41

2545

4.1

4.3-4.5

4.1

4.2

4.1
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(MJ/Unit)

(103MJ)

(13K
843
1,116
1,373.7
1,461.6
1,248.9
976.2
939
827.7
1,363.5
1,086
986.63
960.62

3,600

47,458.26

2545

On Peak Partial Peak Off Peak

)

1,770
2,130
2,460
2,130
2,490
2,310
1,740
2,130
2,490
2,310
1,710

2,490

(W

4,110
4,260
4,500
2,520
4,710
2,580
3,960
3,690
5,280
4,470
4,170

4,710

(W

4,080
4,170
4,650
2,190
4,500
4,500
3,900
2,040
4,020
4,290
3,960

4,440

LPG

(ton)
44.54
108.95

85.33

118.83

48
0.3
53.55
39.93
41.87
21.81

50,220

28,279.38

NG
(MMBTU)
2,916.33
4,498.47
7,098.05
6,464.26
7,243.14
3,757.74
5,416.8
754.49
10,228.57
2,879.12
4,015.39
6,197.24

1,055

64,853.43

4

(103litres)
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

36,420

2.18



4.2

2544

LPG
)

55,080

LFG
(

94,370
21,120
41,140
87,020
30,220
53,610
74,580
10,820
101,280
58,032

54,790

NG
Jall

NG
(N3
112,030
128,358
41,515
84,835
93,481
48,814
110,894
90,977
26,079
137,573
101,910

75,259

24mm 54
()

1,111.87
2,648.79
574.83
920.48
2,545.15
768.55
1,484.23
2,221.22
204.65
2,025.08
1,991.08

1,315.79

42

g.00 [TM



4.3

4.4

(Ton)
474.88
1,312.4

1,321.85
1,650.65
1,408.27

1,332.89
1,271.26
1,109.63

960.62

10,842.45

(Ton)

327.09
560.16
1,301.43
1,389.13
1,233.07
876.97
632.24
202.51
1,475.39

208.3
577.96
1,177.75

9,962

17
144

56

94

51

87
73
120
58

700

115
170
389
279
399
263
197
66
481
72
185
420

3,036

43

2544

2544

(hr)



4.5
2545

(Ton)
562.83
478.34
1,469.65
930.13
1,328.93
834.17
558.21
764.56
655.49
724.47
687.06
632.23

9,626.07

302
261
311
164
306
394
295
343
286
229
395
260

3,546
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\AVRON

(Melting Furnace)

v

AN
(Holding Furnacce)

Y

- '
LATOIVIAD
(Caster)

v

a8
\ATONTA
(Rolling Mill)

v

P S

(987389 Rod fagunsm
(Picking Tank)

y

(981989 Rod Faenindiu
(Cold Rinsing Tank)

A

(9f1972 Rod Faurinfeu
(Hot Rinsing Tank)

!

duAReuHa Rod
(Soaping Tank)

!

{89 Rod UUWLEN
(Pallct)

'

uTIq
(Packing)

4.2

4.2

Rod

Rod

Rod

Rod

(Cathode)

35

2S

1120-1150 °c

45

4.3
25 |/
80x60
10.5 m/min
14
14
(HBDX) 20 %
Oxide

Blower



Shaft melting furnace

Holding furnace

.........

.......................

Melting

Packing

4.3

g
&
N\
ool
foo)
TS
®

(e o]

.........

Rolling mill

\e=—=|=—

Picking line

CD



a7

43 (Shaft melting furnace)
3
( A) 8 ( B) 9 ( C) 9
26
(Cathode) (Bar) (Rod)
26

( 250 ppm)

(Capacity) 4.4

4.5



Blower

4.4

i

Zone C

|

4

Zonc A

Regulator Regulator

@?@ %

Zone Regulators

Gas Station

00



Alr prenecter

r
1
Heat
exchanger
é & é Regulator  Reguiator
T LT TS
QI 1® !
Zone Regulators
Ges station
O |

Blower

4.5
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7. Cco

8. Multi Lab.

10. Launder

11.
4.3.2 ( 4.6 )

1. 16-41 psig
2. 120- 130 psig
3. (Regulator)

30 - 35 psig

7. Blower 10
8. “ g E-MAX ( 5)
1 50 - 80 WC ( 2)
9. 3-4
10. E-MAX ( 5)
1( 2) 18-20 WC

11. 1( 11) Safety valve 2



12.

