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Chemical Engineering Fundamentals CEFCHA2: Exam

Question One [Total: 42 Marks]

The analysis of a coal indicates 75-wt% C, 17-wt% H, 2-wt% S, and the balance non-
combustible ash. The coal is burned at a rate of 5000 kg/h, and the feed rate of air to the
furnace is 50 kmol/min. All of the ash and 6% of the carbon in the fuel leave the furnace as a
molten slag; the remainder of the carbon leaves in the stack gas as CO and COg; the hydrogen
in the coal is oxidized to H2>O, and the sulphur emerges as SO,. Assume that air composition
IS (21%-0O2, 79%-Ny>).

The selectivity of CO to CO production is 10:1.

1.1 Calculate the theoretical oxygen (kmol/h) required for complete combustion inside the

furnace. 9
1.2 Calculate the actual amount of oxygen (kmol/h) fed to the furnace. (2)
1.3 Calculate the percentage air fed to the furnace. 3
1.4 Use atomic mass balance approach to calculate the total moles of the stack gas
(kmol/h). 17)
1.5 Calculate the mole fractions of the gaseous pollutants (—CO and SO>—) in the stack gas.
(4)

1.6 Emitted sulphur dioxide by itself is a health hazard, but it is a more serious threat to the
environment as a precursor to acid rain. Under the catalytic action of sunlight, the
sulphur dioxide is oxidized to sulphur trioxide, which in turn combines with water
vapour to form sulphuric acid, which eventually returns to earth as rainfall. Acid rain
formed in this manner has caused extensive damage to forests, fields, and lakes in many
parts of the world. For the furnace described above, calculate the rate of formation of
sulphuric acid (kg/h) if all the emitted SO2 is converted in the indicated manner (for acid
rain). (6)

Question Two [Total: 34 Marks]

Dry ice (solid CO2) has been used as a mine explosive in the following manner. A hole is
drilled into the mine wall, filled with dry ice plus a small charge of gunpowder, and then
plugged. The gunpowder is lit with a fuse, vaporizing the CO2 and building up an explosively
high pressure within the hole. Use each of the following empirical correlations to estimate the
pressure that will develop if 5.00g of dry ice is placed in a 50 mL hole and heated to 1000 K,

Mw {CO.} = 44.01g/mol

2.1 Ideal gas equation of state. (5)
2.2 The compressibility factor equation of state (12)
2.3 The SRK equation of state (13)
2.4 Calculate the percentage error that results from calculations in 2.2 and 2.3. 4)
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Question Three [Total: 15 Marks]

A quantity of liquid chloroform is placed in an open, transparent, three-litre (3L) flask and
boiled long enough to purge all air from the vapour space. The flask is then sealed and
allowed to reach equilibrium at 30°C, at which temperature chloroform has a vapour pressure
of 243 mmHg. Visual inspection shows 10 mL of liquid chloroform present. Density of
chloroform = 1.489 g/mL and Mw {chloroform} = 119.39 g/mol.

3.1 What is the pressure in the flask at equilibrium? Explain your reasoning. )

3.2 What is the total mass (grams) of the chloroform in the flask? You can assume ideal gas
behaviour. (10)

3.3 What fraction of chloroform is in the vapour phase at equilibrium? (@)

Question Four [Total: 27 Marks]

During your final year of study at University Johannesburg, you were required to conduct an
experiment to determine the effect of pressure and temperature on phase changes. Your
supervisor asked you to collect the data and you managed to record the following readings, n-
hexane vapour at 200°C and 2.0 atm relative to n-hexane liquid at 20°C and 1.0 atm,
assuming ideal-gas behaviour for the vapour.

