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The assigned task of the present work has been the use of a directed flow graph method to select  the uniquely 
possible opt imal  hydrodynamic and temperature regimes for the operation of different i tems of apparatus included in 

a processing scheme,* The opt imal i ty  cr i ter ia  that were chosen were min ima  in the mater ia l  (G, L) and energy (H) 
consumptions. 

In accordance with the graph method, we obtained the tree of the graph (Figs. 1 and 2), the number of r e c y -  
cles, the rank of the graphs, the number of arcs, the number of unconstrained independent variables,  and the cyc lo -  
mar ie  matr ix  [1]. 

As a result of ca lcula t ing  the process parameters  in accordance with the cyc lomat i e  matr ix ,  it  became pos- 
sible to make an op t imal  select ion of (m-n)  unconstrained variables,  where m is the number of process parameters  

and n is the number of equations. The independent variables were selected by a bipart i te  graph method [2, 3], where-  
upon it became possible to obtain the following numerica l  values: 

a) For the ma te r i a l  independent flows: 

LI = t8 mS/h; 
L2 19 mS/h; 
L 5 -  1,3 mS/h; 

L8 = 38,4 m3/tai 
L9 = 126 mS/h; 
G2 = 0,7 mS/h; 

b) For the energy dependent  flows: 

H1 --- 324 000 kca l /h ;  
H, -- 890000 kca l /h ;  
Ha = 1 010 006 kca l /1 ;  
Hs = 695 000 kca l /1 ;  
H6 = 1 190 000 kca l l  1; 
H7 = 2 225 000 kca l / h  
H8 = l 480000 kca l th .  
Hto = 142 000 kcal/h:, 
H n = 7 7 5 0 0  kca l /h ;  
H13 = 5 450 000kcal/h; 
H~4 = 680 000 kca l /1 ;  
H~6 = 85000 kca l /1 ;  
Hi7 = 84 000 kca l /  

Ga = 0,5 mS/h; 
G4 = 4,5 mS/h; 
G8 = 1 mS/h~ 

G9 = 0,65 m.S/h; 
T~ = 3,3 mS./h; 
Ts = 34 mS]h. 

His = l l8000 kca l /h ;  
Hm = 162 000 kcal]h;  
H2o = 240 000 kcaD~h; 
H22 = 45 500 kcalga,  

H23 = 187000 kca l /h ;  
H24 = 57000 k c a l / h ;  

H~6 --- l 550 000 kcal],h; 
Hao = 1 575000 kca l /h ;  
Hat = 1 940 000 kca l /h ;  
Has = 92 000 kcal ]h;  
Has = 55000 kca l /h ;  
H37 = 210000 kca l /h ;  
Hz3 = 260000 kca l /h .  

For the commerc ia l  object  of this investigation,  the amount of raffinate obtained (L n)  amounts to 12.46 m3/h; 
the amount of ext rac t  (Ln) is 4.95 m3/h; the takeoff  of water (GT) is 2.24 m3/h; the quantity of raffinate solution (L3) 
leaving the extractor  K-2 is 15.9 mS/h; the quantity of raffinate with low phenol content (L4) entering the stripping 
tower K-4 is 13.56 m3/h (including 0,676 m3/h phenol); the quantity of extract  solution (Ls) passing from the drying 
tower K-6 to the extract ion tower K-5 is 35.7 m3/h; the quantity of extract  (LT) with low phenol content passing from 
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Fig. 1 

Fig. 1. Graphical representation of material  flow paths: 

