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Recycle and Bypass

E82 — Techniques in Process Flow Diagrams
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* No reactors go to completion.

* No separators have perfect separation.

* Wasted reagents are wasted money.

* Recycle (like feedback) can improve performance.

No Recycle
Recycle
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A C C C3H8 e C3H6 £ Hz
—>@ R ® S N A—-B+C
No Recycle @ =
Given: Feed 100 mol/s A
Reactor: fa=0.10 (10%)
Separator: t,,=0.995, t5,=0.950, ¢, =1
HARVEY
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Recycle Example (continued) Material Balances COLLEGE
Reactor Separator E62
£=(100)(0.10)=10 mols 5 =(0.995)(90)=89.55 mol/s
1i,, =100-10 =90 mol/s i, = (0.05)(10) = 0.5 mol/s
ri,, =0+10=10 mol/s 1, =(0)(10) = 0 mol/s
B, = DRI =10 molis B, =", ~7,, =0.45 mols

R, =Ny, —Np, = 9.5 mol/s

(N Y T 10 mol/s



A
B — B
A C c CH -CH +H,
—>] R * S
(1) (2) 5 A—>B+C
B
No Recycle @
Stream 1 Stream 2 Stream 3 Stream 4 Reactor Separator
N 100 90 89.55 0.45 fa 0.1 tas 0.995
ng 0 10 0.5 9.5 Va -1 tas 0.950
ne 0 10 0 10 Vg 1 tea 1.000
n 100 110 90.05 19.95 Ve 1
Xa 1 0.8182 0.9944 0.0226 v 1
Xg 0 0.0909 0.0056 0.4762 & 10 mol/s
Xc 0 0.0909 0.0000 0.5013

Flows in mol/s

Recycle Example (continued) Same System with Recycle

10%-
C

A R S
O 40 ©
®
Reactor
E= 0.10r2,, mol/s

A

n,,=n, —0.10m, =0.90n,

Separator
n,,=0.99n,,
n,, =0.005n,,
Mixer

TiA5=1OO+TiA3

Material balance for component A
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Recycle Example (continued) Same System with Recycle
Successive substitution for solution

i, =0.907,
n,, =0.995n,, =0.995(0.907, )

n,, =100+, =100+0.995(0.90r, |
7,5 1-0.995(0.90) | =100

100

= [1 —0.995(0.90)} ~ 909

n

Recycle Example (continued)

Four equations in four unknowns

Solution Similar approach for B and C
n,,= 861 mol/s g, = 101 mol/s h,, = 96 mol/s
nAS =857 mol/s r'zBS =5.0 mol/s r'LC3 =0 mol/s
n, =4.3 mol/s n,, =96 mol/s 1., =96 mol/s

fLA5 =957 mol/s nB5 =5.0 mol/s fLC5 =0 mol/s
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Recycle Example (continued)

What did recycle buy us?

Overall fractional conversion = P ._ Mas
n
f =05 _0957vs. 0.0
100

Overall extent of reaction

&, =100-4.3=95.7 mol/s vs. 10 mol/s
What did it cost?

1, =1058 mol/s vs. 110 mol/s

1, = 862 mol/s vs. 90 mol/s

@

0O W >

P LIG

®)

Stream 1 Stream 2 Stream 3 Stream 4 Stream 5 Reactor
n, 100 861.2 856.9 43 956.9 fa 0.1
ng 0 100.7 5.0 95.7 5.0 Va -1
ne 0 95.7 0.0 95.7 0.0 Vg 1
n 100  1057.7 862.0 195.7 962.0 Ve 1
Xa 1 0.8143 0.9942 0.0220 0.9948 v Y
Xp 0 0.0952 0.0058 0.4890 0.0052 3 95.7 mol/s
Xc 0 0.0905 0.0000 0.4890  0.0000
Fiows in mol/s Overall
fao 0.957
& 95.7 mol/s

Separator

tas 0.995
tas 0.950
tea 1.000

HARVEY

MUDD
COLLEGE

E82

HARVEY

MUDD
COLLEGE

E82



HARVEY
MUDD
Byp ass COLLEGE

E82
* Less common than recycle.

¢ Common example is fruit juice concentrator.

Feed Process Product
Unit
Bypass stream
HARVEY
MUDD
Pur ge COLLEGE
E82

* Often necessary to remove trace species in the feed.

* Used with recycle when the separator has a split fraction of 0 on a
trace species.

* Less expensive than an additional separator.