4.1 Construct clearly the process path for this phase changes (8)

4.2 Determine the total specific enthalpy (kJ/mol) at the specified conditions (12)

4.3 What is the enthalpy of n-hexane liquid at 20°C and 1.0 atm relative to n-hexane vapour
at 200°C and 2.0 atm? 2

4.4 Beginning with the value of Hcalculated in Part (4.2) and still assuming ideal-gas
behaviour; determine the specific internal energy of the vapour at 200°C and 2.0 atm. (5)

END [Total: 118 Marks]
EXAMMINATION MARKS [100 marks]
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USEFUL EQUATIONS AND FORMULAE

t .
PV =nRT; BA=BR%R o, _T. m=udp, A=2p=p1 p=2
T, T, m vM t
t(°C) = T(K) — 273.15; t(°F) = T(R) — 459.67; t(°F) = 1.8t(°C) + 32;
F Vg Ah
=== 55 Pas=Fy(or pgh) + Pam
Interpolation: M = (XZ_X)M1 + (X_X1 ) M, OR M = Malez XM (X))
X,—X, X,—X, Xo—X1
Double Interpolation:
| X, X X,
Y, | M, M2
¥ M=? [{%-X XX Y-¥ X, - X X=X Y-¥
Y| M, Maa M"[(xz—X.)M"' * (Xz—X\)M”:] h-nt [(x;—x,)”"' N (xz-x.)'"“] Y-t
Wirreversible. dmey, . .
AEypiy = DEgygy + AEgyyy = 0; U T— — = Am =gy — iy
Energy balance for open systems: % = —mA [U + %uz + gh] +Q+W
Energy balance for steady-state flow processes: Am (H + %uz + gh) =Q+ W
Mechanically reversible closed system processes:
ConstantV:  Q = nAU =n f;f C,dT = nC,AT
ConstantP:  Q =nAH =n fgz CpdT = nC,AT; W =—R(T,—T,)
. v, Py v, Py
Vi Py Vi Py
R R Cp
T S AN T, _ (P2 /cb. [ AN _ ¢
Adiabatic: T, (Vz) ’ T, (Pl) ' P, (VZ) ’ Y= cy’
]/—1/ '}/—1/
Adiabatic: W =AU = C,AT = 220 = ST _ Pt Al (T g S A (B T g
' - - Ty-1T y-1  y-1 y-1|\py “y-1|\p,
Virial equation truncated to 2 terms: Z = % =1+ %; truncated to 3terms:Z = 1 + @ + %;
Lee/ Kesler correlation: Z = Z° + wZ?;
Generalized Pitzer correlation: Z = 1 + (B° + wBl)% :B% =0.083 — OT'A;_Z(,Z; B! =0.139 — %

Ty Cp'9

1G:Q = nAH =n [ L=dT = n|AT,(r - 1) + 2T2(1? - 1) + ST - 1) +Ti(;1)] =nfE (T, -

To

To);where, 7 = T
TO
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B ¢ 2(+2 D
(Cp)y =R A+ETO(T+1)+§TO(T +714+1)+

1T?
. L d(nPY) _ AR, «_ AR,
Clausius-Clapeyron equation:  ——— T~ R orilnp®=—-—"+B
. P! Py
General entropy change: AS = C, In= —In—=
Ty Py
ig ig
cas O e ) :
Entropy change for IG: - = Tlnr_o - lnP—O, — = A+ [BTO + (CTO +

For residual properties: VR =V -V 9; HR=H-H";

0 1

sos-eteeny me(E) velm) 0 -
;I_Yizpr[(o'OS?’—1};?67)+w(0.139—°%;f’24)]; %=—Pr[%_765+w(
- (Z-B)
Z_1+B_qB(Z+eB)(Z+GB)

7)
T2T2

(T+1
T

CEFCHA2: Exam

) (&)

GR=RTIn¢

() +o(?)

0.722
T2

0

)

1

Fugacity and fugacity coefficient: ¢ = (¢°)(¢1)w;f = ¢P;Ing = Z XiIng, ;in¢ = ?(B0 + wBY)

Raoult’s law: y4P = x4p™(T)

Modified Raoult’s law: y;P = x;y;Pf* where P =¥, x;y;P{* or P =

Henry’s law: y,P = x,H,(T)

