CENG 122 Separation Process
Sample Problem Set A
Office Hour: Tuesday and Thursdays, 5:00PM - 6:00PM

PROBLEM 1:

According to the equilibrium data of a binary mixture of hydrogen and methane shown in
the figure below, the relative volatility of hydrogen to methane is relatively high and
increases with decreasing temperature. One way of separating hydrogen-methane mixture
is partial condensation at low temperature. Such operation must be carried out at a
temperature below the dew point of the mixture and at high pressure. In a partial
condensation unit operation, a gas mixture containing 60 mol% hydrogen and 40 mol %
methane at 1000 psia is cooled to form equilibrium vapor and liquid products.

(@) Show that relative volatility of hydrogen to methane oy is relatively high and
increases with decreasing temperature at 1000 psia by calculating values of oy at
two distinct temperatures.

(b) What are the percent deviations of the actual ayw value and the K values from that
assuming an ideal mixture of hydrogen and methane at 1000 psia and -200 °F? Based
on the calculated deviations, make a comment on the non-ideality of hydrogen and
methane.

(c) Calculate the dew point temperature (Tgew) Of the feed gas mixture.

(d) If the gas mixture at 1000 psia is cooled to a temperature of -200 °F, what fraction of
feed will be condensed?

(e) If the gas mixture at 1000 psia is cooled to a temperature of -200 °F, what are the
percent purity and percent recovery of hydrogen in the vapor product?

Useful equations:

418.2

T(F) + 474.2]
1742.6

T(F) + 452.9]

P (psia) = 190.8 Exp[5.603 —

Py (psia) = 673.1 Exp[5.141 —

See next page for experimental data.
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Figere 2-23 Equilibrivm raties for the system hydrogen-methane. [ From Benham and Kar=, 1957, p. 33;
used by permissien,)

PROBLEM 2:
A 100 Ibmol/hr mixture of 25 mol% ammonia and 75 mol% water at 1 atm and 100 °F is

to be separated in a flash drum into vapor and liquid products.

(a) Assuming it is an ideal solution; calculate the relative volatility of the feed.
(b) What fraction of feed is vaporized?
(c) What are the percent purity and percent recovery of ammonia in the vapor product?

Useful Data:
4253.8

T(F) + 418.9
7173.8

T(F)+ 389.5]

P; (psia) = 1653.7 Exp[6.152 —

P, (psia) = 3206.7 Exp[6.533 —



Solutions

l.a

Temperature (F)

T(OF) Kwm Kn OHMm
-297 0.013 30.0 2307.7
-250 0.060 17.0 283.3
-200 0.290 10.0 345
-150 0.650 4.7 7.2
10000 4
= J
< 1000 4 AN
? ]
k= \
] \
[<5) ]
= .
= 103 ~o
[a'
1 T LN B S e B LU I i R S B B B BN B B
350 300 250 200  -150  -100




.

<CENG 122 Poklem Set 4

<

e
K = _'5_ e deal

: o, . X
at Qoo F wsing Antroine eqiac:

5 2

Fu = LI2& ﬂlﬁ*f?g;ﬂ\ K. =

ks

Vo = LITO %ja" Fsia e, =
e m

Q—HM = W TE. 1

Codaml |

Yo Aey Hu:ﬁ[!,_bl"r”’e‘“n D{riuxn'aq'lk) _(i

3.5
'h{HM Rl _—
:1’ o
| 1789 2
17,241 | o .
K L:fcd.fv _(JI gs} /! T ctoo = ' 12.6 j,ﬂ 7 netn- deedi iy
v | e o
- 5 & 11
Kw Yedey = (”" e i %*fm 4 T, 6 /o | Bakh
o 25 | Je-p‘-«:"—-"f;
El
iy Peigh = il ??'—: 4
A E .
C—"n.+ —Q'E}cja'[: . .l T
e Yeaeza 5 143 = 4
gk =i15o'E .6 Q. 2
&g T z 7Y
r-.I? G-é; G' # i
— ) I
&FrT==15 F Km = 0 & K, = BT
&= 5 XL . j. 8SH A
7 o

Solulhon

1i.26

6.2 —3#.;9
D

|

D.Y.



LENLy 122 Prebiem Sef 4 Solufion oty
oy v iy Ve .4
¥ s Ef—_ il e 1"1 . R < ot
| AR I |- Kz S|
_ 6.6 0. &
0,25 Jo -
T e.goDb = O %
ik
= SR s
:{ o = . (:"' . %.u
= ; ~ : [
1+ 0 2(i5-1) I+ $lga-1)
. M. 015172 o~ e S s 3 B
W g
H = KaXa® lofe o?) = & 13
Y"\ F b= T = | —8.713% = N, 21

?g Fh\‘r-iﬂi X |oe = \:’;I-i. = ﬂ & :"’u

Howeoag o ST gfSy g = 7%

X,



|I CENG s | Problem Sei 4 I'\I solut on _[l P 3

1.a. assumingy  ideal  sawhion
$ Pa
Pa = 2/3.8 psia K = % " IS8
5
£ _ s
Pw = 0 952 psia R Fw/F =0.065
Ty Ka _ #3585
or 0.0&x = 22 ¢ &
2-by,
fhf_lUE z E-.I.’P—.ld] o B
i+ W(leo-t)
Af = ’ c b-7¢
ber s (SE)- (52 <(2X)- ] -
P I b (k.,. |- 0.068 (rﬂ--ﬂ—* ® eet2
2.C,
> 0.212 ioco =242 lbal,
F =leo
ek
{bmol
L joo-212 = 76.8 A*"
Ky a o B e.28

L+ (K1) - [n.m2](M..t:~r_] = e

1l

Y‘_A = kﬂ'xh :[14_53‘}{&&65_) =R Py &, Fed

A opueiky = 94.4 %

"

fﬂ’-q%]{-?'f z) "ﬁﬁﬂl

.28 - foo

-]
‘o Becoysa

i
0o
&
it

o>

by



