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Abstract: The entropy, thermal capacity and enthalpy under supercritical fluid were calculated by means of 

the supercritical fluid~ state equation refined with BWR equation at 310~600 K and 75~300 bar. It was 

demonstrated that these thermodynamics functions have obvious supercritical fluid character, In comparison 

with literature results, the relative error of the entropy was lower than 0. 4% , but relative error of the 

thermal capacity was 2. 45% (T: 330 ~ 360 K), and moreover these results contributed to the theoretical 

research of the surface reactions between supercritical fluid m and metal uranium. 
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0 {§:fi!?.111ii:ff :i!t-~1Yf5ESifai ~ ~ ~ ifll~ 00 ag;f§ lift m fJIJ!o ~1j}f~ 1m II$~ COz .!:~Hm ~ mHB ;f§ 

lift:.ffltJIJJlLSt!aiJf~;:65T ~ Et9~1J~~~~~~~ .. ~"ill ~o ?&rm ,Jmllffi~tlt~""f COz I¥.1~1J$=~!J&~ 
~11t3to ffiilM?it*fflff.Jtr~:/J~:ff~#,-#~X'JE!~E(-f*tt~siA-:&iE*~,3zOffii~-TE1~J.t* 
~;53-fl:P:/Jt!~tEJI~E(1*tEEti:...tti!I-~iE11l~~m~,3zn~~m .. -Mr£i~~o mrl!Wif*it~~ 
ti~::k-.J3.~i!~JJJ1,*)CmJASilffiJf COz l¥Jtlt~:/J~ili£,11l~~1J$.fij{E!it)f8t!ffiW~~~ COz ~~ 
1J*f£~, ~WJ~~~tW~l¥J~!Wo 

B: 400K, lOMPa 

0: 298. 15 K, 1 atm A: 400K, latm 

*)C~:f,j$~~(0,~:298.15 K,101.3 K.Pa)j.J~)t 
~~Et9®,~,1Gtr~~ff3Tmnft(o ~~-+A ,ra, &P Po= 

101.3 KPa,iffiUt1J 298. 15-+400 K) l¥Jm-..~~~j:~{EL 
~£it-~t&3Tffnft(A,~-B .~, &PmJ.tj.J 400 K,ff 
1J:101.3 KPa-10 :MPa)l¥J~1J$-M:o :f,jfltt~a<J~ .. ~ 
~;f!Jj:~~{EB1~ffl Gaussian 98 ~Ff:{£ B3LYP/6-311G"* ;j( 

3Jl-L.E-9tr~-M:[4J ,mr!SW~~r COz l¥ltt15::1JNffl BWR 

:JJ~, r~mt!aiJf m l¥1~1J$=t£miJ:U ?tJJUmrJ£0~-tt 

~0 

'----------- TIK 

1.1 iHt!ffiW m f4:~m89-tt•1}~ 
z P "T j.J~Jl:~:l:, JJ!tl 

00 1 ~?tlm~JR~OO 
Fig. 1 Sketch of integral line 

EET(;~ t = 7. (;~t =- (;it·ftA(l) :it~ 
dS = Cp d T - (a V) dP 

T aT P 

~1JBWR:/JW1-J P = f(T, V) ~~,s(~~)v(~~)P(~~)T =-1,1~ 

- ( ~ i) PdP T = (; ~) v d V T 

rJT dTl '"fVs(ap) ] 
S=So+' CpTj +I 3TvdV 

L To P L. VA T 
0 

(1) 

(2) 

(3) 

(4) 

~::p, So-. To~ Po 1-J:f,jfl:fj(;:5It-j~i~L VA-. Va JtJJlJ:J!mJt~ T 0 ~ T It-j~-f*~Jt Cp = a + b x 10-3 T + c x 

l(f12 + d X10-6 T2 ,m:t£101.3 KPa ~l¥.J~~mll~~a-.b-.c~ d?1-Jltljg44.141 JK- 1
• rrol-l ,9.037 JK-2 

• rrcl-l-. - 8. 535 JK • !mJ.-l ~ Oo 



1. 2 Jmi!aiW- m 1*~7A3te-ttlt2}~ 
!fl Gaussian 98 ;Wff: JilT~ (ltr~$;1i\:JE $~$[ 41 , Ell ~~A ( ~ (~;t = T (: ~ )v ~?T~ 