13.

14.

51

T E-MAX ( 5)
co
1.80 - 3.00 % Vol.
2
1 2 “ON”
2.
3 co
433
1 2 E-
MAX 20 -30 WC
Inter lock ( 18) “OFF”
“Fuel stop”L
“ E-MAX 1
70 - 80 WC
“Blower stop” ( 7)
Slag
C E-MAX ( 13)
1( 2) 20- 40 WC
2
( 21) “OFF"




(s

S;
8

()3

16
1 Holding blower AMP 2 Air pressure burner NO. 1
3 Air pressure burner NO. 2 4 Recorder
5 E-MAX 6  Blower fault
7 Blower run 8  BurnerNO. 1
9  BurnerNO. 2 10 Blower start
11 Startl 12 Start?2
13 Blower stop 14
15 Lamp test 16 E-Stop

4.6
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5 kB 5

o~ W D P

434 Launder ( 4.7 )

30- 35 psig
“Blower stop” ( 9
Blower “Blower start” ( 6)
Launder ( 4, 5)
Launder
Safety valve
By pass
Launder
Launder
Launder 2-3 psig (
435 Launder
Launder
“Launder fuel stop” ( 12, 13)
Launder
“Blower stop” ( 9)

Launder

1-1.5 psig

4! 5)
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1 2
| B 2 T
\\_/// \\_1//

O

R \\\ =
10
YO TN
(OY L)
N S
12 13

1 Upper launder burner control

3 Launder blower AMP

5NO.2 Launder air burner pressm”
7 Upper Launder

9 Blower stop

11 Gas valve latch

13 Lower launder fuel stop

4.7

2 Lower launder burner control

4 NO.l Launder air burner pressure
6 Blower start

8 Lower launder

10 Gas valve open

12 Upper launder fuel stop

Launder



9.

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

55

4.3.6 ( 4.8 )
26 3 Row A
8 RowB 9 Row C 9 o
“ " Row C Row
B Row A )
128-130 psig
' ' 1 30-35 psig
(Aiir compressor) 25 - 30 psig
“Blower surge controller” ( 24) Lo
“Blower start” ( 30) 31

“Blower surge controller” N "

Air manifold pressure “Row A Lower”! 9) “Row B
Lower” ( 11), “Row C Lower”( 13) 15-20 WC
“lgnition start”! 16)
“Gas valve latch” ( 22)

Safety valve by pass

Safety valve by pass 32 - 33 psig
“Gas valve latch”

Safety valve main gas 2

Safety valve gas “Gas valve latch open” (

Row A

(Glass)

Air manifold pressure Row A ( 9) 30wcC

Row B Row C

26)
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20. Air manifold pressure Row A Row c 20wec ( 12)

15 WC ( 14)
21. “Raise”
( 10) Row A 45-50 WC “Raise” (
12) Row B 35-40 psig “Raise” ( 14)
Row C 25- 30 WC
22. Co
900 °c Co
1.80-3.00 %Vol. Co 1.80 %Vol.
limiting orifice 00 3.00%Vol.

23.

Slag

Launder



Row A burner control Row B burner control Row ¢ burmer control

4.8




1 Row A gas-air pressure control
3 Row c gas-air pressure control
5 Row A air manifold pressure

7 Row ¢ air manifold pressure

9 Row A Lower

11 Row B Lower

13 Row ¢ Lower

15 Gas for system

17 High firing rate

19 Reset alarm cooling water furnace

20 Furnace combustion air pressure

21 Ignition stop

23 Cooling water furnace stop
25 Temporary ignition

27 Reset alarm vaporizer

29 Gas valve latch

31 Lamp show

33 Lamp show

48( )

2 Row B gas-air pressure control
4 Furnace blower AMP

6 Row B air manifold pressure
8 Furnace gas pressure

10 Row A Raise

12 Row B Raise

14 Row ¢ Raise

16 Ignition start

18 Cooling water furnace start

22 Gas valve latch

24 Blower surge controller
26 Gas valve open

28 Furnace fuel stop

30 Blower start

32 Blower stop

58
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4.4, \

44.1 (Liquefied Petroleum Gas)

(LPG) Propane (C3H8
Butane (C4H 10)
Propane Butane
LPG
LPG
LPG Propane

' 1

Propane 70% mole Butane 30% mole Propane 30%

mole Butane 70% mole



D

4.6

(<)

