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1 Sila pastikan bahawa kertas peperiksaan ini mengandungi SMPAT (4) muka surat dan

i DpA PULUILSATU (21) lampiran yang bercetak sebelum anda memulakan peperiksaan

llll.

Kertas ini mengandungi LIMA (5) soalan.

Jawab mana-mana EMPAT (4) soalan.

Jawab mana-mana SATU soalan dalam Bahasa Inggeris.

Soalan terjemahan Bahasa Inggeris ditaip dalam bentuk tulisan ltalic.
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Udara di dalam sebuah bilik 55m3 ingin disejukkan dari 37oC, 1 atm dan 80%
kelembapan relatif kepada takat embunnya pada 1 atm.

Tha air in a 55 m3 room is to be cooled frcm 37Q, I atm, and 80% plative
humidity to its dew point at 1 atm.

Hitungkan berat udara kering dan wap air yang hadir di dalam bilik tersebut

apabila penyejukan selesai.

Calculate ffie masses of dry air and wdter vapor prcsenf in the rcom
when the cooling has been accomplished.

Hitung haba (kJ) yang perlu dipindahkan untuk membolehkan penyejukan

kuantiti udara yang dikirakan di (a), dengan mengandaikan Q : AH untuk
proses ini.

Calculate the heat (kJ) that must be tnnsfened to cool the quantity af air
calculated in part (a), assuming Q = AH forthis ptoc€ss.

tbl

)

(25 markah)

Suatu campuran cecair mengandungi 30.0 mol o/o benzena dan 70.0a/o stirena akan

dipisahkan di dalam sebuah turus penyulingan. Turus tersebut menghasilkan

keluaran atas (overhead product) dan keluaran bawah @ottoms product).

Keluaran bawah adatah 99 molYo stirena serta mengandungi 2.Oo/o danpada

benzena yang disuapkan ke turus.

Aliran cecair yang meninggalkan bahagian bawah turus (bukan keluaran bawah)

akan pergi ke sebuah pemanas semula separa (partid reboiler) dimana sebahagian

cecair akan diwapkan pada 150oC dan disuap balik ke bahagian bawah turus. Sisa

cecair daripada pemanas semula merupakan hasil keluaran bawah. Aliran wap dan

cecair yang meninggalkan pemanas semula adalah seimbang. Nisbnh pendidihan
atau nisbah mol aliran wap dan cecair yang meninggalkan pemanas semula adalah

2.5'r.

Dengan menggunakan hukum Raoult's dimana perlu, kirakan komposisi pecahan

mol komponen hasil penyulingan, wap yang balik ke turus dari pemanas semula,

cecair yang disuapkan ke pemanas semula dan anggarkan tekanan yang perlu untuk
pengoperasian pemanas semula.
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A liquid mixturc containing 30.0 moleVo benzene and 70.0% styrcne ts fo De

sepanted in a distillatian column. The calumn prcduces an overfiead product
(distitlate) and a battoms produc't. The boftoms product is 99 mole% styrcne
and contains 2.A% of the benzene fed to the column.

The tiquid sfieam teaving the bottam of the column (not the battams prduc't)
goes fo a paftiat reboiler, in which a poftion of it is vapofized at 150t and
retumed to the bottom of the column. The residual liquid from the reboiler is the
bottoms prduct. The vapor and liquid strBams exiting the reboiler are in
equilibrium. The bottup ratlo, or mole rctio of the vapor and liquid sfieams
leaving the pboiler, is 2.5:1.

Ustng Raoufts law wherc apprcpriate, calculate the eomposifions (component
mole fnctions) of the distillate producl, the vapor retumed to the column from
the reboiler, and the liquid feed to the raboiler, and estimate the required
operating p/essu/e of the rcboiler.

(25 markah)

3. n-Hexana dibakar dengan udara berlebihan. Satu analisis gas hasil memberi

komposisi mol asas kering seperti berikut:

n-Hexane is bumed with excess air. An analysis of the product gas yields the
following dry-basis molar composition :

N, - 
82.lyo, COz - 6.9Yo, CO - 2.lo/o, Oz- 8.6yo, Cellr+ - 0'265yu

Gas sisa muncul pada 500oC dan 1.00 atm. Hitungkan peratus penukaran bagi

Hexana, peratus udara lebihan yang disuapkan ke reaktor dan takat embun gas

sisa.

The stack gas eilrerges af 50At and 1.00 atm. Calculate the parcentage
convercion of hexane, the percenfage excess airfed to the reactor, and the dew
point af tha sfack gas.

(25 marlcah)

As

..4t-



IEKC 1111

-4-

4, Satu aliran yang mengandungi jumlah mol seimbang benzena dan toluena pada

60"C disuapkan ke sebuah penyejat satu peringkat selanjar . 6$0/o daripada berzetla
di dalam suapan disejatkan. Wap tersebut dianalisis dan didapati mengandungi

63,1 molYo benzena. Kedua-dua cecair dan hasil aliran wap muncul pada l50oC.
Kirakan keperluan haba bagi proses ini dalam kJ/kg.

A strcam containing equimolar amounts of benzene and toluene at 6At is lbd
to a continuous single-sfage evapontor. Sixty percent of the benzene in the
fued is vapodzed. The vapor is analged and is found ta cantain 63.1 mole%
benzene, Both the liquid and vapor pnduct sfiraams etn€,rge at |ffit.
Calculate the heat rcguircmant farthis process in kJ/kg feed.

(25 markatt)

Sebuah silindqr gas 100 liter mengandungi 97 mol.o/o CO dan 3o/o COz dihantar ke
loji anda. Anda menandatangani resit penerimaan dengan mengesahkan bahawa

bacaan tekanan pada tolok tangki menepati 2000 psi. Beberapa hari kemudian
anda dapati bacaan tolok hanya 1875 psi bererti satu kebocoran berlaku. Stor
menyimpan silinder tersebut mempunyai isipadu 21.4 m3 dan sistem
pengudaraannya amat buruk. Kirakan molo/o maksimum bagi CO dalam stor
tersebut pada masa kebocoran itu dikesan, dengan andaian gas yang bocor tersebar

sama rata di dalam stor tersebut dan suhu stor adalah tetap 30"C. Gunakan

Hukum Kay's dimana perlu.

A 100.0 titercylindercontaining a gas 97 mole96 CO and 3% COz is delivercd to
your plant. You sign the receipt for it, noting that ths prass{/te gauge on the
cylinder pads 2000 psi. Sevena/ days latar you notice that the gauge rcads
1875 psi, indicating a senbus /eak The stonge room in which the cytinder is
kept has a volume of 21.4 nf and is very poorly ventilated. Calculate the
maximum moleTo of CO in the raom at tha time tha leak rs discorerBd, assuming
that the leaking gas spreads uniformly thraughout the roam and that the rcom
temperature is a constant 30t, using Kay's rule when apprcpriata.

(25 markah)
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Qurntity Equivelcnt Valucr

lhss

Lcngh

Volumc

Force

Prcssurr

Encrgy

Po*er

I ttg= tflX)g =t).(X)t merric ron = 1.10"163lb.= lS.:?:gloz-
I llb. =16ttz =-i < to-rt{)n=J5-1.59-1 g =0.{-slJQllsg
I

I I r = 100 cm = l00o lnrn = l0o misrons {gm} = l0to lngstroms (Al
I = j9.-17 in. - -i.lE0$ t'r = 1.09-16 vtt = 0.000611{ mile

I lli = llrn. = l Syd =0.--l(}l8m = J0.{llcm

I t *' = ltXX) litcrs = l()n cmr = 10" ml
I = -lS.-ilJS ftr = ll0.$i imperial gallons = 16.l.l7 gal

= lr)5tr.6lt qt
I fr'r = l-lll rn.r = :..tE0i gal = r).()J$317 mr = ls.-tt7 titcrs

= l$ -ilTcmr
I N = | kg'm s: = l0' iJJincs = l{)t g.cm s: =0.llJ8l lbr
I lb1 = J:..|?Jlb-.ft s: =.t.tltil ),i = l..Ll8l < 10, dynes

I rrm = l.oli:-\ r lOt N m:rput = l0t.-ll-{ kpa - l.0lJl5 bars
= l.()l-ilS < lt)o dyncs cm:
= 760 mm Hg at t) C rrorrt = l().-r3l m HsO at .1.,C

= l{.696 lbr, in.: tpsir = J_1.9 tl H:O rr .l'C
= l9.9ll in Hg u 0'C 

l

I J - I)i.m = lO'ergs = lO'dy-ne.cm i

= l.7lrl < t0 -'kW h = 0.lJ90t cat I

= ().ijl6 fr-lb, = 9.{86 v t0-' Bru , 
I

t W = I J s = ().:l90l cal s = O.7376ft.lbr,s = 9.{}6 x l0-r Btu,s I

= t,-iJl < l{) - r hp I

Exarnple: The facror to converr grarns ro'0.,. (.ImF)

Slondqrd Condlllon3 tor Gqses

ll..J''.P.T,Syslern

st
CCS
Antericnrr Iirr gilreerirrg

27J K
273 K
492^R

attrl
illill
itInl

I

I

I

{1.022415 rrrl
22.41-5 liters
359.()5 frr

nrol
rnoI
lb-nrole

I

I

I
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Tlll,t 6.1.1

Ar$olnr tquoflm Coffiffi

logrrpt={- p'in mm Hg T in oC
T+C

Subctrnce Formulr Renge. oC

Acetaldehydc
Acctic acid

Acetone
Ammonia
Bcnzene
Carbon tetrachloride
Chlorobenzsnc

Chloroform
Cyclohexane
Ethyl acetatc
Ethyl alcohol
Ethylbcnzene
n-Heptane
n-Hexane
Methyl ulcohol
Mcthyl ethyl kctonc
n-Pentanc
lsopcntane
Styrene
Toluenc
Water

