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Correlation constants for liquids

' Procedures to speed calculations for:

Surface tensions

B Heat capacities

B Liquid densities

Thermal conductivities

Carl L. Yaws, Lamar Universily, and others*

_] The correlation constants for liquids presented in
his article are based on extensive, available, experi-

‘nental data. These constants are casy to use in a tabu-

:ar format for rapid engineering calculations by means
of a Land calculator or a computer. Such constants may

be used in chemical-reaction engineering, thermody-
namics, fluid flow, heat transfer, mass transfer and
process design. Whereas this part of the series presents
correlation data for liquids only, Part 22 contained
correlation data for several gases.

SURFACE TENSIONS OF LIQUIDS

Joseph W. Miller, Jr., and Carl L. Yaws

Surface-tension data are important in many chemi-

cal-process engineering applications, such as heat, mass
and-momentum transfer operations that involve process
equipment such as heat exchangers, distillation col-
umns, absorption, and fluid-flow piping.

Correlation constants—Table 23—I

Correlation constants for surface tension are based on
the Othmer relation:

T 0 o
g -~I 01'[37——:1E'] % {23—-1)

c

where o, = surface tension at T, dynes/cm; T, =
critical temperature, K; 7T = temperature, K; and
n = correlation parameter.

Tabulated values for the correlation constants are
given in Table 23-—I, where the temperature range of
application is also presented. Deviations between data
and calculated values were minimized by using a gen-
cralized least-squarcs computer program to ascertain

*For author biographies, see p. 135
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Correlation constants: surface tensions . Table 23_‘1
s —
1 f T ¥ i 325
' ! Co=0, [F? r‘r;] . dynes/cr :, X ,
' § b R s : 3 AR
| [ AT 1S . Rangs, ;
Comgpound ! dynesfem © T,,°C T..2C PR N i
i Hulugens 1 : ) ; \ : i\ fiEgibol f '
; Fluorine, Fy 16.82 -2000 ~-1280 08811 ° ~219610-129.0 31,69,79,637 646 e’ :
Chiorine, T, 14 200 1440 1.0508 -1010t0 1440~ 2,69,33,43,61,19,418 e
Broming, i1, 415 200 3150 11715 ~71213 2150 2,69,43,63,79,416 i
Iadine, I, o~ 388 125.0 5460 1,1145 113605460 . 50 Pk :
Sullar exides 7 < . ] i 2 Fi by
Sulfr dioxine, §0, 206 300 1515 1.1768 12701576 - 7992631, - ; i
Suitur tioxice, SO, 7303 353 283 ! 1858 168102183 - . § e i il
Nitrcgan oxides 2 S " 7 1 ¥ > L i
Nitrous oxidse, N,O 175 200 355 1315 -B9.510 365 6,9,10,12,79,416,574 B4
Nitrie oxide, KO 2343 -186.0 -921 15473 -163810-03.1 19 T ' ' '
Nitrogen digaide, NO, 26,5 5.0 155.0 0.7627 -2t 15880 « 1002 o .- ; 1 |
Calion exides g { & il i
b Garbon monaxide, CO . - 58 -133.0 -140.1 1.14M =1915 10 = 140.1 2,679,418 s . i
f Carban dioxide, CO, | 1.16 200 na 1.3015 -5651031.1 . 2569,79415415 :
| HWydroyea halides . 3 J . \ b b
H Hydaorgen Huornde, HF 962 100 1880 1.3675 -83.510 188.0 - "10.]2_]0_133 f A jt
1 Hydrogen chloride, HCI 24.7 =330 515 1.0372 " =114210515 4,10,12,168 1= . " : v
i Hydragen bromife, K31 65 | -70.0 900 12153 -66.9 10 90.0 10,12,79,168 |
' Hydraogen iodide, HI 211 1 =360 151.0 1.2824 * -508tw0151.0 102,058 : :
" Nitragen hydndes T e : -
i Ammonis, NH, 36.67 ~-45.0 1324 L1548 | =T72.74101324 2,6,1253,79,416 637
i Hydrazing, Ny H, €6.33 25.0 3800 17882 2.010380.0 4,53,79,189,190,214,416 637
 Hydrogen oxides 2 : K
=5 e L 197 250 3142 08105 . 0.0t0 1000  4,65,12,79,238,246,243,250, 416 574,637 646
| ekl 5891 1000 42 1.1630 100.0 10 374.2 ) & !
f Hydrogen pzioaide, K0, -76.1 18.2 ', : 4550 0.9147 ' ~0.43 10 455.0 4,78,249,250,256 257 416
H Diatemic gases . 1 g -
| Hydragzn, H, 2.4 -256.0 -2i0.2 11012 -253.410 -2402 9,47,79,265,280,293,307,333,335, 416,574 646
Nitrogen, i, . 105 —-25'3_.0 -HEa 1.2123 . ~2029 to ~14G.8 9.47,79,310,332 416,574 648 j
Oxysen, 0, 18.01 ~202.0 -1185 ' 11833 - -21841a-1185 9,73,303,324,416 574,631 s 8
Inert gases ¥ / » : :
i R S {-u,mu ~210.0 -262.0 0.5428 ~27266 to =270.0 9,47,79,345 416 574 _
¢ 3 0.2330 -270.0 -268.0 1.0638 -210.0 1w -268.0 " il -
i Meon, Ne- 5.5 ~240.16 -228.7 1.2393 -246.7 10 -228.7 9,47,345,416,574,646 ;
Argan, Ar 1284 -187.16 © -1224 1.283% - -189310~122.4 . 9,47.79,310,342,345,332
Dicting a ’ : *
. Ethylene, C,H, 19.52 -120.0 99 1.2760 ' ~169.210 9.9 4,72,246,£46
Propylena, C H,, 1998 -700 919 11797 -185.31091.9 10,79,246
" 1-Butene, C H, 1784 =200 . 146.2 1.2317 =185.4 to 146.2 10,79.246
" Alkanes : ' 3 3
¢ Methane, CH, ' 15026 ~-168.16 -826 1.3941 -182.610 -62.6 10,47,79,417 646
i Ethane, [ H, 2116 ~120.0 323 1.2060 -18321032.3  10,79,417,545 Friestiy
: Prapane, C,H, 220 -80.0 96.7 1.1682 -187.7 10 86.7 10,79,417 : i
; Xylznes . 5y X k i : )
P oXylene, CoH, ITH.), 30.1 20 1578 1211 -25.210357.8 3,6,79,415,416.417 646 ' 2k
m-Xylene, CgH, JTH ), 28.9 200 3438 1.2629 ~479103438 ' 369,79,415,416,417,574,636
pXylens, CgH, (Clig), 28.31 20,0 3440 1.2182 133103840  3,69,79,415,416,417,574,645
Bromatics - - J % 5
Banzens, CH, 2888 200 288.94 1.2243 553 10 288.94 3,4,79,416,417,495 637,646
. Naphthalene, C, Ky 288 121.0 475.02 13511 80.55 t0 475.02 3,6,13,574,637
. Alky! aromatics v : : o
© Totuene, CgH, CH,, 2852 200 3188 12364 '-95.0 10 3138 £9,79,415,417,520 574 637,645 7
{ Ethylbenzens, CH M, 2929 200 3440 12461 | -850 10 384.0 39,79,415,417 520,637 i
i Cumeiie, CgHgCH iCH ), 2821 20.0 360.0 1.2807 ~96.0 to 360.0 39,15,415,417,520 631 646 i
Eenzene derivatives . K
Chierutenzene, LM 01 335 200 ;" - 392 12276 ~45.2 ta 369.2 3,4,6,70,415,546,569,637.645 2
Auilipe, CoH 8H, - 418 200 4260 1.1022 * =G.1510426.0 3.6,79,415,548,543.537 643 '
Piienal, CgHgOH 313 60.0 4200 1.0725 40.75104200 2,6,79,415,569,570,574 W
Cyctesiianes ¥ f | s
i Cyclopropans, €4, 1325 10.0 1724.3 13200 - -12/4210124.9 1 i
¢ Cyclobuns, C,H, 19.13 10.0 1204 1.3209 ~90.73 1o 190.4 1 !
Cyttopentane, G M, 22.61 200 2335 13323 ~§1881to 2305 3.4,14,70 418 417,537 646 E
Cyciuherans, C H o 25,24 0o . 2803 14246 655102803 @ 34,14,79,415,417,514,637,646 PR
Qlelia monamers o | . : -
Lthutylene, € Hy 1242 20.0 144,71 12085 ~140.35 to 144.7 3.4,75,412,520 Iy
Styrene, CaH CHTH, 2.0 ton 369.0 04828 .- ~30.6 10 369.0. 3,473 416,620,621 628
; i
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Correlation constants: surface tensions (continued) Table 23~1
i ;LT n i
¢ e 0=0y [T-—TI-] , dynes/cm '
{ i ~fe= 11 ; 1
f tee r b T e e ,, —— ' i
i iy = : Range, ' ! i
i Cumpound «+ dynes/em i T L e n e ] References ]
A B Sl Y i R : 3 ; c5y
. Digleting ¥ 1 v
E 13 8utadiene, C M, T | B IR Y 1520 ., 12055 -441t0 1520 3,14
T isoprene, CgHg ey 13.6 . 500 202 - 12282 ~145.0t2 2102 i4
i Chloroprene, C,HCl WA s Eed %17 2 ~130.0 10 2617 14,7
! Organic oxides . . 2 .
i Ethyleneoxide, C,H,0 24.33 ‘200 18538 1.1509 ‘=1125101358 2,4,10,79,416,574,659
. Propylene oxids, C4H,0 218 0.0 203 12188 =112.0t0 209.1 14
! Butylene oxide, C,H,0 2637 00 2526 j-l2m ~150,0t0 252 6 14
i Primzry glechels - iy REAAL i R
| Methancl, CHy0H jio, o228 . 200 2394 -~y 08115 -97610239.4 4,6,0,79,415,416,574,637 £42 646
¢ . Ethanol, C,H 0H 554 128 20 231 08760 ~114.1 12 2431 459,79,415,456 574 637 546 {
. " nPropanol, CyH,0M SEF N 20.0 2636 .0 07859 -126.2to 2635 46,9,79415416574 637 -
i nButanal, C H,OH a1 by 247 20.0 2898 . ;. 08335 -89.310289.8 £,9,79,415,416,495,574 637
{ Chlorgmethanes =4 S p
i Mathyl chicride, CH,C! 2. 162 20.0 1431 f 12234 -97.7t0 143.1 489,79,416574
i Methylene chlonde, CH,Cl, 280 20.0 2410 ' 12057 =957t 2410 45.415416,637,708,717,7121
' Chtoroform, CHCly [l - 2667 250 2634 10 11824 -63.210263.4 4.6.9,79.415.416574,637,708.717,721
| Carbon tetrachtoride, CCl, ) 5.7 200 232 1L 229102832 4,6.9,79,415,574,637,646,708,717,121