Cv Cv,A + [fv8T(~~) dV] 
VA v T 

~~, Cv,A 1.1 101.3 KPa-..400 K fl\f~tFlo 

;f!jJtl Cp ~ Cv ~~~~.f£.1e~PJ1~ 

(
ap )2 
aT v 

Cp = Cv - T ( ap) 
av r 

1. 3 ~ll{fjW, C02 1*~~J£~(t-Jit~0~ 

§)t·,m f*~f£ffii¥J~ff(Po = 101.3 KPa) 7t-mn~(~P 0 .B- A .B) ~t!121J 

(5) 

(6) 

(7) 

f&§f]IJ£m!Jt1J 400 K,-f*~ffJJkA.lOl. 3 KPa 7t-~¥1J 10 MPa,lft~f*~,M_ VA 1tft¥1J VB, ~i:t~f!!J 
i?i~1-J 

MIJ,B = MIJ,A + J:B[ r(~~ )v- p ]dvr + PVB- Po VA 
A 

(8) 

(9) 

2.1 ~~l!fi~ m ititf*£t-.P!X~1Jf£ 

~~-~~~ag~j]~fi~~.-~~P-V-T~~~~~~~g·~-~~ffl,tt~~W~~$ 
1H"J};~Q(!1J•~JJ~·I:flt1ttt~a~Ht:UiBPlo amr .~!f1n~~tt~~~~~s 1'-, 1f¥IJ~:tEfJ3~/FWr1L®r~~w 
f1!ilia~~9!tl.L,.A.fiTilJ~~~I!f!:~1f&x.m~~-Jf3~ttJJ~~~?!*ili~~~Wo1E!Ei:Ir!f1a~~~1;JJ!~~:f.:f. 

~~~~-1'-~~m~~~?*~~~MPl~R~mmoor~~~~~o~r~~m~~~~w~~~* 
~~ ~tl ~ ~' f£ ~ f£ ~ ~ ~ ~ tt-Jo *X m ~ Eenedict-Webb-Rubin(B'wR) ~ 1-:1 

Beattie-Brideman(BB) ~~t'i<J~:i!H~~ ,~~ J\.1'-~~oBWR ~W~*J:\1-1: 

p = + (B RT-A - Co)l+ (bRT- ).1_ + aa + c(l + Y!u2) -y;/· (10) o o y2 2 a 3 6 ....... 2 .:> e u u u u 1 u 

A~ P ~7.Rffi5!, T 711KftfJt, u 1.1~%K'f*1.RoAo-_Bo-_Co._a._b._c._a ~y ~1'1!£~~~. PJ~;l,bA~#Xmxt:f=l1~ 

3iUo*Y:*R1i~~~i18(6] ·*ffi~l=~·!ifi:;j\=~r!:lt!:fif£1:* .~-{}¥!JB9~~jlj-T~ 1 .Po 
xrrf1A-fr1fS~f{!¥.J~~~~*iJt m~ff1z~:J!~l='ltt]!~~. 3zn*z~t¥J~~/Fflli&~~m!¥J~xJR.~ 

1t~W,~*~~PJmi1~¥U1E1iftii¥J~~;ftl~~o*XB1fJtl BWR ~~[zlJt~~f1$ii 1?~%Kf*fR~7X:1J 
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~.t»f~-f*B"J~.fflf[~~~ oJlt5'f-,~J:3jfl-ftB"JJlit:Mi~{Ji!H111i£J!o~Jj!tl_t~~£.jj}lif~~ji~~~~ 

jl!ljf!1"'}Jtlf<!f!.~iff;f!!~1*~~~3t1-t~~,/itr~l!~~11!~~~-t;;,)l:€e~Jt..1Nr&~o~at:f:~EJjlY!tl:ii~~ 

~~:1:~1J!Z.fSJas~:n-t!~:~~o~t&~~*o;.g7:ii:€ea~raJ:Jm,~l:31tti¥~~11&~$zffl-TIQJ-;;$:~7lfro~ 
fl15il:timJ11W~~~.i5!!~{$:~~~~~~J\,:flJ§'i~ili!l{$:~~ll~J\~~~ft=1glt1J§E91ttir~*·~n~ 1 

Plfff\o 

Talbe 1 Parameters for B'\VR equation of SCF ~ 

Ao 
(crn3gmol-1 ) 2dar 

2. 527 30 X 106 

b 
(crn3gmol-1 ) 2 

4.189 26 X 1oJ 

Bo Co 
crn3gmol-1 (cm3gmol-1 ) 2K2dar 

4. 329 45 X 101 1. 432 15 X 1011 

c 
(crn3gmol-1 ) 3K2dar 

1. 331 25 X 1013 

a 
(cm3gmol-l )3 

6. 478 00 X 104 

a 

(cm3gmol- 1) 3dar 

1. 307 65 X 108 

r 
(cm3gmoC 1 ) 2 

4. 482 66 X 103 