C:HnO
C:H40:

crHco
NHr
C"H"
ccl.
c6Hrcl

cHcll
CoHt.
c.H3o:
c:H60
CtH,o
C'Hrt
C.H,.
cH.o
crHro
CtHt:
CrHr:
C.Ht
C.H,
H.O

-45 to + 70

0to +36
+36 to + t70

-83 to +60

0 to +-12
+4J to +130
-30 to + 150

-50 to +200

-10 to + 150

-10 to + l.tO

:

0to6O
60 to 150

6.810E9
7.E0307
7.18807
7.0247
7.55466

6.90565
6.93390
7.10690
6.94504
6.9032E
6.8+l9E
7.09E08

E.04494
6.957r9
6.90240
6.87776
7.87E63
6.97121
6.85221
6.7E967
6.92409
6.9533.r
8.10765
7.966E I

992.0

165 r.2
t416.7
r 16r.0
1002.71r
ll,r t.033
t242.43
r500.0
l4l3.l2
I r63.03
n03.5?6
t 238.7 r

t 554.3
t424.255
r268.r l5
I 171.530

t{73. r I
r:09.6
r061.63
1020.0r2
l.t:0.0
t343.943
t 750.286

t668.I

230
tt<
Iil
224
247.8t5
210.790
230.0
2?4.0
2r6.0
227.4
312.861
117.0
222.65
213.206
2r6.900
224.366
130.0
?15
232.000
133.097
206
219.377
235.0
t28.0

'Repnnted from Lr.rnge's Hundfuxtk ol' Ctvmistry, 9th Edition. Handbook Publishcrs. lnc.. Sandusky,

Ohio. 1956. F(rr an c.rpundcrJ list of .{ntoine constants sce J. ..\. Deun. Luntqe's Ilandhl,r/t ol' Chemistrv.
tlth Edition. McGraw-Hill, )iew York. 1979. pp. l0-19 through l0-54.
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SelecLed Physical Property Data

Crtd Fd
SG

:lLLwr. {tr/.p)
rl.(lJr
U,;'

UIJry"
,ildtJ'or tJ'CY tJAt 4lrqlr utd

(ivi;pr
Lrt-l

Astrlddftr
l|tadd

Acil

Acayle!.
Anmn

Amonire
Itdui&

Allmirlrl
larr$a

Aamdun
nd&r

Adlilr
Bllrafbfydr

B[r!3

cHrcHo
oltcooH

crHro

CrHr
NHr

MI.OH'

MI.NOt

{NH.)!SO.

cJ|,N
qHrcHo

C#r

{0t o
00t t.0.0

- l!r.7
r6.6

-16,.10
-rt6.lltl
-{!tttr,
-!4r:[t
-il6,tr|,
+t571J
-ot:On
-{6'lqO

-36.r.1{t

-ntl{ll
-t7t6t0
-9r9.ntr,

- t?t5.tn
-tut.{1
- t2t9.at,

rL09

5.09

J.6JJ

t"a

:
9.t3?

:0.:
I rtl

!tr
!{lt

{6t.0
tt .t J?.t

5C.0 .U.0rt(l ot9t

:i(x
r7.0t

tt.03

toot t.rutf

ll1l. t.?6e

91.11 t.o:lt
r(fE r.s6

7&il Ot?9

-95.0

-n.t

t6e.6

5ll

-6.t
-2C0

t.J3

.<c0 lo:

-ilJ 17.6

-Jr.rt :tJ'l
!0t t 6r.6..0tJ IIt.J -Yt,

-165.!{ct
-!ru(ail

- lr79.t(G)

-ll7t t({,

-t&$flt -lt:0.q[
-.oo.to+r16fl) -1267.(ll
+&L9lrt -ll0lgS

'AdTndi.F rtF.D, il' Hiurll.|r f.rancrrtarf i"rr,ai.raCf"r$agrpcme.* Uitto..6 rrar.f"tf.rO.i.ncF.f .earpraWecrnlloo*n*,frf.lr.. &/nadCllfr. N. J.Ii..5l39ornrl I ua.
'tlddtlirut rad|.un
'loilq Frar rr I rll-t H-r of ntorE&oo rr tr ul t arm.

' Criricrl urBtadurr!
'Cridrl psla
I Hl of foomrion at lSoC urd I run.
'llrtof coohsin rt 25'Ced t lt|r. Str[d|'d r..Eolpcodrnr rrCOdO. Hrqn. SO:{O. tlcllJ[.ad N{3. Torrrrrnr Ad! eit| lllqjf 8r grodncc.dda.totrr to
. 
tha uiiil.td lral|.. rh'| rr - molcr HrO fmh.d/lroh ftd buna{.

JTo cowrt art ro l.rt,rrol dividr gvrn vrlrr by f.[4: to coiutn lo gtu/lb.moh. multiply by dt0.l!.
(cadtrdl

tlsopoautl(FC

Doopsulll'C
rllcr mdtirS

rt J at 51r
t79.0 Je40

toro J0.?6t t616 4t.6



- 9- IEKC 111]
TAtLF B.'l (Contlnued)

Compound l-orrnuln

SG

Mol. Wt. {20o'{') I.("C)}
Jrtr-{ r.)' ,

IJimol ri(ocld
{lltif'r
kJ/mol

( -\ri:/.i
kJi mol

lrl..t fnf r

kJ/mol T"{X)t P.1arm)'

iJsnzoie ilcrd

Bcnzr i .ricuhol
Bromine
l,l-Butudrcnc
i.i-Eutadiene
n-Butlne

lsobutanc

l-Butene
Cirlciurh
carbtrre

Celcrum
curbonutc

C.ricrum
chlorrde

Calcium
h1'dro r rdc

Calcium oxide
C;rlsium

pnosDnate

C.rlcrum
srlicutc

(laicrum

sulfatu

Calcrum
sullate

r gyps un I

C.rrbon
rgraphitc,

Carbon
dioxide

C-t{"(): il:.ll
c-H*o l()rt,]i
Br, l-ig.lil
c.H. 54.09

c.H^ i1.09
at-t iQrr! 1r I I o

c.H , ,, i8.l:

c.H " i6. l0
C.rC, b4.l0

CrCOr lfi).09

C:r(ll' I10.99

CatOHlr :.t.10

L'rO 56.0E

Cr.,P().), ll0,l9

CaSrO-, !16.1:

CrS(), i"16.lS

C,rS(),:H:O i-:.!$

t.:66'5
1.045

,i.tI9

:.rl'

1t{tl5

-\.Jj
_:.14

:.91 5

-.vo

:..i:

-.-o

tl9. s
'r\i'

58.6

t0.l
- +.b

- 0.6

- I l.?3

l,t

1"

* l{7.0(l)

- I 1{.7{g)

- l sE.J{ll

- I 14.5(s,

= L t7(g)

- 63.76{c)

- l:06.9tc1

-'94.96{cr

- 9E6.59tc)

- 6-\5.6{c)

-Jl.-r8lcl

- I iE.lt{.:t

- l.t-i1.7{cr

- ij50.{{q,
-:0lllcl

0(cl

-ll:.9{t)
- i93.5tg)

- -t::6.:lg)
- t?-tl'titt]

- 185-r.6{l)

- 1s78._1s)

- t349.0t1)

- 2868.8{s}

-:71E.6(Cl

- ! 5..1

-1.J I0.8

- I i6.-i

- 109.1

- riE.l .1.661

- 159.6 '1.5{0

- 185.i 3.8480

1300

:rLr i; toi
J46

+15 -r:.-
::.-i05 -125. I7 -r:..i7

:I.:91 {08. Lr6.0

:1.916 {19,6 i9.7

DecomPoses at 8:5'C

;8: :S.i7 > 1600

(- H:O rt i80 C)

1570
r 670

i 5i0

t600 {6.0

- 56.6 8.33

at 5.: atm

r- l.-i H,O at ll3'C)

c I1.0 r0

"1.1.01

{:00

{Sublimes rt -;8'C) io4.l ::.9

- 191.5 t{ct

Carbon
disuiliuc

Carbon
monoxrde

Carbon
retrachlondc

Chlorrnc
Chlorobenzene
Chlorrrethane
Chlororbrm
Copper
Cupnc
sulfate

Cy"cloirexane

Cyciopenranc

n-Dccane

Dicrhyl erher
Ethane
Ethyi acetare

Ethvi ;ricohol
{ Ethanoi I

Ethyl hcnzene

Ethvi !.romrttc
Ethyl cnlorr<!e
3-Erh1,l

he.r.ane

Erhyiene
Ethylene
grycol

Ferric orrde
Ferrous ,:rrde

CS,

CO

r-t

c..l-r.c:
c:il.cl
cH('1.

