uni 4
Heat Effect

MIBBNLUUY reactor AaviaNFinenulTinaanudauniciam slunsdiiiman
heat effects ﬁ'uﬂﬁﬁ%mmﬁ
heat effects 8131szndUNE

a

- sensible heat effects é‘z’ﬁLﬂumwu%auﬁLﬁﬂmﬂﬂ’mﬂﬁﬂuuﬂmqmmu

u

- chemical reaction, phase transition and formation of solution

4.1 Sensible Heat Effects

A4 o ¥ ' v v ' = aaa o

LNBNAINIBUDIYNLYITSUU ﬂ’]lNNﬂ’]iLﬂaﬂu phase LLasﬂQﬂﬁﬂ']LﬂNLLa']ﬁls
nalvifiamaaauutaegamniiaad system

) system Wy homogeneous substance NN ulsznaUMIN
Tunsdin

1o = 1 [
1. constant pressure process Toglaifilshazdussesls
& - & I a a [ L)
2. LUD enthalpy 2a9F 5 NIUNY P F9astiuasansdl ideal gases, NMYAINNAUN,

2D, 2agraIiiaguan critical region 9l

T
AH = deT (4.1)

T

D-

Tunsain
constant-volume process

2. U lduny v Zeasilluasensdl ideal gases LA incompressible fluids

AU = J‘?CVdT (4.2)

1

gumsnlanuannlunudainssa Tunsdl steady-flow heat transfer Ao

T2
Q=AH = jTlcpdT (4.3)

a

Flaamluns integrate HBANTIVANNTNRUSYDN heat capacity NTUAUYUNYR

U

MagMIAIUNU T uandlu Fig 9.1 la Cipg waz C9 1fu ideal gas heat capacities



67

aanazadugluuny 6 MsAMUIN thermodynamic properties U U uaz H unazly
ideal-gas heat capacities 3fWIMNNATINAELE C, 2092359 7 lag@awEMzazdn P o
mMsYudagauninnasuaaslugluasaums fe

(o
—P = A+BT+CT?+DT? (4.4)

R
P o v Y 2] [ 1 [ N [ ] |g 2 [ P
tNa C oz D %Nm‘lﬂmwmtﬂu@umunummmmﬁ YUy Cp ACYUNU R N
wwanld Ananens i Waealy Table 4.1 dmSUNI organic LL@¥ inorganic gases

Tagaums (3.17) asldenuduiug adlém C? an CJ ldda

ig 9
TR 5

S00 1000 1500 2000
K

gﬂ‘ﬁ 4.1 ideal gas heat capacity WuWedsuves T
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MI28199 4.1 MAINlY Table 4.1 HdhwSugmmngi Kelvin luaunms (4.4) n3dill molar

heat capacity 289 methane 1UANE ideal N FluduMs (4.1) fa
cy
p -3 -6n2
? = 1.702+9.081x10 "T-2.164x10 T

Wia T dimhentu Kelvin limaumsdwmiu CF /R dmTugamaii °C

DM ANNFNRUSTENINGRIMN)NAD

T = t+273.15
AIUU

cl

?p = 1.702+9.081x107° (1+273.15)-2.164x10"° (1+273.15)”
VED)

cl

?p = 4.021+7.899x10°t-2.164x10°%¢"

v
a a

ma819f 4.2 19 heat (tWaIN 19 methane 1 mole Hgauupitiinain 260 1 600°C Tu

flow process NP =1 bar
35 T, = 533.15K T, = 873.15K
Nnlang cashen 4.2 wazaums (4.3) azla

(@)
[

873.15
RI a1 (1:702+9.081x10°T ~ 2.164x10° T*) dT

2378.3R = (2378.8)(8.314) = 19780 J

e uazaInlumMsm U212 ld mean heat capacity

[t

C = —— 4.6
prm T2 —Tl ( )

