0.9326 -4,7162 09297  0.31
500 60,9362 <470 0.9850 1.3
550 10767 -4.6814  1.0351 - 3.83
400 0 0.9206 -A.7207 - 6.9202 . 0.04 -
450 009755 47276 0.9820  -0.47
500 1.0256 -4.7328 1.0373  -1,13
550 10742 -4.7342 1.087% -n.21
00 &I ; M o 0.95% -L.7305 0.9835 -0.%%
456 7Tt A St i) RIS 05977 <6737 103 3.3
Sib - 677,38 F) i 1.0BAL -T2 1.0857  ~0.15
550 47136 LBk 11832 -6TH 11358 447
500 53309 : 10238 -L713 L0137 0.%
550 SIRBA__ f—m-‘-‘*-ﬁu#» ~4.759  LO7ST -L:
500 ‘ 21 -7 L300 151
550 533.é8 :‘=ar‘[ J882 -LTIR LI 1,25
55 41t 35..45 140 45850 03340 47031 08211 157
30 55, LTI 650 -0.11
mlﬂ M% i g i i A
&0 o6 LANT LTI e -1

il 73578 14.85%5 J?Ei L.1702 A LIS -0

q W'l AN ﬂ_ﬁUﬂWT’J BhlobE
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Calculat
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a0 Y 1
] Sc cRel  Cal fvg  ERROR
w1 5562 0916 -3.48
w0 1210 45307 10317 -0.T3
450 120 4.5%3 L0935 -0.51
00 1210 4,528 11488 0.0
= w1210 46371 0.8307 -12.%9
| 1210 54978 05816 2.59
0 120 7 L3722t
150 il _-»_u_g— gE e et pRERE sl -h48Tt L9 .5.26
500 121004 W e e 120
. t!

w110 o mssz z3 RN admz Lfws a4 0637 289
™ 1210 Hm i.sm Mm .57 0.9616 0.8l
o -4,5065 LOT  0.60
150 E] ‘V] -;.sam LOSSS  -5.50
500 §0487  -5.08
0.503 4,63
Q g’} \1 u 0573 172
LESE  5.57
516 4118 (3.4142 -:.w.a n"n A3 L0 3.2

fig  -L3IITH
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Table N.3 Calculation of Least-Squares Line
ﬂwum. r
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to Evaluate the

. X Y A Y

aeN Sh ShiSct.507 LOG(Re) LOS(cRel  Cal A ERROR
50 06089 -h.4435 0.B350 0,49
00 0.8599 -4.4625 0.6750 -1.73
q.ﬂ' u.ﬂ'm "-ml ﬂ-'ﬂ-ﬁ? ‘-W
m ﬁ.'.'ﬂ! "rl;“ ﬁ.gﬂi -zrﬂ
Isn ﬂ'-E?H 'L“!’W 'u-E?iE ﬁlss
9 3,043 -LMGS .37 AT
&5 1,034 -2.4186 10035  3.12
580 1.0788 -4.4273 1,053 1.9)
w1l s W me My A 0T AKE 0BT 0%
400 o 5.2759  4.5101 1.6115 -4.4384 1.0030  0.89
§50 1868 3 7347 4.56i2 1,0308 -4.4314 1.0848 -3.20

‘ 4,070 10182 44493 LA201 -0.17

e ——— = — --_w‘
ST o B 1 Rfs7  0.39%0 -4.4380 0.5905  -C.06
400 §57 g 77 1,0542 -4,4538 L.0%06  -0.51
450 539 i L1376 dBleoss 11200 -A4% 11225 -0.20
560 139 15149 578 14,5189 A.&T46  1.0619 -0.4832 LATTT 1,38
B - —ia
| WUEANYNINEINY = 2T
Y

"

RINTUNRIINYIA
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Teble N.4 Cslculstion of Llesst-Squsres Line to Evaluste the

-/ \\\ B i
k\

| i Y 1
“Ren 5¢ ? ca %e) LOG(cRe)  Cal fvg  ERROR
430 LD (138 0.7 -4.2167  0.8100 =377
550 0.8820 -4.1519 0.B718 0.3
<00 0.924 -I%93 03271 ~b.72
= 0.561% -4.2039 0.3 -1.81
) A 2Tt =L GEIN L.BEGA 8,77
£58 1573 pdas 4ot 0.0453 -4.1841 23R 2.8t
€t QL) T ; 0513 -Ligsi 0.7 LU
e : . s 5 -
- T3 0.9212 41512 0683 418
=0 ‘T—_-___f"' SA—Fmacy /0, 2357 -£.18%0 0,958 2.02
so0 e 88 J 05550 -L.2045 LOOLE  -1.83
sﬁu i l.m 4.!“3 ‘iﬁl. t'-!i
'."‘.':l 44T L1 LT
’J ﬁ EJ 1{;3 y ") 428 6.2 1.5
lnl: 'L:ﬁﬁ E.Eﬁﬂ: Eth

