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1
L 9% %
2 f 0.0025
25 9% %
100 1
(volumetric flask) 100 95%
(OD) 425
1 20
20 0.1 250
9% % 30
1 2.5
2 (W hatm an)
4 100
95 % 100
3 20 250
95 %

425
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H,0 out

H,0 in

ANV

HIVEUTY 1B 1BMU0a 95 %

/1on'Iléh

-1 gunsaldwiumiBunusiseefafivesmusiiudu

AL
() ( )

a extinction coefficient

C )

. L




0.623

60

4155 %

1. .*0.0025

411

= 156 ‘.
. 0623125
1. %156 * %01
499 %
422

15 150 ..

) ,

100
44
| 0532

(standard curve)
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05

03 -

0.2

0.0005

= 1520 %

109

0.001

0.002

AN N NTUYRIENTIARTANuREA (NFuA

0.0025 0.003 0.0035 0.004 0.0045

_ 05%,
= 1590 100

0.350

= (0.350 )(0.15 )

0.0525

= LEY CSBZERIVRLITL TE P %100

“ oy )0
= 842 %



20
40
60
80
100
120
160
200
240
280
300

0.2
0.5
08
11
13
15
L
2.3
25
2.1
28

4.2.1)

0.2
0.5
0.8
12

16
2.0
24
26
28
28

0.5
0.9
12
15
17
2.0
24
26
28
29
29

04
0.8
12

L7
19
2.3
26
28
29
29



0.623

9% % AL
4.99

0.413
% % Ab

331

66.33 %

0.7120

1.40 %

32.21 %

Kekk

4.2.)

2 1
0.620 0.623
4.97 4.99
0.425 0.463
340 371

68.54 % 74.35 %
0.727

142 %

30.07 % 25.65 %

111

0.620

497

0.434

3.48

70.02 %

29.98 %
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(standard curve)

= Q0% ( )
LW?']:@:‘&N
= A " - Z0.008
80
499 % [
700
10
LW?’]:Q‘Z&H

[eQB *10*07 ) *

0.056 *100

3.9 80 n3u
100

142 %



0.601 0447 0601 0425 0601 0428 0601 0417 0.601 0.437

05 % A4S
482 358 482 3.40 482 343 482 3.34 482 350

14.38 % 10.02 % 711.20 % 69.32 1271



16
20
30
40
60
80

%Recovery

0
0.204
0.267
0.278
0.293
0.317
0.328
0.349
0.365
0.381

0
0.202
0.265
0.282
0.295
0.314
0.332
0.352
0.363
0.379

4.2.1)

0
0.206
0.269
0.281
0.297
0.318
0.332
0.3%4
0.365
0.385

0
39.4
51.2
53.3
6.1
60.6
62.6
66.6
69.6
72.6

1

% Recovery
2

0
39.0
50.8
4.0
56.4
60.0
63.4
67.1
69.2
72.2

114

0
39.8
51.6
53.8
56.8
60.8
63.4
67.5
69.6
73.3

O msain 1
O pfani 2

% i
M 59 3

1IR(un)
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250 ( 4.2.1)
% Recovery

() 1 2 1 2

0 0 0 0 0 0 0
4 0251 0254 025 482 488 480
8 0278 0281 0285 533 538 546
12 0304 0303 0305 581 519 583
16 0316 0314 0317 604 600  60.6
20 0328 0325 0321 626 621 624
30 0345 0348 0349 658 664 666
40 036 0362 0365 686 690 696
60 0372 03717 0375 109 8 14
80 0389 0388 039 741 139 142

eozoRecovery

75.0

70.0 4+—

65.0 -

60.0 |-

55.0 -

50.0

45.0 -+

O asain 1
Y ol
Dﬂ?\lﬂ2

el
B a5a0i 3

-
IR(UN)
30 40 60 80
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| 1
340 ( C421)
% Recovery
() 1 2 1 2 3
0 0 0 0 0 0 0
4 0.259 0263  0.264 49.7 50.5 50.6
8 0281  0.288  0.286 53.8 5.1 54.8
12 0313 0318 0315 59.8 60.8 60.2
16 0325 0327 0323 62.1 62.4 61.7
20 0334 0336  0.337 63.7 64.1 64.3
30 0.358  0.359  0.365 68.2 68.4 69.6
40 0369 0371 0371 70.3 10.7 70.7
60 0.386  0.385  0.388 73.5 73.3 73.9
80 0392 0391 0.39 4.6 144 4.2
%Recovery Y -

800

650 — : = =

600 — — - - O mfen1

l__.] ﬂﬁ.:\?ﬁ 2
550 — — - —
B A0 3
500 —

450 — —

400 - ‘ > : S : ‘ a(um)




80.0

70.0

65.0

60.0
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50.0 +—r1

45.0 -

40.0

140 ( 4.2.1)
% Recovery
( 1 2 1 2
0 0 0 0 0 0 0
4 0258 0261  0.258 49.5 50.1 49.5
8 0287 0285  0.283 54.9 54.6 54.2
12 0307 0306  0.305 58.7 58.5 58.3
16 0325 0327  0.329 62.1 62.4 62.8
20 0332 0334 0335 63.4 63.7 63.9
30 0.364 0362  0.365 69.4 69.0 69.6
40 0367  0.369  0.371 69.9 70.3 70.7
60 0.38 0.379  0.382 124 2.2 2.1
80 0394 0397  0.39 75.0 75.5 75.2
i kit
= O it 2
B Ao 3
A (u¥)

