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TBP A R7EE R YA EMMILE IO R

A R BAF FEUE
(MEXFUFTHE, LR 100084)

MR EWALASXELE, S THLESEHERMERRBOTE ceMzT TBP. %N
KERMEAZTR, EXRMETRIOEHERBAEE. KANBERNFE n-CeHyy . n-CrHyg .
n-CgHyg . CeHy . cy-CsHi2 . CCly #1 CHCl;. # Pierotti Bt mi Xl L, RHFHER
ERHBAXNBE S HER FHHRFPFEOHERE, GNE, RARMNKIE BRI THRMEER
¥R, AT TBP SR ReitN. A-TREABINA FEERGFHRANT =L RENE
R

*xmim: TBP #8HR K BERHK WHRL

TBP 84 T RN, TBP-REAAKRERENRESERAS RV
RAIPHB SN, SXGRAGEWHERFET & 1% BRERFTHERE TUE
% W R L EAURGEENEL XKK TBP- BEAGRNEERYN, BERANE
EEEE. DTNEHEER, RANESECHRARSEN, SHEAARRIHHE. K XEH
FALRIESL, BE 50 M RHELREIEEH, SHENBRERK. KXKAHEHDN
88, BUATRRAE, ERAMELEX ARG SKBEHTEROES, HFHTHEEOE
MR EENHEANE n-CeHiy . n-C7Hpg . n-CgHig . CeHg . cy-CeHiza . CCly
#1 CHCl;.

21 EAMMEER
Table 1 Results of purification for reagents*
reagent w d/g.cm™> w** d**/g-cm™>
(mass fraction) (mass fraction)
TBP 0.0062 0.972030 6.6101 0.975830
n-CeHi4 0.00068 0.654819 0.00998 0.654971
n-Cr7Hie 0.0013 0.680808 0.00954 0.680989
n-CgHis 0.0010 0.699624 0.00757 0.699701
CeHe 0.0048 0.873225 0.0756 0.873359
cy-CeHi2 0.00082 0.773707 0.00613 0.773969
CCly 0.0012 1.583931 .0.01264 1.583717
CHCl3 0.0016 1.478419 0.1017 1.477675

* w: water content; d: density ** with saturate water

EECPH AN HERABRE LERTHRBERNRR FUE P Rit#7T R
GHMRAMBLE. BOUEK SBRAMFLREMHTIHENE ETLEIBRTFRBT Z
RN, ERSEMYBEXAEAH, FAEEERRAKRPTREERH
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Table 2 Activity coefficients and densities of diluent-diluent systems

Ty " Y2 d/g-cm™> z T 72 d/g-cm™
’n—CeHu(l)—-’n-C'er(z) n-CsH“(l)—ﬂ-CgHw(2)
.9479 1.0004 1.1171 657443 9472 1.0040 1.2383 .6 58617
.8878 1.0008 1.0901 .659101 .8898 1.0081 1.2016 .6 62176
7830 1.0019 1.0733 662617 .7806 1.0101 1.1470 .6 67876
6741 1.0032 1.0514 .665390 .6692 1.0147 1.1057 .6 72935
.5691 1.0049 1.0376 667723 5725 1.0222 1.0794 .6 77623
4523 1.0081 1.0250 670746 .4470 1.0381 1.0526 .6 82996 .
3347 1.0128 1.0152 673656 .3318 1.0535 1.0354 .6 88005
.2411 1.0203 1.0102 .676065 2234 1.0889 1.0232 .6 92207
1271 1.0381 1.0034 678564 .1162 1.1263 1.0099 .6 96360
.0483 1.0715 1.0006 680435 .0502 1.1768 1.0051 .6 98757
‘n—C7H1e(1)—'n-CsH15(2) CeHs(l)—’n-Cngg(2)
.9458 1.0003 1.1105 .682350 9524 1.0149 1.7876 .8 57563
8772 1.0007 1.0853 .683790 .8901 1.0286 1.5543 .8 38628
7789 1.0016 1.0696 .686387 .7802 1.0359 1,4286 .8 09318
6613 1.0027 1.0476 .688515 6725 1.0478 1.3260 7 £6067
.5446 1.0042 1.0311 .690561 5618 1.0676 1.2206 .7 55966
4368 1.0077 1.0215 .692850 4631 1.0847 1.1749 .1 50724
3316 1.0112 1.0133 694667 3399 1.1635 1.132§ .7 34259
.2381 1.0193 1.0095 596387 2261 1.2875 1.0867 .7 21189
.1246 1.0352 10024 .697987 1259 1.2726 1.0492 711287
.0657 19883 1.0005 69975 .0607 1.3037 1.0221 .7 05134
L‘y-C(,Hu (1)—';1-(]31'{13(2) CClq(l)—’n-CsHls(Z)
9502 1.0015 1.1531 767495 9412 1.0028 1.2803 1.496619
.8918 1.0033 1.1264 760830 .8938 1.0122 1.2434 1.431120
.7808 1.0077 1.0884 749575 .7810 1.0243 1.1823 1.293115
6704 1.0119 1.0618 739854 .6699 1.0402 1.1275 1.175767
.5645 1.0181 1.0428 731650 .5598 1.0598 1.0854 1.073025
4677 1.0274 1.0304 .724909 .4496 1.0851 1.0537 .98 2248
.3439 1.0439 1.0199 717147 .3376 1.1168 1.0315 .9 00343
.2336 1.0656 1.0143 711193 .2440 1.1495 1.0215 .8 38953
.1187 1.0976 1.0067 705266 1448 1.1963 1.0105 77977
.0491 1.1254 1.0029 701967 .0628 1.2416 1.0033 .7 32754
CHCls(1)-n-CsHis(2)
.9492 1.0098 1.6951 1.393091 4473 1.1691 1.1922 .9 07136
.8901 1.0206 1.6238 1.309138 3416 1.2402 1.1249 .8 47518
7798 1.0463 1.4955 1.177889 .2460 1.3304 1.0702 .7 99908
6738 1.0780 1.3921 1.073320 .1524 1.4522 1.0321 .7 59014
.5614 1.1167 1.2905 983518 .0624 1.6020 1.0095 .7 24156

