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Reaction K value
k=X
Kp
K 58000
C,H,Cl, &= C,H;Cl+HCl Ky = 10130 exp (- 325
_ 8 44000
K, =3 x 10° exp( o T)
VC sy glacysgoze -¥ Jgux
Temperature (C) Pressure (MPa) Purity (%) Conversion (%) Water (ppm)
475 - 525 1.5-3 99.5 53-63 Less than 10
Shhes Olas y (o3 (ples -V Jgua
Components Mw (gr/mol) Npb (C) AH ¢99g (J/mol) Cp (J/mol.K)
EDC 36.5 +84 -2.42 %105 20.49
VC 62.5 -14 +3.517 x 10* 5.949
HCL 99 -85 -9.236 x 10* 30.67
VY Jlo slas 2 adgl Slgo caosd —F Jgur
Components Price ($/kg) Price ($/kmol)
EDC 0.3749 37.11
\Y© 0.4624 28.9
HCL 1.5891 56.41
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Components Mw (gr/mol) Nbp (C) Classification Destinations Code
H, 2 -252 Light Product
HCl 36.5 -85 By-Product
C,H, 2% 34 By-Product Valuable By-Product
Cl, 70.9 -34 By-Product
VC 62.5 -14 Primary Product Product
EDC 99 84 Reactant Recycle
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ton 1000kg 1 kmol 1yr
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2,5 dsloma 1) (55, b (il Jpazme (b2
Fryo=(Fy pp o XS)+ (FF,EDCX(I-S)) =320%0.99+320x0.01=323.23 Kmol/hr
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E,;=Product cost + Byproduct cost — Raw material cost

hr
E, =[Py XCye]+[Pyci*Cral — [Fr £pc*Cr gpc | ¥8150 r

$ kmol $ hr
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— » 3H:C1
B Recycle (CaHaCla)
VC sy wialyd (S by )L le -F IS0
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Fr.mc T Fanc Reactor Frme(l X)-; Separator i
|————— Poazn
5 Fepe{1-X) v

VC sy aigl &5lgo -¥ S

19505 drwle g i 1) () e b oald aseie aladi) (694,9 LS| aladi Jo> 4ijlgw g

Fr.mc Fme

Fepedl -
28551y 4 639,59 LIS s o> dijlge —F S50

Fepe (1 —X) + Frenc = Fenc

Frepc = Fepe * X

Frepe 32323
P =— = —=604.55 Kmol/h
EDC Ty T 70,533 ol/hr
o)..fu_n L8 e S50 () 9o ol QT Sl g g_ie.‘;l.gl.ioT lod &l s aalol o
SSLL ST sbos puti -7 Jgu
Components AHg, . (J/mol) Cp o (J/mol. K) AHg . (J/mol)
EDC -2.42 x 10° 20.49 -12 x 10°
VvC +3.517 x 10* 5.949 +3.799 x 10*
HCL -9.236 x 10* 30.67 -7.779 x 10*

AH= Z AHfProduct - Z AHfFeed

AH=[(-7779%x10*)+(3799%10*)+(-1.2x10°) |=80267
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AHXF 80267 —— x323.23 50! )5 944x100 &
— X . = — X _— X —_—
Q F.EDC Q mol ’ hr ’ hr

Q 25.944x10° &
M= T3 K = Ty Ty, m13214K
b 604.55 200 20,49
hr mol.K

50 Leo ioli8l (598 sadaiwle (slos b el TI8 K VC ygnsly jodds 5l (6 pfin slp e slos iSTas
0,95 &5 5,51, 392 il 4 a3l 0g dalgs LS oz l,8 0,65 s 0929 1A Al gad oalpdlel jlore 00gasme
@ by e slaools 0gd dwle ] Coas anjo ol 5L (Aol oo a0 Jals o ooliiwl cde a8) 59, o3
Wloads 2l ppeiwl (O- JSs) (dISTs GLS OV axis 5l Cost Models

Process Furnaces

Mid-1968 cost, box or A-frame construction with multiple tube banks, field erected.

e (5.52 x 10°)Q°#%(1.27 + F,)

280 )70 ' ¢

where Q = adsorbed duty, 10° Btu/hr; 20 < Q < 300
Fe=iFy By # 5,

Installed Cost, $ = (

1,000
=
E =
- 300 of Pl V4
3 =TT s
2 ‘I ,‘
%’ ~ U
o 100 ,
] > =1
= s
& 30 , i
g
=1 I
L I
10 Process fumnaces. [K. M. Gutkrie,
10 %00 I AN L Eng., 76(6): 114 (March 24,
Absorbed duty, 10% Bru/hr 1969)]

Correction factors F_ for process furnace

Desigo type f Radiant tube material E. psi E;
Process beater 100 Carbon stecl 00 Up to S00 000
Pyrolysis 1.10 Chrome/moly 035 1000 0.10
Reformer (no catalyst) 135 Stainless 07s 1500 015
2000 025
2500 0.40
3000 060

[S] 5dgm a3 0585 £ 51 59351 &1 by 5o Cost Models -6 Jsi
Sedgm 0y95 E9 5l H9ST) cual Al s

1798.1 3 0.5
Installed Cost= (W) (5.52x10%)(24.6"%)(1.27+1.45)=1467096.33 $
090 0 dumslone AVl a0 g0 Sl Al o
1 $
Total Annual Cost of Furnace=1422273.9 $x0.33 }7r=484141 .79 ;
10 )5 o0 dpmlone (golaidl Jnily soze Epp jl 655000 b Jl>

$ $ $
E,,=126213627 — — 484141.79 —=125729485.2 —
yr yr yr
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Abstract

Vinyl chloride monomer (VCM), the primary raw material in the production of polyvinyl
chloride (PVC), one of the most widely used polymers in the world, plays a vital role in
industries such as medical and construction. With the growing global demand for PVC,
optimizing the VCM production process in terms of technical, economic, and environmental
aspects has become a key issue.

This paper presents the design and economic evaluation of the vinyl chloride production
process using the Douglas method. This involves selecting appropriate operating conditions,
identifying key reactions, gathering initial process data, configuring input and output
streams, and estimating equipment costs. The results of this study indicate that the

production of this compound has favorable economic potential.

Keywords: Conceptual design, Economic evaluation, Vinyl chloride, Douglas method.
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