20

30

40

60

80




800

750

700

650 +

600

%60

00

400

540

o BB o —

16
20
30
40
60
80

YeRecovery

0
0.2
0.296
0.309
0.328
0.335
0.361
0.37
0.382
0.396

0
0.265
0.294
0311
0.332
0.339
0.361
0.37
0.384
0.395

4.2.1)

0
0.268
0.297
0.314
0.329
0.335
0.36
0.372
0.383
0.39%

0
518
56.6
59.1
62.6
63.9
68.8
105
12
154

1

% Recovery

0
508
56.3
594
634
64.7
68.8
105
131
152

2

0
514
56.8
60.0
62.8
639
68.6
109
129
750

O eieit1
0 pii2

|k

m(ny)

118



9.0

850

800

65.0

550 41—

oo B O —

16
20
40
60
80
120

“%Recovery

4.2.2)

0
0.352
0.393
0.412
0.428
0.445
0.487
0.499
0.519
0.528

0
0.353
0.395
0.415
0.425
0.447
0.481
0.497
0.513
0.528

0
0.35
0.39

0413
0422
0.448
0.483
0.501
0.511
0.529

0
56.0
62.5
65.4
67.9
10.6
112
9.1
82.2
83.6

% Recovery
1

35

0
56.2
62.8
65.9
67.5
709
16.2
18.1
81.2
83.6

—

119

8

0
55.1
62.0
65.6
67.0
711
16.6
194
809
83.8

20

60

80

120

-1 O afn1

3
| |0 pAss02

W A5 3
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-10

40
4.2.2)
% Recovery
() 1 2 1 2
0 0 0 0 0 0 0
4 039 03% 039 620 626 634
8 0432 0431 0435 686 684  69.0
12 0455 045 045 2.2 3 114
16 0467 0469 0472 740 44 748
20 0479 0481 0488 759 762 773
40 0516 051 0515  8L7 808  8L6
60 0528 0528 0525 836 836 8l
80 0534 0534 0533 845 845 844
120 0535 0536 053 847 848 847
go.o%Recovery
=s mll sl mit Bl | D
- . IiE EEE W O w2
- i Wi

-
LIR(UN)
4 8 12 16 20 40 60 80 120
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16
20
40
60
80
120

%Recovery

0
0.418
0.456
0417
0.483
0.499
0.53
0.532
0.537
0.537

4.2.2)

0
0.422
0.449
0.4/
0.48
0.502
0.524
0.529
0.533
0.536

0
0.424
0.452
0473
0.478
0.495
0.528
0.533
0.538
0.538

0
66.4
123
156
76.6
9.1
83.9
84.2
85.0
85.0

% Recovery

2
0

67.0
112
145
76.1
195
83.0
83.8
84.4
84.8

850 —

80.0

750

70.0

65.0

60.0

16

45

0
67.3
117
5.0
5.8
184
83.6
84.4
85.2
85.2

O iR 1
O pfain 2

B 3

IR (W)
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65.0
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%Recovery

oo B o —~

16
20
40
60
80
120

0
0.456
0.48
0.456
0511
0.522
0.525
0.529
0.538
0.538

42.)

0
0.448
0.474
0.492
0.506
0.519
0.52
0.524
0.535
0.537

0
0.447
0417
0.498
0.508
0.520
0.524
0.527
0.536
0.537

1
0

123
76.1
186
809
82.1
83.1
83.8
85.2
85.2

% Recovery

0
711
1ol
78.0
80.2
82.2
82.3
83.0
847
85.0

2

2

16

20

40

60

80

120

50

0
709
156
789
80.5
82.3
83.0
83.4
84.8
85.0

122
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123

40

60

80

120

55
( 4.2.2)
% Recovery

( 1 2 1 2

0 0 0 0 0 0 0
4 0469 047 0468 744 745 742
8 0494 0497 0492 783 187 780
12 0512 0509 0507  8LI 806 803
16 0518 0515 0516 820 816 817
20 0523 0525 0519 828 81 822
40 0521 0529 0525 834 838 81
60 0534 0533 0534 845 844 845
80 054 0534 0534 85 845 845
120 054 0537 0538 85 80 82

] O et 1

O pssn 2

W »590 3

1R(UIN)
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700

-14

( 4.2.2)
% Recovery

( 1 2 1 2
0 0 0 0 0 0

4 049 0494 0493 786 783
8 0507 0514 0510 803 814
12 0520 0524 0525 823 830
16 0528 0530 0525 836 839
20 0530 0535 0531 839 847
40 0542 0540 0540 858 855
60 0542 0541 0542 88 856
80 0542 0541 0542 858 856
120 0542 0541 0542 858 856

oy

124

60

8.1
80.8
83.1
83.1
84.1
85.5
85.8
85.8
85.8

o

O g 1
e

O a2

i
M ~537 3

1281(u1¥)