CuSO,

C^H,:

C.H 
'u

vtilrrrr

tC.H.rlO
C,H.
crH"O:

C.H.OH

L .i1 , I

c;H.ilr
(-lrH.Ll

L-.H^O:

Fe,O,
Fe()

- :05. I

-r^Q

- r0r.00
_ .a)

-oJ./
l 083

55t.0 '3.0

133.0 .:+.5

556.{ .1-{.0

.i! 7.0 '6.1

6-r:.+ .Lt.6

t:o :{0

-\)J.,' J) +

5t t.s rr.55

6 r9.0 :0,3

167 _15.6

105.4 lE,:
s:3. l i7.3

5 16.3 6:.0

(i t9.7 -::.0

-{04 61._{

.160.4 i:.0
i67.0 :6.+

:33.1 :0.-i

- E7.9tt)

- t 15.3(gy

- | t0.51g,

_ it9.-s(l)

- i06.7{g)

flgl

- r -r t.8{l}
(Icl

-;69.9(ct
- 341.1(aqt

- I 56.:0)
i:3. ltg,

- 105.9(l)

-7j.2tg)
-:{9.7(t)

-:71.3(ll
-34.67(E)

- J63.:{l}

- r26.Etg)

- l7?.63(t)

-:35.3 tfg,
- r:.{(tr
- 19.i9{g1

- 5{.Jrg1

- I 05.0(9)

-:50.-\il1
- ) l0.9tg1

- 51.18(g)

- {5 t.irl}
_ -ili7.ltg,

-:66.-iicl

- 1075.2il)

- 1 l0:.6t gt

-:82.9919)

- 352.:(tl-rtl,

--:9t9.9{tl
-.i953.0(9,
- 1290.9{r)

- i319.-s{9,

- 6778.J{t)

- 6829.7{91

-2726.,1t\
- !559.9\gt

-:246.{{l}

- i366.91{ll

- 1.109.15(9,

- -ts64.9{tl

-.tfOZ ltg)

- 5407. ll l)

- 5_i09.8{C,}

- 1410.99{9,

- lt79J(l)

76.1.t 1.161:: r0

:s.01

l-{i.ll;t L,rgs

:0.91

ii:.-i6 Lt07
Sce erhrl chlondc
I 19.-19 1..189

bi.-i.l 3.92

159.61 ,i.506r5

li4. l6 t).i79

:0. I -l r).7.15

142.:3 0.i30

:.1.!: 0.708:3
_r0.07

s8.10 0.901

16.07 {),7u9

106. l6 !).867

t(),3"98 i..{60
O"l.-(: rt.903rJ

ll+.__ lr. t,

6.7 2.671

- 93.4 0.609

-29.9

- r t6.i 7.10

- 183.3 t.859

- It3.8

- rr{.6 5.0I

-94.97 9.16i

- I l9.l
_ rl8.-1 *1.,

- t69.: -r.J50

-t.l Il.:J

.16.:5 16.8

- 191.5 6.0.12

;6.? -t0.0

_ _1.1.05 :0.4
131. t 0 -:6.5

6t.0
1595 i04.6

Decomposes > 600"-C

$0.7 _r0.I

-r9.3 :?.10

I /J.A

i4.6 16.05

-88.6 rJ.7:
tt^

78.5 :8.s8

136.: i5.98

t8.:
l3.l 24.7

r t 8.5 i-r.17

- 103.4 13.54

197.: j6.9

Decomposes ar l-i60 C

0.837

1ll

6..+06

t 3.01

:3.05
5:.07

rio:n
l. b)

I t t:i9

i t1

I26

tcontinued )



'-t0 - IEKC 1111
TABTE $.{ , (Centinsrd)

Compouod Formuia
SG

llol, Wt. (20"/{") T-("C)"
Iti-( I-f'l

kJ'mol r,(oc)'
rri'(rr)' i

kJ /mol

(rri?F.i
kJlmol

r,rri;y.r
kJ imolI"(X)t P.(erm)i

Ferrous
sullide

Formaidehtde
Formrc rcrrJ

Ci;cerol
.Heltum

n-Hepurne

n-Hcr,anc

Hy-drogen
Hy-drogen

lrromlde
Hydrr:gcn
chlonde

Hydrogcn
clanrde

Hydrogcn
ilrroride

Hydrogcn
rulfidc

lodinc
Iron
Lcsd
Lead oxttlc
Magnesrum
Magnesium
chlorrde

Magncsrum
hydro xule

Magncsrum
oxrdc

FeS

crHeo.
Hc
C'-H , "

C"H,o

H:
HBr

HCI

HCN

HF

H:S

l:

Ph

Pho
Mg
MgCl,

Mg{oHl:

vgo

ll9-1

*9:
3.i0

!l an

- 169.7

- 90.59

- 95.11

- 159. l9
-86

- I 14.:

- l4

_ ra3

- lr-\.-\

I t J.-r

i 5i5
i.':t J
s86
650

1900

5.16 :.16
540,1 17.0

507.9 i9.9

1t r3.E

J34.6 s 1.5

503.1

17 j.6 rti.9

'Y_
::

- 95. l{ct

- I I 5.90(gt

-.109.1(lI
- _162.6tc)

- 665.9{ll
ugt

-::1.4{l)
- I 87.3(g)

- r98.3(l)

- 167.:(g)
0gt

- J6.13{g}

-92-31t91

- 130._({g}

- 168.6tgl

- 3 16.9{uq.
:001

- I 9.96tg1

0tct
(Icl
ficl

- ll9.llct
(IcI

- &l I .Stcl

- t01.8(c)

- 563.{6{g1

-:62.t(l)

- l66i.r{l)

-{8r;e(t)
-4851.5(s)
-1t63. t{l)

-4194.E{gl
- 1E5.8{sl

:

-,r6:.59{gl

_

37.91 .l.lt.l

-10.0J 0.815 :"
+6.01 t.::0

92.09 L:60so
{.00

l(n.:0 0.68.1

86. | 7 0.659

l.0l 6

80.91

16..17

_ /,\rJ

:0,0

i4.0tt

t-rl.$ 1.9J

55.s5 ,1 .7

:07,:l r r.317:o :u
rll .1 oi

-+.Ji t. $

eS lt :.1:5:'

:E.-r4 :.r

.ro.it 1.65

- 19.1 :.l.rE
tm< la r(

190.0

- 168.9 0.08.r

et..r3 I l.6e

68.7-1 :9.S5

- 151.76 0.904

-D/

-,r5.0 r6. I

t0

* 60.3 18.67

i84.:
t$00 154.0
1 750 r;9 9

l47l ltl
il 10 l .1l .lt

tJlE t-16.8

il.;

18.J0

0.02

14.03

t 3.03

o.:

1.99

-

:.tx

15,I

-i. l0
I 1.7

e.l
+1. r

H:CO
CH:o

Decomposes ot .150 C

.17.,1 1600

Vercury
Merhanc
Mcthvl
i:celatg

Mcthvi
alcohoi
rMethanol)

Mcthyl
amlne

Mcthyl
shloride

Methvl erhyi
kctone

Naphthaiene
Nickel
Nitnc acid

Nitrobcnzene
Nitrogcn
Nitrogen
dlorrdc

Nitnc osrde
Nirrogcn
pentosrde

Nitrogen
letrtorldc

\itrous
oxiclc

n-Nonune

n-Octlne

Oralic acrd
Orvgen
l-Pentane

Hg
CH.
crHn0:

CH.OH

CH.N

cH)c!

c4H.o

CtrHs
Ni
HNO.

coH.o:N
N:
Not

NO
'r-tO,

N:on

N,O

LoH:c

C,H,,

c:H:o.
o:
CrH,:

:00.6t r3.546
16.04

71.03 0.931

i2.,)t 0.792

50.49

:1. r0 0.805

l:3. I6 r.145
58.69 3.90
63.02 i.502

t't? I I I tn1
aR nt
J6.01

i0.0t
108.02 l.63rE'

9:.0 t."r48

I ls.l-s 0.718

Ll{.:: 0.703

- 356.9
* 161.5 3.179

57. I

64.7 35.:7

- 6.9

-:4
18.7 32.0

:17.8
:900 :

86 30.30

r0.7
- 195.8 5.577

:1.1 14.73

- 151.8 13.78

il.r

r90.70 r5.8
506.7 +6.30

5 r 3.:0 :9.J0

129.9 13.60

.[5.] 55.E0

flct
- 74.85{9,

_.109.4{l)

-:38.6|l)
- l0l.lf g1

- 28,0(s)

_ E 1.92(g)

*,
- 173.230)

- 206.57(aq)

qs)
. +33.8(g)

+!zre)

-9.1c,

- 2:9.0(l)

- t49.9rt)

- 208..1tg1

- 826.8{c,

ffgt
- 1?t.ql)

- 890.16{g)

- I 595t1)

- 716.0t)

-.764.0t9)

* 1071.5fl)

*:436(0

-5157G)

- 30918{r)

-rt.06 0.699-,, -92.7

0.94

J.to/

to.c7

0.720
7,335

:.30 l

-. r, - 88.8

I )U.O

l1< <

Decomposes at 186"C
0.444 - t82.91
8.393 16.07

- 97.9

- 87.1

80.0
r 45:,

-+t.6

5.5

- 110.0

- 9.3

- r A1 6

i0

- v.)

t4.02 l.:16 - 5" - 9l.l

- i8.iJ7
* 182.5

-. 9E.9

-97.9

- 51.8

- ) /.t.1

126.20 33.5

431.0 100.0

r7qr0 
:r 

o

43 t.0 99.0

300.5 7r.70

595 :3.0

595.0 ::.5

r 54.4 49.1

469.80 33.3

- 6 I 24.5(l)

- 6l 71.0(g)

- 5470.7fi)

- 55 12.3(sl

- 151.9{sf

- 3509.5fl)

* 8 1.5(9

90.c4 1.90

.12.00 * I E.75
?:"15 0.6irE' - 129.6

0,6.c
1< 71

lconaintudl

Jz?



IEKC 111;
11-

IAltl 8.1 (Contlnucd)

Compouad Furmuh
s(;

\lol. \lt. {10'{o)
l//-l I.)' l

f.('(')n k,l:mol
tr/,,( In)' '

f"{'(-)/ kJ,mol I.tI()t P"({rm,'
tsrorf !
kJ/mol

r \ffiy r

kJ/mol

ls(tp!'l!lirilc

l -Pcntune

Pherrt'j

I)hospho ric
,tcirl

Phosphorus
lredr

Phosphtrrus
lwnltc I

Phosphorus
pentoxrde

l'ropune

Propl"lene
rr Pronr'l
alcohoi

Isopropyl
.rlcohul

rt-Prrrpll
frcnzr'ng

Silicon
dioxrdc

Sodiurn
bicrrbonate

Sodiunt
hisulfatc

Sotiium
!:afbonate

Sodium
chlon,ic

(.H ,

('.H','
c..l l.ol-l

H , P()r

P.