(i “mh” ARAIARYLIILAFINSUMUININ enthalpy Azla
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C
%“ — A+BT,, +%(4T§m T, )2 (4.7)
1'2
o T
Wa T, = (T *To)
2
2z AH azdunalag
AH = C,, (T,-T)) (4.8)
dragned 4.3 Tiduna madhai 4.2 Tagldaums (4.7)
35 T, = (533.15+873.15)/2 = 703.15 K
NNFANNT (4.7)
Clg -6
P _ 1 7024 (9.081x10~%) (703.1) — 210410 "
R 3
[(4) (703.15)° - (873.15) (533.15)] = 6.997
. Q = AH = (6.997) (8.314) (873.15-533.15) = 19780 ]
ns@ifldeua T, e T, uaz Q vsa AH fwuals vhlagld
T, = AH +T, (4.9)
Cpmh

WA C,,y, ABINTIU T, REUUMIAIUIMABNLEIT Tteration 5eWINENMST (4.7) oy

(4.9)

mad1n 4.4 TViguunligayneilia 0.4x10° Btu 18y ammonia 25 Ib-mole NI

gauuniGNUIN 500° F Tunssuiums steady flow process 1 1 atm

amt e Q 0.4x10°
35M AH = =="""""_ = 16000 Btu/lb-mole

n 25
0 (4.9) Tagh C_, Tdfivure0u Btu/(mole R) RsiUNUISUBAUNBNLIN

pmh

maaMaztlu R Ivwasulesly T 1y Kelvin 2l



T, = A-H + T, (A)
ig
Cpmh

10 (4.7) WNUMPAININ Table 4.1 Azla

. 5
Cyn =R (3.578+3.20x10‘3Tam—wj (B)
T1T2
Toofi R = 1.986 (Btu)/(Ib-mole.R)
500 + 459.67
T, = ———— = 533.15K
1.8
A5+T
T, = % (©)

Mmunalas
a v |
1. duu0 T, > T, adwI T, 0 (C) ¥ Cp@’m nn (B)
2. ¥ T, 10 (A) udwdSeuiiieu T, num T, uaranwhnunaeulaivhiuli
3. e 1. laeld T, Adnalalmivarmuin 2
4 ’
lunigaazl

T, = 1250.10K %38 1790.51°F

70

A58 Gas mixtures NH4AUSLNBUAIN LFUAMTNTNT A,B,C 4 mole fraction AN

k) Yas Vi 8% yo @ molar heat capacity of mixture 35¥1270
ig _ ig ig ig
Cpmixture =Ya Cp +yBCpB +yBCpc (4.10)

= <
NIUYNLBAILISUYDILLU

A C, a1amlugdannis (4.4) Taaarasil A, B, C, D zasasunaaleilily

Tables 4.2 ttae 4.3.
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4.2 Heat Effects accompanying phase changes of Pure Substances
1@un latent heat of fusion tag latent heat of vaporization
v 4

latent heat MY 1¥itAAN151UA8Y phase AUANURUUHTWINIUY wazlANNTURUS

nuANENUAaaIsTULdY 9 lasanmsmaslulawniing

d PS&t

AH = TAV (4.11)

4 a P a
LNBLﬂuﬂ’ima’]’iu3qﬂﬁﬂamW{]N T

k]

AH

latent heat

AV = msuldsuwidasdsneasninennnmsilagung

P = anusuls

uiuIe AH anadnamndayaanuaulauasU3aings
nsdifilififayaiiadmuinm AH naums (4.11) axiiiBmassanabans
W RO Uszand 2 a8
1. yhnsenadauzesmsnanaduleiyaidoatnd (normal boiling point)

4 <) A a T Ay a o 2]
2. Usznannudaurasnmsnaelulaiigamaile 9 nnmndaamaiavii

AH, /T, 1.092(l P, —1.013)

4.12
R 0.930-T, 412

Wa T, = yoheaUnd
M AH, /T, aeiwiheunnu R azuunihgazmvualaga R
< A o
n19UssNIM latent heat waansnanaiulazesmarugndnauvgiau anen