1ttit1J~;fQ~~lW::I:ff1~$@!illl1t~W~!\tt;~Ottfi:ti~o ~Jffl BWR 1r~5fn~ 2 9=:8"1~~( T, V), 

~11l»t~£.11!-li¥B"l~t$~37it~ittf1 T it~o 'ft<fi*1*~~z~mm, l!~~tiiiP .&~r!tfft !K~jg 310 ~ 

6oo K,ffis.1Ljl;J 1. s-3o :tv1Pa(:tt~ 3oo --tfltf!.e:), m-rm-$1 .~1nre.utMffilagt$5}f{1Jit~a<Jit~m-~~fr 
il::AJ1ki!R~-~9U-T7& 2 Z.'F .~~_t, i*~~:Xa~Le:U:tErlffiJf.Wtlt~#i!IlKkxi*J, /'gll$~i~~#i!I~ 

It li.iliffiS$ a<J ~1t1~ f££~, ~~~~It fBiY!!l :1: ~ ~fiiiifJ , ~ M ffi3.¥.J£fi W: i¥ at, tE:i~1.f} BS3li 8"11*£ :it :X o ~1'-

1. 42%, W~fli!J1Jlf$J~ft~::AJ0.15% ,ZJJ\-TXmxlYf~ff] o. 35% ,J!iEIW_t;fQ~~19!tl 

]!_t:J~:J:1JI.~.ut~B"lo 5mu@1ftit~1J2.rm BWR 1r~~ft11l1Uirili ag~~~J:lJ~a9, eyrv.~J=tH!-tli!ocM 

fE:X~ffi51a!KfEx!&~ff1·tft£o ~JJfl BWR 1J~;fQflt11l1tti¥8<J~f{)ltfiJ:3:-lK~i*Jff~.~ag P- V- T ~-tt 

~~t:tE~~;it:?"M1"':!tff1~1ilff_tJ£fi~-=:ttff1i*Jwmt~~J:lJ~ff1o ~?&iEm&tti!II!aiJf.mocPt-JiiT~i*£ 

, ~o*.R #x>ti3: -lK~~fimJ£rrmi¥, ~~1f1. £~8"1~* o 

~i tillai"W.mff* ~ ffS!~i.tlt:~m( T=310-600 K) 

Table 2 Calculated P(bar) values for SCF ~( T= 310-600 K) 

TIK V /crn3 mol- 1 Pw. [6}/bar Pea~. /bar &/% TIK V /crn3 mol-l p n:f. :63 !bar p cal. /bar &/% 

310.00 173.01 75.0 74.421 0.77 400.00 382.38 75.J 75.055 -0.07 
310.00 133.00 80.0 78.868 1.42 400.00 354.74 80.0 80.051 0.06 
310.00 71.494 90.0 89.876 0.14 400.00 308.76 90.0 90.036 0.04 
310.00 64.102 100.0 100.84 -0.84 400.00 272.10 100.0 100.01 -0.01 
310.00 51.353 200.0 199.73 0.13 400.00 115.54 200.0 199.92 0.04 
310.00 47.696 300.0 302.91 -0.97 400.00 78.317 300.0 300.27 -0.09 
320.00 216.62 75.0 74.618 0.51 500.00 526.60 75.0 74.913 0.12 
320.00 189.60 80.0 79.440 0.70 500.00 492. 16 80.0 79.907 0. 12 
320.00 140.08 90.0 88.886 1.24 500.00 434.87 90.0 89.891 0.12 
320.00 97.919 100.0 98.745 1.25 500.00 389.14 100.0 99.880 0.12 
320.00 54.798 200.0 199.82 0.09 500.00 187.16 200.0 199.86 0.07 
320.00 49.799 300.0 299.55 0.15 500.00 124.88 300.0 300.41 -0.14 
350.00 292.83 75.0 74.939 0.08 600.00 654.73 75.0 74.815 0.25 
350.00 267.84 80.0 79.885 0.14 600.00 613.33 80.0 79.798 0.25 
350.00 225.95 90.0 89.741 0.29 600.00 544.40 90.0 89.763 0.26 
350.00 192.26 100.0 99.543 0.46 600.00 489.34 100.0 99.729 0.27 