Antoine Equation: log10P" = A — ——
T+C

1

Pgat

Yiyi/ViP;
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Table A.1: Conversion Factors Energy 1J=1kgm?s2=1Nm
- 10-5 4
Quantity Conversion : ; ;n;z ;n:?(a‘mn;a bar = 10 cm® bar
Length _ Lm=100cm = 107 (dyne) cm = 107 (erg)
= 3.28084(f1) = 39.3701(in) = 0.239006(cal)
e _ ‘I{k 03 =5.12197 x 1073(ft)*(psia) = 0.737562(f1)(1br)
ass 2=10"¢g & ~4(Bu) = 2. =)
=2.20462(1br) 9.47831 x107*(Bw) =2.77778 %10~/ kWhr
_ i 2 -3 =
R IN=1kgms=2" Power lkw:ggg(:aloi:_g]m s3=10%Js
=10°(dyne) = 737.562(ft)(Ibg) s
=0,224809(Iby) = (f)(ibg) s :
=0.947831(Btu) s~
Pressure Ibar=10°kgm~! s~2 = 10 Nm—2 = 1.34102(hp) A
= 10° Pa= 102 kPa
= lﬂﬁ{dyne) em™2
= 0.986923(atm)
= 14.5038(psia) Table A.2: Values of the Universal Gas Constant
= 750.061(torr)
s . R=8314Jmol~! K~! =8314 m® Pamol~! K~!
Volume L = 100 cxy = 107 liecs = 83.14 e’ bar mol~! K~! = 8,314 cm? kPa mol=! K~
fg:f:;;ma}l - =82.06 cin® (atm) mol ™! K~ = 62,356 cm?(torr) mol ! K1
-2l = 1.987(cal) mol=! K= = 1.986(Bu)(Ib mole)~ ' (R)~!
Density 1gem=3=10% kgm™? = 0.7302(ft)’ (atm)(1b -ﬁo]l)" (R)~! = 10.73(fy* (psia)(1b mol)~" (R)~"
= 62.4278(Ibg ()3 =1,545(f)(Iby)(1b mol) = (R)~!
0422 s (RT.)? T, = _7;
B, = 0.083 - ')-l;- a = 0.42747 Tc 7: - Tc + 8K r Tc
e » RT. P* =P, +8am P
B=0i39-217 mpIRR c="le Pe=>
b m = 0.48508 + 1.55171@ — 0.1561a° €.
B'-‘A;,I‘(Buow&) T.=T/T, PV=ZRT V:dﬂ|=PcV
‘ a= [l+"l(]—\/:i:;)]- RT.
T, =T/T,.
Pseudocritical Temperature: T.=yaTea+ysTecn +ycTc + ++-
Pseudocritical Pressure: P.=ysPca +ygPes + ycPec + «++
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TABLE B.4 Antoine Equation Constants*

. B .. e
log,,p" = A F7C p inmmHg, 7in°C
Example: The vapor pressure of acetaldehyde at 25°C is determined as follows:

