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Briefly define the following pressures:

(i) Gauge pressure

(i1) Atmospheric pressure
(iii) Absolute pressure
(iv) Vacuum pressure

(4 marks)

(i) Define “zeroth law” and “1°' law” of thermodynamics.
(3 marks)

(i1) Illustrate using diagrams the differences between Open and Closed
systems.
(8 marks)

A stream of warm water is produced in a steady-flow mixing process by
combinin 1.0 kg/s of cool water at 25°C (298.15 K) with 0.8 kg/s of hot water at
75°C (348.15 K). During mixing, heat is lost to the surroundings at the rate of 30
kJ/s.
Calculate the temperature of the warm-water stream. (Specific heat of water
constant is 4.18 kJ/(kg.K).

(10 marks)

Define and sketch diagrams to show the differences of the following phase
change process:

(i) Compressed liquid
(i) Saturated liquid
(iii) Saturated liquid and vapor mixture
(iv) Saturated vapor
(v) Superheated vapor
(5 marks)

For each condition below, sketch a P-v diagrams for steam and label clearly the
pressure, specific volume, temperature clearly, and categorize the phase of each
state (on the diagram). Refer to Table Q2 (b).

(i) P =20bar, T'=250°C,
(i) T=212.4°C,v=0.09957 m3/kg,
(iii) P =10 bar, h=2650 kJ/kg, and
(iv) P =06 bar, h=3166 kl/kg.
(15 marks)

Discuss and sketch from state 1 to state 2 in either T-v, or T-s diagram for the
following processes:

) Isentropic process
(i1) Isothermal process
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(iii)  Isobaric process
(iv)  Isochoric process
(5 marks)

Determine the standard heat for the following reactions at 298.15 K. Refer to
Table Q3 (a & b):

(i)  HaS(g)+2H20(g) — 3H2 () + SO2 (2)

(i)  CoHsOH () + O (g) — CH3COOH (/) + H,0 (7)
(iii)  CaC, (s) +H,0 (1) — C,H, (g) + CaO (s)

(iv) Nz (g)+02(g) = 2NO (g)

(v)  GoHa(g) + 1201 (g) — (CH2)20 (g)

(5 marks)

Dow Chemical is looking to expand their chemical business in South East Asia
region. One of their chemical products is methanol. Methanol can be synthesized
by various methods; one of them is using Methane. Below is the manufacture of
Methanol from Methane as shown in the chemical reaction below:

CH4 (g) + 2H,0 (g) — CO, (2) +4H; (2)
CO; (g) + 3H, (g) — CH30H (g) + H20 (g)

If the reactants are supplied in the ratio, 2 mole steam to 1 mole CH,, and if heat
is supplied to the reactor so the product can reach a temperature of 1500 K.
Assume that the raw material is completely converted and the product stream
contains 18.7 mole % CO,. The reactant is preheated to 600 K. Refer to Table
Q3 (a & b).

(i) Calculate the standard heat of reaction at 298.15 K for the reactions
which might involve.

(3 marks)
(ii)  Determine the moles in the product stream for CO,, H,, CH;OH and H-O.
(4 marks)

(iii)  Calculate the enthalpy change (AH) from 600 K to 1500 K.
(11 marks)
(iv)  Calculate heat required in the reactor, Q. (2 marks)

A Carnot engine receives 250 kJ/s of heat from a heat-source reservoir at 525°C
(798.15 K) and rejects heat to a heat-sink reservoir at 50°C (323.15 K). Calculate
the power developed and the heat rejected of the system.

(8 marks)
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(b) A rigid vessel of 0.06 m® volume contains an ideal gas, C, = (5/2) R, at 500 K
and 1 bar.

(i)  If heat in the amount of 15000 J is transferred to the gas, determine its
entropy change.
(7 marks)

(i1)  If the vessel is fitted with a stirrer that is rotated by a shaft so that work in
the amount of 15000 J is done on the gas, calculate the entropy change of
the gas if the process is adiabatic. Calculate the ASiy. Indicate the
irreversible feature of the process.

(10 marks)

Exhaust gas at 400°C and 1 bar from internal-combustion engine flows at the rate of
125 mol/s into a waste-heat boiler where saturated steam is generated at a pressure of
1200 kPa. Water enters the boiler at 20°C (Ts), and the exhaust gases are cooled to
within 10°C of the of the steam temperature. The heat capacity of the exhaust gases is
Cy/R =3.34 + 1.12 x 10” T/K. The steam flows into an adiabatic turbine and exhausts
at a pressure of 25 kPa. If the turbine efficiency, 1 is 72%,

(a) Calculate the power output of the turbine, W;. Refer to Tables of Q5 a(i) and

Q5 a(ii).
(b) Calculate the thermodynamic efficiency of the boiler/turbine combination,
(6 marks)
(©) Calculate S¢ for the boiler and the turbine
(6 marks)

- END OF QUESTION -
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Superheated water

Table Q2 (b)