90.0

80.0

75.0 -

-15

oo B~ O —

16
20
40
60
80
120

%Recovery

0.502
0522
0.537
0538
0.541
0.544
0.544
0.544
0.544

42.2)

0
0.507
0.517
0535
0535
0.540
0.541
0.544
0.544
0.544

0
0.507
0.521
0.532
0.533
0.539
0.542
0.543
0.544
0.544

1

0
19.5
82.7
85.0
85.2
85.6
86.1
86.1
86.1
86.1

125

65
% Recovery
2
0 0
80.3 803
819 825
841 842
847 844
855 853
856 858
86.1 85.9
86.1 86.1
86.1 86.1
O it 1
B I O pieit 2

20

40

60

80

120

5.}
B A5 3

A1)



4.2.2)
% Recovery

( 1 2 1 2
0 0 0 0 0 0
4 0517 0514 0516 819 814
8 0526 053 0527 833 83.9
12 0534 0535 0534 845 84.7
16 0535 0534 0533 847 84.5
20 0534 053 0531 84.5 83.9
40 0532 053 0529 842 83.9
60 0531 0528 0529 841 83.6
80 0528 0526 0521 836 83.3
120 0525 0525 0525 831 83.1

5.O%recovery

BN mpe—eipll]

830 1—

820 T—

81.0 -

80.0

79.0

-16

12

16

20

40

60

80

120

70

0
8.7
83.4
84.5
84.4
84.1
83.8
83.8
83.4
83.1

126



4.2.3)
5 % Recovery
2
1 50 .. 0.698 0.681 0.682 57.0 55.6
1 100 .. 0.499 0.49 0.491 82.0 80.5
1 150 .. 0.372 0.37 0.368 92.3 91.8
1 200 .. 0.284 0.285 0.282 94.7 95.0
1 250 .. 0.23 0.228 0.232 96.6 95.8
1 300 .. 0.195 0.196 0.192 99.0 99.5
1 30 .. 0.165 0.167 0.164 98.6 99.8
Ry

17

95.7
80.7
913
94.0
97.4
97.6
9.1

O afain 1

O nsit 2

W Afan 3

RIEU
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< 3
30-60
60-140
140-170

> 170

%Recovery

90

<3ha30

3Aa30-60

0.216
0.214
0.296
0.304
0.293

0219
0.215
0.297
0.292
0.294

4Aa60-140

128

( 4.2.4)
% Recovery
1 2
0.215 59.5 60.3 59.3
0212 64.2 64.5 63.6
0.298 79.9 80.2 80.5
0.3 90.3 86.8 89.1
0.291 95.7 96.0 9.1
[ 1
I 2
I 3

2Aa140-170

>ahal70




<

>

30

30-60
60-140
140-170
170

%

00

4.2.4)

401
3.7
4.00
381
3.47

5-9.5 %

3.14
344
3.80
3.45
3.14

%

6.7
1.3
5.0
9.3
9.5
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-20 80

( 4.2.5)
80 % Recovery

(% ) 1 2 1 2 3
05 032 0317 0317 80.3 9.1 9.1
1 031 031 0311 916 804 918
2 0389 039 03687 %.0 %3 %5
3 0404 0405 0404 995 08 995
4 0402 0404 0405 99.1 95 998
5 0402 0403 0406 9.1 993 1000
10 039 0398 0403 9.1 %88 1000
2 03% 0397 0401 98,4 %86 %95

%Recovery

100.0

90.0 -

80.0

T
O afef 1
70.0 -

L4
60.0 - O afen 2

S
B A5 3

AR ELTUTU(% Tasuy.)
0.5 1 2 3 4 5 10 20




0.7

0.6 4

0.5

0.4

0.3

0.2 4—

21

131

80
0515,10,20 %
05%bywt. 1%bywt  5%bywt 10%bywt 20 %bywt

(L)

0.001 0.142 0.15 0.155 0.153 0.151
0.002 0.293 0.294 0.29 0.295 0.293
0.003 0.448 0.446 0.448 0.446 0.449
0.004 0.623 0.62 0.619 0.626 0.619

—¥— 20 % Tntuu
0 0.0005 0.(;01 0.0615 0.002 0.0625 0.003 0.0035 0.004

0.0045



-22
(%recovery)
( 4.2,6)
1 2
3 0406 0404
4 0403 0405
5 0406 0403
6 04 0.406
1 0393 0392
%Recovery

0.404
0.406
0.405
0.405
0.393

99.7
99.0
99.7
9.3
9.6

1

132

% Recovery
2
99.2 99.2
995 9.7
9.0 995
9.7 995
%.4 %.6

7 Amnaflunsa-ans



0.7

0.6

0.5 -

0.3 -

0.2 -

0.1 -
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-23
80
051,5,10,20 %

(glL) pH 3 pH 4 pH 5 pH 6 pH 7
0.001 0.148 0.148 0.157 0.157 0.154
0.002 0.2% 0.29% 0.294 03 0.308
0.003 0.443 0.444 0.442 0.458 0.456
0.004 0.627 0.623 0.618 0.633 0.623
0.0605 0.601 0.0015 0.602 0.0625 0.003 0.0035 0.004 0.0045



