CHE 305 “Separation Processes”
Spring, 2012 - Exam 1

Name: |< C y CWID:

1. A liquid and vapor containing water and ethanol are in equilibrium. The intensive variables that
describe this closed system are T, P, xw, Xz, Yw, and ve.

a. Define the term “intensive variable.”

Praperfy ﬂ\a:l' 1§ not J(Eanchnf oA 7““6"':*)(

b. Use the Gibbs Phase Rule to determine the number of intensive variables that must be specified in
order to calculate the remaining intensive variables.

Fz:C-P+X C=2 species P:2 phases
=) can Sfec.'Fy only variables (T3¢ e 'Forexample)

c. Write down the independent equations used to determine the remaining intensive variables.

2 Xi=l 2V =l . Note 'Hule w-
M\u : VU/)(W [o\‘E:YVX‘r Not be ideel.

2. A liquid mixture of 60 mol% benzene and 40 mol% toluene is at 1 atm and 88°C.

a. This mixture is heated until the first bubble of vapor is formed. Identify (with an ‘2a’) the initial and
final states on the TXY diagram. Write the bubble point temperature here.

£9.5 °C

b. The mixture is now heated to 98°C. Identify (with a ‘2b’) the liquid and vapor compositions. Write
the concentrations here.

Y3z 0724 Xg:=0.5

c. Use the lever rule to find the ratio of vapor to liquid produced.

L =0, S
VZ = g.:a-ofs’; 152 EZ : 32? = Od&

d. The mixture is now heated until the last drop of liquid is vaporized. Identify (with a ‘2d’) this state on
the TXY diagram. Write the dew point temperature here.

9 °C




3. 100 mol/h of a 40 mol% benzene and 60 mol% toluene liquid is fed to a single-stage flash unit
operating at 1 atm.

a. 20% of the feed is vaporized. Draw the material balance line on the XY diagram and label it 3a’.

L/v = Y& slope (w/ - sign)

b. Write the compositions of the vapor and liquid here.

c. Confirm that these products satisfy the material balance.

[00%0H = 20%0.525 + £0x 0.3¢
Yo = 40.3 close (etror in feading grarh)

d. Use the TXY diagram to find the operating temperature of this flash unit. Label that state ‘3d’. Write
down this temperature here.

~96,5 °C

4. 100 mol/h of a liquid mixture with 50 mol% benzene and 50 mol% toluene at a temperature of 90°C
is fed to a single-stage flash unit operating at 1 atm (760 mm Hg) and 95.5°C. 50% of the feed is
vaporized producing a vapor with 61 mol% benzene and a liquid with 61 mol% toluene.

a. Calculate the K values for benzene and toluene at these conditions.

Fc“-‘-' ’b‘(‘ £ "30"‘/(22049;.‘» s1Nes
l’f’s 'DA(GJL -1347/(.210.;;5;)); Y90

c1N&S 4io.
Kezipss h5¢ Kregy=0:65

b. Using the conditions of the feed as a reference state, calculate the enthalpy ofthe liquid and vapor
in ki/h.

Ry 0.122(955- 9o)+“""'° (§55"-10")
0. '3 h:/ﬁh‘

Az 0.99(§6.6-90) 4 222 2L "“""’ (;.r.r 70')
0.9 RT/mel
= 0.6I%096+0.3920.82 = 0.9518 RT/mof

HL Solst, oa1P &L ¢ 4L RT/n
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Benzene-Toluene XY Diagram
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c. Perform the Rachford-Rice procedure to confirm the above V/L split and temperature (no iteration
required this way) to find xg and vg.

s 2i(i-K:) _0.5(1-1.56) , 0.8(1-.65)
H'E"(K:'I) 14.501.56-1) 'q-o‘g("cg_,)

: =.22+2| V¥

: 05 = 0.1%

Xa 140.5(1.5¢-1)

Yo = O:5*1.5¢ .
- 1+ 06.80.8¢1) o.¢l

e DT e Tt yebebncomiontind thoseatnesuised fas th bl

Antoine Constants

A B c
Benzene 6.89272 1203.531 219.888
Toluene 6.95805 1346.773 219.693

LogyoP* (mm Hg) = A - B/[T(°C)+C]