T v u h s v u h s v u h s
°C m3/kg kllkg  kikg  kJkg-K | m3/kg ki/kg  kikg  kl/kg-K m3/kg  klkg  klkg klkg-K
P = 0.01 MPa (45.81°C)* P = 0.05 MPa (81.32°C) P = 0.10 MPa (99.61°C)
Sat.! 14.670 2437.2 2583.9 8.1488 3.2403 2483.2 2645.2 7.5931 1.6941 2505.6 2675.0 7.3589
50 14.867 2443.3 2592.0 8.1741

100 17.196 2515.5 2687.5 8.4489 3.4187 2511.5 2682.4 7.6953 1.6959 2506.2 2675.8 7.3611

150 19.513 2587.9 2783.0 8.6893 3.8897 2585.7 2780.2 7.9413 1.9367 2582.9 2776.6 7.6148

200 21.826 2661.4 2879.6 8.9049 4.3562 2660.0 2877.8 8.1592 2.1724 2658.2 2875.5 7.8356

250 24.136 2736.1 2977.5 9.1015 4.8206 2735.1 2976.2 8.3568 24062 2733.9 2974.5 8.0346

300 26.446 2812.3 3076.7 9.2827 52841 2811.6 30758 8.5387 2.6389 2810.7 3074.5 8.2172

400 31.063 2969.3 3280.0 9.6094 6.2094 2968.9 3279.3 8.8659 | 3.1027 2968.3 3278.6 8.5452

500 35.680 3132.9 3489.7 9.8998 7.1338 3132.6 3489.3 9.1566 | 3.5655 3132.2 3488.7 8.8362

600 40.296 3303.3 3706.3 10.1631 8.0577 3303.1 3706.0 9.4201 4.0279 3302.8 3705.6 9.0999

700 44911 3480.8 3929.9 10.4056 8.9813 3480.6 3929.7 9.6626 | 4.4900 3480.4 3929.4 9.3424

800 49.527 3665.4 4160.6 10.6312 9.9047 3665.2 4160.4 9.8883 | 4.9519 3665.0 4160.2 9.5682

900 54.143 3856.9 4398.3 10.8429| 10.8280 3856.8 4398.2 10.1000 54137 3856.7 4398.0 9.7800

1000 58.758 4055.3 4642.8 11.0429| 11.7513 4055.2 4642.7 10.3000 5.8755 4055.0 4642.6 9.9800

1100 63.373 4260.0 4893.8 11.2326| 12.6745 4259.9 4893.7 10.4897 6.3372 4259.8 4893.6 10.1698

1200 67.989 4470.9 5150.8 11.4132| 13.5977 4470.8 5150.7 10.6704 6.7988 4470.7 5150.6 10.3504

1300 72.604 4687.4 5413.4 11.5857 | 14.5209 4687.3 5413.3 10.8429 7.2605 4687.2 5413.3 10.5229
P = 0.20 MPa (120.21°C) P = 0.30 MPa (133.52°C) P = 0.40 MPa (143.61°C)

Sat. 0.88578 2529.1 2706.3 7.1270 0.60582 2543.2 27249 6.9917 0.46242 2553.1 2738.1 6.8955
150 0.95986 2577.1 2769.1 7.2810 0.63402 2571.0 276l1.2 7.0792 0.47088 2564.4 2752.8 6.9306
200 1.08049 2654.6 2870.7 7.5081 0.71643 2651.0 2865.9 7.3132 0.53434 2647.2 28609 7.1723
250 1.19890 2731.4 2971.2 7.7100 0.79645 2728.9 2967.9 7.5180 | 0.59520 2726.4 2964.5 7.3804
300 1.31623 2808.8 3072.1 7.8941 0.87535 2807.0 3069.6 7.7037 0.65489 2805.1 3067.1 7.5677
400 1.54934 2967.2 3277.0 8.2236 1.03155 2966.0 3275.5 8.0347 0.77265 2964.9 3273.9 7.9003
500 1.78142 3131.4 3487.7 8.5153 1.18672 3130.6 3486.6 8.3271 0.88936 3129.8 3485.5 8.1933
600 2.01302 3302.2 3704.8 8.7793 1.34139 3301.6 3704.0 8.5915 1.00558 3301.0 3703.3 8.4580
700 2.24434 3479.9 3928.8 9.0221 1.49580 3479.5 3928.2 8.8345 1.12152 3479.0 3927.6 8.7012
800 2.47550 3664.7 4159.8 9.2479 1.65004 3664.3 4159.3 9.0605 1.23730 3663.9 4158.9 8.9274
900 2.70656 3856.3 4397.7 9.4598 1.80417 3856.0 4397.3 9.2725 1.35298 3855.7 4396.9 9.1394

1000 2.93755 4054.8 4642.3 9.6599 1.95824 4054.5 4642.0 9.4726 1.46859 4054.3 4641.7 9.3396

1100 3.16848 4259.6 4893.3 9.8497 2.11226 4259.4 4893.1 9.6624 1.58414 4259.2 48929 9.5295