P.

P.().

C,H,

C.H.,
c,H.()H

c,lt.()

(".t.t.:

si():

\.rtlCO.

\ a l{SO.

\Lr3C03

N;rCl

:1.i5 o.6l!',

-{). | .r ().6.} I

9{. lt l.(};l:5

9ll.()0 l.3,iJ''

| 11 OIt r rfl

r11iJo Iga

t+1.9S :.-rE7

{.09

+:.08
(10.09 ().1'10.t

60.()9 {),785

Il0 lq ().1{61

('{).(}9 :.:5

34.01 :.:0

l:r).07 l.;l:

t{llqq rij'i

i8.45 Lt63

- l6().1

- 165.: 1.94

ll.-i I t.Ji

+2.J 10.-{-l

igo{r'n tl l.l 7

.14.1 1.5 r

- I 19.1{t)

- l5l.tlgl
-:0.9lgl

- I -(8. l{ l)

- 90.Etgl

- l:81. t(cl
* I 378.6taq,

lH:q)
- I /.olct

otct

- _1507.-r{l)

- l5:9.:{s)
- ll?5.8{g)

- 106lJ(st

- i104.0fl)

- 2220.01gt

- 1058.Jtg1

- :0 t0.4{ll

- 1068.6tg)

- 19E6.6(l)

- J2 I B.:r l)

- 5264 .{ltlgt

:,1 .i +61.00 .t:.9

19.97 17{ i9.9
Irt l.+ 69:. I 60.5

r-lH:O r.:I3 Cl

lgnites in arr. il-r C

180 .19.; I

Sublimes at 150 C

- | 87.69 -i.52 -.1:.07 13.:? ,i69.9

- 185.: i.00 -.t7.70 13..t: .165.1

- l:7 97.04 536.7

- ri9.7 rll.:+ :otl.ll

-r9.-i0 S.-i.l 159.: .r$.:J oilt.l

I ? r0 i.l.l ::30

DecomPoxs xt :?0'C

Decomposcs at E54 C

806 :8.5 1465 t70.7

- 1505.1(cr

rt.0 -|198{l)
- 103.E{g,

.r5.r - :0.41(9,
+e.95 - _i00.7qll

-:55.1s,
5-1.0 - -110.9{ll

-r t.-1 - l3..l0rll

-:.sttg,
- - r{5 l.0rct

- 94S.6{cr

- I ll6.i(cl

- I I 30.9{c,

-41t.0(c)

Sodium
;yanide

Sodium
hydroxidc

Sodium
nitratc

Sodium
nitntc

Sodium
sulfare

Sodium
sulfidc

Sodium
sulfitc

Sodium
thiosulfate

Sulfur
(rhombicl

Sulfur
tmonoclinicl

Sulfur
dioxide

Sulfur
trioxide

Sulfuriq
rictd

Tbluene

Werer

rn.Xylene

,rXylcne

p.Xylenc

Zinc

NrCN

NaOH

NaNO3

NaNOI

Na.SO.

NalS

NarSO;

NarS10,

se

ss

SO:

So,,

H:SOr

C'Ht

H,O

C,H ,,

CrH ,o

CrH,o

Zn

{9.0t

{0.00 1.130

85.00 2.257

69.00 :.1680'

142.05 t.69E

?3.05 t.856

I16.05 :.633 ' 
5

r58.ll 1.667

156.53 t.07

l-(5.53 1.96

64.O7

80.07

98.0E [.834rs'

92, l i 0.866

18.016 1.00"

106.16 0,864

r06.16 0.880

105.t6 0.E6r

65,38 7.140

- 89.79{c)

-,126.6{c}

-.169.4{aq)
-.t66.7{cl

- 359..{c}

- 1384.5{cl

-373.Uc1

- 1090.31c)

-lll7.l{c)

0(c)

*0.3Qc)

- 296.9qg)

- 195.18{9,

- 8 r r.3:{l)
- 907.5 l{aql
- r2.0qlt
- 50.0q9,

- 285.84{t)

- :41,83{9,

-:5.42t)
+ 17.!4g1

-24,441t\* 18.99tg,

-:4.43{t'.l
I 7.9s{sl
qcI

:
- J909.9{l}

-39415(S)

- 455 1.9{0

-!1594.5(t,
- 4r52.9(l)

-4596.3(g)
-45519{l)
-a595.21e)

s62

3r9

110

1?l

890

9t0

I 13 10.04

I 19 t4.17

- 75.4E 1.402

r6.E4 :5.48

r0.J5 9.87

- 94.99 6.6 t 9

0.00 6.0095

-17.87 11.569

-15.t8 l3.-i98

r3.:5 l7.i I

i1t9.5 6.674

t6.7 t497 155

8.34 1390

15.9 Dccomposes at 180'C

Decomposcs ar 32b'C

:{.3

6.i

Dccomposcs

444.6 83.7

444.6 $3.7

- 10.02 14.91 430.7

43.3 {1.80 .191.4

Decomposes at 34O'C

l10.62 -13.47 591.9

100.00 +0.655 &1.1

139.10 i6..r0 6t9

144.42 _r6.E2 631.5

138.35 _16.07 618

907 I 14.77

77.E

83.8

+0.i

f !R l

34.6

) ).t

28
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-t2
Form l: CrtJ mol '91 61 iJlmol'K) - a * hT + cTz - dT)
Form l: CrlJimot.'C) or (Jimol'K) = a + bT + cT- 2

Exumple:(Cpl...,on.rr)=11.96+{20.10xt0-:)T*(12.78><10-r}?':+(34.76x10-e)Ir,wherelisin'C,

.Vrrre: Thc formutas for gases arc strictly applicable ;rt prcssurcs low enough for thc idcal gas law to apply.

Compound Formula MoL wt. Stete Form
Temp.
Unit t. l0r c. l0r d. l0t

Rangc
(Unitt
of r)

Arnmonia NH,
Ammoniumsulfate (NH{}2SO4
Bcnzene CoHu

Acetonc

Acctylenc
Air

Isobutane
n-Butane
Isobutene
Calcium csrbide
Calcium carbonate
Calciurn hydroxide
Calcium oxide
Carbon
Carbon dioride
Carbon monoxide
Carbon tetrachlonde
Chloriae
Copper

cHrcocH3

CtHt

58.08

26.04
39.0

17.03

132.r5
78.1 I

58. ll
58.t2
56. r0
64. t0

r00.09
74.tO
56.08
12.01

44.01

:8.01
153.84
70.91

63.54

1:3.0
71.96
+l,.tJ
18.94
:8.09
15.r5

r5.9
62.55
74.06

89.46
e2.30

82.S8

68.61

82.34
89.5
4t.8.r
il.lE
16.l r

:8.95
93.39
33.@
22.76

34.76

r8.20

- r.965

- r.965

- 6.686

-J0-@
0- l 200
0- r200
0- 1500

273- r800
0- 1200

275-328
?79-354

0-t200
0- r r00
0- r200
0- I 200

398-720
373- r 033

276-313
213- Ll73
273-t373

0-t5m
0-l5m

273-343
0-1200

273-t357

C.H'o
C"H,,
C.Hs
CuC3

CrrCOj
CatOH)1
CaO
c
Cot
co
ccl{
vr2
Cu

I

g
o

c
u

I
g

o

g

U

o

u

I

oE
c

'c
'C
'c
,c

K
,c
K

'(.
'c
C.C

K
K
K
K
K
,c
,c
K

,c
K

18.6

20. l0 - 12.18

6.053 - 5.033

0.4147 0.3 r91

0. t 965 0.4799

1.954 0.44? I

23.4
32.95
JU.IJ
27.88

l5.Gt
1. t9
"1.975

2.03
1.095

+..:JJ
0.41l0

i2.98
1.367
0.6117

- 15.10 77.57

- 18.91 49.87

- t5..r7 34.98

- 11.27 50.50

-8.65 x l0ro

- 12.87 x l0ro

-.1.52 x l0to

-.1.891 x l0ro

- 2.887 7.164
0.3548 -2.224

- 1.607 6.473

Cumene
tlsopropyi bsnueneI

Cyclohexanc
Cyclopentane
Ethanc
Erhyl ulcohoi
{Ethanol)

Ethylene
Ferric oxidc
Formaldehydc
Hslium
n-Hcxanc

Hydrogcn
Hydrogen bromidc
Hydrogen chloridc
Hydrogen cyanidc
llydrogcn sulfidc
Magnesium chloride
Magncsium oxide
Mcthanc

Mcthyl alcohol
{Methanol)

Methyl cyclohexanc
Mctbyl cyclopentane
Nitric acrd
Nitric oxidc

r39.1 53.76

94. i.l0 19.62
71,19 l9.lE
.19.37 t3.92

1 03.1

r 58.8
61.J4 15.72

-1A.75 il.47
103.4 6.71I
34.28 4.268

l0.s
:r6.3
t31.4 40.85

18.84 0.00765

19.i0 -0.4227
19.13 -0.1341
J5.3 2.908

33.5 l t.547
72.1 1.58

45.44 0.5008

34.31 5.469

19.8? 5.021

75.86

82.59
.12.93 E.301

l:r.J 55.53

98.83 45.857
I10.0
:9.50 0.8r 38

CoH r:

