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. 3% HCl 35 HCl
(1) (1)

150,000 tin plated 19 18

120,000 chromated 156 98%HABOA 13
23,000 80 348
60,000 12 12
90,000 420 4.7
24,000 1200 50.0
7,200 204 283
36,000 960 26.7
12,000 48 4

552,000 3176t 35% HCl



pickling solution

25
30
10
143
175
90
200
200

Fe 2

15
na
na
na
<1
<1
<1
<1

50
50
60
60
30
30
30
30

5 SEC
2 SeC
na.
25 min
30 min
20 min
15 min

15 min

L

na.

n.a.

n.a.

50
50
30
80
40

Fe 2+

na
na
na
833
na
na
na

n.a.

50
50
60
60
30
30
30
30

D SEC
2 SeC
na.
25 min
50 min
40 min
30 min

40 min



35 %HCl

o
16

6./

100
v

80

25

30

10

190

175

%0

200

200

pickling  HCL
/
3

224
8
30
64
200
66

140

20

50

50

50

30

80

40

1009%HCL
/

O
3360

1560
1500
3200
10000
1980
11200

280

35%HCl
/

()
10

45
43
9
29
6
3

08

%

(7
625

67.2
11
2.1
29.0
3.3
40.0

20.0



pickling = (1)*350
)
1009HCL = (3)*(4)
PHCL = (5)
350
= (6)*100

(D
350 = [350 . I0OVOHCI /| 359 HCI]



sulphuric acid

15

XTHD

Co.Ltd
1520 g Fel

(
(1) sulfate

(Acid recovery system )

IP (Institute fur Prpjektplaming GmbH Stuttgart Germany)

Regenerate
2531

( recovery acid )
(Crystallization)

iron sulfate pickling

60-70

150-250 g HS041  60-80 g Fe/l (Fet pickling solution

iron sulfate centrifuge

80 g Fell 0gRL acd
iron sulfate FeS04

chemical process

pickling solution Thai Tin Plate

+60 80 g H2 041

Fe ,
pickling

|ron
sulphuric acid . 2 )



Spent pickling ligor

Fresh acid

Regenerated

Pickling liquor

Iron(ll) sulphate

)
AN
IS AN SIS
SRR
R RRRRRRE]
RRLIIIR
NI
NSNS
R

A5

Heptahydrate

15955959959955555555%%

Cooling water

c) centrifuge,

) crystallization tank I,

a) crystallization tank |,

collecting tank for iron (ll)sulfate hepahydrate

d)

o]
cD



8C0-
w0+

~.
a
5 eCco+
= 00—
- < 200
-E (=]
3 = =)
5 = 5
S 4007 S0l 3
< F E}
= 3 =
& S 3
: 3] g
Q0+ & 3
'-g [} 10~ (=~
w g Q

0= 0=

70

area cf the bcacm
1 RS0, -7HO
2 Fe30, - 4 H,O
3 720, -H,0

7

|
H.SQ, centent
% ty weight

temcerature °C

2 Iron(11) sulfate
sulphuric acid
2 (Evaporation)
pickling  solution
hydrochloric acid 120-125
condensation

iron hydroxice, Fe(OH)2 sludge

recovery

Evaporator

Absorption column

Metal

chloride
Metal chloride

?

1CC



Absorber

=

Condensor

Evaporator

Stripper

Heat

FeCl, HCI

JUN 1.3 uwudanaasms recovery nialalasnasin

absorber Stripper reactor Pickling tanks
absorber Condensator
(Rinse water)

3. Pyrohydrolysis

Thermal decomposition spent
pickling solution hydrochloric acid
recovery freeacid  FCL,  90% fresh acid

pickling 1%
residues thermal process ironoxide Fe203
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non-hazardous

regenerate fluidized -bed pyrohydrolysis 4
recovery
2
1
discharge  pyrohydrolysis plant 300 spend pickling
solution/nour
2 pyrohydrolysis  central recovery plant

spent pickling solution ~  hazardous substance

4. Retardation acid adsorption

( retardation process)
picking acid
picking solution free acid 20-30%
retardation chromatography
5 2
1
Spent pickling solution free acid
metal salt solution metal salt
Curve salt

free mineral acid
metal salt curve solution curve



Iron oxide

Fuel

f. Scrubbing stage

air

a. Fluidized-bed reactor

RAA] RAARA

o]
e
—_ —

NATATATAYAY AV

WATATAYAYAVAYA

WATATAYAVAVAYA

NATATAYAYAYAYA

NATATAYAVAVAYA

RATAYRIATAAIA

NAVAAVAA Fresh water
Rinsing water
d
Regenerated pickling
Spent pickling liqor
4 Fluidize-bed pyrohydrolysis
. Cyclon c. Venturi scrubber d. Separating tank  e. Absorber

g. Off-gas blower h. stake l. Mist collector j- Fluidizing air blower

Ci



regeneration principle

sait add
|

charging

acd

concentralion ==

8

F

3

1st step
ascending current

water
salt

. resin bed

X X

spent
picWing liquor

o

u/0¢Gta

waste
water

5 Chromatography

2nd step
descending current

Wate'r

> resin bed

"X T' regenerated
ptddjng liquor

return

aad regeneraieo

pickling liquor
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free mineral acid

curve curve salt
salt mineral acid metal salt
cuvre 0 salt
Layout regeneration 6
pickling solution  pickling bath remove
0005 . retardation
[ecovery 10-80%