(kg/cm 2,20°C)

( =1 15°C)

( =1 15°C)

(°C)
(kcal/kg)

(%

4.7

D1267)
D1837)

LPG

(kg/kg)

LPG

LPG

[17]

-42.07

0.508
1.548
481
12034
2.37-9.50
0.81
15.71
101.8

125

Butane

Ethyl Mercaptan

Gb
-47.7

9.8

0.522
1.453
458

11692

2.00-11.10

1.01
14.8
104.6

85

LPG

4.6

«

-0.5

0.584

2.071

441

11832

1.86-8.41

0.825

15.49

92.09

91

LPG

C4H,0

-11.73

2.95

0.563

2.067

544

11797

1.80-8.44

1.825

15.49

87.56

99

60

CHB

128

0.66-0.75

210-300
11200
1.5-4.7
0.83

14.7

91

(ASTM-
(ASTM-



Pentane

Volatile sulfur  156°C

Copper Strip Corrosion

(Vapour

61

47 (LPG) [18]
(ASTM-D)
Easily Detectable Easily Detectable
100 200
37.8°c psig 1267
60
95% V 760 mmHg °c 1837 2.2 2.2
mi/100ml 2158 0.05 0.05
156°c 1657
%V 2163 2.0 2.0
mg/m3 2784 343 A3
1838 NO.1 NO.1
2)
LPG LPG
LPG
pressure) Propane
Propane LPG
4.9
Propane Butane
=TS aUn w09’ + Oariu 109
. hthu)u ge o tho;m F0%
Jaiiu 1009 / Uty o AU 309
B ! /_l‘— Ty oo’:o Oarm <0
l— TusiJw 8o « Onnu sos
10 —— TUr0Uu 40 + Oanu eow
*3 Tunuu 30 + Juns 7o%
— &1 Turin 209 « Dunu sosw
74
‘i b Tunus 1o« Onu 9o
- s+
% 4 wofdaGaunu 1009
84
24
1
°
~30 =20 —10 0 10 20 30 0 %0 ©0 Quungl *q
4.9 (17]
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3) (SG)
LPG
4°c 1
0°c 1 1
15 °c Propane
0.508 Butane 0.584
4.10
0.600
0.580 uefun - Dunu
" 9:560 Tol» — Uapwu
E 0.540 .
£
% 0.s20
= Trrinu
‘Z 0.5001
e
< 0.4804
0.4804
Q.440
0.420
0.400 v
o o 10 20 30 40 50 60
qungd (*c)
4.10 [17]
Propane 1.55 Butane 2.07
LPG LPG
4)
LPG

LPG

LPG



LPG
5)
(Cv)
4.8
25°c
@] 0°c
15°c
100 °c
500 °c
Cv 15°c
6)

LPG

LPG (kcallkg-°C) [17]

0.6023

0.359
0.388
0.456
0.844
0343

05748

0.342
0.397
0438
0.822
0.361

(Ignition temperature)

480-550 °c
280-430 °c

Butane

LPG

(@
4.8

0584

0372
0.386
0438
0822
0.348

440-540 °c

63
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LPG (Reactant)
Propane C3H8t+ 502 3C02-4H20
Butane C4H10+6.502  ------------ > 4CO2+5H20
5
Propane 6.5 Butane
21% Propane 1
5021 = 24 Butane 1
6.5/0.21 = 31
4.4.2 (Natural Gas)
(Anaerobic)
(Non-Associated Gas) (Associated Gas)
Methane (CH4)
Ethane (C2H6), Propane (C3H8, Butane (C4H10),
Pentane (C5H 12) Natural Gas Liquid
(NGL)
70
1
49

4.10
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[20]

65
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« CHQ « Ny sdfice () 9
04 Q1 Q1 143 - 09
09 05 05 15 153 93
8 8 04 - 03
21 08 04 58 - 02
53 21 02 09 - 04
03 03 - 52 - 462
29 11 08 - - 438

05t01 @to05 02105



4.10

Qign Mtee HBae

@4 «“29
Pats e
(a3
Bask g3 85
(R
'\'H(\?;)bo 20 100
uthranyeh
o %5 180
Bugn
povl #3140
Wik g o
A(g)
9gsy
i &7 85
Tye
o DPD 00D