AL S | g e B L et | RSP P 1 ) 5 MR .

the corrclation constants. Average deviations are less
than 1-2% in most cases. A comparison of calculated
and data values is presented in Fig. 23—1 for a repre-
sentative chemical.

Example 23-1—Estimate the surface tension of ben-

- zene (CgHg) at 80°C. The solution to this problem is

made by substituting the correlation constants
(o, = 28.88; T, =20°C=293.16 K; T, =28894°C =
562.1 K; T=80°C = 353.16 K; and n = 1.2243) from
Table 23—I into Eq. 23—1:

| o“a[?;_Tn
Mg | ees

562.1 — 353,16 }1243
562.1 — 293.16

= 21.2 dyne/cm

= 28.88

The calculated and data values compare favorabl
(21.2 versus 21.2),

HEAT CAPACITIES OF LIQUIDS
Joseph W. Miller, Jr., Gordon R. Schorr and Carl L. Yaws

Liquid heat-capacity data are important in many
process engineering applications. For example, specific
heat values are required in liquid-phase chemical reac-
tions (energy requirements for heating liquid reactants
up to reaction temperature); in distillation (energy re-
quirements for cooling products to lower temperature
for shipment to customer); and in general design of heat
exchangers. .

Corrclation constants—Table 23—II

Correlation censtants for liquid heat capacity are
based on a series expansion in temperature:

. Cy=A+ BT+ CT?+DT®  (23—2)

where C, = heat capacity of saturated liquid, cal/
(g)(K): /{JB C,D = correlation constants for a chemical
compound; and T = temperature, K.

A generalized least-squares computer program for
minimizing deviation between collected data and cal-
culated results was used to determine the correlation

constants. Average deviations are less than 1-39.