%ﬁqw %'r]‘}ﬂ‘ﬁ#a% 19
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Figure N.1 Sh{’ﬂn Vs Rur of the systemsof benzoic acid

coated on g§lass beads - various solutions
O water
4 13 wk X sucrose
O 20 wt X sucrose

O 35.5 wbt X sucrose



APPENDIX O

PREDICTION ACCURACY OF THE PRESENT GENERAL CORRELATIONS

relative errors between the

Tables 0-1-'3.9 Shov

experimental Sherwood alculated Sherwood numbers.

The calculated obtained from the

correlations. baced on the experimental

Sherwood numbers.
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Table 0.1 Prediction Accuracy of Data from Table 5.1 by the Correlation
Sh, = 1-sm1a*nar"“sn°"°
Rotation Shf‘ X Shr /! Sh!'
Materials | speed Rarnﬁ‘ L(Sh___~Sh__ )/
{rpm) Experiment [Calculation Sh_“:l:r.1a|a
Glass pall | ) 24 -1.25
beads . \i, ’,/} -6.37
' o — 3.625
18.395
Polystyrene -6.21
shperes 7.53
5.91
-8.20
2.44
-9.66
Plastic =12-41
particles -2.38
type 1 5.48
8.30
-3.70
-5.45
Plastic 278 3.5088|9. 1386 168 154 B.33
particles 300 3.8278 189 172 -1.59
type 2 3se 4.4657 208 287 2.481
400 5.1037 242 243 -4.13
450 5.7417 280 281 -@.36
50 6-3796 310 ais -2.58
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Table 0.2 Prediction Accuracy of Data from Table 5.2 by the Correlation
Sh, = a.@axm"nal_"“sﬂ""“
Rotation Sh?' x4 Shf S Shr
Materials | speed Rnrqu' Mv = C(Sh__-Sh__ )/
{rpm) Experiment |Calculation Sh_“-]xiﬂﬂ'
Glass 358 -3.34
beads 400 2.41
458 3.81
S8 £.42
Plastic as@ 9.65
particles 400 9.25
bype 1 4539 11.79
500 T-21
Plastic Jea 9.51
particles 350 3.44
type 2 409 5.45
458 9.97

AULINENINYINg
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Table 0.3 Prediction Accuracy of Data from Table 5.3 by the Correlation
Shr = ‘3-5‘?‘:13-.Rﬂrl'=‘5cu"o
Rotation Sh!" % &ShF/‘ShF
Materials | speed |Re x13 | Mv = [(Sh__~Sh__ )/
{rpm) Experiment |Calculation Shi“_lzlﬂa
Glass 350 2.5194 366 1.87
beads 400 2.8794 | g 430 1.83
450 3+ 2395 14.61
500 7 4.97
Polystyrens 300 6.46
spheres 350 —-6.@9
4002 4.65
450 4.61
500 18.63
Plastic 30@ 1.29
particles ase -B.8286
type 1 402 -4.62
458 -7.83
508 -@.36
Plastic 300 Y 2.1595|0.0498" 284 3e4 =7.24
o A RERTUN TN MO JE)
type 2 9400 | 2.8794 431 430 0.232
459 3.2393 441 496 =12.47
509 3.5992 542 563 =-3.87
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Table 0.4 prediction Accuracy of Data from Table 5.4 by the Correlation
Sh, = 6-49=t1a*'nar"“5¢“"°
o
Rotation Sh‘, ‘ % bSthShr
Materials | speed Rafxfé‘ Mv = cesh_ _~Sh__ )/
{rpm) Experiment [Calculation Sh_“ﬂlxlm
Glass 400 ~6.44
beads 459 -9.128
500 -1.82
- 550 -2.79
Polystyrene| 309 -@.21
spheres 350 -9.639
400 3.29
458 3.58
500 -8.04
N Plastic 300 -3.91
particles 350 2.37
type 1 400 -4.31
459 -@.13
EMHM . 04 -5.19
Plastic ﬁ A 1,0253 -9.02835 507, 478 oy 5427
particles % l] Gq ﬁlﬂE m wwaﬂ m Elﬁa EJ 7.@9
type 2 k 490 1.3671 | 673 677 -9.59
450 1.5380 749 781 -4.27
500 1.7089 821 394 -21.07
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Tahle 0.5 Prediction Accuracy of Data from Table 5.5 by the Correlation