B. Retardation iron adsorption

.
Iron anionic chloro-complex (FeCl4  strong basic ion-exchanger

iron free acid iron

regenerate iron
1 M500

20 gm el 200 gm

HCU/1 regenerate 4 1

3

spent pickling solution
100gm  Fet7l  40gm  HCUL
Fe2  solution
lon

1 generate 5



Spent pickling liquor

Regeneration quUog

Fresh water

Waste Water

.6 RegenerationE retardation process
a) precleaning of pickling liquor b) buffer and cooling tanks

c) storage tank for pickling d) storage tank for water e) resin bed



1 Comparison of acid recovery systems
i how it works final disacivant
a@ea oW it wor inal product ener consumﬁ(lIng s]ur%ptrf advantages Isacivantage

i)

spent acrd
crystallization h?so cooling of spent pickling Ie freeacid, 28 kw gdrﬁerence N no ) 8°orecovery hi%h inves(sment
solution down to 5 °c reensat temperature is 70°C) ree acid, c0 ts,[ l0Ue;
ratrono FeSO47H20 neutralrzatron |ros ate salt
%s y SCreen ?lga Ies 1ess el eto
centrifuge
mrnrmrze 6%}
. sums HX04
evaporation  HCL ev ratron ofI-Cl I freeacid, 375 kw (difference o A)recove h| OIergy
from spent pic % C urry waste  in temperature is 90 free acig,
temp, upto 125 C) a 0 neutrahz fion res ﬁ
e Ires ess Ironchloride
tation dsorptjon of free acidon  reusable free acld,  8kw 3,5t water Iow Investment-  resicl
?Cadso . S0 |aon-exc anger-resin, FﬁCIZ FeCl2and FeS04 erat?on and wonﬁ rick or
rption FeS asst roug Waste ntenance Ironsulfate
a0sor aﬁ costs sp
regenerated with water savrn
5&0 v ryo reg
Retardation ~ HCL  oxidlation Fe(I]) to Fe(lIl) reu le free |, 8 kw 20t demin. |ow investment- eatmentb
A . e s i bl
. anl ncom Fex by the | |on 015 I-K:1§5 COSS, space Ironc ﬁonde
exc er-resl n r %0 savi \/%
asses rou rep
\Aa,atllgrns rege erat aCl
0- HCL  Heafin chemically fixed  about 1400 KWWh ar total acid high Investment
r%rolysis oxr% tr%n Feﬁq ‘ J acid ana o aII recovery 99 % co%tss ce
ensat n chlorices e vere r]esrdu IS not re uire
chemically azardous truct

?Sxe(fe i ﬁazarggus FeCs gnergynésema%



acid adsorption process

Operate

78

Retardation



2( . 25%9)

.. 2535
14 2 (.. 253
.. 2535 “
(Dilution)”
1
2
(1) (pH) 55 | 9.

2) (TDS  Total Dissoved Solids)
21 3,000
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5,000

2.2
(Salinity) 2,000
5,000
(3) (Suspended Solids) 50
150

@)

41 (Mercury) 0.005

4.2 (Selenium) 0.02

43 (Cadmium) 0.03

4.4 (Lead) 0.20

45 (Arsenic) 0.25

4.6 (Chromium)

46.1 Hexavalent Chromium 0.25
4.6.2 Trivalent Chromium 0.75

4.7 (Barium) 1.00

48 (Nickel) 1.00

49 (Copper) 2.00

410 (Zine) 5.00

411 (Manganese) 5.00
(5) (Sulphicie) (HY)

10

(6) (Cyanide) (HCN)

0.2



(16)

200

81

(Formaldehyde Compound) 1
(Phenols Compound)! 1
(Free Chloring) 1
(Pesticide)

(Oil & Grease) 5

15

(Biochemical Oxygen Demand) 20
20

60
(TKN Total Kjeldahl Nitrogen) 100

(Chemical Oxygen Demand) 120

400
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(1)
(pH Meter)
2)
103 105 1
(3)
(Glass Fibre Filter Disc)
(4)
41
1
(Atomic Absorption Spectrophotometry) (Direct Aspiration)
(Plasma Emission Spectroscopy)
(Inductively Coupled Plasma : ICP)
4.2
(Atomic Absorption Spectrophotometry)
(Direct Aspiration) (Plasma
Emission  Spectroscopy) (Inductively Coupled
Plasma ICP)
43 |
(Atomic Absorption Cold Vapour Technigue)
() (Titrate)
(6)
(Pyridine-Barbituric Acid)
(7) (Spectrophotometry)
(8) 4-

(Distillation, 4-Aminoantipyrine)
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9) 1 (lodometric

Method)
(10)
(Gas-Chrometography)
(11)
(12)
(13) (Azide
Modificstion) 20 5
(14) (Kjeldahl)
(15)
(Potassium Dichromate digestion)
4 3