Tabulated values are given in Table 23—II, where
the temperature range is also provided. In most in-
stances, the usabie range covers the saturated licuid
from its boiling point to temperatures above the boiling
point, and in the general region (aboat 80-90% of 7,)
of the critical point. The results are not recommended
for use in the immediate vicinity of the critical poin
(90-100% of T.). A comparison of calculated and col-
lected data values is presented in Fig, 2 for a represent.
ative chemical, which in this case is ethanol.

Example 23-2—FEstimat- the heat capacity of benzene
(CzHy) at 20°C. To solve this problem, substitute the
corrclation constants from Table 23 —II: 4 = —1.181;
B=1546 1073 C= -43.70 x 10°% and D =
44.09 x 1079 and the tempaature (7'= 20°C =
293.16 K) into Eq. 23—2;

Cp = — 1481 + 1546 X 107%(293.16) — 43.70 X
10-%(293.16)% + 44.09 x 1079(293.16)°
= 0.406 cal/(g)(K)
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Correlation constants: heat capacity of liquid : ; Teble 23y
'[ oy
i 1: Co=A+BT+CT2+DT3!: : i
! 315 e s T e GG e S SR i s
ey " § Gl | o 7 12 i
i BT, b ! i "C,at25°C :., Range, . : 3
: Compound i 8x10% . Cx108 = Dx10° . cal/(g)l°C) L 1 References !
i - - R . i rf-._ s : ! ¥t -".. : s ._- IR S i
Halogans ‘ ‘ 1 ‘ 5 1ahaied AR \ 4 i
i Floonee, Fy Gl 2528 ., -3310 S1468 . 0D35@-1831 " 21310 -1400 = 19425558 :
?  Chiciine, Cly W n-01322 4720 . =2031 . 2894 . 02260-34.06 ~101t080 1932416171 {
. Bromine, Br, o =038 4452 ©  -1338 S k57 009 | -12t0280 ¢ 41843 ' !
. lodine.dy ¢ L o~00u2id, 5187 . ~1054 0.1247 0075 1136500 41943 1
. Sulfur cxides 5 - e - 1 £ ]
£ Sultur dioxide, 50, P -08701 031 1 02 -4 s2gs 0.32@-10 -72710 150 © 4,10,13,92 g
Suiter triowide, S04 Ciy L-3878 0.6 -, =165 /[ h.man. e & R 16810200 48591 B i
y Nitragen oxidas i L e i A .
Nitrous oxide, N,0 A L7818 4424+ -1915 3013~ 042@-895 -8081030 19,100
i Naric oxice, AO R 1405 5236 . 47045 14217 DE1@-1518 | -163810-135 18,106,116,134
i Niwogendiouss, N0 “ 11 —1625 16.39 ~61.72 6677 . 037€20.2  -11210140 . 4,19,107,120
. LCarkon ulidu_ e I T ok ' { E§ y e
Carbén munoxide, CO Yoh . 05645 479 -1437 91195 0S515@-1915 ;=  -20510-150 . 12,14,19
Carbon dioxide, €O, % -89 2548 . -10355 L 15733 ¢ 0.46©-30 , -56.51020 19,147,157
Hydragen halides i 4 128 A % . 3
¢ Hydorgen fivaride, HF =141 2041 4 =69.21 ' 8159 0.73@195 ~835t0 175 4,10,12,169,184
i, Hydrogen chlories, KCI =0 7.043 \ oo=3.31 CBE21 | 04058-8503 ¢ —11421w020 1218
' Hydiugen bromude, HBr . L 06153 10.02 ~41.47 50.95 0.18@ -66.8 ! -85.31080 '+ 4,12
Hydrogen iodide. HI 150 <0.6418 713 \ - -2655 13095 0.112@-355 -60810 140 4,164
+ Nitrogen hydrides ':' o - ; [ j
| Ammaonia, NH, L1823 3 =109 176 1.05@-31.43 77410100  6,12,13,19,154
{ Hydrazine, NoH, o -483t 4900 1. -1500 163 . 075, 210200 | 6,14,20215.218
! Hydrogen oxides el 0 ! v ‘ ; .
b Water, H,0 0 peM 2825 -8an 8.601 et 0350 ) 8,12.238248 :
Hydogen peraxide, H,0, 0444 1.199 -2733 2615 o083 f-04310425 ° 4,240,242,244 356,257 260 i
! Diatomic gases i ; Ltk b :
¢ Hydiogen H, e am - -3798 12,1103 -24348 . 210-2528 - -250410-245  19.47,284,293,302,706,307,311,221,333 335
i Mitrogen, N, fi.  =1.084 5047° -768.7 33573 0.49@-1958 ¢ -209910-160  19,43,47,300,306,321,325,331,332
i Dxygen, O, Tl ~04587 234 -5 15757 | 0405€-153.0 o -218410-130 . 19,47,300,303,506,321,334
b imert gases ; ¢ :I A ¢ | : , 1
i Hehum, He GL-733 0 13860 0 -293,133. 27280000  0S6@-2689 1. 270102685 . 10,47,345
i Meon,Ne i =1128 21097 -Bos24 793760 | 044@-245 ¢ -248710-230 104347
| Argon, Ar ANt 04778 2317, -2545 9727 . 0750-1859 : -1833t0-130 19,4347
i Dleling 3 i ; X ¥
V  Ethylene, CH, SR ap02 . 8218 S 6012 1263 . 05720-1037 -163t0~40 19,246,415425 433,450 !
Propylene, C H, o 45 04708 1683 -1662 44.07 051@-41.7 -185.31040  10,246,415,325,433 440 i
1-Butene, C My 005422 . 1179 ) 3.408 2.195 0515@-6.3 -185.4t080  10,246,415,425,441
© Alkznes FE : il .
i Methane,CH, e ) 123 1033 % 72.0 -107.3  0824@-1615  --182.61ta-110  10,19,47,415425 464
! Ethane, CyH, £ 0% 8481 .. -56.54 1261  05830-88.2 -18321020 = 10,19,246,415,425,453
1+, Fropane, CqHy | 0.3326 2332 1336 30.16  0532@-421 -187.71080  10,19,248 415,425,453
| Xylenes i : : ' - : i
E < oXylene, CgHg (CHgly 7 -04403 6892 . 1860 . 17.86 0415 . =25210325 9413428 i
I mXylene, CoH JCHy, )0 . ~0.04753 3829 -10.71 11.46 040 -47.910300 ' 9413488 :
; r-Rylene, CoH, (CHl, ' 08429 8.961 ~21.46 18.45 0410 13310325  9.413,415416,487,488 4