1200 3.39938 4470.5 5150.4 10.0304 2.26624 4470.3 5150.2 9.8431 1.69966 4470.2 5150.0 9.7102

1300 3.63026 4687.1 5413.1 10.2029 2.42019 4686.9 5413.0 10.0157 1.81516 4686.7 5412.8 9.8828

P = 0.50 MPa (151.83°C) P = 0.60 MPa (158.83°C) P = 0.80 MPa (170.41°C)

Sat. 0.37483 2560.7 2748.1 6.8207 0.31560 2566.8 2756.2 6.7593 0.24035 2576.0 2768.3 6.6616
200 0.42503 2643.3 2855.8 7.0610 0.35212 2639.4 2850.6 6.9683 0.26088 2631.1 2839.8 6.8177
250 0.47443 2723.8 2961.0 7.2725 0.39390 2721.2 2957.6 7.1833 0.29321 2715.9 2950.4 7.0402
300 0.52261 2803.3 3064.6 7.4614 0.43442 2801.4 3062.0 7.3740 0.32416 2797.5 3056.9 7.2345
350 0.57015 2883.0 3168.1 7.6346 0.47428 2881.6 3166.1 7.5481 0.35442 2878.6 3162.2 7.4107
400 0.61731 2963.7 3272.4 7.7956 0.51374 2962.5 3270.8 7.7097 0.38429 2960.2 3267.7 7.5735
500 0.71095 3129.0 3484.5 8.0893 0.59200 3128.2 3483.4 8.0041 0.44332 3126.6 3481.3 7.8692
600 0.80409 3300.4 3702.5 8.3544 0.66976 3299.8 3701.7 8.2695 0.50186 3298.7 3700.1 8.1354
700 0.89696 3478.6 3927.0 8.5978 0.74725 3478.1 3926.4 85132 0.56011 3477.2 3925.3 8.3794
800 0.98966 3663.6 4158.4 8.8240 0.82457 3663.2 4157.9 8.7395 0.61820 3662.5 4157.0 8.6061
900 1.08227 38554 4396.6 9.0362 0.90179 3855.1 4396.2 8.9518 0.67619 3854.5 43955 8.8185

1000 1.17480 4054.0 4641.4 9.2364 0.97893 4053.8 4641.1 9.1521 0.73411 4053.3 4640.5 9.0189

1100 1.26728 4259.0 4892.6 9.4263 1.05603 4258.8 4892.4 9.3420 0.79197 4258.3 4891.9 9.2090

1200 1.35972 4470.0 5149.8 9.6071 1.13309 4469.8 5149.6 9.5229 0.84980 4469.4 5149.3 9.3898

1300 1.45214 4686.6 5412.6 9.7797 1.21012 4686.4 5412.5 9.6955 0.90761 4686.1 5412.2 9.5625

*The temperature in parentheses is the saturation temperature at the specified pressure.

' Properties of saturated vapor at the specified pressure.
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Table Q2 (b)

Superheated water (Continued)

T v u h s v u h s
°C m3/kg kikg  kikg  kJkg'K | m¥kg klkg klkg  kikgK

v u h s
m3/kg kilkg  kikg  kl/kgK

P = 1.00 MPa (179.88°C) P = 1.20 MPa (187.96°C)

P = 1.40 MPa (195.04°C)

Sat. 0.19437 2582.8 2777.1 6.5850 |0.16326 2587.8 2783.8 6.5217
200 0.20602 2622.3 2828.3 6.6956 |0.16934 2612.9 2816.1 6.5909
250 0.23275 27104 2943.1 6.9265 |0.19241 2704.7 2935.6 6.8313
300 0.25799 2793.7 3051.6 7.1246 |0.21386 2789.7 3046.3 7.0335
350 0.28250 2875.7 3158.2 7.3029 |0.23455 2872.7 3154.2 7.2139
400 0.30661 29579 3264.5 7.4670 |0.25482 29555 3261.3 7.3793
500 0.35411 3125.0 3479.1 7.7642 |0.29464 3123.4 3477.0 7.6779
600 0.40111 32975 3698.6 8.0311 |0.33395 3296.3 3697.0 7.9456
700 0.44783 3476.3 3924.1 8.2755 |0.37297 34753 3922.9 8.1904
800 0.49438 3661.7 4156.1 8.5024 |0.41184 3661.0 4155.2 8.4176
900 0.54083 3853.9 4394.8 8.7150 |0.45059 3853.3 4394.0 8.6303
1000 0.68721 4052.7 4640.0 8.9155 |0.48928 4052.2 4639.4 8.8310
1100 0.63354 42579 4891.4 9.1057 |0.52792 4257.5 4891.0 9.0212
1200 0.67983 4469.0 5148.9 9.2866 |0.56652 4468.7 51485 9.2022
1300 0.72610 4685.8 5411.9 9.4593 |0.60509 4685.5 5411.6 9.3750