. . 1600017
log]o pr?,|*0(25°() = 8.00552 m = 29551

= Pe,n,0(25°C) = 1007 = 902 mm Hg

Compound Formula  Range (°C) A B C
Acetaldehyde CyHL O 0210344 8.005852 1600.017 291.809
Acetic acid CHyO, 298101265 738782 1533313 222309
Acetic acid* CyHL 04 01to 36 78807 14167 225
Acetic anhydride C,H,0; 628101394 714948 1444718 199817
Acetone C;H, 0 12910553 711714 1210595 229.664
Acrylic acid CiH O 20010700 565204  £48.629 154.683
Ammonia* NH; ~83 1060 7.55466  1002.711 247885
Aniline CelhN 102610 1852 7320010 1731515 206.049
Benzene CeHs 14.5 1o 80,9 689272 1203531 219.888
n-Butane n-CyHyp 78010 03 6.82485 943453 239711
i -Butane 1-CyHyg 851te 116 678866 899.617  241.942
1-Butanol GO 892101257 7.36366 1305198 173427
2-Butanol CHpO 72411w0107.1 7.20131  1157.000 168.279
1-Butene CyHs ~77510 -37 6.53101 810,261  228.066
Butyric acid Cylls O 20.0 to 150.0 871019  2433.014 255.189
Carbon disulfide CS; 3610799 6.94279 1169.110 241.593
Carbon tetrachloride CCly 14.1 to 76.0 687926 1212021 226409
Chlorobenzene CeHsCl 620101317 697808  1431.053 217.550
Chlorobenzene® CeHsCl 01042 710690  1500.0 2240
Chlorobenzene* CH:Cl 4210230 6.94504 141312 2160
Chloroform CHCl; 10410603 6.95465 1170966 226.232
Chloroform®* CHCl; 3010150 690328  1163.03 2274
Cyclohexane CeHys 199 10 81.6 6.84941 1206001 223,148
Cyclohexanol CeHy2 O 93.7 10 160.7 6.25530 912866 109.126
n-Decane n-Cplly;; 945101751 6.95707 1503568 194,738
1-Decene CioHmw 868101716 6.95433 1497527  197.056
1.1-Dichlorocthane CHyClL, 38810176 6,97702 1174022  229.060
1.2-Dichloroethane GHCl 308t0994 702530 1271.254 222927
Dichloromethane CH,Cl, —40.0 10 40 740916 1325938 252616
Diethyl ether C4H,O 60.81019.9 692032 1064066 228.799
Diethyvl ketone CsHyO 565101113 7.02529 1310.281 214.192
Diethylene glycol CyHyO; 1300102430  7.63666 1939359  162.714
Dimethyl ether CHLO ~782t0 -249 697603 889264 241957
Dimethylamine CG:H;N -71.8106.9 7.08212 960,242  221.667
N.N-Dimethylformamide CH,NO  30.0 1o 0.0 6.92796 1400869  196.434
1. 4-Dioxane CyHs O 20.0to 105.0 743155 1554679 240,337
Ethanol C,H,0 19.6 to 93.4 811220 1592.864 226.184
Ethanolamine CH,NO 654101709 TA5680 1577670 173368
Ethyl acetate CyHz O 15610758 710179 1244951  217.881
Ethyl acetate* CyHs O, 2010 150 TO9R08  1238.710 2170
Ethyl chloride CyH:Cl -55910125 698647 1030007 238612
Ethylbenzene CsHyg 56.510137.1 695650 1423543 213.091

“Based on T. Boublik, V. Fried, and E. Hala, The Vapour Pressures of Pure Substances, Flsevier,
Amsterdam, 1973, i marked with an asterisk (*). constants are from Lange s Handbook of Chemistry,
9th Edition, Handbook Publishers, Inc., Sandusky, OH, 1936,

(continued )
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A

Compressibility factor, z = PVIRT

TABLE 5.3-1

Pitzer Acentric Factors

(Values with * were in the 4th edition of the reference in Footnote 1)

Compound

Acentric Factor, @

Ammonia

Argon

Carbon dioxide
Carbon monoxide
Chlorine®

Ethane

Ethylene
Hydrogen sulfide
Methane
Methanol
Nitrogen
Oxygen*
Propane

Sulfur dioxide®
Water

0.257
-0.002
0.225
0.045
0.073
0.099
0.087
0.090
0.011
0.565
0.037
0.021
0.152
0.251
0.344

1.20

CEFCHA2: Exam

1.15
1.10

1.05
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Chemical Engineering Fundamentals