.E Aromatics - ! ; . PR e .
{ Eenene, CoMg ¥ -1.481 1548 §- -43.70 44.03 041 . 55310230 3,13,415,481 503
f Hephthaiene, C,gHg Lo =141 11.61 ~25.26 19.63 0.42@100 80.55t0 410 - 415501510
| Alkyl aromatics i ; it b5 : T
b, Toluene, CoHgCH, 1 =0.1461 4.584 ~13.45 14.25 0,335 . =98510310 - g,19,415518
| Ethylbenzene, G H CHg | 0.04841 21 -1210 7.643 0418 -9510320 9415
E Cumene, CH CHICH,), | 04201 2157 -6.32 1.646 043 ° - -%510340 153543 ;
¢ Benzene derivatives ! | ey d i ; ’
% Chierohenzene, €, H,CI e =00487 1826 -10.65 10.41 0.41 -45.210340  34,6413.416571,674
L Anidine, CgHgHi, i RERY, 24878 _g085 5.927 043 ~6.15 10 360 © A.415,816,556 574 i
{  Phenot, L H OH 70 -0E398 8.218 1/ -18.42 1447 0535 @60 40.75 (0 400 | 415,538,563.570,574 L
| Cy<lostkanes 1 | 4 ' j S Aty : ?
{ Cyclopropsne, Gy, . ~0.02513 5313 | 3477 539 ©  D45@-128 .0 ~127.4210100 | 455,583,535 : i
¢ Cyclobutane, C Hy 40 =036 M5 . =210 e 044501251 ', -807310 130 © 394 i
{ ' Cyclopertare, G Hyg e UEAR ] LU6  =13.16 159y 041 -93BB1a220 - 415416.516,597 i
! Cyc'ohexane, CH,, {6 e 1330 0 -350 - 22 - 043 7 65510 260 415,416,502 546,577,601,503 $
i Dlefin monomers x _;. 4 o ¥ i
P lnbatylene, € Hy {L. 01405 3653 ', -16.19 28.92 05750-68 | -140.3510125 ' 10 415574,601,513,619.627 g
1 Strem CgHgCHEH, 7" 407 09154 5465 1  -14.30 -14.34 0.4 —306010 325 4520622615 i
i Digtefing 41 ? ¥ -
H 1.3 Butadione, C M, AEL: 02735 1.049 + ~5.761 ¢ 1374 D512E-4.41 ~10RA w120 10,415, 416,640,818 :
; Euptoit, Syl 14 R R 51 S =505 305 0,405 =19610 200 | 416620603645 §
3 Chigroprene, C H, Cl ii’ 0.0140 2.5-‘-!}F ~BE3D 11.20 0315 -130to 260 . 4,629 ;
l- -m-l& LA e ._-_.-....._..«-.‘Iclh....i.-.. _....-..f_'..-...'a......._ e ..._'...-.-_.-L.\_....-;J','.:;..»._'.L.-,.__.- W ud s —-v—*‘—"'"'“J
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Correlation constants: heat capacity of liquid (continued) Tahle 23—11
'i i
J. C,=A+BT+CT?+DT? :
: : in N Ot il e Range, ]
r Compound A - Bx103 - Cx108 Dx10% ;@ cal/{gl(°C) - e References i
f . . falr . e . " 8- . of e . . =ik
{ Crganic ovides } | 3 e ;
L i
[ Etyeneoxite, CH.0 02839 2347 -1166 004 - 04701055 ¢ . -N25w0180 4559 ;
i Propytene nxide, CyH,0 DI6I0 3570 | --15.48 2294 . . 0485 | -11210200 4,858,659 : ;
[ Butylene oxide, C,H,0 03182° " 201 -9.306 1452 | 049 [© 15010240 , 14 {
£ Piimary alcohals ; i o i}
[~ Methanol, CH,OH . 08382 -3 8.2% -0.1689 0.608 ;7. -97610220 ' &5941541655 579 607,679 100,701 |
L Ewanol, CoHgOH —0.3439 - 9559 -31.86 54.59 058 | -1141t0180  4,6,19,41541F 647 632,633,700 ;
¢ aPropancl, CH,0H -02761  BS513 -34.2 2985 057 * -126210200 ' 4415416502678 i
{. e Buiancl, CyHgOH -07587 1287  -4g32-~-. 5859 05§ -89.310200  4,6,415,692,637,700 g
* Chloremethanes : ! $i : : i
© o Merylchlonide, CHoCI 0.04123 4188 -19.11 2973 5 0358@-238 . —975w0120  4,19)646,208,717 o
¥ Methylene chioride, CH,Cl, 0.01117 3009 -11.43 RLEIAE 0285 © - =86.710230 4641570811772 i
{,  Culérolorm, CHCI, -0.03154 3149 -1054 124 0225 - -63210250  4,,19,415416,417,208,717,721 i
¢ Carbon tewachioride, CCl, -0.01228 2058 -7.04 8610 020 - -22910260 - 4,19.41516,646,100.717,721 ;
4 ; 2 RS HETRR R St -
PrsEr T anemne v = e - The calculated and data values compare favorably
; Bl T oy i (0.406 versus 0.405).
f : g Example 23-3—Estimate the energy required to heat
! .[19: it O Data (Ref, 646) : K toluene from 20°C to 100°C under saturation condi-
g T " sewma Correlation of Eq. (23-2) 1 ,* tions. Recall from thermodynamics these conditions:
FB et _ , ; T2 .
ES gy ilesin | | @=08H= [cdT = [ "4 + BT + €12 + DT?)T
@ : Ethanol f ; * T '
AL . ey
UL o v BI% G D 1%
LoZ o7 : = AT = ST ok A T9)
.8 : 2 3 4 T
e i + ;
b i A i a 5 = &
E § 4 g Substituting correlation constants 4, I8, C and D from
E 8 N8 g Table 2311, and temperatures 7; and 7, into the
i B ' 3o above equation yields:
o2 1 gt
¢ 3
b 5 05 i AH = —(0.1461)(373.16 — 293.16) +
1 g (4.584/2)(1073)(373.162 — 293.16%) —
b 1 L et ; ~6y(37: .
i : TN S e e e it 13.46/3)(107%)(373.16% — 293.16%
! 0 20 40 60 g0 100 120 | ( /3X X G
i : Temperature, °C g Lo (1425/4)(10'_9)(3?3.164 - 29316')
i = 33.04 cal/g
Heat capacity of a liquid (ethanol) Fig. 2 : e
- £ /
-~
A
i 3 G

-

DENSITIES

: Praful N. Shah
Liquid-density data are-important in process engi-
necring design, such as for the sizing of storage vessels
that contain basie raw materials for a plant. In distilla-.