ANNIDULENTNTIUN T %l v leaaumsidualas Watson

0.38

AH, 1-T,
AH, |1-T,

(4.13)

188190 4.5 AMWuali latent heat of vaporization 284117 100°C Ny 2257 J/g W

1UszN1ed latent heat 91 300°C

2597 0 Eq (4.13)
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AHZ ) 1__|_r2 0.38
AH, 1-T,
AH, = 2257 J/g
AH, = latent heat 71 300°C
T, = 373.15/647.1 = 0.577
T, = 573.15/647.1 = 0.886

1-0.386

“AH, = (2257) |——
2 = )(1—0.577

0.38
j = (2257) (0.270)**® = 1371 J/g

4.3 The Standard Heat of Reaction

reaction heat effects 8ULiiBIN191N heat of reaction ANz AIMUALTUNAZBIAIHN
SauLila products WAy reactant Hganafitiiy

heat of reaction lums Indinasmaniasesila (3anh calorimeter Yuaazly
L%ﬂl,wamauﬁ'ummﬁﬂ,unszuaﬂLLé”J@mlﬁaﬂlw ﬂ%mmmm%auﬁmﬂaaﬂm%gﬂ@ﬂimﬂ

v 1
o

1NNdansay FeMmunle nsaill AH 28N heat of reaction (Q = AH)

NNTNFNMS

aA + bB > IL + mM

AeMYUA standard state DN reactants WaE products lWa¥ AH Z9innu Q
standard state TUUNHALHNILDY
v & w & A S . A o =
nduma asitlunizrasdsusgndnidy ideal gas NANNAU 1 bar #38 1 atm
vy = < I o & a £ A o
2. M UuYBUNIINIBYBA 2L TUNILYDIVBUNNYIBYDIUINUSFNENANUAY 1 bar
98 1 atm
@ standard state MVUALAHLATDIVANE ©

(iBMuUA heat of reaction Taziiluvasljisenfidvualy wu

1 3

EN2+§N2 —>NH, AH3gs = -46,1107J
%30

N, + 3H, —> 2NH, AH3gs = -92,2207

AU AH%gg LU heat of reaction 9 standard state ﬁqmwgﬁ 298.15 K (25°C)
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4.4 The Standard Heat of Formation
standard heats of reaction aN30@1UIULGAIN standard heats of formation
standard heat of formation @8 heat of reaction 289 compound 1 mole NAeINNITH

Ufisenuesse dnazlddyanwaliily AHL,., Taamaisndaniu 25°C

1 o . .
C+ E 0, + 2H, — CH,OH az1lu formation reaction 289 CH,OH

WL

H,0 + SO, — H,SO, 1419 formation reaction

M AH?,0; 289815UNGILEAILY Table 4.4 Fadisuiu AHSG,

AH, o5 D510z T U
NNTANFUMS: CO,(g) + Hy(g) —> CO(g) + H,0(g) 1 25°C

standard heat of reaction a¢¥ @8 standard heat of formation (¥ail

CO,(g) : C(s) + O,(g) —>  COu(2) AHY,0s = -393509 J

H,(g) : flaean H, L?Juﬁwg aziy AH{,qs = O

CO(g) : C(s) + %Oz(g) —>  CO(g) AH?,gs = -110,525]
1

H,0(g) : H,(g) + EOz(g) — H,0(g) AH?ygg = -241818 ]

aumsvantas@auiy

CO,(g) = C(s) + O,(g) AHY,gs = 393,509 J

CE)+ 0@ €O AHC,, = -110,525 1
1

H,(g) + EOz(g)—> H,0(g) AH?,gg = -241818 ]