CoH, t
CrHto
C:H"
c:HroH

CtHo
Fe,O,
cH:o
He
CuHto

H:
HBr
HCI
HCN
HrS
MgClt
Mgo
CHn

cH3oH

C.Hr*
C"Ht:
HNOr
NO

- i9.79

- 3 t.90

- 15.54

- 5.8 l6

- 8.749

- 6.89 I

- 17.7? x l0to
0.0000

-23.92
0.328E
0.9887

0.97 | 5

1.092
0.30 | I

-8.732 x l0'o
0.166 r

l.:68

- t.u/

- 30.44

-0.:925

120.5

80.63
68.66

7.:80

r9.83
t7.66

- 8.694

57.66

- 0.8698

- 4.858

- 4.335

*3.292

- l t.00

- I1.00

- 8.03
100.8
83.81

0.3652

0-r200

0- r 200
0-r200
0- 1200

0
r00

0- 1200
0- r200

273-tW7
0- r 200
All

20- r 00
0- r 200

0- r 500

0-1200
0-r200
0-r200
0- 1500

273-991
273-207j

0- 1200

:73- r 500
0

{o
0-700
0-1200
0- 1200

t5
0-35m

r?0. t9

34.t6
70.1 3

30,07
46.07

18.05
t59.?0
30.03
4.00

86.1 7

2.016
80.92
36.47
27.03
34.08
o( 11

40.32

l6.M

32.04

9E. IE
84. l6
63.02
30.0r

s

o

I

I
o

s

s
s
I

o

d

c
o
g

o
I

I

I

I

I

I
I

I

I

I

l
I

I

I

I

I

I
I
I
I

I
2

I

I
I

c
c
c
c
c

'C
'c
K

'c
,c
-c

'c
'C
'c
"c
"c,c
K
K
'c
K
'c

gl'C
gl'c
gl'C
ll'c
gl'c

" Adapred in prn from D. M. Himmelblau. Ecsic Pfinciplet und Calculations in Chsmical Engrneering, -lrd Edition. .$ 197{. Tablc E.l. ,\dapted by pcrml3slon

of Prcnticc-Hall. lnc.. Englewood Clitrs. NJ.
lconl,inuedl

l}r 2s
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Compouod Fornrulr
Tcmp.

Form Udt
MoL
Wt. Snte 6.10t

Rrrye
(Uaia
of I)c.103 d. totNitrogcn

Nitrogcn dioxidc
Nitrogen tetraoxidc
Nitrous oxide
Oxygen
n-Pentanc

Propane
Propylcne
Sodium earbonate
Sodium carbonEtc

decahydrate
Sulfur

Sulfuric acid
Sulfur dioxidc
Sulfur trioxidc
Tolucne

Wetor

-2.87t 0*t5m
7.81 0-1200

0_300
t0.5? 0-1200
t.3u 11500

0-36
4.26 0-l2m
3t.7t 0-t200
24.& 0-1200

2E8-371
29t

273-368

368-392

32.07 c
(Rhombic)

(Monoclinic)
9E.08 l
s.07 S
80.07 s
92.t3 |

N2
Not
Nton
N:O
o2
CsHt:

CrHt
CrH.
Na2CO3
Na2CO3
.10H2O

S

28.02
46.01

92.02

4.02
32.00
72.t5

4.W
42.08

r05.99
2E6.15

29.00
36.07
75.7
37.6
29.r0

t55.4
l14.8
5E.032

59.5r0
t2l
535.6

r5.2

18.3

139,1

38.91

48.50
t48.8
18t.2
94.18
75.4
33.6

0.21W
3.97

tzs
4.15t
1.158

43.68
34.8
2L59
t7.71

2.68

1.84

r5.59
3.904
9.1E8

0.5723

- 2.88

-u.3
-2.6%
-0.6076

- 18.99

- l3.ll
- 10.t7

s
s
s
s
I
I

s
I
s

oc
oc
oc
oc

"c
oc
oc
oc
oc

K
K

K

K

H2so4
SO,
Sot
C"Hs

Hro

I

B
18.016 I

s

"c
"c
oc
oc
oc
oc
oc

"c

3E.00 -27.86

- 3,104

-8.540
8.606

32.4

E0.33

- 3.593

t0-45
0-1500
0-lom
0

rm
0-l2m
o-100
0-15000.6880 0.7@4

;tr{*!sll*fEqf!!3rtu. :,a, i ?'' i-h.b,-Lr.s

IAltE I.3
Vopor Pr.uur. ot Woi.f

p,{mm Hg) vcrsus f(oC)
Example: The vapor prcssurc of liquid watcr at 4.3'C is 6.230 mm Hg

(t90a0.?0.6050.403020.trfc) 0.0

-14
- l3

ta

ll

-t0
-9
-8
-7
-6
-5
-4
.J

t

-i
-0

t.36 |
r.490
r.632
r.785
1.950

2.t3r
2.326
? s17

2.765
3.013

3.280
3.568
3.880
4.217
4.579

1.348
1.477

1.6r7
r,769
t.934

2.112
2.306
2.5r5
2.742
2.987

1t<'t
3.539

3.848
4.r82
4.542

r.336
1.4&
1.602

t.753
1.916

z.w3
2.285
2.493
2.7r8
2.962

1 j)\
3.509

3.Et6
4.147
4.5M

r.324
1.450

r.588
1.737

r.899

2.075
2.266
2.472
2.695
2.937

3.19E
3.480
3.785
4.1 l3
4.467

1.3t2
1.431

1.574

t.722
1.883

2.057
2.246
2.450
2.672
2.9t2

3.t71
3.451
3.753
4.479
4.431

1.300
t.424
r.559
1.707
1.866

2.039
2.226
2.429
z.g9
2.887

3.14
3.422
5,tzz
4.045
4.395

1.288
t.4l I
1.546

r.691
r.849

z.azr
2.247

2.408

2.626
2.862

3.tt7
3.393
3.69r
4.012
4.359

t.276
1.399

1.532

t.676
1.833

2.003
2.187

2.3E7

2.603
2.838

3.091
3.3U
3.660
3.979
4.323

r.2U 1.253
i

j

Ice

1.316 1.373

1.5t8 1.504

1.661 r.g6
1.817 1.800

1.985 1.968

2"t6E 2.149
2.361 Z.v6
2.5Er 2.559
2.813 2.790

3.065 3.039
3.336 3.308

3.630 3.599

3.946 3.913
4.287 4.252

I

Liquid
waler

4.519
4.926
5.294
5.685
5. r0r

6.543
7.013
7.5r3
8.045
8.609

4.613
4.962
s.332
_s.725

6.144

6.589
7.062

7.565

8.r00
8.668

4.&1
4.998
5.370
5.766
6.1 87

6.635
?ttl

7.617

8.r55
8.727

4.681

5.034
5.408
5.807
6.230

6.68 r
7.t&
7.669
8.2r I
8.786

4.?15
5.070
5.47
5.848
6.774

6.128
'7.2W

1 17'
8.267
8.845

4.750
5.r07
5.486
s.889
6.318

6.775
7.259
7.715
8.323
8.905

4.185
5.14
6.525
5.93 r

6.363

6.822
7.309
7.828

8.380
8.965

4.820
5.r81
5.565
< o?1

6,408

6.869
7.360

?.88?

8.437
9.025

0
I

2

_1

4.E55 4.890
5.2t9 5.256
5.605 5.645

6.015 6.058

6.451 6.498

6.917 6,965
7.41| 7.462
1.936 ?.990

8.494 8.5J1

9.086 9.147

5

6
'l

8

v
. From R. H. Perry and C. H. Chihon, Eds., Chemical Enginrzrs' Handha*.5th Edirion. McGraw-Hill. Ncw York. l9?3, Tables 3'3 and 3'5' Reprintcd

by.pcrmission of McGraw-Hill Book Co.
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0.90.t0.10.6OJ0.,{OJ0.20.1T{'C} 0.0

l0
ll
l2

l4

t)
IK

LI

IE

l9

t0
I
22

:5
26
21

28
1q

JU

JI

-12

JJ

)q

35

JO

J'
38

9.t09
9.844

t0.518
r t.231

l L987

r 2.788

r 3.634
14.-{30

15.477

16.477

l7 <1(

r8.650
19.827

21.068
1) 177

t3.756
25.109

?6.139
1E.349

30.043

I L824
33.695

35.663
37.719

39.898

12.t75
.r4.563

17.67
49.692

9.t? I

9.9r0
I 0.588

1 i,J05
12.065

r2.870
t3.721
t4.622
r 5.575

16.581

l7,w
t 8.765
t9.948
2 r. 196
17 tl:,
23.897

25.359

16.E91

28.514
30.217

32.007
33.888

15.865
J7.942
40.121

42.Q9
44.808
47J24
49.961

9.133
9.9i6

10.658

I 1.379

12.144

12.953
r 3.809
Ltl.7l5
15.673

r 6.685

17.753
18.880
10.0?0
2t.324
22.e8
!4.039
25.ioe
:7.055
:8.6,80
30.3e2

32.r91
34.082
36.068
38. I 55
40.344

4\ffi
45.054
47.582
50.231

9.J95
t0.04?
10.7:8
l1.453
11r11

13.037

r 3.898

14.E09
r5.712.