- tion, engineering design of condensers and reboilers

requires knowledge of saturated liquid-density values
for the column’s overhead and bottom products. Addi-

* tional uvsage is encountered in various heat, mass and

N T i e R 1 e T ey e

momentum-transfer operations involving liquids.

Correlation constants—Table 23-—IT1
Saturated liquid densities, at any temperature, were

OF LIQUIDS .

and Carl L. Yaws .
based on the following correlation:
py = ARSI

where p;, = saturated liquid density, ¢
relation constants for a chemical compound; and 7] =
reduced temperature, T/ 7. :
Tabulated values for the correlation constants A and
B are given in Tabie 25 =3, 'The toimpuatnic sange
which the correlation constants are valil covers the
entire saturated liquid state, from the me ling point to
the critical point. A generalized least-squares coinputer

(23—3)

cn®: LB = cor-

CHEMMICAT l'\'(:l"\"!‘!'ul,\'i.‘ l\f_""l"lhl'l‘l a5 e
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CORRELATION CONSTANTS

Correlation constants: liquid densities

—

Table 23

.

i, #

} 4 't
1 i ; p = ABTT glema S
1= - . e - & 4 a

E ' } i ot Foii No. of : Averange g

} : ; ‘A . pat25°C Raonqe. * 7 data | deviation, !

i Compound e Al LS B ! ?,_.,"C 1y . glem3 F points |, % t References

b H:tigeas : i = 5 , S

! Fluoring, Fy 05649 0.2628 ~129.00 * 1510-138.14 =219.610-1290 = 100 |  0.28 31,69,646,720

{  Chlosine, Oty ..~ 5 05515 02170 ' 1340 139 -1010101440 94 §- 0.7 9,43,71,74,637,545
Bronine, iy 1.2267 0.3:25 . N50¢ 3.10 -12w3150, .31 'L 047 16122843
ludine, 1, . 16053 0,393 546.0 370@184.35 | 1136108460° 36 . 071 612,843

" Sutfur uxides i 16w ' i . ! R
Sultur dionide S0, i 05164 02554 1576, © 1377 7271526 106 .- 043 410,128,697
Sullurtrionide, 805 © 1085956 02274 2183, 1800 - 168w2183 © 42 F-2:2 0 am¢

* Nitrogen oxides ¥ & tfig 't =

o Nious oaidz, N,0 4004413 02645 . 365 . 075 ' -908t0365. 86 .. 092 9,10,12,103,118,133
Nitrig oxide, NO 105200 02353 -840 . 327@-151.747 1638 10-93.1 g 'rom B3
Nitrogan diaside, NO, i 0.5059 0.2830 158.0 143" —11.210 158.00 88 ar . 1.28 4,10,12,128,637

* Catkon oxidey £ t B f e ; g i b

£ Carbon raunoxide, €O 0.2931 02706 -140.1°" 0.79@-191.52 =205.0t0~140.) £ 0.56 9,12,637 646
Carbon diccide, €0, 0.4576 0.2550 3 071 - 565131’ 125 ' 020 9,12,141,153,631,645

Hydiagen halidss : ; ! s 2 ; '

Hydoigen flusride, HF 0.2265 0.1350  188.0 095 - -835101880 © 44 . 085 4,10,12,183
Hydrogen chianide, HCI - 04183 02513 515 080 -114210515 85 ' 061 4,6,3,10,12,167,171,174 637

L Hydrogea bromiga, HBr i~ 07358 0.25:0 0.0 2.16@-668 . —-BG910800 - 17 . - 0.10 €,10,12,637 .

‘ Hyfiogen 1ad.de, HI 09475 02545 1510 2809-355 ~-5081w01510 - 18 . 0.08 4,10,12,174 637

i Bitregen hydrides i e MR i e

' Ammonia, NHy 02312 0411 1324 ' 060 " -7774101324 87 023 49,194,646
Hydratine, N H, 'L P31 02538 3800 1.00 ' 201035300 18 0.1 4,189, .

* Mydrogen oxides i) g w e it : o
Waler, Hy0 - 03471 02740 382 100 .. 00103742 148 ¢t 227 4,246,257 637
Hydrogen peroxide. H,0, 04375 02505 4850 144, -042104550 25 7' D27 :'4,239,249.257.261

| Diatormic gases Sun e B ERE e / gy L,

. Hydragea, H, 7 0.0315 0.3473 -240.2  0.07at-252.78 | -250.410-240.2 85 ' 0.0 [/ 4,10,304,321,333,335

| Nitogen, N, " 03026 0.2763 -146.8 0816 -19581 -209910-14G8° 110 0.25 © 4,10,315,321,331,332

T Daygen, 0, .. 04227 02737 -1185  1.14@-183.16 ~218410~-1185 .56 i 030 .  4,43321,324,3%

- Inent gases k Py . : : y o
Helium, He ©0.0747 04206 -268.0  0.12@-2689 i —27110-268.0 28 V.44 | 9,646

U~ Heon, Ne 5°0.4843 03035 -228.7  -121@-246.16 -248.710-2287 17 0.05 646

L Argon, Ar *1 05082 02735 1224 '; 1.39@-18588 -189.310~1224 90 0.45 9,10,43,149,358,365,77

* Dlefing : ' F %

i Ethylene, M, . 02118 0.2784 . 99 057@-1038  _18321089 63 056  9,10,415,436,637,616

! Prupyleny, CyHy 1.0.2252 0.20%6 919 081@-477  -185310918 61 . 041 . 10637646 i
1Butene, C4H, j 02333 0.2520  146.2 053 « ~1854101462.. 47 . . 031 | 10415637545

= Alkanes iz 3

L. * Methae, CH, 0611 02077 -826, 042@-1615 ~1826t0-825 285 0.67 | 9,10,47,454,455,537,735,735,737,139 141 122

i Ethang, CoHy 0.2202 0.2041 23’ 033 - -1832w323 84 0.73 9,10,443,637,646

Y. Propana, CyHy 02204 0.2/53 + 967 | 049 . -1877t0 867 (5 032 210,637,646

¢ Xylenss s ; 5 1 1 ¥ 5

[ oXylens, CgH, (CH ), 0.2870 02519  357.8 ) 0.28 -252103578 123 | 0.6 415,473.474,631 648

i m-Xylena, CoH, JCH L), 0.2809, D.2527 3438 ' 086 - -4739103438 111 o0 415,473,637,645

v p-Xyleng, C M, (CHy), ~ 02812 0.2603 3140 086 . 1331340 . 19 . 0.3 415473474

L Aromatics : 3 - cdd : S

b Benzens, CHg £t 03051, 02714 25094 087 " 55310283.04 200 . 022 T 9.473474.481484497,651