—
o

80
(%recovery)
20 %
1
24

T101 (Extracting Tank)

(major equipment cost)

= 415 %
= 6.6/
05 %
=80 %
= 1,200

20

. 2504)

80
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T104
200 (%recovery)
80.0 %

80 0.5 %
3%
( 99.6 %)
7102

_f 1200kg yr f 1
vY% e cov ery /100 yto.0415 J

= 36,145 kg,.aVyr

oo 0.15m3v lyear V' tmin
(R 1 kg 330*24/zrs*60min  batches

= 001369t Whatch

(extract)
5%

= (1.05)(0.0114)
= (001198)  wbatch—( -1)

015 3:1kg
= (1.05)(36,145%/ yr)
= 371951 kgiyr
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1) @)
3 @)
©) 6)
1 =0 +i2+B3+t4+t5+t6— -2
(t1,t4)
10 3
3
(E2)
20
(£3)
. | " (h)
WA (y- 9
1 (1
[(Sg)s-(59).
................. (bulk density) (true density)
[(59)e-(59). 2

325



325
0.2

-~ -
70 T G Yo W9 % B 6
DDTEAGY W Y =S

sy, SO AT
PR R B U A

Y A A

tz = (0.06/77/sec)
= 16.4h
(t5)
(t6)
10
P101
=10+20+ 1642+ 10+ 10+ 10
= 60+ 16412 (-)

=0.01198(60 + 16412)  Ibatch— ( -4

137



1.767/13 = [0.01 198 * (60 + 16.4/)]

h={0.006779(60 + 16.4h)]'B3 =---sememeemeeeem- (-)
(-) (trial &error)
15
hiry hedl
1 1.500 0.831
2 0.831 0.793
3 0.793 0.791
4 0.791 0.791
(h) = 0791
() = 3/2*%h
= 118
() 1

A (1)20 = 0.01198%(60 + 16.412)

h = 122
1.16

= A (1)2%1.22
0.959 Ibateh



(batch)

-2
(agitator)
(CE cost index )

250

Solvent

0.959 m3/batch —

139

= 80
1 = 5490 batch/year

=(0.95X0.959) Ibatch
= 0910  Jbatch

0.959m3%ol\ kg,
K Ibatch 0.15m ol ;

- 6.39 kg/batch

(jacket) ) .. 1987
320 [Ronald E,1987] 1 (

a0 = (9,000$)‘i455’§h‘\j{3321) 11
= 848,000
Material factor 17
Tunarc
Powder __
6.39 kg/batch
] Steam in

‘ Steam out
e
Extract
E// 0.97 m3/batch

Extracting Tank
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Cost, $1,000

10 20 40 60 80100 200

-2
2 (P)
(Scale-up)
(Ng) 340 4 (four-blade
turbine) 2.4
(NI) . (agitated solid suspension)
[David S.D. ,1992]
NL = Ns D° (9)
| { J
T NI =
Ns =
Ds =

DI



80
fraction)

04

141

09 n=0

07 \\

0s .
: N
N

N

\\
N\ \\ n=4/2
N

n Result N
O | Blend time \\
172 | Surface motion ne=3/4
273 | Mass transfer, \ |
20

Speed ratio, N, /Ng
o
W

w4 | Solids suspension \

S 1 | Liquid molﬂon f “Q,"'
1 2 3 4 5 6 7 8910
Length ratio, DL/IDS
(dID)
DI =0.40(1)
=04
( 34 067
NJ = 340\/40
=65 rpm
(Re)
0.67 %
05 % (mass
0.005
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ptniHtm = (0.995X1,000)+ (0.005X1,070)

= 1,000  kg/m3

/ = (0.995X0.001) + (0.005X0.425)
= 0.00312 kg/m*sec

o pPND?2

R (6.2.7)
1,000 * (65/60) *0.402
c 0003
= 55720
| (Np)
6 (6 blade flat turbine)
(. 4 ) -4
6
(Turbulent flow : Re > 10,000) [Robert, LB, 1964] 4
Np =4.0
6.2.7
P=NppN3Ds (6.2.8)
P = ()
= (kg/m3
N = (rps)
- ()

P=4.0*(l,000Ay/[773) * (65/60/ps)3(0.4)5
= 52 Watt
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10 %

‘ 11 0%0 = 75 Watt ( Oloho)

190 watt (0.25 hp)
(start-up)

0.25
(i) 14 1

(over estimate)

Tk

20m
14 220 of 3baht
oL000wy - 94Qb%cﬂ{h(; 940bateh | T

2,050

el

ok | ! 1 | 1
A N 2 e e e e RN (2 e T L b ® s
- (0 15 K PR [ o Badd | mdar] tsers =
. H
" ge— - + v o |‘ : “\ :11“ -
120 ror o ek ?{’5;‘ y £ § I % \"L_,. ﬂ"‘—._-‘
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'h . : 2 ‘. . 2 -
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(Qloss =0 )
3 (30

1 %
30 60

- (0021 300559 3 (4 gy g r5S4matchN
| batch | g ¢ ) V year

= 8214100 kllyr
0 3 = 2,163 kilkg

|
S 2,163 Ikg
= 379,740 kglyr

f 379,740% /500hahC
1 Iyr JK1000%y

= 189,900

30
40

0.959 m3N

5,280 hatch
batch {4 1kgCX60-30c{

year

(1,002%/m3
81400 kilhr



—_
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. 821*106kj yr * 1m3
(4.5U/kgC\40-30C) 1,000kg
17110 yr

fls Hs 37, 702N

V1)
119,800

i | 100

6.39kg
o (00415

= 0.212 kg/batch
331 0Q 0.