Standard Methods for the Examination of Water Work and Wastewater
American Public Health Association, American Water Work Association Water
Environment Federation

14 .. 2539

113 52
21 2539
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2031
1,598,323
1,145,079
1,403,545
1,309,024
1,549,790
1,308,202
1511,304
1,658,623
1,617,640
1436493
1,381,862
1185241

2038
1818,7%
1,860,223
1909258
1,243,788
1,963,682
2,010,748
1981,310
1,936,659
1225597
1,694,652
1,987,466
1,484,285

2039
1,626,155
2,021,630
1817,4%
1,627,854
1,815,655
1,501,575
1879407
1,858,182
1452434
1376,334
1,397,051
1151571

2031
1,609,811
1,155,403
1,416,697
1,320,593
1,558,747
1,324,764
1,526,905
1673575
1632933
1449772
1,394,576
1,198,803

2538
1,800,454
1,866,665
1,893,264
1233218
1843878
1,987,360
1,961,362
1909732
1,709,554
1,635,205
1,956,876
1475197

()

2539
1,649,921
2,065,735
1,846,139
1,695,920
1,836,991
1525801
1,909,926
1,892,199
1,476,689
1,396,697
1419156
1,169,007

2531

28,960
22430
24,480
23220
30,540
29,380
14550
33,350
33,560
24,800
28,310
20,790

2038

32,190
21,590
33,880
17,830
28,200
28,360
32,830
29,110
23,330
21,840
23,680
17,740

()

2539
28,950
28,310
23,280
24,540
35,230
30,430
31,400
31,340
22,030
21,780
17,700
13160



2531

() ( )

() () ()
1,609,811 1,598,323 11488
1155403 1,145,079 10324
1,416,697 1,403 545 13152
1320593 1,309,024 11,569
1,558,741 1,549,790 8,957
1,324,764 1,308,202 16,562
1,5269,05 1,511,304 15601
1613575 1,658,623 14952
1,632,933 1,617,640 15293
1449712 1,436,493 13219
1,394,576 1,381,862 12,714
. 1,198,803 1185241 13562

17262519 17,105,126 157,453



(
()
1818,7%
1,880,223
1,909,258
1,248,788
1,863,682
2,010,748
1981,310
1,936,659
1225591
1,654,652
1,967,466
1,484,285
21,001,463

2538

(

()
1,800,454
1,866,665
1,893,264
1233218
1843878
1,987,360
1,961,362
1,969,732
1,209,544
1,635,205
1,956,876
1475197

20,712,765

()
18341
13558
1599
15570
19,84
23,388
19948
26921
16043
1947
3059
9,068

228,698

87



2539

) ( )
() () ()
1649921 1626155 23,766
2,065,735 2021630 44,105
186,739 1817495 29,244
1,656,920 1,627,854 29,066
183691 1,815,655 21,3%
1525801 L50L5T5 24316
1909926 1819.07 30519
182,199 1,858,182 3017
1476689 1452434 24,25
1,396,697 1375334 20363
141,156 1,307,051 2,105
1,169,003 1151571 - 17432

19,845,867 19,525,343 320,524



2536

(35%) HCL
27,460
17,200
29,060
26,590
25590
24,740
28,720
24,630
21,760
20,140
20,830
22,160
288,880

2531

2536

NaOH

13,710
13,730
18,750
14,670
16,630
14,970
14,200
15,580
19,640
20,660
18,280
18,970
199,790

1,768,673
1,767,038
1,971,776
1,704,145
1,565,259
16,474,199
1,809,352
2,186,848
1,740,574
1,133,476
1,200,672
1,730,845

20,225,857

(35%) HCL
28,980
22,430
24,480
23,220
30,540
29,380
14,550
33,350
33,560
24,800
28,310
20,790
314,390

2031

NaOH

21,530
13,820
11,520
12,170
18,820
20,610
15,750
15,820
16,460
26,480
16,240
10,610
199,830

1,598,323
1,145,079
1,403,545
1,309,024
1,549,790
1,308,202
151,304
1,658,623
1,617,640
1,436,493
1,381,862
1,185,241
17,105,126

89



2538 2539

2538 . 2539 -
HCL (35%)  NaOH HCL (35%)  NaOH
32,790 22,840 1,800,454 28,950 17,510 162,6155
27,590 12,060 1,866,665 28,370 15,530 2,021,630
33,880 11,380 1,893,264 23,280 12,900 187,495
17,830 8,900 1,233,218 24,540 14,620 1,627,854
28,200 15,350 1,843,878 35,230 16,260 1,815,655
28,360 9,380 1,987,360 30,430 11,240 1,501,575
32,830 18,470 1,961,362 31,400 8,540 1,879,407
29,110 20,230 1,909,732 31,340 12,540 1,858,182
23330 14,550 1,209 554 22,030 10,480 1,452,434
21,840 13,530 1,635,205 21,780 13,720 1,376,334
23,680 20,450 1,956,876 17,700 9,560 1,397,051
17,740 9,200 1,485,197 13,160 6,340 1,151,571