[ Nzphtheleas, €,0H, 0.5241 0.2053  475.02 0BEG217.0 - 80051047502 44 |+ 053 - 4473474637

+ Ayl gromatics f 1 1 A g : 80t 4 \

“7 Toluene, CoH LMy . 0.2883' 0.7624 ' 13188 | 086 & -9501 3188 150 ;i 022~ 4415473524697

| Ethylbenzene, C 1. C,Hg | 02835 02856 3440 086 . -95.0103440 84 - 004 | 415473524

| Cumens, Coh CHiLA,), - . 02770 0.2576 © 3800 ° 0.85 -960103600 44 0.07 . 4415473524

E Benzens denwative; i3 ; e s ; .’_ 1 - W o v

{  Chioobemzane, CH.CL % 03706 02708 3502, 10 ). 452102582 47 016 ' 415550,560

i 0 Aniling, CgH NH, £ 11.03292°.0.2751 4260 101 ¢ -B15104260 72 4 013 7 4,415,984,550,561,646

2! Phenol, CaH OH “17'0.4094,; 0.2246 © , 420.0 | 1.04 @000 .° 40.75104200 29 em 4,115,418,563

': Cycleslkanes J ; il . s JEwai ; 33t ;

i Cyclopropang, CoHy (1.0.2614''0.2526 1249 0.62 ''~127.42101249 57 I 088 473,588,589,500

b Cyclobutane, CH, i1 0.2575 02711 1304 072@-50 '/ -9073t01903: 3 5 044 !l 473

L ° Cyclopentone, CoH g o 0.2/01 02737 2335 074 | -5388w2235 . 40 . 020 i 415473580505

} Cycluliexane, C K, (o 02720 02727} 803 | 077 1" 655102603 97 5 216 . 415473

| Dletin monomers 154 ' 4 i ; : . : ! : : RS :

P lsbutylene, C M, 1702323 0.2651 0 1447 059 |'-140.35t0 107 . 07 . 024 | 410,607,513,619,620
Styrene, Ch, CHCH, { 02620] 02993 3630 ' 0.90 ' -30.6103600 .° 34 Yooz 4,611,620

I- Diolaling A i) AR i Ay Fali Feok, :

L2 Butkttiens, C M, L824 020 ) 1520 % 0.8Y .. -10881s 1520 - 200 .0 0.5 10,633,630

| o tsoprens, O H, ;. 0.2562).0.2832. 2102 0.68 ;*~1460t02102 ' 21 {11 083 1 4473,520,645

[~ Chioroprene, C 80, C1 . 0.4406' 02364, 2617 .+ 0SSC@200 1, ~1300teZ5l? 3 1 06 . 4 7

I BIBRFINR K (505 AT OB I RO B | - S RIS SR | £ GRS | e L RPN
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Correlation constants: liquid densities (continued) B e P s T AT e o Table 23111
3 -
% 8, =AB -T2 o /emyd 1
: i - ey ¢ ,;,
! i i H i : i * +No, of. Average |
: ¢ ; i\ pot25'C, | Range, ' data ;deviation,’
i, Compound = fr A "% B i7.,°C:, glemd i} °C spoints ., % - . References =~ .
i Griggnic oxides : i ' E ! ' _.! 1 i
f Ethylere oxide, C,H,0 02172, 0.2608 . 1955 088 .y —112.510 1958 Woay 083 I 4,10,637
: anide, §4,0 )0 03123 102238 2000 4 082 . -112012001 ) 6 00t o4
i 2 oxigs, 44,0 02002 02648 2526 . 0DA3@20.0 ! —1500102526 z 0Ot i 4
Pumtay altohols 3 i1 i i ¥ : 3
{ Methenst, CH0H 1 0262802280, 2384 079 1 -97610 2394 M W | 4415484607646
{ Etbenol, C,H 0N 02003 02755 2430 | 079 1 -141w2421 . 108 7 135t 441540463
i 1 02015 02758, 2636 | S0 11 -1262102626 63 | 05 . 4415484646
| = " 02633 ,02477; 2098 ! 080 || -D9.3t0 2833 - 25 - 160 . 4415484645
i Chizromethanes Tl : . i I ; gt
‘; Mothyl chloride, CH,CI =" *1F 0.3542. 02673 © 1431 ] 091 i -92.71014315 87 . 085 . | 9,637,208.712,718.733
§ Methylene chlorice, THaEL, C 033334021417 2410 i 132 3 -867t02410 ) BG "1 0083 i 637,708,721.729.732733
{  Chioratorm, CHCI, 3 05185 D266': 263.4 4 148 1632102634 1 47 00 106 ) 637,708,721,733,734
b, . Carban teteachioridz, CCI, | 05591 02736 | 2032 158 i} -2291w2832 ;9 026 | 9.637,646,703,710,718,718,71 3
I.-ﬁ. PR R T R O -..au-.--\.-‘,.-\_.\..»..j'l._,._.._- B R R S Lu_:_.,... -.._45“.'..4!;. TR NS IIRTONT, | ..-._-.;-_5.,.-._. At o e vl ek S

vy
(] gl 5 L

" program (for minimizing deviations between calculated
- and data values) was effectively used to. process-the

- several thousand data points. The average deviation for

* 2l eeinnounds tested is 0.55%.

If oorrclat:on constants are not avat]ablc, one may

~make reasonable estimates of saturated liquid densities
by letting A = p,, and B = Z, (critical compressibility
- factor). This method reduces the above correlation to

~‘the Rackett equation [#89 *]. Appllcatlon of th;s'

" *Part 12 of this series _]uly 21, 19?3 p 122
- \

L]

o --‘----—-o—l—.-n -‘p'---llli R e

1 Melting point
12 |

|

Methyl chioride

08 %
> ' '
i ' AT .j
= I o Data (Ref. 637,712,733 :
o 0.6 £ " =3
- s wemmns Correlation of Eq. (23-3) H
El 5 i
- 041 . _ ; ;
§:o i Y Lo 1k
! ; e o
02! il S o p i iige s S e ot g
120 -30 40 0 40 B0 - 120 160

Tempereture, “(y

£

' 23—3, and the tempcrature (T = 50°C =
“into Eq 23-3:

\- .l 1075g/cm3t By '_I.\_ e e "‘_-“J.