TABLE B.1 Selected Physical Property Data

CEFCHA2: Exam

SG AHL(Tw)™ AR, (Ty)* (AA) (AR
Compound Formula Mol Wt.  (20%4°) T (°C)* kJ/mol T (°CY kJimol  T«(Kj)* P.(aum)/ kJ/mol kJ/mol
Acetaldehyde  CH:CHO 405 0783 -1237 — 20.2 25.1 461.0 — —-166.2(g) —11924(g)
Acetic acid CH;COOH 6005  1.049 166 12.09 118.2 24.39 594.8 571 ~486.18(1) ~871.69(1)
—438.15(g) -919.73(g)
Acetone C3H,0 808 01 =950 5.69 56.0 30.2 SU8.0 4740 -248.2(1) = 17851y
-2167(2)  —18214(g)
Acetylene CH, 2604 — — — -81.5 17.6 W5 616 +22675(g)  —1299.6(g)
Ammonia NH; 1703 — -778 5.653 -3343 23.351 405.5 1113 =67.20(1)
~46.1%(g) ~38258(g)
Ammonium NH,;OH 3503 —_ _ —_ —_ — _ _ —366.48(aq) —_
hydroxide
Ammenium NILNO: 8005 1.725% 169.6 54 Decomposes at 210°C 365.14(c) —
nitrate —399.36(aq)
Ammenium (NH,);80; 13214 1769 513 Decomposes at 513°C ~1179.3(c)
sulfate after melting - 1173.1(aq)
Aniline CHIN 9312 1022 -63 —_— 184.2 _ 699 2.4 — —
Benzaldehyde CqH;CHO 10612 1046 =260 — 179.0 38.40 — — —88.83(1) =3520.0¢1)
~40.04(g) —
Benzene CeHy 7811 0879 553 9.837 80.10 30.765 562.6 48.6 +48.66(1) —3267.6(1)
+82.53(g) 3301 5(g)
Benzoic acid CHL0; 12212 1.266" 1222 — 249.8 — — — — —32267(g)
Benzyl alcohol  C7HO 10813 1045 ~154 — 205.2 — — — —_ 3741 .8(1)
Bromine Br; 15983 3119 ~74 10.8 58.6 3.0 584 102 ol) —
1.2-Butadiene  CyH; 5409 — -136.5 — 10.1 — 446 — —_ —
1,3-Butadiene  C;H, 5400 — -1091 — —-4.6 — 425 42.7 — —
n-Butane CiHyo 3812 — 1383 4.0661 ~0.6 22.305 42517 3747 ~147.0() ~2855.6(1)
-124.7(g) —28785(g)
[sobutane CsHio 5812 — =159.6 4.540 -11.73 21.292 408.1 36.0 ~1584(1) =2849.0(1)
134.5(g) 2868.8(g)
1-Butene CsHg 56.10 — —1853 3.8480 -6.25 21.916 419.6 39.7 +1.17(g)  —27186(g)
Calcium CaC, 6410 22218 2300 — — — — — —62.76(c) —
carbide
Calcium CaCOy w009 293 Decomposes at 825°C —1206.9(c) —
carbonate
Calcium CaCl; 11099  2.182v 782 2837 >1600 — — — ~794.96(c) —
chloride
Calcium Ca(OH), 7410 224 (—H,0 at S80°C) —986.59(c) —
hydroxide
Calciumoxide  CaO 5608 332 2570 50 2850 - —_— - —635.6(c) -_—
Calcium Cay(POy); 3101y 314 1670 - - —_ —_ - —413%(c) —_
rhosphate
Calcium CasSio, 116,17 2915 1530 4862 — — — — ~1584(c) —
silicate
Calkium CaS0y 136,15 296 -_— _— -_— -_ - - 1432.7(c) -
sulfate 1450 .4(aq)
Caleium CaSO, 2,0 17218 232 (LS H,Oat 128°C) 2021(c}
sulfate
(gypsum)
Carbon (s 12010 226 3600 460 4200 — — — O(c) 393.51(¢)
(eraphite)
Carbon €O, 44.01 — ~56.6 833 (Sublimes at ~78°C) 304.2 729 —412.9(1} -
dioxide at5.2atm -393.5(g) —
Carbon S, 76,14 1261377 1121 439 615 168 SS20 780 +87.9(1) ~1075.2(1)
disulfide +115.3(g) 1102.6(g)
Carbon (8 ¢) 280 — =205.1 0837 -1915 6.042 1330 345 =110.52(g) =282 .99(g)
monoxide
Carbon CCly 15384 1595 229 251 76.7 30.0 556.4 450 139.5(1) 352.(1)
tetrachloride =106.7(g) ~385.0(g)
Chlerine Cl, 70.91 — -101.00 6.406 —34.06 204 117.0 76.1 0(g) —
Chilorobenzene  CsHsCl 11256 1107 45 — 13210 365 6324 446 — —
Chloroethane CHsCl See ethyl chloride

“Melting point 5t 1 atm.

"Heal of fusion a1 T, and 1 aim.

“ Boiling point at 1 atm.

“Heat of vaporization a1 1, and 1 atm.

¢ Critical tcmperaturc,
7 Critical pressure.

*#Hcat of formation al 25°C and 1 atm.
*[lcat of combustion at 25°C and | atm. Standard states of products are CO,(g), [L,O(l), SO;(g), 1ICI(aq). and Nyig). To calculate AH? with [L,O(g) as & product, add
44.01n, to the tabulated value, where i, = moks H,O formed/mole fuel burned.

*To convert AH to keal/mol, dwvide given value by 1.184; to convert to Btu/lb-mole, multiply by 430.28.