0.14078 2591.8 27889 6.4675
0.14303 2602.7 2803.0 6.4975
0.16356 26989 2927.9 6.7488
0.18233 27857 3040.9 6.9553
0.20029 2869.7 3150.1 7.1379
0.21782 2953.1 3258.1 7.3046
0.25216  3121.8 3474.8 7.6047
0.28597 3295.1 3695.5 7.8730
0.31951 34744 3921.7 8.1183
0.35288 3660.3 4154.3 8.3458
0.38614 3852.7 4393.3 8.5587
0.41933 4051.7 4638.8 8.7595
0.45247  4257.0 4890.5 8.9497
0.48558 4468.3 5148.1 9.1308
0.51866 4685.1 5411.3 9.3036

P = 1.60 MPa (201.37°C) P = 1.80 MPa (207.11°C)

P = 2.00 MPa (212.38°C)

Sat. 0.12374 2594.8 2792.8 6.4200 |0.11037 2597.3 27959 6.3775
225 0.13293 2645.1 2857.8 6.5537 |0.11678 2637.0 2847.2 6.4825
250 0.14190 2692.9 29199 6.6753 |0.12502 2686.7 2911.7 6.6088
300 0.15866 2781.6 30354 6.8864 |0.14025 2777.4 3029.9 6.8246
350 0.17459 2866.6 3146.0 7.0713 |0.15460 2863.6 3141.9 7.0120
400 0.19007 2950.8 3254.9 7.2394 |0.16849 29483 3251.6 7.1814
500 0.22029 3120.1 3472.6 7.5410 |0.19551 3118.5 3470.4 7.4845
600 0.24999 3293.9 3693.9 7.8101 |0.22200 3292.7 3692.3 7.7543
700 0.27941 3473.5 3920.5 8.0558 |0.24822 3472.6 3919.4 8.0005
800 0.30865 3659.5 4153.4 8.2834 |0.27426 3658.8 4152.4 8.2284
900 0.33780 3852.1 4392.6 8.4965 |0.30020 3851.5 4391.9 8.4417
1000 0.36687 4051.2 4638.2 8.6974 |0.32606 4050.7 4637.6 8.6427
1100 0.39589 4256.6 4890.0 8.8878 |0.35188 4256.2 4889.6 8.8331
1200 0.42488 4467.9 5147.7 9.0689 |0.37766 4467.6 5147.3 9.0143
1300 0.45383 4684.8 54109 9.2418 |0.40341 4684.5 5410.6 9.1872

0.09959 2599.1 2798.3 6.3390
0.10381 2628.5 2836.1 6.4160
0.11150 2680.3 2903.3 6.5475
0.12551 2773.2 3024.2 6.7684
0.13860 2860.5 3137.7 6.9583
0.15122 29459 3248.4 7.1292
0.17568 3116.9 3468.3 7.4337
0.19962 3291.5 3690.7 7.7043
0.22326 3471.7 3918.2 7.9509
0.24674 3658.0 4151.5 8.1791
0.27012 3850.9 4391.1 8.3925
0.29342 4050.2 4637.1 8.5936
0.31667 4255.7 4889.1 8.7842
0.33989 4467.2 5147.0 8.9654
0.36308 4684.2 5410.3 9.1384

P = 2.50 MPa (223.95°C) P = 3.00 MPa (233.85°C

P = 3.50 MPa (242.56°C)

Sat. 0.07995 2602.1 2801.9 6.2558 |0.06667 2603.2 2803.2 6.1856
225 0.08026 2604.8 2805.5 6.2629
250 0.08705 2663.3 2880.9 6.4107 |0.07063 2644.7 2856.5 6.2893
300 0.09894 2762.2 3009.6 6.6459 |0.08118 2750.8 2994.3 6.5412
360 0.10979 2852.5 3127.0 6.8424 |0.09056 2844.4 3116.1 6.7450
400 0.12012 2939.8 3240.1 7.0170 |0.09938 2933.6 3231.7 6.9235
450 0.13015 3026.2 3351.6 7.1768 |0.10789 3021.2 33449 7.0856
500 0.13999 3112.8 3462.8 7.3254 |0.11620 3108.6 3457.2 7.2359
600 0.15931 3288.5 3686.8 7.5979 |0.13245 32855 3682.8 7.5103
700 0.17835 3469.3 39152 7.8455 |0.14841 3467.0 3912.2 7.7590
800 0.19722 3656.2 4149.2 8.0744 |0.16420 3654.3 41469 7.9885
900 0.21597 3849.4 4389.3 82882 |0.17988 3847.9 4387.5 8.2028
1000 0.23466 4049.0 4635.6 8.4897 |0.19549 4047.7 4634.2 8.4045
1100 0.25330 4254.7 4887.9 8.6804 |0.21105 4253.6 4886.7 8.5955
1200 0.27190 4466.3 5146.0 8.8618 |0.22658 44653 51451 87771
1300 0.29048 4683.4 5409.5 9.0349 |0.24207 4682.6 5408.8 8.9502