80
00.

221 ppm

¢ )
T102 847,100
1,100
319,740
119,800
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T101 (Solvent preparation tank)

1 (V- -
11

(H) (D)

Vsolvent Preparation tan k _1 Extracting Tank

= 1.1*(0.959m3/batch)
=105 3 ftch

4*V Barri
athamaoTk= § - YK

- 4%1.05

= 113

. 19%  ( = 382) 1
2.5

v
H) 1.05m3

= 134
@5 )

_ 45haht 394
..2001  =(7,0008) 1§ 382, 17
= 552,000



I
100,000 |

& !
-8 D=15m
Z 10000 |
g D 1.0] me

'fu" D=‘i_0.5_|;v/

L |

l D -o.slm/ ] CEFGH = 282 (miig-1998)

1 |

1.000 ?
1 10
Height of Vertical Vessel, L {m}
(batch operation)
80 05 %
80 3%
72,000
(63 % ) 80
3%
T101

99.6 %

(0,908 J atch)

80
5,420,000

147



P N8 Amo+ Xhdo Phl
=(0.005)0,070) + (0.995X1,000)
= 1,002  kg/m3

80

(0.959m3 f1,000kg (0.005) \ 7 Tnet @ (1,000///¢’
v obatch yp ™3 )UTTVD0TOkg Tesj QWY .
= 448 lite/batch (4.79 kg/hatch)

80

4.79%g  5,940batch  16,000baht
\/ batch lyear 200kg

- 2,277,000

148

(process

water)

“0.959m3
v batch J(0'995)

= 0.953 3Jhatch

£0.959m3 f5,940batch)/\6baht?
batch lyear Vw3 y

= 90,600



Tween 80 Distillated water

4.48 lite/batch 0.953 m3/batch

—_

V=1.05m3
T=30C
P = 1atm

r—

Solvent

S~ __— 0959 m/batch
T101 |
Solvent Preparation Tank

2 impeller pumping capacity (Q)

impeller pumping capacity (bulk velocity)

Pumping Capacity = Bulk Velocity * Cross sectional area of tank - (-9)

2
[David 1. ,1992] 0.09

(S.G) 2 0.07 -8
425
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Bulk velocity,

ft/s (m/s) Description
0.1 (0.03) Bulk velocities 0f0.1 and Q.2 ft/* (0.03 and 0.06 m/s) are characteristic
of application* requiring a minimum of liquid motion. Bulk velocity of
03 (0.06) 0.2 h/s (0.06 m/s) will
- Blend mildble liquids to uniformity if specific gravity differences
are less than 0.1
- Blend misdblc liquids  uniformity if the nscosity of the most
viscous is less than 100 times thatnfany other :
- Establish liquid motion throughout the batch
- Produce a flat but moving liquid surface
0.3 (0-09) Bulk velocities between 03 and 0.6 ft/s (0,09 and 0.18 m/s) are
characteristic of most agitation used in chem kal processa. Bulk velocity
0.6 (0.18) 0f0.6 ft/s (0.18 m/s) will
« Blenc miscible liquids'to uniformity if the specific gravity
diffamera are lew than 0.6 *
- Blend misdbie liquids to uniformity if the viscosity of the most
cousis kssthan 10,000 time*that ofany other
- Suspend trace solids (<2% ) with settling rates of 2 to 4 ft/m in
(0.01 t0 0.02 m/s)
- Produce surface rippling at low viscoshies
0.7 (0.21) Bulk veiodlie* between 0.7 and 1.0 ft/i (0.21 and 030 m/s) are
1 characteristic of applications rearing a high degree of agitation, such
1.0 (030) as critical re&etori. Bulk velocity of 1.0 h/a (0.30 m/s) will

- Blend miscible liquids 10 uniform ity if the specific gravity
difference* are less than 1.0

Blend miscible liquids to uniformity If the viscosity of the most
viscous is lew than 100,000 tim es that of any other

- Suspend in « solids (<2%) with settling rata of4 to 6 ft/min
(0.02 ta 0.03 m/s)

Produce surging surface at low viscosities

dut =\ *(1.0) = 0.33

80 0.5%
mass fraction 0.005

P —(0.995X1,000) + (0.005X1,070
= 1,000  kg/m3

=(0.995X0.001)+ (0.005X0.425
= 0.00312 kg/m*sec

Nir 100
ne [PNDI’
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r (1,000kg 3)(10% Q rpS\0033m 2y
0.0312kg/m * sec