CO,(g) + Hy(g) = CO(g) + H, O(g) AH3gg = 41,166

210 Table 4.4 HUNTDUANAI9YDY standard heat of formation 2B gas NU liquid 15U

284 H,0 219NV latent heat of vaporization 7 25°C UL
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cad19N 4.6 1WA standard heat 71 25°C §wSudisen

4HCI(g) + 0,(g) — 2H,0(g) + 2CL,(g)
339 AHY{,eg 30 table 4.4 @D

HCI : - 92,307 J
H,O : -241,818J
a::f?u
4HCI(g) — 2H,(g) + 2CL,(g) AH3. = (4)(92,307)

2H,(g) + 0,(g) —> 2H,0(g) AH2gs = (2) (-241,818)

4HCI(g) + 0,(2) = 2H,0(g) + 2Cl,(g)  AH%g = -114,408J

ADFINAAD heat of formation %L?Judauwﬁw D4 heat of reaction L6 heat of reaction 813
1lﬂ°ﬁ heat of formation

4.5 The Standard Heat of Combustion

combustion reaction HenyINYulfazenseninsansaasisznavuazeanfiay
1Ay combustion products A1 SensUsznaUAUNETsENBUAE C, H Waz O product 2%
{u co, uaz H,0 %ﬁfﬂﬂ@iugﬂ vapor %38 liquid @

4C(s) + 5Hy(g) — CH,,(2)
Tumedudnlila uaiiean:-

4C(s) + 40,(2) — 4CO,(g) AH%gg = (4)(-393,509)

5H,(g) + 2%02(5;) —> 5H,0(1) AH34g = (4)(-285,830)

1
4C0O,(g) + 5H,0(1) —>  C,H,,(2) +6502(g) AH3qg = 2,877,396

4C(s) + 5H,(g) — C,H,,(g) AH%gg = -125,790 J
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4.6 Effect of Temperature on the Standard Heat of Reaction

sumstaiihlusadewdy
|v1|A1+|v2|A2+... —> |v3|A3+|v4|A4+...

§ %4 = Q( \ o aan =
Wa  |v;| @@ stoichiometric coefficients (FuUszanduasaumsnvhufasenmangud)
%ﬁﬂ'%“ﬂu + sy products LLazL‘ldJu ~§IM3U reactants

Vi

N

Ao A o Lo .
NULAINNNIY 138D stoichiometric numbers
@eNNYDI heat of reaction

azl

AH® = SvAH’, (4.15)
AU

4HCI(g) + 0,(g) — 2H,0(g) + 2CL(g)

N5 (4.15) sy

fHCI

AH® = 2AH:,  —4AH

!
IS a

maqmwnﬁdwlﬂmn 298.15 K heat of reaction ﬁqmvmu T W10

U U

AH® = AH°, +AC:  (T-298.15) (4.18)
Lf’Ia
A o
AC, _ AA+(AB)T, +£(4T;ﬂ —T1T2)+£ (4.19)
R 3 TT

172

Wa AA = ZVA,
waz  AB, AC, AD Ailenuiduny

a1 4.7 1@ ues standard heat 284 methanol-synthesis reaction 1 800°C

CO(g) + 2H,(g) — CH;OH(g)

JaMm
AHS, = A2, —AH:, —2AH,,

298 fCH30H

NNFNMS (4.15) N 25°C LLa::"i’l'a;‘J‘amﬂ table 4.4
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AH®,, = — 200,660 —(~110,525)—0 = -90,135 J

NNFNMS (4.18) As6a9m) AC:, nou 10 Eq (4.19) lasdalumendayafidains
R

i v, A Bx10° Cx10° Dx10°°
CH,OH 1 2.211 12.216  -3.450 0.000
CO -1 3.376 0.557 0.000 -0.031
H, -2 3.249 0.422 0.000 0.083