No Purge Purge



HARVEY

MUDD
Actual PFD COLLEGE
E82
Mixers and dividers are almost never shown on actual PFD’s.
R s @ > R E
D Q
While Learnin In Practice
MUDD
Simplifying PFDs COLLEGE
methane DEODERS E82
hydrogen RIODENE
HlowichieetlealiibclEE Y
simplified by drawing !
a surrounding box and et | g
inputs and outputs. 7 R 2 s 3
For example, the E e
process flowsheet for e

the dehydrogenation of
propane to propene.

Stripper

recycle
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Simplifying PFDs (cont.) COLLEGE
propane
methane E82
hydrogen [PREEEILE
The absorber and
stripper can be :_ _____________________ :
combined into one ! . g :
separator for propane | _ *cg JE o) !
calculation purposes r R g 15 E|
! A A8|
1 1
1 . J 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1
: recycle !
1 1
_______________________ 1
MUDD
Simplifying PFDs (cont.) COLLEGE
E82
The reactor, separator,
distillation column,
methane
and rgcyclg loop can be o
combined into an
overall process block B _t .
for calculation i :
l | propane

purposes. Teabane .

1 N propene



HARVEY

: : MUDD
Application COLLEGE
methane IR Fnte
. propene E82
Let’s look at the hydrogen
calculations for this @ | @
slightly more realistic
dehydrogenation 2 5 § CHg— A
propane  \ I J = g
process. @ > R g 7 5| C;Hg—B
3 25| cH, -C
Product flow rate — 100 mol/s — & =D
Product stream 6 — 98% propene recycle @
Recycle stream 5 — 97% propane
CH,—CH +H, e, =ﬁ0.35 (in reactor)
C3;Hg— .
CH,+2H —3CH, Sel = '3—6gen = 2 (in reactor)
NCH,—gen
HARVEY
methane MUDD
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Application (cont.) 7 f COLLEGE
- A E82
Propene is produced - : J -
by reaction 1 only, so S ! —> grogene
] @ ' (6)

&, =(0.98)(100 mol/s) = 98 mol/s

NB_gen = B¢ — NB1 = Npg
Nc_gen = Ne7 — Ny = Ny

Np_gen  Tigg VB,1£1 51
Sel = 5 == = — = -
Dcgen N7 pepbn 36
. 4 98
f=2L=2

6 6



Application (cont.)

methane
hydrogen

1
propane ! I propane

@ | :@) propene
1 1

Mole balance on A
Mo =Ny+ V1A§1 + V2A§2
2=n, -98-16.3

= riAl =116.3 mol/s

Application (cont.)

Ay = a3
Ja=——

UIN)

=> Ripz = nia(l —f)

fias = Fpp +Ua 81 Fuaby =np— 61— &

Rar(1 —fp) = 1ipp — 51 = 52
o E+& 98 +%
fa

a2 0.35

Material balance on A around each element

M i, =116.3+7,
S1 ﬁ’A4 B ﬁ’A3 _nA7 =n

S2

A3
ES 1y, =iy
Solution

n,,=326.6 mol/s
n,,=212.3 mol/s

n,, =212.3 mol/s

n,. =210.3 mol/s

.n5

Recycle 97% A
. 210.3

= =306

methane
hydrogen

propane \2

O TL

recycle
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propane
propene

T®

Separator

A 4

( Distillation

L

column

- =216.8 mol/s
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propane Stream 1 Stream 2  Stream 3 Stream 4 Stream 5 ; Stream 6  Stream 7 CULLEGE
C3H8 -A methane n, 1163 3267 2123 2123 2103 2 0 ES2
C.H.-B hydrogen RICDENE ng 0 651 1045 1045 651 98 0
3'%6 - ne 0 0 49 0 0 0 49
CH4 = (C Q ny 0 0 65.3 0 0 0 65.3
@ n 1163  333.2] 4312 3168 21638 100, 1143
Hz -D Xa 1 098 0492 0670 0970,  0.020 0
Xg 0 0020 0242 0330 0030 0980 0
- Xc 0 0 0114 0 0 0 0429
propane 2 5 5 Xp 0 0 0152 o 0 0 0571
. R ‘é g = Flows in mo'/s
Q © = E Reactor
> o % fa 035
» 0o Sel o m1 R2

Va -1 -1

e mat Ve 1 0

Ve 0 3

recycle @ Vo 1 2

v 1 0

& (mol/s) 98 1633

21



