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Capacidade calorifica

Formula cp = f(T)=a + bT +cT2+dT?
generica

TABELA D e E (pag. 119 e 120) - ANEXO

Liquidos e solidos— Cp = Cv
Gases ideais—> Cp=Cv + R

Gases reals — muito complexo e nao e objetivo deste curso




Calculo das Entalpias de misturas

n
Cpm (1) = Z}’?icpi(l—) AHp, = J‘Cpm
1=1



Capacidade calorifica media, 5p

Entalpia de alguma substancia tabelada relativa ao estado de referéncia

AH = L—p AT AH = (:_p .(T-Tref)
TABELAE

OuU
AH para a variacao entre duas temperaturas T.e T:

A (T1— T2) = AH(T2) - AH(T1) = Cpy (T T - Cpy, (T-Tre)

Valido porgue a entalpia € uma propriedade de estado, ou seja, depende
apenas do estado inicial e final do processo.



. - . ‘Form 1: C{)/mol- (/mol-K) = a 4 6T 4 T2 + dT°
TABELA D: Capacidade Calorifica / szzcﬂ-a-:gzam-g-:;w: T2

Example: (C )i = 7196+ (2010 x 107 )T = (1278 x 10~%)T2 4 (34.76 x 10-")T°, where T is in *C. .
Note: The formulas for gases are strictly applicable al pressures low enough for the ideal gas law o apply.
v - ’5 l‘m
Temp. 1o ) pAs] (Usits
Compound - Formula Mol Wi State Form  Unit . b-10° c-10* 410 of 7)
Acetone CH,COCH, 5808 | 1 ‘c 1230 186 —30-60
s I o 71.96 2010 —127% 3496 0-120
Acetylene C,H, 2604 g 1 *C 4243 6053 ~5033 1820 0-120
Air 290 g [ *C 294 04147 o391 - 1965 0-150
i £ ! K 8.09 0.1965 04799 —~1965 273180
Ammonin NH, 1702 3 ! " 3545 2554 04421 ~6.686 0-120
monium sulfate _ (NH,),SO, 13215 ¢ 1 K 2159 R 275-328
D @ CeH, W K 6255 234 ELE
e g ! y 7406 3295  —2520 7157 -0-120
sobutane C.H,, 5832 g 1 *C 8946 3013 -~ 1191 98 0-12%
n-Butane C.H,o 5812 g 1 °C 9230 2738 —1547 3498 012
Isobutene C.H, 5610 g ! o 5288 2564 -1127 50.50 0-12(
—— . Caleium carbide CaC} 6410 ¢ 2 ) 4 68.62 119 ~8.66 x 10'® — 298-T2
TAB E L A [ Calcium carbonate  CaCO, 10008 ¢ 2 K B34 4975 —1287 x 10'° — 230
. . Calciom hydroxide Ca(OH), 7410 ¢ 1 K 89.5 276-37:
Calcium oxide Ca0 5608 ¢ 2 K 4184 203 —4.52 % 10'° 273-11°
Carbon C 1200 ¢ 2 K 1118 1.095 - 4891 x 10'® 27313
Carbon dioxide CO, 401 g 1 x 36.11 4233 -~2887 T A4 0-13
Carbon monoxide  CO 2801 g 1 < 2895 0.4110 03548 —-2220 0-15
Carbon tetrachloride CCl, 15384 1 1 K 9339 1298 Z713-34.
Chlorine Qa, 709 g 1 *C 33.60 1367 - 1607 6473 o-1
Copper Cu 6354 ¢ 1 K .76 06117 273-135
‘. Cumene C,H,, 12019 g 1 °c 1392 53.76 -9 1205 0-12
(Isopropyl benzenc)
Cyclohexane C,H,; B4.16 g ] c 94.140 49.62 -31.9 8063 0-12
Cyclopentane C,H,, 7013 g 1 °C 7339 3928 ~25.54 68.66 0-12
Ethane C,H, 007 g 1 °C 4937 1392 —5816 7280 0-12
Ethy! alcohol C,H.OH 4607 | 1 °C 103.1 0
(Ethanol) I 1 'C 1588 100
v 1 o 6134 1572 ~8.749 1983 0-12
Ethylens C,H, 2805 g [ °C +4075 1147 —6.891 17.66 0-12
Ferric oxide Fe,0, 15970 ¢ 2 K 103.4 6711 <1772 x 10'° —_ 273-10
~ Formaldehyde CH,0 3003 g ) °C 34.28 4268 0.0000 ~8.694 0-12
Helium He 400 g [ °C 205 All
_ m-Hexane CH 8617 | 1 *C 2163 20-10
~ £ [ °C 13744 4085 -2392 51.66 0-12