317,180 176,340 20,772,765 308,210 149,240 17,895,343



35 % HCL

] 253
B 9 HCL HCL Fo
2900 41,30 439 2976
27700 %000 285 2837
25,450 4430 3505 3612
2,700 22,80 1773 1664
23200 24500 130 2017
3,700 3,100 1871 3137
19900 21200 100 1867
21200 20900 077 1978
1840 21,000 97 2269
17800 20,300 B3 2186
15800 27500 789 2683
5,950 420 13 1,058

24,9100 320,100 20,136 24,449



35 % HCL

2536
3 %HCl HC1 Fe 2+

20,300 28,700 1,042 2,993
13,300 9,400 104 883
19,600 30,700 o4 2,186
14,100 18,500 565 2,186
22,100 23,600 1619 2,186
19,600 21,000 897 2,186
24,400 23,800 1331 2,186
24,000 24,500 L1 2,186
20,000 15300 . 504 2,186
14900 1 26,800 626 2,186
19,600 23,900 1645 2,186
16,200 19,300 1250 2,186

22,9100 265,500 12434 25,138



35 % HCl

2531
3% HCL HC1 Fe+

10,300 5,700 469 2,186
19,500 21,900 1,700 2,186
22,300 22,600 2,09 2,186
22100 24,200 1,053 2,186
19,600 10,900 59 1177
17,050 19,600 1,208 2,462
19,300 22,000 185 1588
22,700 14,100 1150 1543
23,100 23,700 102 2,661
21,700 38,300 1,969 2,989
21,200 21,800 1804 2,588
15,800 18,500 1358 1832

234,650 243300 14840 16,839



2538

3 % HCl
25,500
15,600
26,900
14700
25,900
27,000
26,700
28,100
20,900
15,600
23,100
16,300
266,300

35 % HCl

26,200
9,300
34,800
18,100
35,300
22,100
33,200
34,700
20,400
9,000
7,200
6,600
259,500

1,939
1,0%
2411
1,050
2,367
1612
2121
2,193
1,649
473
223
310
18117

Fe 2+
3,19
860
4150
1873
2,508
2,225
2,636
4,338
1,785
836
679
1,148
26,234



35 % HCL

2539
3 %HCL HCl Fe 2

20200 26400 147 18%
26300 29500 1664 2173
19900 9600 612 822
23400 21600 494 2166
30700 42100 10r7 3715
29000 30700 1668 2640
29300 33900 2600 343
29000 25600 1241 2186
21700 21500 8% 2186
20300 19800 605 2154
18100 17100 146 1718
14900 16300 147 1583

282800 296100 13628 275000



12 2538

() R  HCI( ) Fe( [ ) FR()

1. .2538 13210 6.13 810 110 113
3 . .23 13,050 450 105 105 101
7. 2538 12:300 569 100 102 980
3 ..538 12410 6.64 824 109 1057
10 ..2538 10840 5.26 510 o 1%
29 .58 9160 569 464 102 650
13 . 2538 12230 5.00 612 2 879
B3 ..58 1300 5.69 741 102 1038
19 . 538 1210 569 690 102 966
1. .2538 12120 569 690 102 966

119,460 50.98 6,804 1020 19,9537



O OO N4 O o1 &~ LW N e

S cbhRBEEREBRREBS

.. 2539
U
7.
5 . .53
8 . .2538
. 2538
.. 2538
.. 2538
. .2538
. 2538
. .53
. .2538
. .2538
.. 2538
. .2538
.. 2538
. .53
.. 2538
.. 2538
.. 2538

. 2539
. 2539

()
1253000
12,090.00
12,570.00
13,040.00
12,650.00
12,700.00
10,920.00
10,920.00
10,270.00

. 12.550.00

1261000
11,320.00
10,480.00
10,500.00
10,340.00
10,600.00
10,310.00
10,/10.00
11,730.00
9,430.00

226,280.00

hHL HCL( )
401 510
3 45
M0 5
224 W
2% 3
2% 3%
2% W
2% W
2% 3
2%
2% I
1% 50
%0
2%
206 23
2% W
1% B
18 1
n W
W
03 680

YoFeCL,

2
3
24
2
20
20
20
20
20
2
20
2
il
17
18
17
16
20
3
2
405

.. FeCl

2,112
2,124
2983
2,690
2,574
2,584
2,584
2022
2,090
2,554
2,566
2319
2,167
1,798
1831
1,836
1634
2,140
2,640
2,106
35289

2539

Fe( )

1220
119
1313
1212
1133
1137
978
978
920
1124
1129
1021
04
191
809
808
19
042
1,162
921
20,533

97



7.