TAA = () AL TEDALH(EEDA,

= (1) (2.211) - (3.376) -2(3.249) = -17.663

o ] = QJ v
MunaueNuazle

AB = 10.315x107°
AC = -3.450x10°°
AD = -0.135x10°

unuely Eq. (4.19) Wio T, = 298.15K T, = 1073.15 K w 8 ¢ R = 8.314
J/(mol.K) azle

AC), = -17.330 J/K

unuly Bq (4.18)

AH? = -90135-(17.330)(1073.15-298.15)

= -103,566 ]

MM AHS 2131 BNIENTNAD

AHY :J+R[(AA)T+A—ZBT2+%T3—$} (4.22)
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Tag J asman (4.22) lasunudayan T = 298.15 K

m228199 4.8 1¥anns heat of reaction 1u3Upay function T NNUHA5eN
CO(g) + 2H,(g) — CH,OH(g)
3811 nmaden 4.7 lean AA, AB, AC was AD unuly (4.22) azla

_ _ 0.135x10°
AHS = J+8.314 (-7.663 T+5.408x10 °T°-1.150x10°T° + f)

71T = 298.15 TNANGIDENN 4.7 1 AHYgg = -90135  unuallazla
J = -7529)
S dumamlddmsudnna AHS @

} s 1.122x10°
AH} = -75259-63.710T + 44.962x10 °T*-9.561x10°°T° + —————

4.7 Heat Effects of Industrial Reactions
Tugaamnssndjnsensinaz
- 1419 standard state
- reactants 81AH NMNTAEIUYBY stoichiometric
- Ujitenenalianysal
- qm‘wgﬁmmmmﬁhqmﬂmauéuﬁu
- 8194 inert species

madnh 4.9 limaamgigsganianansadululd Taan1siwlud methane AU 20%

U 9

excess air W81 methane Wa% air 17 burner 1 25°C

as o aaa =l
a1 Ujn3enae

CH, + 20, — CO, + 2H,0(g)



Tagaums (4.15) azd

AHS4 = -393,509+(2) (-24,818)-(-74,520) = -802,625 J

J
C4

A29M5 T gegalasasaundly adiabatic Q = 0 WuAa AH = 0

NI 1 mole Y& methane

ol o, 2.0 mol

(0.2)(2.0) = 0.4

Tua 0, Ntiu

Twa N, 1th = (2.4) (79/21) = 9.03
asiuaadeuiy
; — Product 1 bar T K
R4 1 mole CO,
,// 2 mole H,O
AH =0 0.4 mole O,
/’, AH 9.03 mole N,
/,’, (P €910 products)
Reactants ﬁ 1 bar /,’,
25°C —» <

\ 4

product 25°
1 mol CH, AH)
2.4 mol O,

9.03 mole N,

AH = AHjgg+AHZ = 0

AHgQS

-80262517]

AHp (D niCpmni )(T,-298.15)

NN 3 FuMIazla

802655

T, = ———  +298.15 (A)
Znicgmh,i

naums (4.7) (unsalll € = 0) azla

Znicpmh,i =R (ZniAi +(zniBi)Tam +mJ

Tl T2



D NA = WA, +(QAL o +(04)A, +(9.03)A, (A1 A 21 table 4.1)

43.489

Tuvhusadennu
>'nB, = 9.502x10°°
>'nD, = -0.645x10°
Fratias

_ 5
D NiComni = 8.314 (43.489+9.502x10°°T,,, +M)

It

T, = 298.15 MsMmuIaum T, 921975 Iteration Ao
guud T, > 298.15 unulu (B) la ZniC‘;‘mi uaunuly (A) azle T,
2. @nade 1. %19 sum T, Mwalnituassiudarhsy
T, = 2066 K wia  1793°C

cad1en 4.10 5uilumsnde synthesis gas (CO+H,) Aaufisen
CH,(g) + H,0(g) —> CO(g) + 3H,(2)
aNgamvNganaNNaUUIIIIME UHATNDUINANNIAATUAD water-gas shift

CH(g) + H,0(g) — CO,(g) + Hy(g)