0.05706 2603.0 2802.7 6.1244

0.05876 2624.0 2829.7 6.1764
0.06845 2738.8 2978.4 6.4484
0.07680 2836.0 3104.9 6.6601
0.08456 2927.2 3223.2 6.8428
0.09198 3016.1 3338.1 7.0074
0.09919 3104.5 3451.7 7.1593
0.11325 3282.5 36789 7.4357
0.12702 3464.7 3909.3 7.6855
0.14061 3652.5 41446 7.9156
0.15410 3846.4 4385.7 8.1304
0.16751 4046.4 4632.7 8.3324
0.18087 42525 4885.6 8.5236
0.19420 4464.4 5144.1 8.7053
0.20750 4681.8 5408.0 8.8786
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Table Q3 (a & b)

Heat Capacities of Gasas in the ldeal-Gas State’
(bnsmshe:;\maoﬂc}"i’m =44 BT YTt Loyt T (kelvins) from 29815 © Ty,

Chemical species T CFJF A B W 0P
Parafiing:

Mathans CH, 1500 4217 1702 Q081 —2.144

Ethans CiHy 1500 4.369 1.131 19225 —3.561

Propane CuHy 1500 9001 1213 28785 -8824

n-Butane CiHin 1500 11828 1835 36015 -—11402
tso-Busane CyHy 1500 11.90t 1677 3783 11845
n-Pentine CiHyr 1500 14731 2464 45351 —14111

n-Hexans iy 1500 17.550 3025 33712 -16791
n-Heptane CrHys 1506 20361 3.57 G127 —10.436

n-Olctane Csblg 1500 23174 4108 TO367T 22208
1-Alkeaes:

Ethvlene CaHe 1500 35325 1424 14304 —4300
Propylene CiHg 1500 7792 1637 22706 —6915

1-Butene CyHs 150G 10.52¢ 1067 31430 —9.873
L-Pentene: CsHya 1500 13437 1601 38753 12447

I-Hexene CyHyz 1500 16.240 3220 48.18% 151357

I-Heptene CaHyy 1500 19.053 3758 345RR 17347

1-Cxlene: CaHys 1500 21868 4324 64960 -20521
Miscellaneous organics:

Acaraldebyde CaHy 0 1000 6.506 1.603 17978 —4.158

Acsarylene CyHy 1500 5.253 6.132 1852 evrees —1.299
Benzane CgHg 1500 10238 0206 32084 13301

1L, 3-Butadiene CyHg 1500 10.720 2734 26.786 —5.852
Cyclobexans CiHyx 1500 13121 —3876 43.24% -I0828

Erthano! Callyr 13500 .48 3.518 20001 —6.002
Ethylbenzane CiHyn 1500 15.003 1124 55380 -18476

Ethylene oxide CaH O 1000 3784 —0383 23443 —0.294
Formaldehyde CH:O 1500 4191 22364 7022 -1877

Methanol CH O 1300 3547 2211 12218 34350

SryTens CyHy 1300 15.534 2050 50182 14462

Tolnens CsHg 1500 12822 0200 47032 15716
Miscellanzous inorganics:

Air 2000 31509 53333 037>  sseee —0.016
Ammaonia NG 1800 4.269 3578 3020 .aeen —0.185
Bromins Bez 3000 4.337 4493 LU0, —0.154
Carbon monosxide co 2500 31507 3374 0557 ...... - 051
Carbon dicside C0s 2000 467 5437 eds Ll -1157
Carbon disnlfide [ 1800 5.532 §.5311 D80S sueews —0.906
Chlorine Ciz 3000 4.032 4442 ogss ... -3
Hydrogen Hs 3000 3448 3240 0422 0083
Hydrozen sulfide H.8 300 4114 3931 1400 ... —0232
Hydrogen chloride HCL 2000 s 3156 04623 0.151
Hydrogen cyanide HCN 2300 4326 4736 1350 ... 0725
NiTogen Nz 2000 3502 3380 0503 ..., 0.040
MNimons oxide Ny(n 20400 4646 5.328 1214 —0.928
Wimic oxide MO 3000 3.500 1387 Qé20 L 0014
Mimogen dioxide N 2000 1447 4082 19 L. =070z
DiniTogen tewoxide Moy 2000 2198 11.660 2357 ..., —2.787
Oxygan O: 2000 3335 3630 03506 ... —0227
Sulfur dicwida 50 2000 4.786 5.600 17| — -1013
Sulfur wioxide 503 2000 6.0%4 8060 108 2 ...... -2.028
Warer H;O 2000 4.038 347 1430 ... 0.121

"Selected from H. M. Spencer, Jrd. Eng. Chem. vol. 40, pp. 21522154, 1948 K. K. Kelley,
U, 5821 Mines Buil. 584, 1060; L. B. Pankratz, US. Bur Mines Buil 677, 1082,
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THERMODYNAMICS
Table Q3 (a & b)