19
20 .
24 .
5 .
2% .
20

o B~ w

2540
.. 2500
2540
2540
. 2540
. 2540
. 2540
. 2540
.. 240
.. 240
. .2540
.. 240

[HCI]
073
0544
0530
0610
0300
0140
039
0570
0350
0105
0420
0800
0458

/

)

[Fe*]
0214
0229
0242
0320
0128
0091
0.200
0297
0235
0048
0194
0265
0205

/

)



2535

2536

2537

2538

2539

2535

2536

2537

2538

2539

15

35%HCI

201
337
367
370

360

16

1067
885
811
865

987

1067

885

811

865

987

95

86

85

87

92

65

41

49

60

46

HCI

J1

31

31

31

31

31

69
69
69
69

69

)

223

227

249

241

245

126

117

116

118

122

Fe &

70
73
90
84

187

Fe

64147

68287

57542

70040

60720

64147

68287

57542

70040

60720

99

Fe &

/Fe

0.00283
0.00263
0.00330
0.00254

0.00265

Fe2+

/Fe

0.00202
0.00169
0.00202
0.00171

0.00188



Fe & Fe+ Fe 2+ Fe
(/) [Fel
(/) /)y L)y )y Cd)
2538 398 32 108 139 70040 0.00299

2539 761 64 108 1711 60720 0.00262

100



(Batch  Process)

900
1,200 1,500 1,800
10 -160 |
60-130  /



CICo

break through curve

break through curve

102

1.2000

1.0000 L+

0.8000 L

0.6000 L

0.4000

0.2000 |

0.0000

20

25

15
Time(min.)

! breakthrough curve



C/Co

0.3500

103

0.3000 |
0.2500 |
0.2000 |
0.1500
0.1000 |
0.0530 |

0.0000

25

Time(min.)

2 breakthrough curve

pickling

F 1500 /
o0 pickling



Data Sheet
Analysing Charge Retardation

Analysing of Piclung Bath:
Timeof  Alml  free Acid

313197 |

sample INNaOH asg0/1 1NNaOH Chloride

MO
4130 14620

Place of sample: 2A10 Flowrate:

Charge samples 12

Discharge samples [

No.of  Timeof Flow rate

)

Date: 3/3/97

Sample  sample Flowmeter INNaOH asgC/L 1NNaOH Chloride

(%
1500
1500
1500
1500
1500
1500
1500

- 1500
1500
1500
1500
1500

©O© w N oo o1 BB ow P
© wWw N oo O BB W DN e O

K B B
B B

Total 0

A2 ml total A2-Al Iron
ml asgFell
pp asgCl/1 1N NaOH
640 22939 2350 65.57
1500 1h

Chargh period 1152 min.

Dischargh period 1047 mm.
Alml  freeAcid A2ml total
MO pp asgCl/I
0.00 0.00 0.50 17
0.00 0.00 120 425
0.00 0.00 2.00 7.08
0.00 0.00 3.70 1310
0.00 0.00 7.10 2513
0.00 0.00 10.20 3611
0.50 1 1330 47.08
2.20 7.79 [7.00 60.18
590 20.39 23.10 8L.77
1240 43.90 2970 10514
1980 70.09 4040 14302
3.80 1345 1350 47.79
14443
1204

(HCY| charge av

A2-Al
ml
1N NaOH

0.50
120
2.00
3.70
7.10
10.20
12.80
14.80
17.20
17.30
20.60

9.70
sum

{ Fe| charge av«

Iron
asg Fell

140

335

558
1032
1981
2846
&H1
41.29
47.99
48.27
ST47

27.06
299.65
2497

104
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2 33097 ( )

Data Sheet Date: 3/3/97
Analysing Discharge Retardation

Place of sample: 2A20 Flowrate: 1500  Thr

No.of  Timeof Flowrate Alml  free Acid A2 ml total A2-Al . lron
Sample  sample Flowmeter INNaOH asgQ/L 1NNaOH Chloride ml asg Rl
v MO pp asgC/l 1IN NaOH

1 0 1500 37.30 132.04 5850  207.09 21.20 59.15
2 1 1500 4220 149.39 66.40  235.06 24.20 67.52
3 2 1500 43.40 153.64 6740  238.60 24.00 66.96
4 3 1500 44.00 155.76 68.70  -243.20 24.70 68.91
5 4 1500 44.90 158.95 6480  229.39 19.90 55.52
6 5 1500 46.20 16355 62.20 220.19 16.00 44.64
7 6 1500 44.60 157.88 58.10 205.67 1350 37.67
8 1 1500 4120 145.85 55.20 19541 14.00 39.06
9 8 1500 35.20 124,61 43.10 152.57 7.90 22.04
10 9 1500 23.30 82.48 29.00 102.66 5.70 1590
il 10 1500 14.10 4991 18.20 64.43 410 11.44
Total 0 37150  -13275 52.20 184.79 1470 4101
sum 1474.06 sum 488.81
(HCY] discharge ave 13401 1Fe| discharge ave 44.44

% Acid recovery » 91.66 ofe

% Fe removal 38.08 o/,



At
= FooAt

AL
= FJ(c0- g dt

t=0

break through curve
Cj/CO

A
= R0 1 ( 1Cj) dt

t=0 cQ

= FCO(1 -

pickling

Fe - Feo+
Fe &
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10 .

4 .

.

18 .

19 .