(comiinuwed)
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n-Heptane CyH5 100.20  0.684 —90.59 14.03 98.43 31.69 540.2 27.0 —224.4(1) —4816.9(1)
~187.8(g) —4853.5(g)
n-Hexane CeHyy 86.17  0.659 —95.32 13.03 68.74 28.85 507.9 29.9 —198.8(1) —4163.1(1)
—167.2(g) —4194.8(g)
Hydrogen H; 2.016 — —259.19 0.12 —252.76 0.904 333 12.8 O(g) —285.84(g)
Hydrogen HBr 80.92 e 86 — 67 — — — —36.23(g) —
bromide
Hydrogen HCl 36.47 — —114.2 1.99 ~85.0 16.1 324.6 815 —92.31(g) —
chloride
Hydrogen HCN 27.03 — -14 — 26 — — — +130.54(g) —
cyanide
Hydrogen HF 20.0 — —83 — 20 — 503.2 — —268.6(g) —
fluoride —316.9(aq, —_
200)
Hydrogen H,S 34.08 — —85.5 238 —60.3 18.67 373.6 88.9 —19.96(g) —562.59¢g)
sulfide
Todine 1, 2538 493 1133 — 1842 — 826.0 — 0(c) —
Iron Fe 558 77 1535 15.1 2800 3540 —_ — O(c) —
Lead Pb 207.21  11.337%7/% 3274 5.10 1750 179.9 — 0(c) —
Lead oxide PbO 223.21 95 886 11.7 1472 213 — — —219.2(c) —
Magnesium Mg 24.32 1.74 650 9.2 1120 131.8 — —_ c) —
Magnesium MgCl, 9523 2.325% 714 431 1418 136.8 —_ —641.8(c) —
chloride
Magnesium Mg(OH); 58.34 24 Decomposes at 350°C — —
hydroxide
Magnesium MgO 40.32 3.65 2900 774 3600 — — — —601.8(c) —
oxide
Mercury Hg 200.61 13546 —38.87 — —356.9 — — — O(c) —
Methane CHs 16.04 — —1825 0.94 —161.5 8.179 190.70 458 —T74.85(g) —890.36(g)
Methyl C3HO2 7408 0933 —98.9 —_ 57.1 —_ 506.7 46.30 —409.4(1) —1595(1)
acetate
Methyl alcohol CH3;OH 3204 0792 97.9 3.167 647 35.27 513.20 78.50 -238.6(1) 726.6(1)
(Methanol) 201.2(g) 764.0(g)
Methyl CHsN 31.06 06991 -92.7 —_ -6.9 — 429.9 73.60 —28.0(g) —1071.5(1)
amine
Methyl CH;C1 5049 — -979 — —-24 — 416.1 65.80 —81.92(g) —
chloride
(continued)

TABLE B.2 Heat Capacities

Form 1: C,[kJ/(mol-°C)] or [kJ/{mol-K)] = a + bT + ¢T? + dT°
Form 2: C,[kJ/(mol-°C)] or [kJ/(mol-K)] = a + bT + T2

Example: (Cp)seone(ey = 0.07196 + (20,10 X 10 )T — (12.78 X 10 %)7? + (34.76 x 10 '2)1°%, where T isin *C
Note: The formulas for gases are strictly applicable at pressures low enough for the ideal-gas equation of state to apply.