= 59,375
-4 (Re)
(pumping number :NQ Re = 59,375 DT=0.33 NQ = 0.74
N -10
(NJ
N Ngp3 (-0

O71SC  +g

0.74 * (0.33/m3

15454 rpm
(Nca)
Ncal -2 Re
Re Ng Neal
1 59,400 0.74 154.54

2 91,900 0.74 154.54
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3 (agitator)

(standard speed) 155 -
[
230, 190,155,125,100,84,68,56,45

3 ] 6 (6-blade disc turbine)
(radial flow)

Re = pPND2'
. My
(M000kg / rps (0.33/77)2

0.00312kg / m *sec
V
= 92,000
4 (Re)
(Np)
-6 Re = 92,000 5.0
(P)
= NpPN3D3
= (0.33/77)5
= 354 Watt
70 %
0, o = WAl - g0 wat (056 )
0.70
1
25,000  Pa*s
(HD) 14

(single impeller) 0.75 hp
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-4 ;
(agitator) ..1985 ( = 325)
..2000
_ ) . X « 45baht 394
= exp(8.343 - 0.088 * (1) +0.1123 * (1 (1))2 s s
= 250,000
Lhp ( ) :

Visosity,® Maimumled,  Ntprof  PRlerderarce
(Pa™) ZIT inpellers— Loner Upper
<25,000 (<25 14 1 z/g _
<25,000 « 25 2.1 2 r/ (2/3)2
'>25,000 E>25 08 1 2/
>25,000 (>25 16 2 rl3 @/3)2
-4
.. 1987
. Agitators

[Meyés and Kime, Chem. Eng., 109-112 (27 Sep. 1976)1
expia+ 6 INHP + c(In HP)2] K$, 1<HP<400

Single Impeller Dual Impeller

Speed 1 2 3 1 2 3

Carbon a 857 8.43 831 880 850 8.43
steel b 01195 -0.0880 -0.1368 0.1603 0.0257 -0.1981
¢ 00819 01123 0.1015 0.0659 0.0878 0.1239

Type 316 a 882 8.55 852 925 882 8.12
b 02474 0.0308 -0.1802 02801 0.1235 -0.1225
¢ 00654 0.0943  0.1158 0.0542 0.0818 0.1075

Speeds 1: 30, 37, and 45 rpm
2. 56, 68, 84, and 100 rgm
3: 125, 155, 190, and 230 rpm
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4 (time required for uniform blending: th)
-6 (Re)
(mixing time factor: f) [McCabe W.L. 1985] Re = 92,000
6.7
2iny 12
(Dt .
ft:ntT(Da |h) g\ nga’ 6.7
Da =
Dt =
H =
N =
fDa" _ fdf _ f o9
\Dtj_m H 1/1.34 1 Day 1
*99 % 05
tT:6'7 32*1.34 - 97 in
TWT
\'\
10 10° 10° o* 10° 10
Nﬁe'”—a/%’c

turbine-agitated haffled vessel



0.25
14

27 min*- ]
(0.378 kw ) 60 min

batch

5,400

(5,940batchjna

(start-up)

(over estimate)

ahth 1

+ 147%220KY 1

]

155

1,000 }&EO hIr>5ngObatCh\{k.w Shor)

(
552,300
250,000

5,400

)



3 7103 (Dump tank)
T102
T104
80
18
4
110
110
1996 ( = 382)

v)

T103

= 11*@*(0.910m3)|
= 401 m3

= 3’ﬂ
T
[4*4.01
= 3
T

= 172 m

= (0.1)(4.01 3
= 004 m3

15

3.5

156



3.0

Extract
(221 ppm curcuminoids)

0.910 n?/batch

(35
2.26
05
~ :&2 000$|/45bahtY394A 17
T 18 4382
= 947,000
/—_—\
V=4.01m3
T=30C
P= 1atm
(221 pme Zi/rracctfminoids)
F 3.64mP/4batch
103

dump tank

157



4

22

T104 (Blend Tank)

1 (V- )
| 4

200 T105

= 4%(0.910?7 3)
= 364  3hateh

=" (3.64m3)(1,000A:9/m3)
=0.804 kg

F0804 gy

158

200
1,000kg/m?2
= 403 °
1 ! = 4.03-3.64 =039 3
T105
1 10
10
(V)

4,03 +0.1*4.03
443 3
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= 3 ﬂ
T
_ L [4*4a3
- T
= 178
199 ( = 382) 15
3
H =—r-
= 251
3
2.51
2.8 0.5
= A N
200t =(12,0008) " pant Y V7
= 947,000
Distillated Water
] v 0.39 m¥/4batch
Extract
(221 ppm curcuminoids) L
3.64 ma’/4l;atch

V=443 m3

T=30C

P= 1atm

Extract
(200 ppm curcuminoids)

4.03 m¥/4batch
T104 s

Blend Tank
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2 impeller pumping capacity (Q)
impeller pumping capacity (bulk velocity)

Pumping Capacity = Bulk Velocity * Cross sectional area of tank - (-9)