. 2540

2540
. 2540
. 2540

. 2540

2540

. 2540

(

pickling

/
1,500
1,500
2,000/1,200

1,500
1,740
2,800
900
1,200
1,500
1,800
900
1,200
1,500
1,800

900

)

(

HC1

pickling

/
47.08
44.25
29.38
46.73
4390
41.06
1345
1310
8.85
8.85
1381
11.68
10.27
7.08

11.68

)

14.10
1328

14.02
1317
1232
4.04
3.92
2.66
2.66
4.40
3.50
3.08
2.12

3.50

HC1

127
3.98

2.36
101
061
0.42
182
133
1.26
0.60
0.00
0.74
0.48

0.99

HC1

HCL (

10.67
12.75

12.49
9.88
7.58
3.82
3.25
2.50
3.08
343
4.08
3.03
3.03

6.05

)

%

HC1

75.67%
96.01%

89.09%
75.02%
61.53%
94.55%
82.91%
93.98%
115.79%
77.95%
116.57%
98.38%
142.92%

172.86%



20 .

24

5 .

2% .

. 2540

. 2540

. 2540

. 2540

(

pickling

/
1,200
1,500
1,500
900
1,200
1,500
1,800
900
1,200
1,500
1,800
900
1,200
1,500
1,800
900
1,200
1,500
1,800

)

pickling (

12.04
10.62
6.37
31.86
35.40
34.69
35.40
13310
132.75
13381
131.69
157.88
15753
157.18
157.53
100.54
99.83
98.77
98.06

HCL
/

)

0.61
319
191
9.56
10.62
10.41
10.62
39.93
39.84
40.14

- 3632

47.37
47.26
47.15
47.26
30.16
29.95
29.63
29.34

0.57
0.38
0.25
0.90
123
1.46
0.98
2.21
4.04
481
2.89
6.09
5.87
6.36
5.85
2.48
2.09
174
1.84

4.25
2.78
2,03
8.42
10.08
9.61
12.60
8.87
35.44
38.60
40.02
41.07
40.16
40.51
42.27
35.29
29.03
25.26
29.97

%

HCL

696.72%
87.15%
106.28%
88.08%
94.92%
92.32%
118.64%
22.21%
88.96%
96.16%
110.19%
86.70%
84.98%
85.92%
89.44%
117.01%
96.93%
82.25%
102.14%

80T



.. 2540
.. 2540
. 2540
. 2540
. 2540
2540
. 2540

(

pickling

/

1,500
1,500
1,500
1,500

1,500
1,500

)

pickling (

144.43
154.34
146.20
149.74

11824
100.54

HCI
/

)

43.33
46.30
43.86
44.92

35.47
30.16

HC1

551
5.16
361
5.70

6.99
4.15

HC1

HCL (

44.76
40.40
40.20
39.22

29.54
28.16

)

%

HC1

103.30%
87.26%
91.66%
87.31%

83.28%
93.37%



10 .

14 .

.

19 .

. 2540
2540
. 2540
2540

. 2540

. 2540

2540

(

pickling

/
1,500
1,500

2,000/1,200
1,500
1,740
2,800

900
1,200
1,500
1,800
900
1,200
1,500
1,800
900
1,200
1,500

)

(

Fe+

pickling

/

129.74
11383
92.35
116.62
101.84
107.42
90.12
91.79
93.47
85.37
87.33
86.77
88.72
97.37
95.14
96.26

)

38.92

21.70
34.99
30.55
32.22
27.04
27.54
28.04
25,61
26.20
26.03
26.62
2021
28.54
28.88

23.54

1415
11.%
10.22
1330
19.17
15.80
1548
1217
8.59
1362
1310
11.56
1143
11.08

23.00

38.74
11.23
12.76
28.35
23.86
23.79
26.63
16.78
22.72
20.58
16.14
17.94
17.27
17.06

%

60.48%
51.08%
34.18%
33.45%
41.28%
73.11%
57.37%
55.21%
47.52%
32.79%
52.32%
49.21%
39.58%
40.05%
38.37%

orT



20 .

24 .

5 .

2 .

. 2540

. 2540

. 2540

. 2540

(

pickling

/
1,500

900
1,200
1,500

1,800
900
1,200
1,500
1,800
900
1,200
1,500
1,800

900
1,200
1,500

)

(

Fe+

pickling

/
93.47

76.73
78.12
77.56

78.12
93.74
93.47
94.86
94.30
87.89
87.05
86.21
88.16

1523
114.67
115.65

)

()
28.04

23.02
23.44
23.27

23.44
28.12
28.04
28.46
30.80
26.37
26.11
25.86
26.45

34.57
34.40
34.69

()
1162

9.80
9.84
9.07

9.39

8.13

1021
11.32
1043
10.64
11.69
10.22
1213

1114
12.07
1335

()
18,09

16.00
15.07
14.27

17.68
15.09
1811
17.44
1417
16.57
16.07
1561
16.77

20.73
22.70
24.42

%

41.44%

42.51%
41.98%
38.98%

40.06%
28.91%
36.41%
39.78%
33.86%
40.35%
44.77%
39.52%
45.86%

32.22%
35.09%
38.48%
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~N oo o1 &~ w

.. 2540

.. 2540
. 2540
. 2540
. 2540
. 2540
. 2540

(

pickling

/

1,800
1,500
1,500
1,500
1,500

1,500
1,500

)

(

Fed+

pickling

/
11383
85.10
65.84
65.57
571.75

)