Range
Mol. Temp. (Units
Compound Formula Wt State Form Unit ax10°  bx1¢° ¢ x 108 d x10? of T)
Acetone CH:COCH; 5808 1 1 °C 123.0 18.6 30-60
g 1 °C 7196 2010 -12.78 34.76 0-1200
Acetylene CH, 2604 g 1 °C 4243 6.053 -5.033 18.20 0-1200
Air 290 g 1 °C 28.94 0.4147 0.3191 1.965 0-1500
g 1 K 28.09 0.1965 0.4799 1.965  273-1800
Ammonia NH; 1703 g 1 °C 3515 2.954 0.4421 —6.686 0-1200
Ammonium sulfate (NH: S804 13215 [ 1 K 215.9 275-318
Benzene CeHg 78.11 1 1 °C 126.5 234 6-67
g 1 °C 7406 3295 -2520 77.57 0-1200
Isobutane CsHio 5812 g 1 °C 8046  30.13 -18.91 49.87 0-1200
n-Butane CyHypo 5812 g 1 °C 9230 27.88 -15.47 34.98 0-1200
Isobutene CyHg 56.10 g 1 °C 82.88 254 -17.27 50.50 0-1200
Calcium carbide CaC; 64.10 c 2 K 68.62 1.19 8.66 x 10° — 298-720
Calcium carbonatc CaCOq 100,09 ¢ 2 K 8234 4.975 ~12.87 x 101 — 273-1033
Calcium hydroxide Ca(OH), 74.10 c 1 K 80.5 276-373
Calcium oxide Ca0O 5608 c 2 K 41.84 2.03 -4.52 x 10" 213-1173
Carbon C 1201 c 2 K 11.18 1.095 4.891 % 10 273-1373
Carbon dioxide CO, 4401 [ 1 °C 36.11 4.233 —-2.887 7464 0-1500
Carbon monoxide CcO 2801 g 1 °C 28.95 04110 0.3548 —2220 0-1500
Carbon tetrachloride  CCly 15384 1 1 K 9339 1298 273-343
Chlorine Cly 7091 g 1 °C 33.60 1.367 ~1.607 6473 0-1200
Copper Cu 63.54 c 1 K 22.76 0.6117 273-1357
(continuecd)
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TABLE B.2 (Continued)

Chemical Engineering Fundamentals

CEFCHA2: Exam

Range
Mol. ‘lemp. (Units
Compound Formula Wt.  State Form Unit aX10° 5X10° e X 108 d x 1012 of T)
Cumene CoHy> 120.19 g 1 °C 139.2 53.76 —39.79 1205 0-1200
(Isopropyl benzene)
Cyclohexane CeHy» 84.16 g 1 °© 94140 49.62 31.90 80.63 0-1200
Cyclopentane CsHy 70.13 g 1 b & 7339  30.28 -25.54 68.66 0-1200
Ethane C,Hg 30.07 g 1 °C 4937 13.92 —5.816 7.280 0-1200
Ethyl alcohol C,HsOH  46.07 1 1 °C 103.1 0
(Ethanol) | 1 G 158.8 100
g 1 °C 61.34 15.72 8.749 19.83 0-1200
Ethylene C;H,4 28.05 g 1 < 4075 1147 —6.801 17.66 0-1200
Ferric oxide Fe, 05 159.70 c 2 K 103.4 6.711 —17.72 x 10% —_ 273-1097
Formaldehyde CHO 30.03 g 1 “C 34.28 4.268 0.0000 -8.69%4 0-1200
Helium He 4.00 g 1 T 20.8 0-1200
n-Hexane CeHys 86.17 | 1 °« 2163 20-100
g 1 © 137.44 40.85 -23.92 57.66 (=1200
Hydrogen H, 2016 g 1 °C 2884 000765  0.3288 ~08698  0-1500
Hydrogen bromide ~ HBr 80.92 g 1 °c 29.10  —0.0227 0.9887 —-4.858 0-1200
Hydrogen chloride HCl1 3647 g 1 °C 2913 01341 0.9715 4335 0-1200
Hydrogen cyanide HCN 27.03 g 1 2% 353 2.908 1.092 0-1200
Hydrogen sulfide H,S 3408 g 1 °C 3351 1547 0.3012 -3292 0-1500
Magnesium chloride  MgCl 95.23 c 1 K 724 1.58 273-99
Magnesium oxide MgO 4032 c 2 K 4544 0.5008  —8.732 % 10" 273-2073
Methane CHa 16.04 g 1 « 3431 5.469 0.3661 11.00 0-1200
g 1 K 19.87 5.021 1.268 -11.00 273-1500
Methyl alcohol CH;OH 32.04 1 1 © 7586  16.83 0-65
(Methanol) 2 1 %K 4293 8.301 -1.87 -803 0-700
Methyl cyclohexane  C7Hyy 98.18 g 1 << 1213 56.53 31.72 100.8 0-1200
Mecthyl cyclopentane  CoHy 84.16 g 1 °C 9883  45.857 30.44 83.81 0-1200
Nitric acid NHO; 63.02 1 1 G 110.0 25
Nitric oxide NO 30.01 g 1 ‘< 29.50 0.8188  —0.2925 0.3652 0-3500
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