15.789

17.863
18.996

20. r93
21.453
22185

24.t82
25.660
27.2t4
28.E47
10.568

32.316
34.276
36.272
38.369
40.569

42.880
45.301
47.Ur
50.502

9.458
10.109

10.?99

I 1.528

12.302

r 3.12 1

r 3.987
14.903
I 5.871

16.894

17.974
19.il3
20.316

:1.583
.t. QJ'

24.326

25.8t2
27.314
19.0r 5

30.745

32.56 r

34.471
36.477

33.584
40.796

43.117
45.549
48.102
50.774

9.521

l0.r16
I 0.8?0
1r.604
r 2.382

r 3.205

14.076
t4.997
t5.97r
16.999

18.085
19.231

20.440
:r. / lr
23.060

24.471
25.964
1? {?S

19.r84
30.923

32.747

34.667
36.683

38.801
4t.023

43,355
45.799
48.364
51.048

9.585

t0.94 r

r r.680
t2.162

13.290

14.166

15.092
t6.7't I
r7.105

rLl97
19.349

:0.565
:1.845
23.198

14.6 t 7

16. I l7
27.696
:9,3t4
3 Ll02

32.934

34.864

16.89 I
38.0r8
.rt.l5l
13.595
.r5.050

48.627

51.323

9.649
t0.3 I 2

r r.013
r 1.756

t2.543

9.714
10.380
r 1.085

r r.833
1L624

9.779
10.449

1 1.158
l L910
r2.706

13.375 t3.46t 13.547

14.256 . 14.347 14.43E

15.1E8 15.284 15.380

16.17t 16.272 16.374
t7.2r2 17jt9 n.W
18.309 t8.422 18.536

19.458 19.587 19.707

:0.6,90 20.815 20.941

2r.911 22.fi0 ZLU3
23.337 23.476 23.616

24.764 24.912 25.060
26.21t 26.426 25.s82
17.858 :E.021 28.185

29.s25 29.697 29.874

3 l.2E I 31.461 31.642

11 t??

35.062

3?.099
39.?37
4t.480

43.836
45342
48.891
51.600

33.312 33.503

35.261 35.62
3?.308 37-5t8
39.45? 39.677

41.7t0 4t.942

4.O7E U320
46.556 46.81I
49.157 49.424
5t.879 54160

54j37 55.030

57.72 58.03

60.86 61.18
&.r2 9.6
61.56 67.9t
7t.t4 71.5t

rfc)

l9
40

+2

+l
g
45
;16

A1

48
.19

60
70

80

90
9t
92
VJ

94

95

96

9"1

98
99

100
I nt

52.42

55.3:4
58_34

61.-(0
64.80

68.:6

71.88

15.65
19.&
83.7 r

8E.02

r49.38
:33.?'
355. r

525.76

546.05
566.99
588.60
610.90

631.90
657.62
6E2.07

707.21
731.21
760.00
1E1.51

{) ?', {

55.61
58.65

61.82
65. l4
6E.61

?1 1(

76.04

80.00
84.13

88.46

97.20
156.43

:43.9
169.7

521.76

548.1 I
569.12
590.80
6 r J.17

6J6.24
660.03
684.55
709.83
?35.88
.A't 11

790.37

53.009

55.91
58.96
62.t4.
65.4E

68.97

72.62
16.43
80.41

84.56
88.90

102.09

t63.77
254.6
384.9

529.77
550. t8
57r.26
593.00
615.44

638.59
662.45
687.04
7t:.40
738.53
765.45
793. r 8

53.294

56.21
59.27

62.47
65.82

69.33

7299
?6.82

80.82
84.99
89.34

53.580

56.51
59.58

62.80
66.t6
69.69

73.36
71 )r
81.23

85.42
89.79

53.867

56.81
59.90
63.r3
66.5 t
70.05

I t.l+
17.60

81.64

85.85
90.24

J4.156

57.1 r

60.22
63..16

66.86
70.41

14.12

78.00

82.05

86.28
90.59

54.446

57.41

60.54
63.79
57.21
70.71

14.50
78.40
82.46
86.71

91.14

650.43
614.6
699,6]
125.36
75 1.89
779.22
807.35

74.E8

78.80
82.E7

E?.14
91.59

2t4.17
l:7.3
487.1

1.95

562.15
584.22
606,.38
629.24

15.26
79.29
83.29

E7.5E

92.05

I

223.13

341.0
506.r

544.00
564.87
586.41
608.64
63t.57

107.

171.38

265.7
400.6

l.

557.26
571.40
595.21
6t7,72

179.31

277.2
4t6.8

554.35
575.55

591.43
620.0r

l18.04
l8?.54
289.1
433.6

r96.09
301.4
450.9

558.53
519.E7

601.E9
624.61

204.96
314.1
46E.7

582.04
604.13
626.92

I l:.5 I I

rfc) 0.0 ot0.7(t6050.40g0.20.1

5t5.82
556.U
577.71

599.66
622.31

3.80 5

560.64

@.94 643.30
664.88 661.31
689.54 692.05
7t4.98 717.56
?41.18 743.85
768.19 110.93
796.00 79E.E2

&5.67 648.05

669.15 672.20

694.57 697,10

720.t5 122.75

746.52 749.24

713.6t 776.4
E01.66 804.50

65282 655.22

677.t2 679.69
702t1 70/'1r
727.98 730.61

754.58 757.29

78200 7U.78
810.21 813.0t

il31



T'190EFotrl!lpg5
o
a
o
a
o(tg

#
o
f,
o
3!o
o
a
o
og
q

=tll

-{
t

1g
a

TA

t
E

I
,'D

U,
a
I
2

1t

tL'g€{
B

!t

q,
{!t
3

;

rsEsarsE*;xsslfi lH '

ooo oepep.coo==l= ll
f Bi $3$;i i:$g:ig letl*
i== ii=== 

=====if "is
E€g F33EE g ""*-l *l
bJ p u 'Jp 

p!, l, :r:d F p' 
"j 

g 9l

955 HSFai SSssElg Iil
gsA re;5s XrgiElf 

=,1I.[l
€HE EE5E5 555sElg tl

tt,,Q'a dv.? o- i;€asl3 IEf j *e:i5 i;Jbosbt; I

ln -l
s:x x$ssH:=HuEiE gl F

i1=l ;
HBE ailsXE AaesHl$ | 5

d\3caasiec x.l5f!c> xaaNS a5$u3 co0\,r5fJc coSStqc:a3$i.Ji)
i
=

--------''rJ rr N N - - C C 3 - 3 = C C O 3 3 C O 3 = 3,-.= 3 e - 3 - -ca d ,; -. e x .r,a'! rJ - C O F n 5 6 - 5. E';'; t |l p |. |i = : = = ; 5 
= 

5 aia:'ea6:-t-5i -5-rs'i a€r{N !--€=r'r €-'i$p c;65<55\'4-AtJ j-O-e 5\\O.>tt vAp,jA €€\sX5& 5-'O3rJ {!-<t-
S{{-{ |J'J!q-

4^ 
^i\:hh 

i^ihi>(xX-x xXxX-:(.x.x-{ 
' 

4)( r<- X)<>(Xx.- ---X)( )(xx-x.JJJAq

':;5:== = ==:= ==555 55555 55555= 55555 5555FiJS.o-{ l.''$'' ta -c56- {55'55 E';6';EE ===55 55-55

--N-- 
pppub ri5AA,4u ( \.ls'o(2 N'rq{O

!^ sn 3A :l >r 9c I p9 !v :, !' 3 :J :" :-.5 3 I !'r tr :- :, :4 - j :i.d Ie :- ?. i- :J Jp i& \o 5 3 cs .- 
- C \O C N' e 3 5', 5\ C 5 C\ \O { C A .O ri 0a - 5 \O' A - t H € p

{ 5 t\ A { rC'4V€'r'i 3 5 \O',
'i{s'-* an

FJ p N) |J 1..' |J U U 1..,1 N N -oo{c\u,j 5'rp-<t -€aa{5'j.j$.ru -c3o\o6 {o1'j,j5,rN- :!
a- ?r :J p - !v + $ :r I p !v i ? :J I p t-r .! :, J io 5 p IJ :d :i J 9a 3 !r :r':^ il ?o qo\p\Ou- ?o53{p \Ohp€A r{*,.>.-J'r\O?o3\p\O (r-oOAC 5Ns5O

NJNNNM IJVPN)IW PUNNM IJIVNNP 
'JUhJPNJU 

NIUhJNN IJPTJMMAAsAA A55AA AAAAS A55gA SAAAAA 5!'dr'.t '-'e?'4'4
O\55\t^'a'i iSAA L'r'4')'a pr{tr 

-COOO -€€€t -!ao{{{ a - \o t\ 3r - \o a'p ? ?o :i lJ 
= 

:J 5 t.Jp 3 .5 :- p 93 1r,f p J } lJ p 3':, :. 9a !^
C\ \O,J3\Ore'r?o-A{ c'u\Au€c) u5\€-k 3.t*'dA

)Fa
2 .'-

4t.:-
;'>

=132
3.4;.{
eJ
.i

:\

:
:i

-;
2'a

!$

ii
!. l'

n=.?i
9. .1
:.9-=

5a

z=l
f='

f:E;
i x*,

= 5ia '-=d. rF

ls \J N P 19 lJ 19 19 tJ l.J lJ -ta{5,r'i 5'ru-€ c€t{3.i-ai19 -9939a {6quA,JfJ+ +
5 a :\r.€ :- !J J. F.-J.€ 3 y f- :i :J .€ 3 tJ 5:^ :J ?o J- p !e :r .i :r 90.: |s .,,., 3 ?. 3O\FJ€u-,SCt{', \O', lJS'- -{A3l'*\O,5NJ\O u-653 5rJ:oA€;

hJNIgI.^JNJ NUMPU SPUMIJ PPIJPM MNJIVNPFJ NN)IJSM TJNNNIVtt la,a'r'4 t,, $ a u rn 5 5 { { t - € € 
= c - - rJ rJ'J'r 5 5 L a q', a a { { ! 5 .o \c -A'rt rtaO i:Ob{N {p{195 -5-'AO'n atN!€5 \O'-A'd { ts{Nt\-'.€ ! L^L :- € q I ir'.o i'5 igu.o b, rr'a * qitio b' a :- t a\

uuppp tgNtJptJ N.rNJphJN tJpuuf\, sl9tgFJpl..J t!bJ|.dp}.J NNNMpc o\c\c o\ 559uq t urr'4q utrq.tt^ q qqhsq quubu uqqqqp---Q 
=€\O\O\E| 

aatCa{{ *!r€\t\Ct\e bAAAAb 3!.tuu COOb€c u\c 5\p\OqP 90!^:-.{} p:JP95 !ep:l!r-F }9:r99 3F?. Ir-P c'\-b\O5 €uO\Cr5 {-eq4}Q u\OPO\\O N€\\O}Jg\

\O \Agr €\

9it\Od
5{pc
.6{

xx
55po

!b
\o (a

5!
-o9P
o\r

sJu

AA
-o9fs
{N

}JN
NH
d\ A\p{

)(

5
5a

o\\r

5

B

\.