()
3415
2553
19.75
1967
17.33

21.30
22.71

()
12.46
11,00
813
7.49
7.82

10.02
991

()
2283
22.79
1159
1333
1131

11.97
15.55

%

36.49%
43.09%
41.16%
38.08%
45.12%

47.04%
43.52%



% Recover*

en2

% Fe-H- removal

il

100
90 T x
80 T-
70 L
o 900 Vh
2 1200 Hi
T -1- 1500 I/h
40 | -Z-1800 I/h
30 4
20 L
10 L
0 : : : + : - :
0 20 40 60 80 100 120 140 160
acid concentration (y/2)
HCI %
60
50 L
40 1
30
Lk —— 900 (Vh)
—e— 1200 (Vh)
10 1 —a 1500 (V1)
- 1800 (Vh)
0. t : - . ;
60 70 80 90 100 110 120
0 Fet-t- concentration ( g/1)




(

(

/
6-30
30-100
100-150

/
50-80
80- 100

100-130
A

)

)

HCl

89.97
18.62
88.89
88.83

41.89
44.38
39.92
41.89

114
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(Batch Process)

1 300
199
1996
= 19,845,867 |
= 66,153 |
(FezFe)
( )
= 66,153*0.0028
= 185.2 /
( )
= 66,153*0.0019
=125.7 |
= 66,153*0.0029
= 1918 |
1075 /
66 |
1996
= 1075 + 65
= 1755 /

19%



126-190

41.89%

19 |

/

= 3) /

= 1395 I
1918 /
= & /
= 150 /
88.83%
= [300*80/ 1,000] *0.4189
= 101 /
= [300*150/ 1,000]*(1-0.8883)
= 503 /
191.8/10.1
= 19%5,03
= 955 /
49.4 |

116



80
172
35%
50%
565 |
9
216000 /
10

0

3%

38,000

/

30

117

50%
36



Year
19%
199
1994
1993

Concentration of HCI
@1
5
10
20
30
40
50
60
10
80

HCl drain(Kg/day)

46.10
60.39
49471
4145

HCl loss
(Kg)
3
6
13
19
25
2
3
45
ol

Concentration of HCI
@1
90
100
110
120
130
140
150
160
170

HCl loss
(Kg)
o7
64
10
16
83
89
%
102
108

118
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Concentrét! HCl HCl IYHCL  50%NaOH  Saving/year
on of HCl Loss saving saving saving

Ay (Kg) (Kg) (Kg) (Kg) (baht)

5 3 46 132 101 313,687

10 6 13 124 % 294,135

15 9 40 115 8 274,583

20 il 3 107 8 255,031

25 14 3 % 76 235,479

3 7 kY. o 10 215,927

40 3 26 £ o7 176,824

50 29 20 58 44 137,720

60 3 15 41 kY. 98,616

10 40 9 25 19 59,512

80 46 3 9 1 20,409

% 52 3 8 6 -18,695

100 o7 8 24 -19 51,79

110 63 -14 41 3l -96,902

120 69 -20 57 -4 -136,006

130 7 -26 -14 -56 -175,110

140 80 3l 90 69 214,213

150 86 -37 -106 -82 -153,317



120

1918 -
10 1218 50 %

= 2 *2*40/55.8] *121.8

= 349 |

= 349 *5.65 * 300

= 591,555 /
3% 50%

ORP)
(pH)
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2535
2536
2537
2538
2539

HCL

291
337
367
370
360

987
865
811
865
987

HC1

65
41
49
60
46

122
175
192
186
190

64,147
68,287
57,542
70,040
60,720

Fe2[Fe

0.00265
0.00256
0.00334
0.00266
0.00313
0.00287



7.

18

19

20 .

21

22

2541

. 2541

. 2541

2541

. 2641

. 2541

12
12
12
12

12

43,789
43,472
62,348
68,060
49,630

49,131

47

199

16

- 18

-367

-202

269

173

157

86

136

324

330

85

45

45

1

30
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18 .

19 .

20 .

21

22

. 2541

. 2641

2541

2541

. 2541

2541

12

12

12

12

43,789
43472
62,348
68,060
49,630

49,131

442

391

-87

332

523

35 % HC1

674

636

382

103

89

32

64

72

153

12

i

1

18

16

18
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18 .

19 .

20 .

21

22

. 2541

. 2541

2541

2541

. 2541

. 2541

12
12
12
12
12

12

43,789
43,472
62,348
68,060
49,630

49,131

593

307

71.6

242

518

267

442

391

384

332

563

523

395

375

602

162

385

125

454

234

554

184

396

204

FeMFe

0.0104

0.0054

0.0009

0.0027

0.0080

0.0041

FeMFe

0.0090

0.0086

0.0096

0.073

0.0077

0.0025

ro



27 . .

29 . .