(1) (5.457) + (2)(3.470) + (0.4) (3.639) + (9.03)(3.280)

79

(B)

01 reactants U UAI1GD AT H,0/CH, = 2:1 wazdl heat 177 reactor LN 1% product v

auvq# 1300K CH, asuudaslUvnauas product § CO 17.4 mole% d313{3)

reactants gﬂﬁﬂﬁ’%audauuamﬁw 600 K sl‘ﬁ‘m heat ﬁéfaﬂa"lu reactor
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A1 9 25°C MU standard heat of reaction Tmﬂﬁ'agamn Table 4.4 1(;11

CH,(g) + H,0(g)  —>  CO(g) + 3H,(g) AH%s = 205813

CO(g) + H,0(g) —>  CO,(g)+H,(g) AHSgg = -46166J

vInFgaNaNMsazlaauNsnaNAe
CH,(g) + 2H,0(g) —>  CO,(g) + 4H,(g) AHYgg = 1646471
@an 2 aumsglanlamnaalufitiaziden

CH,(g) + H,O(g)  —>  CO(g) + 3H,(g) AH% = 205813 J (A)

CH,(g) + 2H;,0(g) —>  CO,(g) + 4H,(2) AHgg = 164647 ] (B)

fWa13an Uy 1 mol 289 CH, Uaz 2 mole 289 H,0(g)
1% cH, ¥UjA5en x mole 13U Eq (A)
CH, ¥MUfA3en 1-x mole §w3U Eq (B)
a1d products wmsuUFATenGail
CO : x
H, : 3x+4(1-x) = 4-x
CO, : 1-x
H,O0: 2-x-2(1-x) = x

RRLY 5 mole a4 products

Anland product §CO = 17.4%

X
0.174 = g = x = 0.870
azla products RN
moles CO = x = 0.870
moles H, = 4-x = 3.13
moles CO, = 1-x =0.13

moles H,O = x = 0.870



’f > Product 91 1 bar 1300 K

R 0.87 CO
,/’/ 3.13 mole H,
AH 0.13 mole CO,
//’ AH} 0.87 mole N,

Reactants 91 1 bar 600 K
—

\4

1 mole CH,

(0]
2 mol H,0O AH5gg

AH = AHp + AH%4g + AHJ
AHS0g = (0.87)(205813) + (0.13)(164647) = 200461 J
AHS @8 enthalpy 7 reactant 89ANNEUIIN 600K —> 298.15 K
AHR = (znicgmh,i) (298.15-600)
@ Cpp WAINENMS (4.7) A

c
™ AWBT, ¢ C(AT2 ST,
3 1T,

azla

AHS = [(1) (44.026) + (2) (34.826)] (-301.35) = -34314]

AH{ @@ enthalpy 284 products #ivhl¥iauan 298.15 — 1300 K milas

AHp = (Znicgmh’i)(1300—298.15)

Omni WINFUMS (4.7) ld

AHp [(0.87) (31.702) + (3.13) (29.994) + (0.13) (49.83)

+

(0.87) (38.742)] (1001.85)

161944 ]

. AH = -34314 + 200461 + 161944 = 328091 ]J
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1 process LU steady flow Felaill W, AZ uae Au®/2 azla

Q = AH = 3280911J

Gi”sii’l\‘l‘ﬁ' 4.11 Boiler 1% high-grade fuel oil (H-C) i standard heat of combustion 43515
1/g # 25°C Tagdi CO,(2) waz H,0(1) {lu products QUNNNVDI fuel UL air 13ii 25°C
aundtiomalifianudu flue gases ildannafguugi 300°C § €O, 11.29%, CO
0.4%, O, 6.2% uaz N, 82.2% lagthiildanuinsenliladnmzdlidmuram fraction

