100507 Exam 2 Materials and Energy Balances
ANSWERS ON SEPARATE SHEETS. NAME IN THE UPPER RIGHT CORNER OF EACH
PAGE AND NUMBER THE PAGES. (LEAVE (TOP LEFT) ROOM FOR A STAPLE)
(Gas constant, g, and periodic table are given at the end.)

1)* Titanium dioxide is produced from an ore that contains ilmenite, FeTiOs3, and Fe,Os. The
ore is digested with sulfuric acid to produce and aqueous solution of titanyl sulfate
[(TiO)SO4] and FeSO4. Water is added to hydrolyze titanyl sulfate to H,TiOs, which
precipitates, and H,SO4. The precipitate is then roasted to drive off water and leave a
residue of pure TiO».

a) Give the chemical structure for ferrous sulfate and ferric sulfate.

b) What happens when an oxidizing agent such as hydrogen peroxide is added to an
aqueous solution of ferrous sulfate?

c¢) Suppose an ore containing 24.3% Ti by mass is digested with an 80% H,SO4 solution,
supplied in 50% excess of the amount needed to convert all the ilmenite to titanyl
sulfate and all the ferric oxide to Fe,(SO4);. Further suppose that 89% of the
ilmenite actually decomposes. Calculate the masses (kg) of ore and 80% sulfuric
acid solution that must be fed to produce 1000kg of pure TiO,.

*Modified from Question 4.44 of the R.M. Felder and R.W. Rousseau Text.

2)* Ethanol is produced commercially by the hydration of ethylene. Some of the product is
converted to diethyl ether. In this process the feed to the reactor contains ethylene, steam
and an inert gas. A sample of the reactor effluent gas is analyzed and found to contain
43.3 mole % ethylene, 2.5 % ethanol, 0.14 % ether, 9.3% inerts and the balance water.

a) Write stoichiometric equations for the two reactions.

b) Take as a basis 100 mole of effluent gas, draw and label a flow chart, and do a degree
of freedom analysis based on atomic species.

c) Calculate the molar composition of the reactor feed, the percentage conversion of
ethylene, the fractional yield of ethanol and the selectivity of ethanol production
relative to ether production.

d) Why is the reactor designed to consume so little reactant? What additional processing
steps are likely to take place downstream from the reactor?

*Modified from Question 4.51 of the R.M. Felder and R.W. Rousseau Text.

3)* When a fireplace is used, a draft is induced that causes the hot gases to flow up the stack.
The theoretical draft, D (N/m?) is the difference in the hydrostatic head in the stack and
ant the furnace inlet. The actual draft takes in to account pressure losses in the flowing
gasses. Let Ty(K) be the average temperature in a stack of height L (m) and T, the
ambient temperature and let My and M, be the average molecular weights of the gases
inside and outside the stack. Assume that the pressures inside and outside the stack are
both equal to atmospheric pressure, P, (N/m?).

a) Use the ideal gas law to obtain an expression for the theoretical draft as a function of
P, L, g, R, My, T,, M and Ts.

b) Describe 3 other methods/equations, discussed in class, that could be used to give a
better expression for the theoretical draft.
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c) Suppose the gas in a 53- m stack has an average temperature of 655°K and contains 18
mole% CO,, 2% O,, and 80% N, with barometric pressure of 755 mm Hg and
outside temperature 294°K. Calculate the theoretical draft (mm Hg) induced in
the furnace.

d) How could the draft be improved?

*Modified from Question 5.28 of the R.M. Felder and R.W. Rousseau Text.

a) Explain the relationship between the Clausius-Clapeyron equation and the Arrhenius
equation. What is a thermally activated process?

Pure chlorobenzene is contained in a flask attached to an open-end, mercury manometer.
When the flask contents are at 58.3°C the height of the mercury in the arm of the
manometer connected to the flask is 747 mm, and that in the arm open to the
atmosphere is 52 mm. At 110°C the mercury levels are 577 mm and 222 mm
respectively. Atmospheric pressure is 755 mm Hg.

b) Extrapolate the data using the Clausius-Clapeyron equation to estimate the vapor
pressure of chlorobenzene at 130°C.

c) Air saturated with chlorobenzene at 130°C and 101.3 kPa is cooled to 58.3°C at
constant pressure. Estimate the percentage of the chlorobenzene originally in the
vapor that condenses.

d) Summarize the assumptions you made in doing this calculation (Part c).

*Modified from Question 6.12 of the R.M. Felder and R.W. Rousseau Text.

g=9.807 m/s?