Standard Enthalpies and Gibbs Energies of Formation at
298.15 K (25°C)’

Joules per mole of the substance formed

State AH};W S0 :;: "

Chemical species {Note 1) {Note 11 {Mota 1)
Paraffin::

Methane CHy {2l ~Td 3} ~ ) 460
Ethane CaHly (¥ -§3 820 —~31 8358
Propane CaHy (i) - 1114 6R{} - 24 790
n-Butane Tyl il —125 790 —16 570
o-Pentane ity (£ - {46 THl ~& B30
n-Hexane Callia ¥l LN 150
n-Heptane CvHyg (g1 - F87 T80 5260
o-Octans CgHig (g ~ 7R T30 1h 20
1-Alkcnes:

Ethylene “aHy 2 S23510 6% 460
Propvlene Caly {x) 19710 62 205
1-Butene CyHig ) 540} 70340
1-Penteae Coky {zl ~ 3] 280 R 410
1-Hexene CeHiys i) —41 950 86 830
1-Hepteas: C7TH 4 LR ~2 760
Miscellaneous organies:

Acetaldehyde o4t (g} — 16 190 =128 860
Acetic acid CoaligOa iy —48: S0 —389 964
Acetylene Tyl iy 227480 AP
Berzens Coldy ) §2930 120 663
Benzane Cyl i} 449 (80 124 370
1,3-Butadiene CaHy 2y {049 240 LR
Cyclohexane CiHya (g 123 140 31920
Cyelohexane CeHy; o3 —156 230 26 8350
1,2-Eihanediol C3Hz0 ) 434 K00 3% 080
Ethznol CaH0 ig) —235 100 — 168 450
Ethanol CaHs0 iy =277 690 ~174 780
Ethvlbenzene Cglhyg g 2920 130 B9
Ethviene oxde CaH 0 g 52 630 =13 00
Formatdehyde CH0 (g} — 108 370 ~ 102 530
Methanel CHO (%} 200 660 ~161 960
Meathanel CH.O iy = 23R 660 ~ 166 270
Mathyleyelohexane Colhyy (g} —134 770 2T 480
Methyleyelohexane CyHys i} — 196 160 20360
Styrene CrHz 53] P47 3R 2135 900
Toluene CiHg g} 0170 22 05Q
Toluene CsHg I} 12 18D 113 630
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Table Q3 (a & b)

(Continued)
State AN ?‘m AG j'*ss
Chenuiea! species {Note 2} {(Note 1) {Note 1}
Mizeellzneous morganics:
Ammonia NH; (8 -46110 -16450
Anumorna NI iag) —26 500
Caleium carbede CaCs 1) =39 800 —54 200
Caleium carbonate CaCO; () 1206920 -1128790
Caletum chloride CaCly [ —793 800 ~748 100
Caleium chloride CaCly (ag) —8101900
Caleium chloride CaClytiHz0 (5) —2607 900
Caleium hydroxide Ca(OH], sk —986 090 —5§98 490
Caleium hydroxide CalOHY; lagy —868070
Caletum oxide Cal () —635090 —604 030
Carbon dioxide COy (g) —393509 ~394 359
Carbon monoxide co (8’) —110525 -137 169
Hydrochloric acid HCL i) —521307 —95299
Hrvdrogen cyanide HCN (g 135100 124 700
Hydrogen sulfide Ho% g -20630 —33360
Tron oxide Fed (s =272000
Tron oxide (hematite) Fey Oy (s} —824200 —742200
Tron oxide (magnetite) Fes()y (s - 1118400 1015400
Tron sulfide (pymite} Fels L) —178 200 — 166500
Lithnws chloride LiCl (%) —408610
Lithium chloride LiCI-Hz0 () ~712580
Lithmm chloride LiC1-2H,0 (1) ~1012650
Lithium chloride LiCl-3H:0 (5 —1311 300
Nitric acid HNO; L] —174 100 —80710
Nifie acd HNO; lag) —111250
Nifrogen cxides NO i) 90 230 86 550
N0y ig) 33180 51310
N:O g 82050 104 200
N;O4 5 9160 97 540
Sodium carborate Nas (O3 (s} -1130680 =104 440
Sodium carbonate Nz QO [0H 0 (s} —4081 320
Sodiwm chloride NaCl 5] —411153 —384 138
Sodium chloride NaCl (ag) —393 133
Sodivm hydroxide NaOH (3} 425609 379494
Sodium hydroxide NaOH (ag) —419 150
Sulfur dioxide 50, £g) —296 830 —300 154
Sulfurtrioside 503 (g) —385720 =371 060
Sulfur trioxide 505 i —441 040
Sulfuric acid HzS0, 1 -813 989 —690 003
Sulfuric acid HyS04 lag) ~744530
Water Hytr ig) 241818 —228572
Water O i —285830 _137129

{From TRC Thermodynamic Tables —Hydrocarhans, Tharmodynamies Research Center, Texas A &
M Unv. System, College Station, T ""The NBS Tables of Chemical Thermodynamic Properties,”
J. Phys. and Chem Referance Data, vol 11, supp. 2, 1982,

Notes
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Table Q5 a(i)

Saturated Steam, S| Units

[

V= SPECIFICVOLUME e’y

U= SPECIFICINTERNAL ENERGY  KJ kg
Ha SPECIFICENTHALPY g

5= SPECIICENTROPY i K

SPECIFICVOLUMEY  INTERNALENERGY U ENTHALPY H ENTROPY &

r P st sat. st sal st st st sat,
K kPa lg  esp v g eap v g e v g, evap.  vap.