¥4 heating value 2auhRuNsamluglaasnnndauly boiler

3511 W58 100 mol 94 dry flue gases RTUU

CO, 11.2 mol

CcO 0.4

0, 6.2

N, 82.2

U 100 mol
2IM@AN O, 21% waz N, = 79%

". moles O, LNAUIMA = (82.2) (21/79) = 21.85

Ao 0.4
moles O, ‘nuagﬂu dry flue gases = 11.2 + 7 +6.2 = 17.60

". moles 48N O, ﬁﬁwﬂﬁﬁ%mtﬁ@fw = (21.85-17.60)
.. H,0 fogy = (21.85-17.60) (2) = 8.50
mol H, 11 fuel = mole 209thifin = 8.50
USanau C Tu fuel ¥lae C-balance @a
mole C T4 flue gases = moles C Tu fuel

= 11.2+0.4 = 11.60

", 129284 fuel Tt el 9N C + 48N H

(8.50) (2) + (11.8) (12) = 156.2 g

nnlang . AHS.g = (-43,515) (156.2) = -6797040 J
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udaglsfionn UfAzenaseq azldanysal wez 1,0 Mfadun azaglusulainnah
YD)
. 0 g-atom 2839 H (2x8.5) e C (11.6) L%al,wawzﬂgm C,, 6 Hy, @oudluaums
lai

Cy 6 H, (D) + 21.85 0,(g) + 82.2 N,(g)

= 11.2 CO,(g) + 0.4 CO(g) + 8.5 H,0(g) + 6.2 O,(g) + 82.2 N,(g)

v X v ' X ) ' o
sumsteuuil szldnnaumsas lUiiuiniu eudazaumsaznsiu AH,

C16 Hi;(1) + 15.85 0,(g) —> 11.6 CO,(g) + 8.5 H,0(1) AH35, = -6797040 ]

8.5 H,0(1) = 8.5 H,0(g) AHS.s = (44012)(8.5)
= 3741027

0.4C0O,(g) — 0.4 CO(g) + 0.2 0,(g) AHS.s = (282984)(0.4)
= 1131991J

6.2 0,(g) + 82.2 N,(2) —> 6.2 0,(g) + 82.2 Ny(g) AH%gg = 0

unuazla

AHYgg = -6309,744 ]

— Product 91 1 bar 300°C

,’# CO, 11.2 mol
o OC 0.4
AH /,’ H,0O 8.5
4 [0]
// AHIO o, 6.2
it N, 82.2
1 //
Reactants 91 1 bar e

7
25°C — <

\ 4

product 25°
(0]

fuel 156.2 g AH5gg

0O, 21.85 mol

N, 82.2 mol

AH = AHjg + AHQ
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J
a A

W1 AH} 39 ¥ product figamigiitinan 25°C Ty 300°C (= 573.15 K)

u

AHp = (> niConi) (573.15-298.15)

[(11.2) (43.675) + (0.4) (29.935) + (8.5) (34.690)

(6.2) (30.983) + (82.2) (29.612] (573.15-298.15)

+

941,105 7]

0

(wmamqfh C WIANNFNNT 4.7)

pmhji
MUY Q = AH = -6,309,744 + 941105 = -5368640J
.". Fraction 28N heating value 28N oil Nonewnly boiler = 5368640 x 100
6797040

79.0%
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4.1 azdaslanuFouiivzunawile tavhli ethylene 10 mole guunafitiiaan 200°C
Tdlu 1100°C fenusutszanaussenmely steady-flow heat exchanger.

4.2 gamgiigavnsasdiuvhle WeanuFauiinm 1100 kI dewl#fy SO, 30 mole 7
faungfiGuduil 300°C Tu steady-flow heat exchanger 1AM G UUFza QUM
UFIENMA.