- 35 ':5 !lu!
Temp. (] = b Usits
Cempeound - Formula Mel We Swaie Ferm  Unis . b 10t e I 410" of T)
Hydrogen H, 2016 ¢ ! g > 2834 0.00765 03288 —~0.8608 0-1¢
Hydrogen bromide HEr 8092 g I “C 210 00227 09887 -4 858 0-13
Hydrogen chlornide HCl 3647 g 1 m, 3 29.13 -0.1341 05715 —~4335 0-13
Hydrogen cyanide HCN 2703 g I *C 353 2908 1.092 0-1:
Hydrogen sulfide H,S 3408 g 1 °C 33.51 1.547 03012 —-1292 0-1!
Magnesium chlonde  Mg(Ql, 9523 ¢ | K 724 158 13-
Magnesium oxide MgO 4032 ¢ 2 K /_4},% 0.5008 —~8732 x 10 2713-2
( Methane' CH, 1604 g 1 *C 3431 5469 03661 - 11.00 0- 10
—e v [ K 15.87 5021 1268 =TT 2;3-1
Methy) alcoho! CH,OH 3204 1 I *C 7586 0
(Methanol) 8259 40
£ 1 *C 4293 £.30) - | B7 - 803 0-n
Methyl eyelohexane  C,H,, 9618 g 1 v 1213 5653 -31.72 100.8 0-1'
Methyl cyclopentane C.H,, 8416 g I *C 98.83 45.857 ~30.44 £1.81 0-1
Nitric acid HNO, 6302 | 1 *C 1100 25
. Nitric oxide NO 30.01 [ ] by 29.50 08188 ~0.2925 0.3652 0-3
— > Nilrogen N 28.02 [ *C 2900, 0.2199 0523 —2871 0-1
T AB E L A D “Nilrogen dioxide NO,  T3Tor : 1 " 36071 387 288 787 0-1
4 Nilrogen tetraoxide  N,O, 9202 g 1 C 75.9 125 -113 0-3
Nilrous oxide N,O 4402 g 1 G 37.66 4.151 —2.694 10.57 0-1
Oxygen 0, 3200 g 1 C 29.10 1.158 ~0.6076 131 0-1
n-Pentane C.H,; 7215 | 1 ‘C 155.4 43.68 0-3
g [ *C 1148 34.09 — 1899 4226 0-1
Propanc C,H, 4409 g I < 68032 2259 -13.11 37 0-1
Propylene C,H, 4208 g 1 *C 59580 17.71 -10.17 24.60 0-1
Sodium carbonale Na,CO, 10599 ¢ 1 K 21 288-3
Sodivm carbonate NaCO, 286.15 ¢ i K 5356 298
decahydrate <10H,0
Sullur S 3207 ¢ 1 K 152 2.68 273-3
(Rhombic)
c 1 K 183 1.B4 368-3
(Monoclinic)
Sulfuric acid H,S50, 9808 | 1 =~ 139.1 15.59 10-4
Sulfur dioxide SO, 6407 g 1 " 389] 3904 -3.104 8.606 0-1
Sullur trioxide SO, 8007 g I *C 48.50 5.188 -~ 8.540 32,50 0-1
( Toluene C’H. 9213 | 1 C _’_‘&_ 0
\ ; 1 1 *C 181.2 100
5 1 * THEIF 380 -27.86 033 01
Water H;O0 _oe 1 1 - 754 . o-1
s ASHALY, “vrw 8- i. < 3345 06880 0.7604 —~3.593 o-1

Lol




TABELA E:Capacidade Calorifica Média de Gases Combustiveis Ideais: Unidades em SI.