31 ..

o N o 0o b w e

[heclt]

012
035
061
0.28
0.27
0.80
0.48
052
043
058
0.17
0.64
0.44

(

[Fe2+]
/
0.06
015
032
0.17
011
0.27
0.17
0.23
0.20
0.29
0.12
013
0.207

)

N B & X & B

R &

14

411

TDS

104
1,340
1152

1,150
1,036
1,176
1,378
1,264
1,288
1432
1,095



.1 Typical factors for estimation of project fixed capital cost

Item Process type

Fluids Fluids-solids Solids

1 Major equipment, total purchase cost PCE PCE PCE
a. Equipment erection 0.4 0.45 0.50

. Piping 0.70 0.45 0.20

c. Instrumentation 0.20 0.15 0.10
d. Electrical 0.10 0.10 0.10
e. Buildings, process 0.15 0.10 0.05
f. Utilities 0.50 0.45 0.25
g. Storage 0.15 0.20 0.25
h. Site development 0.05 0.05 0.05

i. Ancillary buildings 0.15 0.20 0.30
2. Total physical plant cost 3.40 3.15 2.80

PPC = PCE(1+a....... +l) = PCE*

j. Design and Engineering 0.30 0.25 0.20
k. Contract 1lfee 0.05 0.05 0.05
1 Contingency 0.10 0.10 0.10
Fixed capital = PPC(1+j+k+l) = PPC* 1.45 1.40 1.35

f,g,h,1 : Omitted for minor extension or addition to existing sites
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? .2 Purchase cost of miscellaneous equipment cost factors

for use in equation 5.1

Equipment Size, unit, Size, range Constant Index, Comment
c1$

Agitators Driver power 5-25kW 400 0.50 Carbon steel

Propeller kw

Turbine 820 0.30

Boiler Qil or gas fired

Packaged

Up to 10 bar Kg/h, steam (20-50)x103 700 0-50

Up to 60 bar

10 to 60 bar 900 0-50

Centrifuges

Horizontal Dia, m 0.5-1.0 16,000 13

Basket

Vertical basket 16,000

Compressors

Centrifugal Driver power, 20-200 700 0.8 Electric
kW driv,press 50

bar

Conveyers Belt

0.5 mwide
1.0wide Length,m 2-40 1000 0.65
1500 0.65

Crushers Cone
Pulverizes Te/h 20-200 800 0.85

Kg/h i} 700 0.35
Dryer
Rotary vacuum Area, 2 5-30 6000 0.45 Carbon steel
Pan 2-10 4000 0.35
Evaporators

Vertical tube Area, 2 10-1000 4000 053 Carbon steel



Equipment

Filters Plate and
Frame
Vacuum drum
Reactor
Jacketed,
agitated
Tanks
Process
Vertical
Horizontal
Tanks
Storage
Floating roof
Fixed cone
roof
Furnaces
Process

Packing
Ceramic
Saddles
Plastic

Pall ring
Stainless steel
pall rings

Size, unit,

Area.m2

Capacity, 3

Capacity, 3

Capacity, 3

Heat
Absorbed,
kW

Size,mm

Size, range Constant
Lt $
5-50 1000
1-10 6000
3-30 6000
12,000
1-50 500
10-100 600
50-8000 650
600
103104 76
|3
25-75 980
25-75 8300
25-100

Index,

0.60

0.60

040
0.45

0.59
0.60

0.65
0.65

0.77

-0.4

-1.0

-1.0

129

Comment

Cast iron

Carbon steel

Carbon steel
Glass lined

Atmos. Press
Carbon steel
*25 for stainless

Carbon steel

Carbon steel
Tube,
*25 for stainless



.3 Summary of production costs

Veriable costs
1. Raw materials
2. Miscellaneous materials
3. Utilities

4. Shipping and packaging

Sub -total A
Fixed costs
5. Maintenance
6. Operating labor
7. Supervision
8. Plant overheads
9. Capital charges
10. Insurance
11. Rates

12. Royalties

Sub-total
Direct production costs A+B
13. Sales expense
14. General overheads

15. Research and development

Sub -total C
Annual production costs = A+B+C =

Production costs $/kg =

Typical

from flow-sheets
10 per cent of item (5)
from flow-sheets

usually negligible

5-10 per cent of the fixed capital
from manning estimates

20 per cent of item (6)

50 per cent of item (6)

15 per cent of the fixed capital
1 per cent of the fixed capital

2 per cent of the fixed capital

1 per cent of the fixed capital

20-30 per cent of the direct

production costs

Annual production costs

Annual production rate

130



4 2503

2526



	รายการอ้างอิง
	ภาคผนวก
	ก. ข้อมูลการสำรวจโรงงาน
	ข. ศึกษาระบบการฟื้นฟูน้ำกรด (Acid recovery system)
	ค. ประกาศกระทรวงอุตสาหกรรม ฉบับที่ 2 (พ.ศ.2539) ออกตามความในพระราชบัญญัติโรงงาน พ.ศ. 2535 เรื่อง กำหนดคุณลักษณะของน้ำทิ้งที่ระบายออกจากโรงงาน
	ง. ข้อมูลของโรงงานบริษัท ไทยสะเปรเชียลไวร์ จำกัด
	จ. ประสิทธิภาพของระบบแลกเปลี่ยนประจุ
	ฉ. ข้อมูลการเก็บตัวอย่างเพื่อใช้ทำสมดุลมวลสารที่บ่อกำจัดสนิมเหล็ก
	ช. ตารางข้อมูลใช้ในการอ้างอิงการคำนวณระยะเวลาคืนทุน

	ประวัติผู้เขียน