2
[David , . .,1992] 0.06
(S.G) 2 0.07
2
Q=(0.06 /sec™(L1.5)2"
= 0106 Jec
3 N
(d/D) 113
1 , 1 ACA
Ampeller' =~ * (1-5) = 0.50
H —_ *100
'X000+ * X 000

9.6 %

/ —(0.904X0.001) + (0.0906X0.00312)
= 0.0029 kg/m*sec

(Ni) 100

Re = rpND IN

AN
)
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(Ll000&y/ m3)I  Ps\®-50 2)
0.0029kg / m* sec

= 143,000

9 (Re)
(pumping number :NQ Re = 143,000 DIT=0.33 NQ = 0.74
Ng -10 :
(Nee)

Neel = 55 ( -10)

r 0.106"

SCC
074+ (050m3

= 687 rpm
(Nca)

Ncal -2 Re

Re Ng Neal
1 143,000 0.74 68.7

2 98,700 0.74 68.7
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3 (agitator)

(standard speed) 68 -
[
! 230, 190,155,125,100,84,68,56,45

31 ] 6 (6-blade disc turbine)
(radial flow)
2\
Re= "°
V)
(1,000%/ 3]“23 s (0.50m
0.0029Ag7 m* sec
= 97,200
4 (Re)
(Np)
6 Re = 97,200 5.0
(°)
= 0 _—
(1.0)(1,000%/m 3]\1;60 rps) (0.50m)5
= 2271 Watt
70 %

S 368 Watt (0.5 hp)

25,000  Pa*s
(HD) 14
2 (dual impeller)
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740 watt (L hp) -4
(agitator) ..1985 ( = 325)

2000

_ ) w1y« 45baht 394
= exp(6.82 + 0.1235 *In(l) + 00818 (()2* = T
= 369,200

1 hp 1 hp

4 (time required for uniform blending: tb)

- (Re)
(mixing time factor; f) [McCabe .L,1985] Re = 92,000
6.7

=1 1 ﬁ]J  Da, ~

Da - m

cozyy o, Uagsps F8T

 7x39x2.52V5
15 66 min
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(start-up)

0.25 s )
14 1

(over estimate)

. lhre
66 min* _ .
(0.378JcW)* Bomin 5,840, LY Bwam 1426220KT J p\ Ahgtch AL
batch Vkw hrd 1000 Jso A ¢ )YKW -hr

= 2,100

()
946,800
369,200

2,100
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T105 (Storage Tank)

4

4 (batch)
( \
1 4* 24hr

UO— hr batch)

= 12 batch

"0404m3"
s 2

= 645 m3 (17,000 )

4
4%y
() =
[4*645
T
= 434
45
645 mi
= 4.05
4.05

4.5

165



0.8

250

166

180,000
[096 .. 80 ]

24hr 3baht x
(0.25kw THay (330days<]kW-hr,
5,940

250 = 20,000
80 15 ..
480
4

f480kg)(1.5*%10'6 3
_vhatch , vV  min
) (0.08kg")
v batch y
= 054  |hr

60 min
\hr
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(1,000%/ m~)(0.54m3 hr)

540  kg/hr
5
3
(540% Vc 7/ WObant
'l " (5H ]
= 111,400
3
(Hva=2,162 kJ/kg) 30
30 40

cw CP{Tall - TM)cw =mstearH vgp + msteanCp(Tin - TL)

r4

m ( _ 540kgV 2,162k j\ 1;L{540% Yag
Cw k C
VKL y

40-30C) =
)VhrJ kg e vise

(100-30C)

mew =23.5 *103kg / hr

5

:f23.5*103% ( 5hr (3 rlbahC(330/4batch’)
1 h‘ )vbatch v1,000%, i3 yr ]
= 68,000



Process Water Turmeric|powder
Six-blade turbine l Six-blade turbine
Power=0.75 hp Power=0.25 hp 3

. ¥ . —E . ¥
INTDIHAMIINAU ri FAMInaiuszINY
Tween 80 1 Pistillated s A T Turmeric Powder /\
— 6.39 kg/batch
0.95 m’/batch " ;>
4.48 libatch \L o, 1
v /_
V=4.01n"
V=105m T=30C
T=30C =
= jam Sitvait 0.91 maatch P Jigtm
— 1
(Tween 80 0.5 % wt.)
Extract
> »L >
T1D1 221 ppm curcuminoids Q
Solvent Preparation Tank P102 T103
p101 dump tank
Six-blade turbine
Power=0.50 hp
Distillated Water
0.39 m3/ 4batch
>
£
V=443m?3 V=65 m3
Extract T=30C T=30C
3.64 m*/ 4batch P= 1atm P= 1atm
— Product
(200 ppm curcuminoids)
4.03 n?/ 4batch - g
T104 L
P104
Blend Tank T105

Storage Tank

il 5.1 Process Flow Diagram



6. P101

Tween 80 —

T 0.95m3/batch
4.48 lite/batch
‘g/"_

Distillated
Water

R
P= 1atm
Al

K.D.,1990]

Solvent

P101

(af

ft3s)

dy

169

Turmeric Powder

i 6.39 kg/batch
/—

P= 1atm Extract
~—

—L— ) 221 ppm curcuminoids

—Residue—

Extracting Tank

(t3)
10
7
~0.958m3
10min
= 0.0958 m3min

(optimum diameters inches)

-11 [Timmerhaus,

=37 ' BB 1 (-11)
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0.45

(0.0958m3 psi73y 62400

1 m in YllITB\] I fts3 \]
= 183 in

nominal pipe size 1.5 in .schedule no. 40
161 in

00058723 1min |
min 60 sec.