21345 06

1000 206300, 206300 ~004 25757 29756 004 25017 25016 00000 91578 91578
01 27316 0611 1000

1

1

0

0 206200 206200. 000 23756 23756 000 25016 25016 00000 91575 91575
1415 065 1000 192600. 192600 417 20727 20769 407 4882 2034 00153 90158 41011
221515 0705 1000 178900 179900, B39 23609 23783 83D 24068 25052 00306 Q0741 91047
§ 27815 Q757 1000 168200. 168200, 1260 23671 23797 1280 24045 25070 00489 90826 00788
¢ FTTAE O8I 1000 157300 167300, 1680 23643 20810 1680 24921 25085 (00611 89915 90526
v

§

1

B

§

2815 0872 1000 WAL 1472000 2001 23614 2324 2101 24807 25107 00762 BS507 4.0069
27915 0836 1000 137800 137800 2521 23586 23838 2521 24874 25126 00013 8AI02 90014
28015 1001 1000 120100, 120100, 2041 23588 23852 2941 24850 25144 09063 88609 BITED
115 1072 1000 121000 121000, 3360 23530 23866 3360 24826 25162 0213 8400 B.SIS
28215 1047 1000 11300 100 3780 23500 23679 37E0 4803 25181 01362 87903 59265

10028315 1227 1000 106400 108400, 4199 23473 23893 4199 24779 25139 04510 87510 8020
12415 1312 1000 99510, 0BMI0. 4648 23445 23007 4619 24765 25217 04658 87110 8776
12 28515 1401 1000 93830, 63840, 5088 23417 20921 5038 782 25236 (00806 86731 58536
13 28616 1497 1001 88160, 8EIBD. 5456 29388 2034 MET 2708 25354 01952 BGMS B8
16 28706 1597 1001 B0, G0, SBTY 23361 20948 5675 24665 25272 02098 85963 8.8080

1§ 283106 1704 1001 778E0. 77980, G294 D332 23062 6204 2661 25201 02M3 BS5E B78%6
16 289.15 1817 1001 73880. 73380 6712 23004 276 6713 24638 25309 02368 85205 87593
7 20046 1936 1001 69090, 69080, i3 W76 20989 7131 2614 25R7 02533 84830 87363
18 20045 2062 1001 G090,  GS09D. 754D 23248 24003 7550 24500 255 02677 84458 BTG
18 2216 2196 1002 GIG40. 61340, 7068 Q3220 24017 968 24567 2564 02620 84088  6.6908

20 2315 2337 1002 BTE40. 57840, BISE 23192 24030 B3BE 24543 25382 (2063 83721 6684
21 2415 2485 1002 b6,  G4S60. BB 2G4 24044 BBO4 24520 20400 03105 836 8662
& 216 2642 1002 51490 SMR0. 9222 23136 24000 9220 2496 25418 03247 82994 peaut
23 20615 280B 1002 48620 48620 064D 23107 4070 0R41 24472 25435 00380 8263 BEOX
o 97A5 2962 1003 45920, 45030. 1006 23079 24085 1008 2448 25485 03830 82277 BAR06

1

1

1 1
25 20815 3166 1000 43400, 43400, 1048 23051 24098 1048 225 25473 03670 81922 85682
2% 20945 3360 1003 41030, 41000 1069 23023 24112 1080 24402 25400 03810 61369 8507
27 30015 Q564 1003 36010 M0 181 2995 #4126 1131 24978 25500 03M40 81218 85168
a8 ATE 1004 36700 JTa0. 1173 0BT 4MO 173 24364 25527 (4088 80870 84080
M APARAmd 100 AT MTI0. 1215 2038 24B3 15 2A01 28RS 04227 B0RM  847HI

10
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Table Q5 a(ii)

Stperheated Steam, S| Units

TEMPERATURE: T kelving
(TEMPERATURE:1°()

 PhPa st osat MBIS A5 8315 BIBI5 BIRE BS3AS EAMS BGRS
TR 0™ 1) g vap. AP I 1 I (240) (80} (800 (300 (326)
VoL 25543 2088 7905 203 MEES  B00T AW MR den

750 U 708467 25733 SRS At OGGEB 27008 27987 664 21980 28503
MOTI067TR) HTB0L 27648 2725 IBM4 JHBGE 9306 X737 WIB3 WEES 81O
5 L0 GRT  B7M5 6RO G 703 TN 7912 T8R0T SE
VLD MLAL 25183 ROB3 283D 2MR4S D4 32049 AMA a0