Fig. 2 

A 1 - absorber K-l ;  Az - extractor K-2; A 3 - vaporizer tower 

K-3; A 4 -- stripping tower K-4; A s - drying tower K-5; A 6 - extraction tower K-6; A 7 - stripping tower K-g; As--point 

of mixing CI; A 9 - point of separating Cz; At0 - point of mixing C3; A n - point of separating C4; At2 -- dry phenol stor- 

age E4; L l -- feedstock; L 2 - phenol-containing feedstock after K- l ;  L 3 - raffinate solution after K-2; L 4 -  raffinate 
with small  amount of phenol entering K-4; L~ -- mixture of phenol and water entering K-5; L6 -- solution of extract 

with major part of phenol entering K-6; L7 - extract with smalt content of phenol entering K-7; L s - solution of ex- 

tract passing from K-2 to K-g; L 9 -  phenolic water entering K-2; L10- vapors of phenol and water entering K-I ;  L n - 

raffinate; L12 -- extract; G1 - mixture of phenol and water leaving K-4; G2 - mixture of phenol and water leaving K-7; 
G s - mixture of phenol and water entering C2 from K-7; G 4 -  mixture of phenol and water entering C3; G 5 - uncon- 

densed vapors and gases together with azeotropic mixture of vapors leaving K-g; G6 - mixture of phenol and water 

vapors (recalculated as liquid); G 7 - w a t e r  from K-l ;  G 8 - v a p o r s  entering K-4; G 9 -  vapors entering K-7; T l - p h e n o l  

leaving K-6 and entering E-4; T z - phenol entering E-4 from K-3; T 3 -- phenol entering K-2. 

Fig. 2. Graphical representation of energy flows: B 3 - absorber K-l ;  B 5 -- extractor K-2; B7 -- drying tower K-5; B 9 -- 

extraction tower K-6; B10 - stripping tower K-7; ~0 - vaporizer tower K-3; B21 -- stripping tower K-4; B13 (C2), B23 (C4) - 
points of separation; Bls (T-6), B 1 (T - l ) ,  B6 (T-10) - heat exchangers; B4(T-4), B22(T-7), Bls(T-9), B27(T-8), Bze(T-12), 

BI? (T-13), t311 (T-I4) -- coolers; B 2 (T-2), Bzs (T-5) - steam heaters; I313 (Cz), 132s (C4) - points of mixing; I319 (F-l), 98 (F-2) -- 
furnaces; H 1 - heat in feedstock after T- I ;  H 2 -- heat in feedstock after steam heater T-2; H 3 -- heat in phenol-con-  

taining feedstock after absorber K- l ;  H 4 -  heat in phenol-containing feedstock entering extractor K-2; H s - h e a t  con- 

tained in raffinate solution leaving extractor K-2; H6 -- heat in raffinate solution after heatexchanger T-6; H 7 -- heat 

in raffinate solution entering vaporizer tower K-3; Hs - heat tramferred by raffinate solution from vaporizer tower K-3 

to stripping tower K-4; H9 - heat of phenol and water passing to point of mixing C4 from stripping tower K-4; Hi0 -- 

heat of pheno l -wa te r  mixture entering cooler T-12; I-Ill -- heat of pheno l -wa te r  mixture entering drying tower K-g; 
H n -- heat of extract solution leaving drying tower K-5; Hm - heat of extract solution entering extraction tower K-6; 

H I 4 -  heat of extract entering stripping tower K-7; H I 5 -  heat of extract Ieaving stripping tower K-7; H I 6 -  heat of ex-  

tract; H17, H i s -  heat of vapor entering stripping towers K-7 and K-4; H19- heat of feedstock entering treatment; Hz0- 

heat of mixture of vapor and gases leaving t i r i n g  tower K-5; Hzl - heat of stream from mixing point Cz to cooler 

T-13; Hzz -- heat contained in phenolic water entering extractor K-2; Hm -- heat of phenol and water vapors entering 

absorber K-9; H24 - heat passing from K-7 to C2; Hzs - heat contained in phenol vapor leaving vaporizer tower K-3; 
H2s -- heat in raffinate leaving stripping tower K-4; Hz7 -- heat passing from K-7 to C4; Hzs -- heat in phenol vapors 
leaving extraction tower K-6; Hz9 - heat in phenol after T-10; Hs0 -- heat contained in extract solution leaving ex-  
tractor K-2; Hsl - heat in phenol entering extractor K-2; Hsz - heat contained in phenol after T - l ;  H33 - heat con- 
tained in phenol after cooler T-8; Hsa-  heat in water vapors leaving absorber K- l ;  Hss - heat in waste water; Hs6, 