5
9

p
N{

5{€\

u

-
-l<

>(

5

t,
ct\o\

IsIU
:J

N

E

5Nv

hr
t.,J

FJ
c'\{\o

NN5C{o\

32



IEKC 1111
TAS$ 8.5
ptop.fror et Sofurstod Sfrom: Prutrura tsbL"

-i6

PlmJyt<g1 Ctr<.llks)

Water Steam Water Evaporation Sterm

ri(l.lit<g)
P{ber) rfc) W"r;; Steam

0.006r I
0,008

0.010

0.01l
0.0 t4
0.016
0.018

0.020

0.022

0.424
0.026
0.028

0.030

0.035
0.040
0.045

0.050

0.060
0.070

0.080
0.090

0.r0

0.11

0.1:
0.l3
0.14

0.01

1.8

7.0

9.7

r2.0
14.0

15.9

t7.5
r9.0
20.4
?t.7
t3.0
1A I

?6.7
29.0

3 t.0
32.9

36.:
39,0
41.5
43.E

45.8

17.7

49.4

51.1
<)a

0.001000

0.001000

0,001000

0.001000

0.00r000
0.001001
0.00r001

0.001001

0.001002

0.001002

0.00r002
0.001002

0.001003

0.001003

0.001004

0.001005

0.00t005

0.00tm6
0.00t007
0.001008
0.001009

0.ml0l0
0.0010t I
0.001012
0.001013
0.00t0t3

206.2

159.7

129.2

108.7

93.9

82.8
74.0

67.0
6t.2
56.4
<t1
48.7

45.7

39.5

34.8
31. r

28.2

?3.74
:0.53
18.10
16.20

14.67

t3.42
12.36

10.69

zcro
r5.8

29.3
40.6
50.3

58.9
66.5

73.5

79.8

85.7
9l.l
96.2

10t.0
! 11.8

121.4

130.0

I 37.8

151.5
163.4
r 73.9

I E3.3

r9 1.8

r99.7
206.9

2t3.7
220.0

2375.6

1380.7

2385.2

338E.9
2392.0

2394.8
2391.4

2399.6

2&1.7
24[.3.6
2405.4
2407,1

240,8.6

24r2.2
24r 5.3

14t8.l
2420,6

2425,1
2428.9

?432.3
2435.3

2438.0

2440.5
2e2.9
24/5.0
2U1.0

*0.0
r5.8

19,3

40.6

50.3

58.9

66.5

73.5

79.8

85.7
9r.r
96.2

10t.0
il 1.8

ll'1.,1
r30.0
137.8

151.5

163..1

173.9

r83.3

r 91.8

t99.7
206.9
trl t
224.4

:501.6
2492.6

2485.0
2478.1
2473.2
2458.4

24&.1

24ffi.2
2456.6

2453.3
2454.2

247.3
2444.6
2438.5
?433. I

242E.2
2423.8

2416.0
2W.2
t403.2
2397.9
2392.9

?388.4
2384.3

2380.4
2376.7

?50r.6
2508.5

2514.4
2519.3

2523.s
2527.3

2530.6

2533.6
2536.4
2539.0
2541.3
2543.6

2545.6

2550.4
2554.5

3558.1
1561.6

?567.5
2572,6
2577.1
258t. l
2584.8

2588. l
259t.2
2594.0
2596.7

0.15

0. r6
0.17

0.18
0.19

0.:0
0.:2
0.:1
0.26

0.:E

0.30
0.35

0.40
0.4t
0.50

0.55

0.60
0.65

0.70
0.75

0.80
0.85, 0.x)
0.95
1.00

1.01325
(l almt

54.0

55.3

56.6
57.8

59.0

60.1

62.1
64.1

65.9

67.5

69.1

72.7
/).y
78.7

81.3

83.7
86.0

88.0
90,0
9 1.8

93.5
95.2
96.7
98.2
99.6

100.0

0.001014

0.001015

0.0010t5
0.00r0r6
0.00r017

0.001017
0.0010r8
0.001019

0.00r020
0.00r021

0.mt022
0.001025
0.001027

0.00r028
0.001030

0.001032

0.00r033
0.001035

0.m1036
0.001037

0.00r039
0.001040
0.001041
0.001012
0.00r043
0.001044

r0.02

9.43

8.91
8.45
8.03

7.65

7.00
6.45

5.98
5.58

s11
4.53

3.99

3.5E

3.24

2.96
2.13
2.53

?.36
77)

2.087
1.972
1.869
1.771
t.694
1.673

236.0

:31.6
236.9
?42.0
146.8

15 1.5

160. I

168.2

215.6

282.1

:89.3
304.3

317.6

329.6
340.5

350,6
159.9
368.5
376.7
384.4

391.6
398.5
.r05.1

+tl.+
417.4
419.0

24/,8.9

:450.6
2452.3
2453.9
2455.4

2456.9
2{59.6
L462.l
2464.1

2466.5

2458.6

2413.t
1477.t
2480.7
2484.0

2486.9
2489.1
2492.2

2494.5
2496,7

2498.8
2500.9
2502.6
1504.4
:506.1
2506.5

:26.0

131.6

236.9
242.0
146.E

:5 1.5

:60. l
t68.1
775.7

282.i

199.3

304.3

3r7.7
329.6
340.6

350.6

359.9
368.6

376.8
3E4.5

39r.7
398.6
.105.:

4l t.-{
.$17.5

4t9. t

2373.2

1370.0
2366.9
?363.9
t361. r

:358.4
1353.3
2348.6
234,4.2

1340.0

?336. l
2321.2

:319.2
23 r2.0
?305.4

2299.3
2293.6
:288.3
2283.3
2278.6

2274.1

1269.8
2265.6
2261.7
aa(t o
:t56.9

2599,1

160r.6
2603.8
2605.9
2607.9

zffi.9
t613.5
:616.8
1619.9

2622.7

2625.4

263 r.5
:636.9
2641.7
26460

:649.9
2653.6
t656.9
2660.r
2663.0

2665.8
2668.4
2670.9
2673.2
2675.4
:6?6.0

o From R. w. Hay$ood. Thermodvnamic Tables in SI t[etrtcl Unirs. Cambridgc Univcrsity Press, London. 196E. i = spcolic volumc. d' = spccific internal

encrgy, and t/ = spccitic enthalp,v. .Vore: kJ/kg x 0.4303 = Btu/lb.
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IEKC 1i1]
IAltI B"t (Corflnued) -17

Plmritgy U(kJlkg) rjilr/tg)
P(brrl rfc) Weter Steam Wster Steam Water Evayration Sterm
i.l
l.:
t.3
Lt

1.5

t.6
1.7

t.8
t.9

102.3

104.8

r0?.t
r09.3

lll.4
I 13.3
tt<t
r 16.9

I 18.6

120.2

t23.3
126.t
t28.7
r3 1.2

133.5

r35.E

137.9

139.9

t4 1.8

143.6

t45.4
147.1

t48.7
r 50.3

r5t.8
155.5

r 58.8

162.0
165.0

0.00t046
0.001048

0.001049

0.00105 r

0,001053

0.00t055
0.m1056
0.001058
0.001059

0.001061

0.001064
0.00r066
0.001069

0.00107r

0.001074
0.001076
0.001078

0.00r080
0.00r0t2

0.00r084
0,001086
0,00r088
0.00r089
0.@t09t

0.00t093
0.00r097
0.001lot
0.001 105

0.00110E

0.00r l l2
0.001 I r 5

0.00r r 18

0.001l2l
0.001 1 24

0.001127

0.001 130

0.001 r 33

0.001 136

o.mr t39
0.00114l
0.001144

0.001149
0.001 154

0.00t r59
0.001163
0.001168
0.001 172

0.001177
0.001rEl
0.001185
0.001r89
0.00r t93

0.001 197

0.00 r 201

0.001205
0.00r209
0.00r213
0.001216
0.001224
0.001?3 r

1.549

1.428

r.325
t.236

1.159

1.091

1.031

0.971
0.929

0.885
0.810
0.746
0.693

0.646

0.606
0.570
0.518

0,510
0.485

0.462
4.42
4.423
0.405
0.3E9

0.375
0.342
0.31 5

0.292
0.273

0.2554
0.2403
0.2268
0.2r48
0.2040
0.1943

0.1855
0.r174
0.17m
0.1632
0.1569
0.r5 I I

0.1407
0.1 3 17

a.n3v
0. l 166
0.1103
0.104?

0.0995
0.0949
0.0907
0.0868
0.0832

0.q799
0.0769
0.0740
0.o714
0.0689
0.0666
0.0624
0.0587

428.7

439.2

449.1

458.3

467.0

475.2

483.0
490.5
491.6

504,5

5t7.4
529.4
540.6
55t.r

56t.r
570.6

579.6
588.1

596..{

60l.2
61r.8
6t9.1
626.2
633.0

639.6
655.2
669.8

6E3.4

696.3

2509.2

25t2.1
2514.7
25t7.2

25 r 9.5
)(tr ?