1.34 [= = 1=
Sc

= -5
Sh? = §.48%x10 RHF

-
Rotation Sh_ % aSh /Sh
Meterials | speed |Re x13 | Mv = [(Sh___-Sh__ )/
(rpm) Exper iment Calculation Sh_x_1x1aa
Glass a0 | 1.5050| ©. V 2 673 2.46
beads 450 1.6931} 776 6+28
500 1.9 00— g 882 1.34
s 550 2. el 990 1.02
Polystyrens| 309 A ol 475 ~5.56
spheres 350 1g ‘ 560, %, [\, 573 -4.18
400 1.5 i‘*@f‘_ \, 673 653
450 1. : ’#‘i:' 776 -0.77
506 | 1.8 A Als 10 882 3.08
N Plastic 300 | 1.1 - 475 -2.81
particles 350 e : T3 2.88
type 1 400 1x 673 4.54
452 176931 744 m 776 -4.30
U
Plastic ﬁ 1.1287 -9.0419 474 475 o -g.21
particles Q | r] 1@& m ﬂﬁamﬂéﬂaa J ~10.49
type 2 1 400 1.5050 699 673 2.46
450 1.6931 800 776 2.73
500 1.8812 B60 882 -2.56
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Table 0.6 Prediction Accuracy of Data from Table 5.6 by the Correlation
Shr = 1-9“15-.39""2‘5':“-‘“
Rotation Sh XASh sk
T Sc | speed Rurz‘m‘ Mv = [(Sh___-Sh___ )/
(°c) (rpm) Experiment |Calculation| Sh___Jx10@
25 | 1,033 | 400 247 -4.22
450 284 =1.79
500 324 -2.31
550 362 6.46
30 84z | 400 240 2.04
450 277 8.36
509 314 -0.64
550 353 -1.15
35 677 | 400 245 -2.08
450 283 -8.02
500 . 321 -8.31
550 361 11.36
a0 533 EE 3.64
AU | 9T wﬁw i
5?3 5417
oNiE WHNPIRY| oo
q
45 411 | 225 3.8545| 0.4159 140 134 4.29
300 4.5347 165 163 1.21
350 5.2905 195 196 -0.51
490 6+0462 226 230 ~LaTT
500 7.5578 305 302 2.98




155

Table 0.7 Prediction Accuracy of Data from Table 5.7 by the Correlation

1:31 .80
Sc

Sh = 3. 2 °Re
p = 3.00x1 5

Rotation Sh, XA'Sh_/Sh

T Sc | speed Rerni‘ My = C(Sh, _-Sh__ )/
*c (rpm) Experiment [Calculation| Sh___Ix1p@
30 | 1,516 | 350 345 8.86
400 406 -5.18
450 468 4.29
N 500 531 -@.19
35 | 1,210 | 350 314 -5.02
400 369 1.07
450 426 1.39
500 484 2.81
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Table 0.8 Prediction Accuracy of Data from Table 5.8 by the Correlation
Shr = Eimxlﬂakpl.::sca.ln
Rotation shy %4 Sh /Sh,
T Sc | speed Rnrnﬁ‘ My = [(Sh___-Sh__ )/
(°c) (rpm) Experiment [Calculation| Sh___J1x100
25 | 3,043 | 350 2.2192| 361 358 .93
400 2., #4906 421 -3.69
450 X _—ﬁ 485 9.00
500 L 551 ~6.99
30 | 2.355 | 350 . 3009, 366 1.87
. :mg‘
400 4 . 439 1.83
by (j;'
450 . -ﬁﬁ: 496 7.12
500 A0 564 4.57
“FJ'J
35 | 1.868 | 350 28316 9. 301 3 371 2.36
400 517 436 3.33
450 503 -6.79
SM = 5‘?1 D.88
4 |
a9 | 1,539 :ﬁs?g ﬂ - Wﬂ 385 1.29
1 : :
3.%1 ' ,] ‘3452 -g.22
450 4.0634] ¢ Se5 520/ 2.95
AW Esadd HUN VoY1 BE) | 200
q
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Table 0.9 Prediction Accurscy of Data from Table 5.9 by the Correlation
sh_ = 5.45:15"351.""51.-.“"“
Rotation sh, *ASh /Sh
T Sc | speed |Re x10 | Mv = [(Sh___-Sh__ )/
(03] (rpm) Experiment |Calculated| Sh___J1x100
25 14,318 | 350 551 -1.85
400 647 1.37
450 746 -2.89
500 848 3.64
30 (10,764 | 400 660 -3.77
450 762 2.31
500 864 1.82
550 970 -9.31
35 | 8,469 | 400 689 @14
459 795 3.99
500 . ) 903 -1.01
550 . 2 1,013 -3.25
40 | 7.072 | 400 f.8250| 0.2227 |0/ 714 671 602
BUHBY B VIR W& NN T 189
500 1.9687 -6.53
-1.65
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