CHAPTER V

RESULTS AND DISCUSSION

5.1 The Solid-Liquid Dissolution Rate Correlation
Dissolution rate coefficient of the solid-liquid system is expressed

by the equation , ,
Yoo '
s8 gérr is a function of other

dimensionless group 7 the solid-liquid dissolution
rate correlation fo ’;i"f d six blade di rbine and paddle impellers
are obtained as sheW an/ 1 . By analytical calculation
‘technique, con d as in Table 5.3

Table 5.1 : Styi tadie ssolution Rate Correlation
1rd's ade disc turbine

Experimental Systm V - Correlation
J S Shy = rRe35 S5
e
System Iy 00| T X10%, £Re,<13.1786x10°

<11.333x10°

o Shy = rRe'? Sc¢*?

Sysﬂrfﬂ V) &) VB I MbkI 0} £RE,<4.8258x10°
89N sal T hERRE ™"

Shy = 7 Re,¥ Sc320

2.5685x10% < Re, < 4.0463x10°
System III

3.2091x10"< S¢ < 3.7200x10"°

| 17532754
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Table 5.2 : Styrene-Butadiene Dissolution Rate Correlation
for Paddle

Experimental Systems Correlation

ShT — KRea0.57 S¢2.22

System IV W64x103 <Re,<13.1786x10°
&, \"‘-.

.@1% Sc < 1.1646x10"

H
\

‘ } R0 52
=2

' il \) ,‘\.. 7
N
System V = 3 \\
% 4

\ <Re,<13.1786x10°
i add

X 0< Sc < 3.0879x1010

0.57 SCZ.ZZ

. = r Re,
-,':——_',
System A | Re, <4, 0463;4103

2091x10'< Sc < 3.7200x10'°

ﬂ‘lJEJ’J‘I’IEJVlﬁWEJ’]ﬂ‘i

Whﬂ"“maﬂﬂ‘im NN Y

System LIV is 2wt% of Styrene-Butadiene In Mineral Oil

System ILV  is 3wt% of Styrene-Butadiene In Mineral Qil
System IIL VI is 4wt% of Styrene-Butadiene In Mineral Oil




Table 5.3 :Values of r for this experimental systems
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Experimental Systems r Range of Re, Range of Sc
Standard SystemI  |9.0769x10**| 8.3864x10° - | 10.279%10°-
13.1786x10° 11.333x10°
6-blade System II 10%| 3.0710x10°- | 2.7331x107-
/ 4.8258x10° 3.0870x10'°
turbine |  Syst BT 2.5685x10°- | 3.2091x10"-
— - 4.0463x10° | 3.7200x10
Sys 4415 864x10° - | 10.279x10°-
s 3.1786x10° 11.333x10°
AR\

Paddle | Syst 28897X10°Y 18.0710x10° - | 2.7331x10™-
| Wrde, ¥ .8258x10° | 3.0870x10'°
System M1 2406 2.5685x10° - | 3.2091x10™-
-"fi 2 4.0463x10° 3.7200x10"

Where :

System I is 2%
6- blade turblne

" ﬁ“ﬁﬁwﬁ%‘wﬂﬂ Py

6iblade turbine

AN n@mamma;] Agl

6-blade turbine

IV

¢

siieral oil for

is 2%wt of Styrene-Butadiene in mineral oil for Paddle

V  is 3%wt of Styrene-Butadiene in mineral oil for Paddle

VI

is'4%wt of Styrene-Butadien¢ in mineral oil for Paddle
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5.2 The Physico-chemical Properties

The physico-chemical properties of liquid solution obtained in this
study are shown in Appendix A to H, the mixing parameter is varied by
altering either the temperature, the impeller rotational speed and the solid
concentration in solution.