Qopadtion

Agme Beres ' ho©
<9 @0 o
76 50 36
34 15 10
37 10 07
98 45 16
58 20 09
60 37 16
145 Rl 08
5t 12 2t05 1t03

03

15

02

29

13

15

01

35

66

[20]

@»

20
02

89

71

41



Methane (CH4)
Ethane (C2H6)

Propane (C3H9)
Butane (C4H10
Pentane (C6H12

Hexane(CgJ

Carbon dioxide (C02)

Nitrogen (N2

4.12
Methane
/NG 1,000 ft3

Propane, Butane

4.13

67

[17]

90.795
3.277
0.187
1.039
1.025

0.019

2.468

3.190

(Dry gas)
Propane, Butane 01
(Wet gas Condensate gas)

0.1197 /NG 1,000 ft3



4.12

Component

Hydrocarbons

Methane (CH4)
Ethane (C2H6)

Propane (C3H9)
Butane (C4H10
Pentane (C5H12
Hexane (CgH,4)

Heptane+ (C7H

Nonhydrocarbon

Nitrogen (N2

Carbon dioxide (C02

Hydrogen sulfide (H2)

Helium (He)

Dry gas

70 to 90
lto 10
Traces to 5
Traces to 2
Trances to 1
Traces to 0.5

0 to traces 0.5

Traces to 15

Traces to 1

0 traces

0to5

(%

Wet gas or condensate gas

50 to 92
5to 15
2t 14
1to 10
Traces to 5
Traces to 3

Traces to 15

Traces to 10
Traces to 4
Oto6

0

) [20]

68



4.13

Compound

Element

Hcrogen
Heium

Niragen

Oy
Inorganic
Water
Gabnnmoodce
Gabmdadce
Haogmsulfice

Paraffins

Cycloparaffins
Gddeae
Aromatics
Bame
Tduee

Bhyoezere
lsqropylerzere

Molecular weight

(kg/kmol)

2016
4003
28014
3190

18015
28010
44010
AR

16013
3000
407
B13
B123
72150
7215
&K177
1024
14131
18728
W25

(21668K)

Melting point

temperatrue (K)

13%

16
@315
AD

27315
@15
21653
18768

D67
0K
b6
1n3%
IAH
2653
143
17784
1857
2163
21963
2649

1IR3

21863
17818
18D
17714

Boiling point

temperatrure (K)

03D
422
73D
D17

[20]

69

Volume ( 3kmol)

0023503
003275
0368
0(0220%0

0a1I80®d

00345
0037284

(0085174

0022598
010830

084D
010536
012781
013978
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2)
2.1) (?)
(kg/m3
(Normal conditions) (Standard
conditions)
0 °c
101325 Pa (1 atm)
15 °c
101325 Pa (1 atm)
(USA :60 °F 14.7 psia)
2.2) (V)
mV kg
2.3) (SG)

co  pfd(latm15.56°C(60°F)) (4.1
8= Pair( 1atm 15.56°c (60° F)) |



Si

2.4)

dy

SG,,

@)

(Dynamic viscosity, /j)

rc=m ~

N.s/m2

4.11

(4.3)

71

(4.2)



Viscosity (1er6 Pa- )

24

22

20

18

16

14

12

10

4.11

A

NN
NN

A

e -;;Decane

)

—"_‘-

RN

3 3
1

Temperature (°C)

50

[20]

72



2.5)

0 °c, 15 °c 25 °c

4.14

4.15

th/Nm3(1 th = 4.1855 MJ)

4.14

Origin
Lacq
Groningen
Sahara (Fos)

Sahara (Le Havre adjusted)

(Net heating value, NHV)

(Gross heating value, GHV)

kJ/Nm3
[20]

GHV (kJ/INm?3) NHV (kJ/Nm3)
40,474 36,453
35,158, 31,642
40,390 36,372
43,111 39,511

73
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4.15 [17]
MSC (Metric standard Conditions) T= 15°c 37.71 MJ/m3(gross)
P = 101325 Pa. 34.00 MJ/m3(net)
NTP (Normal Temperature Pressure) T= 0°C 39.78 MJ/m3(gross)

P =760 Hag.

Imperial T = 60 °F, P = 30" Hg. 1013 Btu/ft3(gross)

(Wobbe index Wobbe number)

GHV
= (4.4)

I

do

GHYV
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