4.3 1 9.91 m*/s 2090 IMAT 25°C uazANNAUUIIENMA gnvhliiaudiasdudviu
ﬂszmumimﬂmﬂﬂﬁ 435°C Wmﬁm’lmm%auﬁﬁmm (Q)

4.4 19" standard that of reaction ﬁ 25°C ¥@aUf)n3en

CH,CHO(g) + H,(g) — C,H;OH(g)

4.5 1NYD 4.4 19 standard heat of reaction "7; 400°C

4.6 T¥MUIUM theoretical flame temperature ija methane ﬂ 25°C 10 lnainu
(a) PVMAT stoichiometric amount (U’%mmﬁé’aﬂ%mugmwmaumsﬂﬁﬁ%mLﬂﬁ)
(b) 100% excess air #t 25°C
(c) 50% excess air Lﬁ'agnﬁﬂ‘ﬁ%mﬂﬂﬁ 500°C nau

4.7 fhauanTauiiod reactor Tuls9uKEa nitric acid TaguaNi UM ALTITIUSIBILAY
25% Agamslumsriufazenianysaiduuanlunialuidiu nitic oxide wazlaih
S5 reactor 71 85°C warmItiaUATETNAY 85% ward reactor FIOUKUY
adiabatic qquﬁwmﬁmﬁaanmn reactor At ule 5wamgaiﬁmﬁ1éﬁu ideal
gas

4.8 HoWAIUSENBUEIE 75 moless 2D ethane AT 25 mole% 4 methane LHLATLK
W3aNAY 100% excess air it 25°C 810050 10° k/kg-mole 2a9zDINAIEBLN
14 boiler tubes Tutaen 1ﬁﬁ1u3mw1qquﬁﬂaqﬁwﬁﬁaaﬂmmml,m FNNATINILRN
Iwmml,%mwamﬁm%uauysﬁﬁ

4.9 Hydrogen N‘am‘[ﬂﬂﬂﬁﬁ%ﬂ’l

CO(g) + H,0(g) — CO,(g) + Hy(g)

AN reactor UsNauaIeg 40 mole% 289 CO waz 60 moles 2a3la) Ngungi
150°C wazmNNAUUIIEINIE o1lauvufaseua 60% lUillu H, uazdrfgvas

eUHA3EN0anN reactor i 450°C TRMUSINUANNIDUNDIAMBBNAIN reactor
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4.10 Propane wWasuluu ethylene 8¢ methane Tunszuaunis thermal cracking Tag
Ugisen

C,Hg(g) —> C,H,(g) + CH,(g)

Propane 121 cracker 1 200°C 288791 1.25 kg/s WazANINIDUNEI18LNLET reactor
(¥98 cracker) 8RN 3,200 kI/s 01 propane tUazuuUadiiasaInljaseninnu 609

Timaamglizasmauaniioanann cracker

4.11 Chlorine Wanlaaufnsen

4HCI(g) + 0,(g) = 2H,0(g) + 2C1,(g)

MeLEN reactor U52NBUAIY 67 mole% w84 HCI, 30 mole% U3 O, WAz 3 mole% U
N, waziinigavgil 500°C 61 HCl iiaUi3en 75% waznszuiumstunuy isothermal

Tamanudaunonamaanan reactor aVTN mole UDIMUUFNNLIN reactor

4.12 N32UIUEIMSUNS® 1,3 butadiene Lﬁﬂﬁnﬂﬂﬁﬁ%ﬂ’l catalytic dehydrogenation 284 1-

butane MNUHNTEN

C, Hy(g) = C,Hq(g) + Hy(g)

ieiaUfnsenirades 1-butane foudiuiase Sunlidenedelahlusasnd
12 mole 2891811618 1 mole 789 1-butane UANSeAALUY isothermal #i 500°C Toadi
qmwgﬁ‘ﬁ 1 butane 30% %gmﬂéaulﬂlﬂu 1,3-butadiene LA WIMMUIIIMANNTDY
fig8indn reactor @8 1 mole 289 1-butane A1L3N LLafo':!mmﬂﬂﬁﬁ%ﬂuﬁﬂﬁmmﬁu

& o = al o . 4
USIENMA EUUMBRFNNANUY ideal gases 1@