5.3 Comparison with Correlation with Other Investigation

No experimental study offstyrene-butadiene polymer dissolution in
mineral oil for agitr ystemshave been investigated. Thereore,
- experimental study.of disselution fat€ceefficient of styrene-butadiene in
mineral oil at se¥ ds of agitator, temperatures of
mineral oil and s& ene-butadiene are carried out in
this study.

of Schmidt number of the
various investigators are

The expotieni
dissolution rate

In Table 5. expo : 1ts' 6btained for various variables of the
other researches a i

and paddlanﬁﬁﬁj N E}gﬂ ?‘; Qﬁ 21N

a

AR NN Y

Our exponent value lie outside the range above, this result is
different from other investigators may be observed that the experimental
mixing conditions are not the same such as temperature and solid-liquid
system. '
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Table 5.4 : Comparision of the exponents obtained variables for various

Ref. |Exponent of

Van Ness

‘| Johnson and ches
Jung Huang

Hixson and Baung

Askew and Beck
mann

©
Keey and G

1‘
s 2]

This Work

ARA9F

0.5

Author Exponent | System of agitat:or
of Sc utilize
Barker and Trey bal. 0.5 Standard 6-blade
, - turbine
Humphrey and

Standard 6-blade

turbine

Standard 6-blade

turbine

Standard 6- biade

turbine
Mariné
Paddle
Paddle

Standard 6-blade

turbine

Paddle




Table :5.5 Re, vs Shy of 2wt% Styrene-Butadiene In
Mineral Oil At 120°C (Se = 1.0595x10'°)

Vessel Diameter,

T =25 cm.

Agitator Diameter, Di =8.33 cm.

Impéller Type: Sta | -Blade Turbine'
- No. | Speeg / Shr x107!!
( 10 | 2 3 |Average
1 . ’* 31 [2.2908 | 2.2983
2
-ﬂ!s:
el ,‘
2 9.5844 42 6890 |2.5801 | 2.5339 | 2.6010
A ‘
o .
3 | ‘8 2.6608 | 3.2020
13 j
‘s o
AU NN
4 00 [11.98 32 3.4120 | 3.1945 | 3.3090
| A € = - e/
RIANNIUNWRIINETAR Y
5 550 |13.1786 | 3.9050 3.8010 3.9850 | 3.8970
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Table :5.6 Rea vs Shr of 3wt% Styrene-Butadiene In
Mineral Oil At 120°C (Sc =2.8933x10'°)

Vessel Diameter, T =25 cm.

Agitétor Diameter, Di = 8.33 cm.

Impeller Type: -~ Stadard 6-Blade Turbine

No. | Speed Shr x107
(rpm x10 2 3 |Average
1 | 895 | 1.2333 | 1.2154
N E
2 Of U5,5097 14,5080 N1 4089 | 1.3434 | 14201
27357 |
3 1.5092 | 1.5020

o

1.7895

AR TINE T E

5 550 | 4.8258 }1.9870

2.2018
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Table 5.7 Re, vs Shy of 4wt% Styrene-Butadiéne In
‘Mineral Oil At 120°C (Sc =3.4592x10'°)

Vessel Diameter,

Agitator Diameter,

Tmpeliér Typeas
No. ;
1|3
2 }400- A
450-

=5~

W

= Z5.am.

33025

Ney

83 cm.

126809

N

ad &urhine

Shr

%107

3

Average

654

1.2078

1.2580 |

1.2899

1.4631

1.3870

1.7520

mnyp

1.7010

]

, L. "4
" o - F s
"as0 aimadnaIan
4 0 5907 2. 1'1.93 2.9326
5 550 4.0463 | 2.2153 [ 2.0390 [ 2.3106 | 2.1883
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Shr[10']

¢ on Standard 6-Blade Turbine

2wt% of Styrene-Butadiene , Q
(Sc=1.0595x10'%)

25

Fxgure § Lo Plot of Shr eas a functlon of Re,

ﬂ‘LJEI’JVIﬂVI?WH"Iﬂ'ﬁ
qmmmmummmaa
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Shr[10'] :
Standard 6-Blade Turbine

3wt% of Styrene-Butadiene
(Sc=1.0595x10'%

2 b=

15

B et

i )
Figure .§.2 : Plot of Shbas a function of Re,
o

AUEINYNTNYINS
 ARANNTANM NG



Shr [10"]