350.00 71.540 200.0 201.55 -0.78 600.00 244.00 200.0 199.55 0.23 
350.00 57.944 300.0 297.96 0.68 600.00 165.05 300.0 300.08 -0.03 

2.2 Mifhi-W-!IX~l' ~ t¥Jm 
£B(4)5t!:lJ1.f}rffii1t::AJ 310-400 K,lliiJ;kJ 75-300 bar ntOOr*J ~ a<J~mC!A!.OO 2 JYriR)o »..OO'fl-4§-~ 

ffi~ PI .ro.., ~ ffi~ih:In §.t1£1-t tt~lJl ~, rm ffiJJ t£ 75-300 bar m: oo r*l , m&~1t.tf* ~ ~m !¥~ j£ft~:k, b\ 
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Fig. 2 T- S relationship of SCF C02 
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00 3 ti[l!ffi~tl!:;$~ col a<J5Eff~~~tiff3C*ill 
Fig. 3 CP - T relationship of SCF COl 

* 3 M!I~SW CXh ~¥Jm~:>cttmr61 1¥Jit)l~~(%) 
Table 3 The calculated error of entropy for SCF ~ and the literature results£6) 

Plbar 75 80 85 90 95 100 150 200 300 

310K -0.04 0.01 -0.10 -0.24 -0.29 -0.33 -0.39 -0.39 -0.39 

320K -0.04 -0.08 -0.07 -0.05 -0.07 -0.10 -0.29 -0.28 -0.25 

330K -0.06 -0.06 -0.06 -0.07 -0.07 -0.07 -0.21 -0.20 -0.15 

340K -0.01 -0.02 -0.02 -0.03 -0.04 -0.05 -0.14 -0.14 -0.08 

350K 0.03 0.03 0.02 0.02 0.01 0.01 ..:..o.o7 -0.09 -0.02 

360K 0.07 0.07 0.07 0.06 0.06 0.06 -0.01 -0.02 0.03 

370K 0.11 0.11 0.11 0.11 0.11 0.10 0.05 0.02 0.08 

380K 0.14 0.14 0.15 0.14 0.14 0.14 0.10 0.08 0. 12 

390K 0.17 0.18 0.17 ·0.18 0.18 0.18 0. 15 0.13 0. 15 
400K 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.18 0.19 
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* 3 r.f liQ.~ JUililJrlftJS9=tfSJ!K:iE~(340~360 K) ~~&;J\, rm1~m~ff!Kk~~~&fi7co -~'~*i)L 
ffi BWRjj~-tt~1~iU!¥Jti'irlffiW~~"-f C0z ~m~xmtmffi~,At1Lx1~&~~1ft;J\,;J\r 0.4% ,~%Z~ 
mw:JJ~*-tt.;mr!ffim.~~"-f COz !¥J~~PJrr~o 
2. 3 ~rlffiW~~l' COz l¥J)E.ffi1!.':~ 

003~~~m~~~m~*~ff~~~¥J~ff~,rm 

004~~~ffn~~mw*~ff~~w~m~offi003 

PI _W.., &~~ff~U~ --t-t&::k~, 1~ff~ tt~ff~~m 

::k; * ll~lr a:n ~¥J~7c, ~a:~ w ~Ill$~~ rPJ mJt 7t-~ 
jjrQ]~Z9Jo 

~0044t,~~ffn~~~~*~ff~~w~m~ 

~0039=ti¥J~ffi~~~~w~~o~~W~~ili,ffh 

-340K 
-330K 
........_320K 
_,_3lOK 
--+-300K 

120 140 160 180 200 

Plbar 

!¥J~;j\~1tUPJ~ COz W*I¥J5Eff~~~~i!J~!~"&~, ?fJ 4 )tHI!ffi~tR:;$~ C02 !¥-J;£.83J~~~ff.1J3C~U!J 
NP~;m!fs:W-}~utili, 5Elli~~{i[i&~:i:1~::k '~ 1!!9=t ~~ Fig. 4 cp- p relationship of SCF C02 

13 if-~ <f)?. ~ :f& ::k !IJl , :#- .§. ~ M[ ljffi Jf- .~ ..t ( 304. 2 K, 