PERIODIC TABLE OF THE ELEMENTS

GROUP
1 1A Rtpedfvww kif-split dperiodniion/
o | oo RELATIVE ATOMIC MASS (1) £ ; =
<] q ac A 4 ] metal L] semimetal [_] Nonmetal
,: H GROUPIUPAC_ |~ GROUPCAS [l #ikati metal [18] Chalcogens element
womosen| 2 (1A 13 | 1K (5] Aklns ot ot 5] Hologons soment 13 A 14 VA IS VA 16 VIA 1Y VIA
3 69414 90122 | ATOMICNUMBER- S 10811 [ Transition metals [i] Moble gas 5 10816 1201|7 14.007|8 15900|% 18098
. — .
2| Li Be oL —+—§ L] Lanthanicie STANDARD STATE (25 °C; 101 kPa) B C N (§) F
i i BORON ] actinide Ne -gas _FG-M"G 8oRON. | camrson | nmrooen | oxvoen | FLuomise
11 22990 |12 24.305 AL Ga -liquid 1 - syathetic 13 26982 | 14 28085 [15 30.974 [16 32065
ELEMENT NAME.
3| Na | Mg . ALlSi| P |8
_ SODIUM | M UM 3 B 4 VB 5 VB 6 VB 7 VIE 8 [ 10 11 18 12 1B | Ausinius | SILICON. | PHOSPHORUS| SULFHUR
19 20.006 (20 40.074 [ 21 44,955 | 22 47.867 | 23 50.042 | 24 51.006 | 25 54036 |26 55.845 | 27 56.033 | 28 58,603 |29 63546 |30 6530 |31 60723 |32 726433 7400234 7896
. .
4/ K|Ca|Sc |Ti|V |Cr|[Mn|Fe|Co|Ni|[Cu|Zn|Ga|Ge|As | Se
POTASSIUM | GALCIUM | SCAMDIUM | TrTAmIUM CHROMIUM IRON cosmt | wickeL | coerer | ane | cauw | GERManiumM| aRSEMIc | sEenum
37 85.460 |38 87.62 |30 06,906 (40 91.224 |41 92906 |42 9594 |43 (95 |dd 101.07 |45 102.91| 46 106.42 |47 107.67 |48 11241 |49 11482 (50 11871 |51 121.76 [52 127.60
SIRb [ Sr | Y | Zr [Nb | Mo | Tec ([Ru | Rh | Pd | Ag (Cd | In | Sn | Sb | Te
_RUBIDIUM |5 UM| YTTRIUM | ZIRCONIUM | NIGBIUM TECHHETIUM| rioDiuM | paucapim | suver | caomum | woum T | ANTIMONY | TELLURIUM
55 1329156 137.33| s7.7] |72 1764973 128095 | 74 18384 |75 186.21|76 190.23|77 192.22 |78 19508 |79 196.97 |80 20050 |81 204.33|82 207.2 | 83 208.95 |84 (209) | 85
THE GASCONSTANT " Hf [ Ta | W | Re ([Os | Ir | Pt | Au | Hg | Tl | Pb | Bi | Po
ide] paerun penow | osmum | moww | pramivum | coto | wercury | THauuw | LEap | miswuTH | POLONIUM| ASTATIME
8.314 m3-Pa/(mol-K) 3 |104 (261)|105 (262) (106 (266) | 107 (264) [108 (277) 109 (263)| 110 (281) (111 (272)| 112 (285) 114 (289)
008314 L-bar/(mol-K) rRE | Db | Sg | Bh | Bs | Mt (Uun|Unn| Uub Uug
) ar (mo E DUBNIUM BOHRIUM | HASSIUM ) THLMGUADH
0.08206 L-atm/(mol-K) ‘ _ :
LANTHANIDE Copyrght & 1998-2003 Eni {origktt-split.hr)
62.36 L-mm Hg/(mol-K) 57 138.91|58 140.12| 59 140.91) 60 12424 |61 (145)| 62 150.35 | 63 151.96 | 64 157.25 | 65 15893 |66 162.50 | 67 164.93| 68 167.26 | 69 16893 |70 17304 |71 17497
07302 £6-atm/(Ib-mole-“R La | Ce | Pr | Nd [Pm|Sm | Eu |Gd| Tb | Dy | Ho | Exr | Tm | Yb | Lu
. t°-atm/(lb-mole-°R) L cERIUM_[pR HEODYMIUM|PROMETHIUM SaMariuM | EuRoPiUM |capoLmiun] TERsM |ovsProsim| notwium | EREM | THULLM | viTEReuM | LuTETIUM
3 ~ S ACTINIDE
10.73 ft p51a/(lb mole-°R) 89 (227) |90 23204 |91 231.04 |92 22803|93 (237 |94 (244)| 95 (242)|96 (247)|97 (47|98 (25099 (252|100 (257)|101 (258|102 (259)|103 (z62)
Ac | Th [ Pa | U | Np | Pu | Am |Cm | Bk | Cf | Es [[Fm | Md | No | Lr
8.314 J/(mol-K) Reimal
THORIUM [ProTacTiiun] uRANIUM. | NEPTURIUM | PLUTOMUM | AMERIGIUM | cURIUM | BERKELIUM |caLFoRNUM ENSTERNUM] FERMIUM | MERDELEVIUM| HOBELIUM [LAWRENGIY
1.987 cal/(mol-K)
1.987 Btu/(Ib-mole-°R) 2