Standard 6-Blade Turbine

4wt% of Styrene-Butadiene - 0
(Sc =1.0595x10"'%)

Figure ?3; Plot of Shra.as a function of Re,

ﬂ'lJEl’J‘VIEWI’iWEI’]ﬂ‘i
ﬂmmmmumaﬂmaa
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Shy[10'

4 |_Standard 6-Blade Turbine
(Sc=1.0595x10'%)

M U
Figure 5.4 : Plot of Shy as a function of Re,

AULINYNINENT

0 :2wt% of Styrene-Butadiene

QRa AN '
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Table 5.8 Sc vs Shr of 2wt% Styrene-Butadiene In

Mineral Oil At 550 rpm (Re, = 1.3178x10*)

Vessel Diameter, T =25cm.

Agitator Diameter, DiF8.33 cm.

Impeller Type:.. T.:;‘ &urhine
LN

No. | Tea Shy x10™"

FJIMEI’JT’IH INBINR

3 |Average
1 1.2496 | 1.2930
o 1.4113 [1.47989
Yo
]
3 126 2] 1.1600 | 1.6012 | 1.6021 | 1.5776 | 1.5603

AN AANINEN S

1.8532

o 115 | 1.6333 |2.2981 | 2.7187 | 1.8982

2.3050
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Table 5.9 Sc vs Shr of 3wt% Styrene-Butadiene In
Mineral Oil At 550 rpm (Re, = 4.8258x10°)

Vessel Diameter,

¥ =25 em,

Agitator Diameter, Di 3.

Impeller Typ
No. Shy x10™
) 3 |Average
1 1.4047 | 1.4050
2 1.7616 | 1.5485
3 gﬁav 1{ ‘Bfﬂﬁﬂ% 1.8005
)
AWMIANN B,
T4 120 |2.8933 | 1.9501 | 1.7392 | 1.8814 | 1.8569
5 115 | 3.0870 | 2.2320 | 2,012 2.3840 | 2.2095
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Table 5.10 Sc vs Shr of 4wt% Styrene-Butadiene In
Mineral Oil At 550 rpm (Re, = 4.0363x10°)

Vessel Diameter, =25 cm.

Agitator Diamete ‘ il

—
..6

Impeller Type: Star la

d 2"“ bine
/ 40,10 \ 3 |Average
1// s
¥E AN
1 1.4840 | 1.4765
2 1.9031 | 1.7890

3.9633 1.9808
T\

e

4 120 |3.4592{2.1500 | 2.2310 1.7990 | 2.0600

5 115 |3.7200 | 2.5965 2.4180 | 2.1885 | 2.4010




Shr[10M

o | Standard 6-Blade Turbine

2wt% of Styrene-Butadiene
( Re, = 1.3178x10%

L7

':ZE 1
it M WaaATs
ARIAATUAMINGIAY
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Shy [10™]

251

225

Standard 6-Blade Turbine

3wt% of Styrene-Butadiene
(Re, = 4.8258x10%)

". SclOJ

ﬂuﬂﬁ SNINEINT
%n 56‘§lot6 Shy as ﬁﬁt?jﬁﬁ’ﬂ
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Shy (10"

Standard 6-Blade Turbine -

2.5+-4wt% of Styrene-Butadiene
" (Re, = 4.0363x10%) |

{

25

17+

I

Hug NNy -
RANDIRH N VINEIAY

.

5

32,
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Shr [101]
Standard 6-Blade Turbine

ﬁfide&!g} %&mwmms
A AIRSAIENIINNA Y

& :3wt% of Styrene-Butadiene
0:4wt% of Styrene-Butadiene



Table 5.11 Re, vs Shr of 2wt% Styrene-Butadiene In
Mineral Oil At 120°C (Sc = 1.0485x10'%)

T =25 cm.

.,

€

Vessel Diameter,

Agitator Diameter, Di

\ 1
3
I Y
5, LY
N
w
o

Impeller Typei. Padd

ﬁu§$WET§Wﬂﬂﬂ?