A(L61/12 *0.3048)2 M

= 134 misec



1

Turbulent flow
Reasonable

veIocny
Type of fluid

Water or fluid |m|Ia er %%
pressures am gi
pre sureseam -
or Inary press res
The recedm lues, a r motor dnvs Multiply indicated velocities
by 000 gPe reaso%a ?e veloéJ Pe}é va]en steam turbine dnveg re uscg

Viscous flow (liquids)

Reasonable velocity, ft/s

Nominal pipe
diameter, in. *t=5 M=100 M= 100
1 15-3 12 03-06
) 25-35 1525 0508
4 3550  25-35  0.8-12
8 40-50  1.3-1.8
2 1 (brake horsepower)
' (Bemoulli  equation) 1 2
pump head (Hp)
|« : T +Hp— —+H|+V2~
g 2 pg %
PL=P2=1 atm

Hf (Total head losses pipe line system) = 0
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100958 mg fsecA

V]=- | 60 J =0.0020m/ sec
~~D?2
g J
11 Hp
( ) Hp
( )
HL
= 105-0958= 00958 3
H1=7°958 =0,122m
4 1
- V2 =122 ec
- H2 =25 m:
2
05

_ 7,222 - 0.00202*
=(25:0122)+ e

= 2.50

(centrifugal pump)

pump head (Hp)
(single -stage centrifugal pump )
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- pump head (H)
(SP) Q1 ( ) ]

pump head 2.5
280
95 by pass valve
375
P101 ..2001 = 30,000
(start up)
( 3 )
15 10
( ) 1

* \
00T+ P
= 2,800
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P102

P103

P104

P104

Q( 3 in

V ( /ec)
Ht( )

H2 ()

Hp ()
P (kW)

1

7103
7103
T103
1102
T104
7104
T104
1103
T105
T105
T105
7104
P 101 P 102
10 10
0.09 0.091
121 1.33
0122 0.56
2.5 3.5
2.50 3.02
375 375
30,000 30,000
2,800 2,800

P102 P103

0.910
10
3.0
1.22
3.64
40
2.8
2.26
4.03
30
4.5
251

176

P104

P101 P102 P103

P103
40
0.090
1.32
0.73
3.3
2.66
375

30,000
1,500

P104
30
0.134
1.10
0.73
45
3.83
375

30,000
1,250



1978

1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

219
239
261
297
314
317
323
325
318
324
343
355
358
361
358
359
368
361
382
387
390
391
394

(chemical plant cost index)



(Experimental Error)

(Analysis Error)

-1
3
(% deviation from average
value ) (%recovery)
42.2
-1 -2
=9I _
) Gl ()
Percent deviation form average value = X )_?X ) *100
-2 '
3.2 60 20
3.3 (extract)
(volumetric flask) 5 1 100

424



-1

(% deviation)

100 . .

1%

83.9

84.5

340

84.2

(%recovery)
60

50
6.8

84.4 84.5 84.3

179

20

80

%

0.62



-2 (%recovery) (% deviation) B 10
0 120 340 1
100 . . 50 80 1%
6.8

35 40 | 45 ? 50 *| 55 60 65
%Re.  Y%deviation % Re.  %deviation %Re.  %deviation  %Re.  Y%deviation  %Re.  %deviation %Re.  %deviation % Re.  %deviation

4 56.0 0.60 56.0 1.59 62.7 1.01 114 153 144 0.30 78.3 043 80.0 0.80
8 62.4 0.89 62.4 0.67 68.7 1.08 75.6 0.88 78.3 0n 80.8 0.96 82.3 0n
12 65.6 0.52 65.6 0.99 2.0 1.04 18.5 0.86 80.7 0.69 82.8 0.711 84.6 0.66
16 67.5 0.98 67.5 0.75 144 0.73 80.5 0.69 81.8 041 83.5 0.67 84.7 0.66
20 70.9 0.48 70.9 1.37 76.5 0.98 824 041 82.7 0.82 84.2 0.70 85.5 0.26
40 16.7 0.88 16.7 0.87 814 0.81 82.8 0.711 83.4 0.53 85.6 0.30 85.8 0.39
60 9.1 0.56 9.1 0.46 83.4 0.55 834 0.67 84.5 0.15 85.7 0.15 86.1 0.15
80 81.5 1.13 81.5 0.15 84.5 0.69 84.9 0.40 84.8 0.90 85.7 0.15 86.1 0.00
120 83.6 0.15 83.6 0.15 84.7 0.26 85.1 0.15 85.2 0.40 85.7 0.15 86.1 0.00
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