HsT- heat contained in raffinate before and after cooler T-7;  Hss - h e a t  contained in extract solution entering drying 
tower K-g; Qs, Q19 - heat obtained by material  streams in furnaces F-2 and F-9, respectively; Qz, Q2s-heat  obtained 

by mater ial  streams in steam heaters T-2 and T-5,  respectively; Q4, Qn, Q17, Qls, Q27, Q~, Q24 - heat given up by 
mater ial  streams in coolers T-4, T-14, T-13, T-9,  T-8,  T-7,  and T-12, respectively. 
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the extract ion tower K-6 to the stripping tower K-7 is 5 mS/h; the quantity of phenol and water vapors reca lcula ted  

as liquid (Ll0) entering the absorber K-1 is 3.11 mS/h; the quantity of p h e n o l - w a t e r  mixture (GI) leaving the s tr ip-  

p i n g  tower K-4 is 1.1 mS/h; the quantity of uncondensed vapors and gases together with the azeotropic mixture of 

vapors (G s) leaving the drying tower K-5 is 0.95 m3/h ( recalcula ted  as liquid); the quantity of mixed phenol and 
water vapors (GG) is 0.2 m3/h ( recalcula ted  as liquid); and the quanti ty of phenol (T 1) passing to storage E4 from the 

ext rac t ion  tower K-6 is 30.7 mS/h. 

By means of the energy flow graph, a l l  of the required heat  flows of this process were calculated:  

H~ = 390 500 kca l /h ;  
H~ = 48 000 kca l /h i  
H~= = 2 487 500kcal/h;  
H~s = 495 000kcal ,/h; 
H2~ = 110 000kcal/.h; 
No5 = 745 000kcal/h; 
Hi; = 94ooo kcal/h; 
H28 = o 465 000 kca l /h ;  

Ql7 = 64 500 kca l /h ;  
Q19 = 1 035 000 kcal/h~ 
Q,s == 72 000 kea l /b ;  
Q~7 491 000 kca l /h ;  

H29 = 3 710 000 kcal/~l; 
Ha2 = 583 000 kcal/,h; 
H34 = 67 000 kca l /h ;  
H~s = 67 000 kca l /h ;  
Q2 = 566 000 kca l /h ;  
Q4 = 6 195 000 kca l /h ;  
Q~ = 2912500 kca l /h ;  
QH = 442000 kca l /h ;  

Q28 = 1 764200 kca l /h ;  
Q~4 64 500 kcal/]a; 
Q22 845000 kca l /h .  

From the quantities of heat  that the mater ia l  streams obtained in the heaters and gave up in the coolers, i t  be -  
came possible to ca lcu la te  the water consumption in the coolers and the amounts of fuel or steam in the heaters that 

are required to main ta in  the opt imal  course of the process. 

Assuming that the water temperature  rises l g ~  across the coolers, the water consumption rates can be ca l cu -  

lated.  

For the coolers, the water consumption is as follows: T-4  - 41.4 mS/h, T-7 -- 56.3 mS/h, T-8 - 32.8 mS/h, 
T - 9 -  4.8 mS/h, T - 1 2 -  4.3 mS/h, T-13 - 4 . 3  mS/h, and T - 1 4 -  29.5 mS/h. The quantity of steam (pressure I kg /  
cm z and temperature  120~ supplied to the heaters will  be 566 mS/h for T-2 and 1764.2 ma/h for T - g .  

The quanti ty of residual fuel oil  burned in the furnaces is 29.1 kg /h  for F-2  and 10.4 kg /h  for F-1.  

S U M M A R Y  

1. A directed flow graph method has been used to set up a ma thema t i ca l  description of a process, calculat ing 

a l l  opt imal  values of ma te r i a l  and hea t  parameters  of the process. 

2. The required consumptions of water, fuel, and steam have been ca lcula ted  for opt imal  processing, which 
opens up the possibil i ty of a 25% increase in the yield of desired product (with residual feedstock). 

3. It has been noted that variations in the amount of feedstock supplied to the extract ion tower have l i t t le  in-  
f luence on the operat ion of the coolers or heaters in this process flow plan. 
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