Enthalpy a b c d Tu4e)
B (L) 1.27E-01 2.34E-04 0 0

B (V) 7.41E-02 3.30E-04 -2.52E-07 7.76E-11 80.1
T (L) 1.49E-01 3.24E-04 0 0

T(V) 9.42E-02 3.80E-04 -2.79E-07 8.03E-11 110.62

Co=a+bT+cT’+dT*(Cpin ki/mol °C and T in °C)
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CHE 305 “Separation Processes”
Spring, 2012 - Exam 1

Name: CWID:

1. Aliquid and vapor containing water and ethanol are in equilibrium. The intensive variables that
describe this closed system are T, P, Xw, Xg, yw, and yg.

a. Define the term “intensive variable.”

b. Use the Gibbs Phase Rule to determine the number of intensive variables that must be specified in
order to calculate the remaining intensive variables.

c. Write down the independent equations used to determine the remaining intensive variables.

2. A liquid mixture of 40 mol% benzene and 60 mol% toluene is at 1 atm and 88°C.

a. This mixture is heated until the first bubble of vapor is formed. Identify (with an ‘2a’) the initial and
final states on the TXY diagram. Write the bubble point temperature here.

98 %€
b. The mixture is now heated to 98°C. Identify (with a ‘2b’) the liquid and vapor compositions. Write
the concentrations here.

Xg ~0.32 Vg ~0.52

c. Use the lever rule to find the ratig of vapor to liquid produced.

. 049-0.32 _ v _HYo
V7: 6.52- 0.3 ° 102 T+ 6o ° ©.67

d. The mixture is now heated until the last drop of liquid is vaporized. Identify (with a ‘2d’) this state on
the TXY diagram. Write the dew point temperature here.

~|0l.5 “C




3. 100 mol/h of a 60 mol% benzene and 40 mol% toluene liquid is fed to a single-stage flash unit
operating at 1 atm.

a. 20% of the feed is vaporized. Draw the material balance line on the XY diagram and label it ‘3a’.

s Y & Slope (V/ - Sign)

b. Write the compositions of the vapor and liquid here.

Ya~0.26 Xg~0.5¢

¢. Confirm that these products satisfy the material balance.

I0ex%x 0.6 = 20x%,7¢ + O r 5¢
606 = 60 V

d. Use the TXY diagram to find the operating temperature of this flash unit. Label that state ‘3d’. Write
down this temperature here.

A-,O.‘.C

4. 100 mol/h of a liquid mixture with 50 mol% benzene and 50 mol% toluene at a temperature of 90°C
is fed to a single-stage flash unit operating at 1 atm (760 mm Hg) and 95.5°C. 50% of the feed is
vaporized producing a vapor with 61 mol% benzene and a liquid with 61 mol% toluene.

a. Calculate the K values for benzene and toluene at these conditions.

b. Using the conditions of the feed as a reference state, calculate the enthalpy of the liquid and vapor
in ki/h.
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3. 100 mol/h of a 60 mol% benzene and 40 mol% toluene liquid is fed to a single-stage flash unit
operating at 1 atm.

a. 20% of the feed is vaporized. Draw the material balance line on the XY diagram and label it ‘3a’.

b. Write the compositions of the vapor and liquid here.

¢. Confirm that these products satisfy the material balance.

d. Use the TXY diagram to find the operating temperature of this flash unit. Label that state ‘3d’. Write
down this temperature here.

4. 100 mol/h of a liquid mixture with 50 mol% benzene and 50 mol% toluene at a temperature of 90°C
is fed to a single-stage flash unit operating at 1 atm (760 mm Hg) and 95.5°C. 50% of the feed is
vaporized producing a vapor with 61 mol% benzene and a liquid with 61 mol% toluene.

a. Calculate the K values for benzene and toluene at these conditions.

Alteraative to Anteine’ L’"

= y s :.-(.—[: '-“
Ka Fe 3

_ .8 .
KT,_*V‘,.'I_:_ :..‘:.._.0.6"!

b. Using the conditions of the feed as a reference state, calculate the enthalpy of the liquid and vapor

i I Al"'erha*.. ‘&,’l‘.ﬂ.\mgfg)
Cra s O.|17+2.3‘lu|5‘19° 2 O.Wf_EI

Cet = 047+ 3.24 216 a§o e 018 «

mn s O.H‘f(s.g) = 0," ha:{hol
U= 0.020(56)=0.98

Hy s o-"-’-'-'(o.l-! xzo.\ﬁ’ +0.3%

= “'(: WS /n
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