7 "740.

Liquid density of a liquid (methyl chloride) Fig. 3
g Eh 53 ; ;o

mcthd.d to all compoﬁnds t'-estcd produced much gtcatei"

deviations (average of 5%). Calculated and data values
are compared in Fig. 23—3 fur a rcpresentatwe cherm- _
zal compound. ! I
Example 23-4—Estimate the saturated llqmd density
" of chlorobenzene (C;H ,Cl) at 50°C. To solve this prob-
lem, substitute the correlation constants (4 = 0.3706;
B = 0.2708; T, = 359.2°C = 632.4 K) from Tablc
323 2 I\)

p;,=AB-“-’f'l’” SxE
= (0.3706)(0.2708)- u—tszwsaa o

e

,_

The calculated and data valucs compare favorably
(1 075 versus 10!4) .‘ RN e R L
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L1qu1d thermal cenductwny data are important in
numerous chemical engineering applications -that in-
volve heat transfer. Representative examples include
partial condensers handling liquids; total condensers for

*

% ~THERMAL CONDUCTIVITIES OF LIQUIDS -
1 ": Josepk W. Atiller, Jr., james J. McGinley and Carl L. Yaws fy

the column-overhead product in a distillation opcn«'
tion; reboilers processing the column bottom in a distil-
lation; liquid-phase reactors requiring heating or cool-
ing; and general heat exchangers handling liquids.

; e A
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CORRELATION CONSTANTS
i e ———
Correlation constants: thermal conductivity of liquids = { Table 23—y
Y - Ty
A
! k,=A+BT+CT?
k. Airen e & o344 e :
\ ; REARE R kg at 20°C, Range, i
Compound {1 A 'Bx102  €x10% (micro-cal)/(s) {em) (*K), i e y References :
{ Hileguns . qr i ik £ . : ;
_ f Luurine, F . ~LB1254 . 16229 -118.41 320at-1700 ' -219010-140 1465 ' §
i Citonine, Cly §33.01  -4830 -1524 3 =10110 132 14,65 $
1 Brumane, Br, 384.05 -3.07, -804 -30c -7.210 300 14,63,65 i
L iading, 1, e 2012 1025 . -485 275 at 156 1316512 14,65 i
Sulfur omraes =3 v 5t : ; e . :
Sutfur dionide, SO, , 2,1408)° (-783.66 - - 7143 458 =501 150 93 !
Sulfur tnoxide, SO, ’,/ 2120 , -760356 - EE._EU B15 10t zml 743 % I
| Hitrogen oxides b o ) ! . {
i Hitrous oxide, N, 0 84695 -21180 =429 - 100 =1021020 14,125,126 i
tatric oxide, ND 42334 25319 -212.35 ~ 433 at-160 -163t0-96 1465
Kitrogen dioeide, KO, 519.74 522 . =25.13 m g -1112 142 14,19
Caibon axides : TS ' o ; s
, Carbon monaxide, CO 475.48 331 |, -21426 360 at -200 r =205t0-145 141965 . - ;
Catbon dioxide, €O, 97208 -20153 -2299 184 -561c26 14,19,142,151,152 i
Hydrogen halides : A . S5 i o F ) f
Hydorgen tiuonda, HF 1,695 67 -?05,91 -15.38 950 ~83 1w 165 13,1465
Hydragen chilonde, HCI 107170 —18.44 -65.81 4537 ~1141031 14,65,173,175,176
i Hydiogei bromide, HB 57389 | 3834  -41m Se, 319 871070 1485173 3
! Hydiogen iodide, HI 62073  \~10.271  -2173 404 -50to 110 14,65,173 i
" Nitregen hydrides . ! e 2 J :
i Ammonia, NM, 2551.30 37662 . -29.35 1,196 1710100 13,14,18,207
Hydrazne, N, 2859.98  -175.23  -24.16 2198 ‘200318 13,14 A
Hydrogen oxides ; ! L % Ve
} Water, H,0 -916.62 125173 -152.12 1452 010350 4,13,14,19,238,246 258
| Hydrogen peronide, H,0, -466.56 ' 805.86 -8758 ".‘ 1,143 el 01a 400 - 13,714,258 s
{  Diatomic gases ; . iy e : & | ! :
i Hydragen, Hy =210.41 247370 -5734726 268 @ -250 ~1531w0-241 19,42,212,281,280,293,238 304,207,317 323
:’ Nitrogen, N, 62193, -3a8M -22.57 275@-1825 =208 10 ~152  19,47,65,288,290,293,300,303,306,315,317,322.322 .
: Oxygen, 0, . 58373 - -21043  -43.31 5@ =183 - _=21810-135  19,47,65,208,300,317,327,334 !
- Inert gases, : { i i Lo f
e {-954.21 1.65.10% -5.0-10° 2000 -271.3 =211.310-271.0 19 44,47,290,345,364,374,392 353
> 9335 -4,376.85 9.05-10% . S0@-271.0 ~271.0 to -268.3
Neun, Ne 32482 20058 49217 240 @ -239.5 -248.710-229.5 19,43,44,250,374,392 : !
i Argon, Ar 444563 -95.43 -B5.71 600173 -189.310-128.0 19,43,44,47 288,290,306,316,328,345,374,392 222
. Otefins : : oy ! ! : :
f. " Ethylens, C,H, 85145 Lo-22834 —-an B1@ =63 =169.2t0=4.0 14,13,84,246,421,440 ;
b Prcpylens, O, £34.04 14457 0.30 275 -1851070 14,245,422,426,430,340
Y 1Butene, C Hy 60983  -85.16  -2.71 32 -18510120 14,245 i
5. Alkanes W e U L '
i Methane, CH 722,02 - -144.42 -76.36 se-120 . —182.6t0-580.0 19,47,288,459 464 \
i Ethane, C H, 633.31 -165.88 -4.87 170 -183.21w 20 208444 :
; Progane, C4Hg 623.51 . - =126.79 =212 ; 234 ~187.7t080.0 288,445 1
Xylenes . . £y ; 4
" oXylena, CgHy (CH,), 39383 ° - -338 n ~252103320 6,9.109,413,481,486 i
i mXylene, CoHy [CH,), 39229. - -350 | -5.70 333 -47910330.0 6,9.400,413,470,471,431,482,483 436 :
1 pylene, CoHy ICH,), 355.0 649 -B.74 316 - 133103360 475481483 i
|- Aramatics “h : e R = g
f Benzene, C H 424.25 1.14 -9.03 50 - < 55310760 14,19,443,481,484,452,452.434 514
i Maphthalene, CyoHg 31724 1422 =4.04 3“ at 120" 805510 4600 443456
1. Alkyl gromaties - Jaa fisy 3
# Toluene, CgH, EH, 48510 -5384 © -059 322 . —B8510308  8,14,19,238,409,470,471,475 451,482 483,828 458
r : 4 1 i 1 516,525,526,527,525,530,531 '
B0 Ehylbenzene, C HgCoHg 51866 .~ -B2.15 484 fan ' -8510300 14,481,515,535,539 5
.{ Cumene, CgH LH Ty, 471.26 =51.82". 0.43 ' 306 96 10 305  14,483,486,516,532,546 i
l Benzene dervatives S . ik H
Chiloratbenzene, C H,CI 432.04 =33 =2 310 -45210330  14,402,413,416,481,481,486 535 539,548, 582.55% |
_ ! 3 ; : 559,562,565.566.567.568.972
Anitine, CoH, NH, 1765 3042 - -149 N3 1510408 4,14,400 413,416.451,404 886,503,520, MB 83150
i 1 : SR 559,562,555,566,568,5/2 !
Fhenol, CgH, ON . 44083 ° 86JOF | =201 400 51 222°C 740350395 14 H
" Cychualkenss pinar H oo Sy i i : !
Cyclopropane, € H, 30682 42001 g2 26 | 12142101170 430 e 1
Cyclobutane, T H, ~ 34667 ~29.07 ~362 S0 ~90.73to 162.0 431 o i
Cyciopentane, CoH 51173, 6180 = -139 R I L ~9388 102150  19.481,539,606, {
Cyclohenane, C H, 388.26 222 " ~3.30 : 233 Jo o 655102540  14.481,486.496,539,566,605,605 5
QOlefin mongmers bl i 3 i * By .
Isobutylune, Cgtiy 65529 —124.28 623 25 ' -140.3510 1000 14481 i
Stytene, C H CHEH,, 6i3.97 -80.82 -~ . 040 B 111 i =30610350 1442
1 LN : i Pt 7o ; =
0 i e i ¥ s a0 A LIRS B e R i Rk 8 M Sl G o s RGP i | ot I P PV g Hoas