2523.1
2525.6
2527.5

2529.2
2532.4
1535.4
2538.1
2540.6

2543.0
2545.2
2547.2
2549.2

255 t.0

2552.7
2554.4
2555.9
2557.4
2558.8

!5ffi.2
2563.3

t566.1
256E.7

2571.1

428.8
439.4

4{9.2
458.4

1

7

3.5

2250.8

2244.1

:237.8
223t.9

2226.2

2220.9
)11\7
:2r0.8
2206.1

2?4r.6
2r93.0
2184,9
2t1't.3
2r 70. I

I I 63.1

2156.7
2 r 50.4
714/.4
I t 38.6

: l 33.0
7127.5
rtt? 1

rttt.
2n2.2

1107.4
1095.9

2085.0

2074.7
2064.9

2055.5

2046.5
2031.9

r029.5
2021..1

2013.6

3005.9

r998.5
1991.3
1984.3

1971.4
]914.7

t957.7
t945.2
t933.2
1921.5
19 r0.3
1899.3

r888.6
187E.2

1868. I
r85E.2

r848.5

r839.0
r829.6
1820.5
lEt 1.5

1802.6
1793.9

t776.9
t 760.3

2679.6

26E1.4

2687.0

2690.3

2693.4

7696.2

2699.0
270r,5
t?04.0

2706.3

21rc.6
27t4.5
27t8.2
71)l \
2724.7

2727.6

2730.3

2732.9
2735.3

2737.6
2739.8
214t.9
2743.9
2745.7

7147.5
275t.7
1,'(( <

275E.9

2762.0

2761.8
2767.5

2169.9
2712.1

2774.2
2776.2

2178.0
2779.7

2781.3

2782.7
2784.1
21E5.4

2787.8
2789.9

279r.1
2793.4
2794.8
2796.r
,101 t
2798.2
2799.r
2799,8

2800,4

2800.9
2801.4
2801.7
2E02,0
2802.2

?802.3
2802.3
3802.r

I

2.0
L?
2.4
2.6
2.E

J.U
1',t

3.4

3.8

4.0
t.i
4.1

4.6
4.8

5.0
5.5

6,0
5.5

7.0

4,7

1.6

9.6
0.9

1.4

.9

.9

.5

.l
,7

,6
.E

.0
1

7.5

8.0

8.5

9.0
9.5

10,0

r0.5

I1.0
tl,-s
r 2.0
t2.5
13.0

1A

15

16

t8
r9

167.8

t 70.4

t12.9
t 75.4

117.7

t79.9

182.0
18S.1

186.0

r 88.0
r89.8
19t.5

195.0
198.3

201.4
204.3
207.L

2C9.8

JLL+
214.9

2t'7.2
219.6

22 t.8

?r'l q

226.0

128.1

230.0
:32.0
233.8

:J t.1
240.9

?08.5

720.0
73t.1
74L6
75 t.8
761.5

770.8

179.9
788.6

191.1

805.3
8r3.2

828.5
842.9

856.7
869.9
882.5
E94.6

906.2
917.5
928.3

938.9

949. l
959.0
968.6
978.0
987. I
996.0

1004.7
1021.5
r037.6

2573.3
2575.5
2577.1
2578.8
2580.4
3581.9

2583.3

2584.5
25E5.8

2586.9
25E8.0
2589.0

2590.8
2592.4
2593,8
2595.1
2595.3
2597.3

?.598.2

2598.9
2599.6
r(o0.2
2600.7

2601.:
260 r.5
260r.8
2602.1
2602.3

2602.4
2602.5
2602.5

7

74.

I

20
21

22

-t

25
26

21
t,l

29
JU

34

1.0

t.6
51.9

lcon inu'dl



IEKC 1111
1R

?Afil$ 8:5 (Confinurd)

Plmrykg; 0(tr.llte)

Water Sterm Water Evrporrtion

F(k.l/hs)

rfc) Wrter Sterm StermP(brr)

36
38

40
42
44
46
4E

50
52

54

56

58

60
62
at
66

68

70
72
74
76
78

244.2
247.3

250.3
'rc7 )
256.0
258.8
26t.4

263.9

2(t6.4

268.8

27t.1
273.3

275.6

217.7
2',t9.8

281.8
283.8

285.8

287.7

289.6
29r.4
293.2

295.0

296.7
298.4
300.1
301.7

0.00r238
0.001245

0.001252

0.001259

0.001266
0.00t272
0.001279

0.001286
0.001292

0.001299

0.001306
0.0013 12

0.001319

0.001325
0.001332
0.00t338
0.001345

0.00135 r

0.001358
0.001364
0.001371

0.00r378

0.001384
0.00r39r
0.001398
0.001,f04
0.001411

0.0554
0.0524

0.0497
0.0473
0.0451
0.0430
0.0412

0.0394
0.03?8
0.0363
0.0349
0.0337

0.0324
0.03 r 3

0.0302
0.0292
0"0283

0.0274
0.026s
0.025?
0.0249
0.0242

0.0235
0.0229
0.0222
0.0216
o.02r0

r 053. l
t06E.0

1082.4
r096.3
r 109.8

t122.9
1135.6

1148.0

l 160.t
r l?1.9
l1E3.5
n94.7

r205.8
t2t6.6
t227.2
1237.6

t247.9

1258.0

t267.9
1271,6
1287.2

1296.1

1306.0

t315.2
1324.3
1333.3
1142.2

26Q2.2

2601.9

264r.3
2600.7

2599.9
2599.1
259t.r

2591.0
2595.9

2594.6

2593.3

2591.9

2590.4

2588.8

2581.2
2s85.5
2583.7

258 r.8
2519.9
2578.0
2575.9

2573.8

2571.7

2569.5

2567.2
25U.9
2562.6

1057.6
1072.1

10E7.4

I101.6
I I 15.4

I128.8
1141.8

I 154.5
1r66.E

I 178.9

r r90.8
1202.3

t2t3.7
1224.8

t235.1
1246.5

t257.0

1267.4
1277.6

1287.1

1297.6

1307.4

t3r7.l
1326.6

1336.1

t345.4
1354.6

t744.2
1728.4

t1t2.9
r697.8
1682.9

1668.3
1653.9

1639.7
1625.7

l6l r.9
1598.2

1584.7

157t.3
155E.0

t54/.9
153t.9
1518.9

1506.0
1493.3

1480.5
1467.9

1455.3

t42.8
1430.3

t4t7.9
r405.5
r39t.2

2E01.7
280r.1

2800.3

2799.4

219E.3
2797.r
2795.7

2794.2
279L6
27n.8
2789.O

2787.0

2785.0

2782.9

2780.6
2778.3

2775.9

2773.5

2774.9
2768.3
2765.5
2762.8

2159.9

2757.0

27y.0
2750.9
nn.E

80
82

84
86
88

90
92
94
96
98

303.3
304.9

306.4
308.0

309.5

JI I.U

3 14.6

318.0

t z L..l

324,6

327.8

330.E

333.8
336.6

339,4

342.1

344.8

341.3

149.8

352.3

354.6

157.0
359.2
36t.4
363.6

365.7
367.8

369.8
371.E

373.7
374. I 5

0.001418
0.m1425
0.001432
0.00t 439

0.001446

0.00t453
0.00t470
0.00t489
0.001507
0.00t 52?

0,001547
0.001567
0.00r588
0.00161l
0.001634

0.001658
0.00r683
0.00t710
0.001739
0.001770

0.00t 803

0.00r840
0.001E81
0.001926
0.00r977

0.00204
0.002r r

0.00220
0.00?34

0.00267
0.00317

0.02050
0.01996
o.bl945
0.01897
0,01849

0.01804
0.0t 698

0.0t501
0.01511
0.01428

0.01351
0.01280
0.01213
0.01150
0.0t090

0.01034
0.009E I

0.0093t
0.00883
0.00837

0.00793
0.00750
0.00708
0.00668
0.00628

0.00588
0.00546
0.00502
0.00451
0.00373
0.003 t 7

r 35l.0
r 359.7
r 36E.2
t96.7
r 385.2

r393.5
l4l4.l
1434.2

r454.0
1473.4

t492.7
I 5l t.6
t 530.4
I 549. I
r 567.5

l 586.1

r604.6
1623.2

1641.8

r661.6

168t.8
170t.7
t72t.7
1742.1

1763.2

1785.7
r8t0.7
1840.0

r878.6
I 952
2038

2560.r
2557.7
rsSs 7

2552.6
2550.0

2547.3

2540.4
2533.2
Jq)s 1

2511.8

25W.4
2500.6
249r.3
2481.4
2471.0

2459.9
2448.2
2436.0
2423.1

24W.3

2394.6
2378.9
2362.r
2343.8

2323.6

2300.8
2274.4
2242.1
2 198. r

2ll4
2038

1363.7
r312.8
1381.7
t 390.6

1399.3

1408.0

t429.5
r450.6
147t.3
149 1.8

15 r 2.0
1532.0

r 551.9
t571.6
1591.3

r611.0
1630.7

1650.5

1670.5

169t.7

171 3.3

1734.8
l?56.5
t778.7
r 801.8

1826.5
r853.9
r 886.3
1928.9

20t I
2108

r380.9
r 368.6
r356.3
t34/..L
r 331.9

t319.7
t289.2
t258.7
1228.2
n97.4

1166.4
1135.0

l 103.1

1070.7

t037.7

1004.0
969.6

9y.3
898.3

859.9

820.0
779.1
736.6

692.0

64/.2

591.9
532.5

461.3

366.2

r85
0

21U.6
274t.4
2738.0
2734.7
273t.2

2727.7
27r8.7
27W.3
2699.5
2689.2

257E.4
2667.0
2655.0
2il2.4
2629.1

2615.o
2600.3
258/'.9
256E.8

255r.6

2533.3
2513.9
2493.t
2470.6
24/]6.0

24t8.4
2386.4
2347.6
2295.2

2196
2108

100

t05
ll0
115
r20

t25
130

iJ)
140

145

150
155

160
165

170

t73
180
i85
190

195

200
20s
)rn
2t5
220
'tll )

(Critical point)
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