N i ’ \
€, (3mol-*C) . i
‘Reference state: P,y = 1atm, T,,, = 25°C ‘
T(°C) Air 0, N, H, CO CO, ?z(.f
e
0 28.94 29.24 29.03 28.84 29.00 36.63 15
25 29.05 2939  29.06 28.84 29.06 37.15 3363
100 29.21 2080  29.16 2886 - 29.23 38.63 1.9
200 29.45 3032 . 29.32 28.90 29.47 40.45 Uy
300 29.71 30.80 29.52 28.95 29.72 42.10 3480
400 2097 3124 29.74 29.03 29.99 43.59 35,29
500 3025 31.65 29.98 29.12 3027 4493 35.8]
600 30.53 32.02 30.24 29.23 30.56 46.14 36.36
TABEILA E 700 3081 - -32.39 3051 . 2935 30.85 4723 36.9)
800 31.10 32.71 30.79 29.48 314 48.20 3749
900 '31.38 33.02 31.07 29,63 31.42 49.07 38.08
“ 1000 31.65 33.30 31.34 29.78 31.70 49.85 38.66
H=C p (T'Tref) 1100 3192 3355 3162 299 3197 5054 39
| T 1200 3218 - 3379 31.88 30.12 3223 S1.18 39,81
1300 3242 3402 32.13 30.29 3247 51.75 4037
1400 32.65 34.23 3237 3047 3269 52728 4091
1500 32.85 34.42 3258 . 3066 32.89 52.71 4142

* Calculated from the heat capacity formulas of Table; \ED ]
Example: The enthalpy of oxygen at 700°C relative 19'01 &1 25°C [or the enthalpy change for the process
05(25°C) — 0,(700 C)] is

H, (700°C) = |C‘,),WC(700“C - 25°C)

: 132_39 BT )(675(‘) = 2| 860 J/mol

NS e T y
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Exercicio III.6) Uma corrente contendo 10% CHjs e 90% de ar em volume deve

ser aquecida de 20 a 300°C. Calcule a taxa de calor requerida em kW se a vazéao
volumétrica do gas € 2,00x10° L (CNTP)/min

n (mol/mun) = 2000 L(CNTP)/mup a 20°C n(mols/min) a 300°C
>
0,1 CH |
059 ar ’ @ 0.1 CHy
e 0.9 ar Nat
| l Cunnticace dos caorl:lrezztos
Q (kT‘N) dos compostos P

* Metano (CH,) => Simples Q= AH= > n;H;- > n;H;
* Ar =>mistura saida entrada




TABELA E:Capacidade Calorifica Média de Gases Combustiveis Ideais: Unidades em SI.
| <, (3{mol-*C) .
‘Reference state: P,y = 1atm, T,,, = 25°C

T(°C) ZM; ; 0, N, H, co CO, H,0
0 g 29.24 29.03 28.84 29.00 3663 3355

29.39 29.06 28.84 29.06 37.15 3363
0 50, 29.80° 29.16 28.86 29.23 38.63 319

0 0 4 3032 . 29.32 28.90 29.47 40.45 WY
300 29.71 30.80 29.52 28.95 29.72 42.10 3480
400 29.97 31.24 29.74 29.03 29.99 43.59 35.29
500 3025  31.65 29.98 29.12 3027 4493 3581
600 30.53 32.02 30.24 29.23 30.56 46.14 36.36
TABEIL A E 700 30.81 ~32.39 30.51 29.35 30.85 47.23 36.92
800 31.10 32.71 30.79 29.48 31.14 48.20 37.99
900 '31.38 33.02 31.07 29.63 31.42 49.07 38.08
1000 31.65 . 3330 31.34 29.78 31.70 49.85 38.66
1100 31.92 33.55 31.62 29.94 3197 50.54 39.24
1200 32.18 - 33.79 31.88 30.12 3223 51.18 39.81
1300 3242 34.02 32.13 30.29 3247 51.75 4037
1400 3265 34.23 32.37 3047 32.69 52728 4091
1500 32.85 34.42 32.58 30.66 32.89 5271 414

* Calculated from the heat capacity formulas of Table; ED ]

Example: The enthalpy of oxygen at 700°C relative w’O, #125°C [or the enthalpy change for the process
02(25 C) - 0,(7(1)’ C,] 15

H, (700°C) = IC—‘,)-,WC(?OO"C - 25°C)

: 132_39 BT )(675(‘) = 2| 860 J/mol
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