No. Shy x107"
3 |Average
] 1.7052 | 1.7089
2 1.6228 | 1.7520
10.7825| 2:0130 | 1.7850 | 2.1636 | 1.9872

S AL EIE DR TR ER I

1.9890

5 550 |13.1786|2.3100 | 2.2451 | 2.3119

2.2890
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Table 5.12 Re, vs Shr of 3wt% Styrene-Butadiene In
Mineral Oil At 120°C (Sc =2.8933x10')

Vessel Diameter, T =25 cm.

Agitator Diameter, Di = 8.33 cm.

Impeller Type:

No. x107"

Average

1.1734

1.2090

1.3635

1.4208

. 8 | 550 | 4.8258 | 1.5040 | 1.6584 | 1.3316

1.4980
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- Table 5.13 Re, vs Shr of 4wt% Styrene-Butadiene In
Mineral Oil At 120°C (Sc = 3.4592x10'%)

Vessel Diameter, T =25 cm.

Agitator Diameter, Di = 8.33 cm.

No. eed 1 Re : Shr x107

3 |Average

1.1912 | 1.1980

1.1895 | 1.3055

1.4039 | 1.3508

g

N Lk
VTHE] VA8 A 100

5 550 | 4.0363 | 1.7890 | 1.6500 | 1.1594 | 1.5328




Shr 10

Paddle

2wt% of Styrene-Butad
250 ( Sc = 1.0485x10"

Reg [10%]

ﬂuﬂ%ﬂﬂﬂ§W81ﬂi
qm’ﬂﬁﬁfﬂ.&ﬁ%ﬁ%mﬁ’ﬂ
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Shy [10"]

Paddle -

1.7F3wt% of Styrene-Butadiene
Sc=2.8933x10'°

ﬁe 5‘ E Plot of Sh %J as a function of Re,

EI’J‘VIEWI WEINS
qmmnwummmaa
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Shr[10')

Paddle

1.8 | 4wt% of Styrene-Butadiene-

- (Sc=3.4592x10"7)

'16 ==

el

.0

e e

AT A TEYE RS ™
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Shy [10'1]

Paddle
3 =
2 ¢ O
O_16
.5
| L
l L1 ]

Figufe n of Re,
T i

Ay insan

O 4wt of Styrene:Butadiene o

ARIRNNTIUANTINGIAE
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Table :5.14 Sc vs Shr of 2wt% Styrene-Butadiene In

Vessel Diameter,

Agitator Diameter, Di= 8.33 cm.

Mineral Oil At 550 rpm (Re, =1.3178x10*)

No.

Impeller Type: ‘ W
N ,

T =25cm.

x10"!

Average

1.9020

1.2701

1.5395

1.4535

1.5980

1.6050

115

1.1646

1.3005

1.2598

1.2500

1.9000
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Table 5.15 Sc vs Shr of 3wt% Styrene-Butadiene In
Mineral Oil At 550 rpm (Re, =4.8258x10%)

~ Vessel Diameter,

T =25cm.

Agitator Diameter, Di=8.33 cm.

Impeller Type: Pad '-.3‘

No.

120

Temp

™y,
L. Y

NNIREU

A\

2.8933 | 1.8254, 1.6896

x107!

Average

2.0665

1.4159

1.8133

1.6238

1.6522

L. #3190

1.8535

188

1.7895

115

3.0879

nIIng’

1.5096

1.4080

L3301

2.0950
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Table: 5.16 Re, vs Shr of 4wt% Styrene-Butadiene In
Mineral Oil At 550 rpm (Re, =4.0363x10° )

Vessel Diameter,

Agitator Diameter, Di = 8.33 cm.

Impeller Type:
No..

Tempa

T =25cm.