Correlation constants: thermal conductivity of liquids {continued)

Table 23-1V

A t—
. ky =A+8T+Ci2 2
: i i i! k, at 20°C, i Range, 1 ,
Compound A » Bx102 | Cx104 :(micro-can,-'ts:l-:cml("Kj' e i1 References ;
: et :|. A el b .:: N et ¥ e o Gty .5 S50l B e T R Ll
I 18 | I : I !
71828 i, —187,18 1nm | 268 -103910 1200 © 481 i
52385 1 =7570 ¢ -13 ~14610 160 - 445,646 !
45965 | -82.14 356 Ui * ~1301t0220 |, 481 ]
.' . .l.l i |
62662 3¢ 7951 ¢+ -285 if 1t —h25010180 ;18,481 {
£6351 =53.40 =504 363 : =112 10 180 © 14481 i
51256 ', -28.56 -1.20 366 =150 10 240 i 14,431 ]
vetsutiols b ! : Yo ] }
anad, CH,0H V710130 T =140 2719 ¢ 4532 { -91610210.0 E,B,H,!3,415,4?5.435.55?.63?.6‘55‘6?4_53[“534‘6‘35,:
: { ! {;  B86.020,£94 !
Ethapel, G HOH 622.0 | -9183 528 i 408 Plr =140t 180 ¢ 69,14,19,416,475 484,846 517,562,639 646,174 600,
\ i : i Y 684,625,686,690,694 e
aFropact, CyH,0M [ 44274 (. -804 ~520 |, 368 . ., -126210220 ® 9,14,465 425,562,637 646,660,620,604,685,686,690,)
: ; ; £ : : 1+ 694,704 ;
n-Butancl, C H, 0H + 5465 o -64.42 0.316 361 N =£3.310230.0 ! 6.14,416,475,464,486,561 637 646,608,620 084,585, .
(a 0 & < BBG,630.604 :
L Chlgipmationgg 34 i 30 H ‘
Methyt ¢hl 50296 I -158 57 -4.21 02 ~97.710 1230 19.637.708 117 I
511,74 & -6047 -2.69 338 j —96.7 10 166,0 | 481,637.703,217 v
350.25 .' -20.59 1 ~506 .0 287 1. =632t 230.0 . 9,19,431,522,657,708. 117 E
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Thermal conductivity of a liquid (toluene) Fig. 4

Correlation constants—Table 23—IV
The thermal conductivity of a saturated liquid was

correlated as a function of temperature by the relation:

5 | k, = A + BT + CT? (23—4)

where &, = thermal éc;nductivity of saturated liquid,
microcal /[(s)(em)(K)]; 4,B,C = correlation constants
for a chemical compound; and 7" = temperature, K.

Deviations between data and calculated results were

minimized by using a generalized least-squares com-
puter program to determine the correlation constants.

Average dcviations in most cases are less than 2.5%.

The correlation constants are presented in Table
23—IV. The usable temperature range covers the satu-
rated liquid-phase from the melting point to tempera-
tures above the boiling point, and in the region 80-90%
of T, of the critical point. The results arc not recom-
mended in the immediate vicinity of the critical point
(90-100% of T,). Correlation and data valucs are com-
pared in Fig. 23—4 for a representative chemical.

Example 23-5—Estimate the thermal conductivity of
liquid toluene (C;H,CH,) at 150°C. To solve this
problem, substitute the . correlation constants
(A =485.1; B= =538 X 107%; C = —0.59 x 107)
from Table 23—IV, and the temperature (7" = 150°C =
423.16 K) into Eq. 23—4:

k, =4+ BT + CT?
= 485.1 — (53.84)(1072)(423.16) —
‘ . (0.59)(10-%)(423.16)%

= 247 nlicr;)‘call/ (3)(an: WK) AS

The calculated and data values co';r—lparc favorably
(247 versus 249). '
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