5 U MeNE 203 /84 B30 26650 DBOD8  TIR1 2TERS MMB4 2R
M2O5160.40) H TS89 27662 TR0 20O 2RRR4 20086 T2 WEE  AMTO A6
§ 2038 66705 B70T  BRMO  BOORO  VOIGT  TODGR  TATRl T T
VoI5 U026 24353 26079 27402 26666 29948 SM140 3414 33031

800 UoT0.08 5153 Z5R0 2699 W650  26RR] TR T4 2970 RS
M356017041) H T20.835 26D5  277A8 26 B4 MG 29721 MY BT 31089
§  LMST  6.65%  GOSGT  GBNE  GBOM G896 0BT TS5 7238 Ty
VoL M 284 2048 RN M0 20015 MM a2 Mg

85 U T5.65 B2 X825 288 %640 6084 ZTAIE OTRAR 25 op
ABHITBY) H TESAT 68T 2TIB 2BTY 2BRR1 296 TR AL AN %1004
§  L0S GEML 6EETS 6B 6AO3)  BOBI0  TOSRD  TMM3 7AW 7008
VoooLne 2E8t B2 2466 274 2044 BT WS40 MER MO0

850 U 731080 5770 Y BT 630 PROTE g7 AT M0 B3
MBONTTRSN  H O TAR0M 299 2THRY MRS7 BRSO DUOBE 294 034 S0 3906
§ 2005 663 GASE  ETR0  GATT?  BOBBE  7O0S08 AN  AlB1 7
Vool 2065 2120 20728 295 2146 2A00 PMS1 BT dMR

075 U 796415 25780 25796 2666 AP 068 M08 MIERT 2765 ORATS
WTANITEIG) M TATAM M0 2TTAD BM2 28807 20RE  O0RDE  MI2T  MERD 81083
S 20M5 66260 B63 67662 GG GOKIB 70T TAISR  THD 79813
Voo M W05 A3 KRG 8507 WEAD TR 3004

a0 U 7465 58 ... /255 MBL4 26961 2799 WMER2 M6l 28364
MESIITS H TA264 ML .. BRI WRE 2ME 2T W20 N7 30
§ LM eam L 67508 68476 GSYA T2 M2 T 14T
Vs el L MY 2G46 MGED DSTBT ZBTY U940 D9OGH

a5 U 6T M98 L. M43 WE0S  JA MR UTRE TSR 2965
LOBBITERY H TAITRE TTRE L. BUI W83 96 W78 W2 B 07

§ 2008 68097 ... THOGHM WM TWB THh TI6% 12043
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Table QS aii)

21748
%6232
2828

b./e0g

21156
26220
24283

6.7064

20582
26208
28268

b.6422

195,45

6189

2038
6.6645

18592
15,2
8207

68379

17722
26138
21786

fi4122

160.23
26113
2144

6.5872

161.68

2608.9

. 2

6.5630

155,00
26064
2608.0

5334

2856
26595
A770

GA1E7

2
2588
IR

6.6048

21683
28671
2748

.7911

2064
%6558
28721

67647

15,14
2539
2694

§.7302

187.10
2519
26671

87147

17880
26500
20864.5

6.8600

.17
26480
2661.9

6.6660

.11
26460
250.3

b.6467

240,08
26046
]

6.5083

PRLL
26038
28218

6,895

22155
26030
2hdg

68625

21624
2810
285

6,850

205.9%

26098

28164
£.8323

196,56
2668
A4

8.8086

18795
06,7
22

8.7858

180.02
2685 1
101
6.7657
17210
20835
2080
6./424

25006
an7
296740

53541

2420
21280
24661

69804

2748
FIEIE
28652

3660

12515
21261
20635

63430

21547
2T
2618

6.9100

20573
21234
2600

6.8050

196,79
e
2982

§.8738

188.56
g
2056.5

6.6528

18097
am44
X547

6.6316

26146
21624
30105

10742

25456
21615
003.7

70612

24801
21610
3003.0

7.0465

AR
2588
3007 5

7.0240)

s
21588
3006.0

7.0008

21487
&t
3004.5

64779

205.40
27565
J03.0

§.0562

196,88
27854
0015

6.4358

188,01
27643
dooc.

6.9151

an
14 1
534
13500

264.76
21948
528

11377

25798
21942
821

71251

usy
242
30508
7.1009

PASK]
age
30496

70778

cene

27913

482
70556

21385
27903
J046.9

70342

20502
27803
455

7.0136

196,67
aret
0443

6.9836

24
28560
31055

7.2413

2%
28358
3108.1

1.2286

ana
28362
31035
12183

25112
26344
31044

7,194

24516
26335
31033

7.16%

2342
26328
3022

11476

20424
26320
3019

1,128

2508
28311
ki

17,1064

20853
28303
3088

10869
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