1.8534e

Average

1.5170

1.6025

1.8275

1.7281

1.9130

2.0138

1.9140

5 - 115 | 3.7200

n1Ing’

2.4503

22989

2.3248

2.3580
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Shy [10']

‘| Paddle

2.3| 2wt% of Styrene-Butadiene
(Req = 1.3178x10%)

L5~

W quﬁﬁwﬂﬂ?ﬁﬁdni
RTRIN AT IR

1.5
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Shr[10']

Paddle

| 3wt% of Styrene-Butadiene
(Re, = 4.8258x10%)

Ikd
> = I

. . l

AUt IneanyINg
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Shy [10M]

Paddle

4wt% of Styrene-Butadiene
(Re, = 1.3178x10%

25 W 3 4

Auganeyisens

TSIt I YISy

45 5
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Shy[10'

4L

15k

Paddle

Fl'lJEl’WIEWIﬁWEI']ﬂ’i

1gure 5. 16 : Plot of Shy asea function of Sc

ARIRNNTIUANTINGIAE

® :2wt% of Styrene-Butadiene
A 3wt% of Styrene-Butadiene
& :4wt% of Styrene-Butadiene
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- Shy[10']

@ A o Paddle
3 O A o Standard 6-Blade Turbine ax
, | a
g s __jijj:::.'?_,:'" i o _,
” ." 3 1-‘"‘"
L5 . - /1 \
Y W s \ 5
'TT \
71 572 A\
-
| | 1
8 9 |

fl ﬂ‘iﬁ 1 EWT"A‘ WB"ITT’?“

’ R aqnmmmm 3

o} o :4wt% of Styrene-Butadiene
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5.3.1 Influence of Impeller Types

Solid dissolution rate coefficient for different concentration of
styrene-butadiene in mineral oil at various rotation of styrene-butadiene
in mineral oil at various rotational speed of agitator and temperatures are
shown in Appendix H. From Figures 5.17 is found that the solid
dissolution rate coefficient,K for standard six blade disc turbine is greater
than paddle. The different in the value K between the two types of
agitators are due to the di in the flow pattern. Since the turbine
impeller has lead to enﬁ&j ‘

the vessel, seekmg 0 dest
impeller is a zone

gnant pockets. Thus, near the
bulence, and intense share.

ny paglcular solid-liquid system ,
\qolds number depends on the
f the dimensionless group
4 rent therefore, it is difficult to
carry out a complete céng@nS" Jowever, there are three important
variables; the Reynolds-umber, Sehmidt number, and type of impeller
which are in cofmon. .
To determine the influence of the disd jurbine agitator type , the
data from table to 5.7 were 2 s}ﬂwn in Flgures 5.1-5.4 Each
line represents CO stant temperature
llel having a slope of
135, wh1 idi @ mﬁ r1n the correlation.

Fordpaddle 1mpe11er the data are shown in table 5.8 to 5.10 and

R S AP e conn

Wthﬁ is the exponent of the Reynolds number in the correlation

5.3.3 Influence of Schmidt Number , Sc = @#/pDv
To determine the influence of the Schmidt number on solid
dissolution the temperatures were varied while the Reynolds number was
kept constant. Data from the table 5.8-5.10 are plotted as shown in
Figures'5.5-5.7. From Figure 5.8, it is found that the lines are parallel ,
having a slope of 3.20 which is the exponent of Schmidt number in the
correlation for standard 6-blade disc turbine agitator. For paddle
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impeller, data shown in Table 5.14-5.16 are plotted as shown in Figures
5.13-5.15, From Figure 5.16, it is found that the lines are parallel having
. a slope of 2.22 which is the exponent of Schmidt number in the
correlation. ’

The results obtained in this work are compared with other

correlation for geometrically similar in term of experimental Sherwood
number versus calculated Sherwood number by subtituting the

experimental data from Table 5/54and 5.11 in the correlations of other
investigators. \ )
Figure 5.18 c@ of this work with three

correlation (1,3,7 ix blade.disc turbine

Figure 5.19# nparisoi “of. this work with Keey and
. Glen’correlation idd \

AU INENINYINS
RINNIUNRINYAE



Shcal[106] ‘ A\

Standard six blade disc turbine
84
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O Hixson & Baum (1)
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