72.85 atm)JEff~~{K:ft::ko 

* 4 ~~. m c 6)A-tt~wmrlffiJf COz ~¥J~ff~Fa:m~xmxm[6] t¥.Jit1f~~ .rrmif~mu~ !':B o/-fEJ tZl8x 
(330-360 K)~:;J\; rm~mir~J.l!¥JJilW(310 K :9X 400 K) ,t~.§Jtl~~J.trt!ffirf.BW~ili~ft1~7c. :tzn 310 
K~80 bar Eti¥Jt1lx1i*ft13 15.16%o ~~~ :ffl(6)J:\~1~!¥Jrtffi!f..Bfflili~'J5Eff~\~iil,~~1ilt!1t~Jmifffi 
!Jf- COz !¥J~h~tf:~t:f:JG~~:f:)(o rm~~~Jj!~mH!B~OOat ,mmmrlffiJf. COz 01Ef*~Wt&-fl:1± 330 
~ 360 K Wrlt"ffi oo 1*1 , f5I lit ~m ~JJ~ !¥J-tt~m, {ljJ't.~- ]£ st1frmo 
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*4 Sli$W- m tfJ~.ffifl.\3!:jxltmr61 teJ.t•lll~ <% l 
Table4 The calculated eiTor of Cp for SCF <::0z and the literature results[6l 

PIOar 75 80 85 90 95 

310K -0.56 15.16 -13.66 -4.93 1.49 
320K 0.28 -0.04 1.39 3.08 3. 12 
330K 0.54 0.79 0.59 1.40 2.02 
340K 0.24 0.45 0.74 1.04 1.40 
350K -0.64 -0.42 -0.04 0.39 0.65 
360K -1.79 -1.43 -1.20 -0.78 -0.44 
370K -3.08 -2.83 -2.36 .;_2.17 -1.74 

380K -4.39 -4.12 -3.70 -3.47 -3.10 

390K -5.68 -5.35 -5.09 -4.75 -4.47 

400K -6.80 -6.66 -6.27 -6.15 -5.79 

2. 4 ~lhhW.:IX~'"F COz tt-1~ 

oo 5 :1! w < 9) j.\;tt•1~ ¥JJ 1¥1, :t£~ ~ ffi:fl r, ~ 'lffi !f­
COz w1:!~mlf~1ti¥J~* BH~o 83 .Y~rlffi!f-~~r 
COz ~.liX:~*a-tr~~U1x1!l!t~, f§ffffw (9)j.\;~1{}1:ta9~ 

~*~~~~tt•o~M*W005~~.m~!f-~~r 
COz I'flit~f-f-tl!~ l:J1$Hi3~~~M!ilffi!f-~·~o ep:t£~ilffi 

~-~ffli!i, m13t~~~J\~1t. mPI !ff-3&1**1:*~~'J?f-~~ 
~o~~PJffl-Ti!i~tt~:tt:m~w~~r~*~~:fJ~ 

fE~o 

-"') H:~A_ 
-' -P fw 

100 150 200 300 

3.79 4.39 3.72 3.17 
-4.26 3.60 2.51 1.65 

1.69 -0.19 2.11 0.78 
2.04 -4.22 0.48 0.19 
1.02 -2.56 -1.42 -0.20 

-0.04 -1.12 -2.45 -0.70 
-1.43 -0.35 -2.50 -1.31 
-2.76 -0.89 -2.44 -1.93 
-4.10 -1.90 -2.53 -2.64 
-5.55 -3.15 -2.94 -3.31 

400 --300bar 
--zoobar / / H 
--ISObar ~· / L6 

380 =::§gon:r /" 4JT 
-90bar / A 

~ 360 --85bar / _,_ 
, --&Obar ~/ //, 
e.. 340 -?sbar / L~ 

l ~/ ~-
320r .~.? 
~0 . . 

384 386 388 390 392 394 396 398 
j.H,/ KJ • mol- 1 

m s Jmiffii:?f.~~r co2 B<J~~~rr~*m 
Fig. 5 tiH- T relationship of SCF C~ 

*X~ BWR 1J~mlffl -TMiiiffi!f- C0z ViE 1* ·*ffl~~~·jj:~;J\=*~, ~z~~1Uif~~~~W5fl:l1JJ'!tr1 
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