BFANFREONARA R EEBRYER. TERRASTFREHORTINARSE
— ERGFHAFEREGROENERN D TRASHER XK, HEXNTRERS
B B THANFEBCESH. TROBABIEH THEKD, BRI TERTBRTR
M. BT RTEEE YBREXANGS FERE+ 2L, Plerotti HARK T @bk
FHRMRR BALTAGEBEOMNERE, ILRERE-FHELK—B SRR
A XFE Pierotti BRI EM L, RAFHEREMBLAMBRASHGRY, BILRER
RS RERYERE, FERZHEX TBP MMEN RN ERHE.
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Table 3 Activity coeflicients and densities of TBP-diluent systems

z1 T Y2 d/g-cm™ z 7 Y2 d/g-cm™>
TBP(I)—ﬂ-CsHM(z) TBP(I)—‘n-C7H16(2)
9471 1.0017 1.6126 964977 .9456 1.0018 1.7679 .9 63743
.8843 1.0061 1.5348 .955378 .8684 1.0076 1.6672 .9 51543
7822 1.0217 1.4125 938770 .7815 1.0209 1.5654 .9 36078
.6692 1.0485 1.3148 916928 .6551 1.0576 1.4261 .9 12891
.5535 1.0869 1.2414 .891200 .5572 1.1049 1.3314 .8 90197
.4439 1.1622 1.1607 .857808 .4504 1.1860 1.2391 .8 60678
.3395 1.2545 1.1049 .827825 3441 1.3285 1.1508 .8 28585
.2288 1.4290 1.0509 783619 .2353 1.5505 1.0824 .7 90012
.1203 1.7103 1.0123 730272 .1203 1.9938 1.0238 .7 41842
.05629 1.8747 1.0041 690998 .0506 2.5213 1.0033 .7 08585
TBP(1)-n-CsH1s(2) TBP(1)-CeHe(2)
.9504 1.0020 1.8899 .964425 .9410 .9990 .5836 .970538
.8876 1.0058 1.8098 953672 .8786 .9969 .5962 .968378
7618 1.0263 1.6440 930696 .7661 .9837 .6335 963901
.6699 1.0580 1.5217 911857 6714 .9632 .6684 9359259
.5607 1.1207 1.3872 887373 .5642 19230 7151 .953132
.4459 1.2272 1.2663 .858110 4518 8403 7824 045388
.3396 1.3865 1.1712 .828141 3420 7706 8518 935686
.2350 1.6292 1.0990 7513596 2262 85223 .9026 921949
.1159 2.2584 1.0292 749527 JA185 .4398 .9668 .903340
.0530 2.5508 1.0182 .72359€ .0529 .3294 .9917 .888266
TBP(1)--c;y-CeMy(2) TBP(1)-CCl(2)
9372 1.09001 1.3043 967186 .9498 .9992 .6089 .983749
8794 1.0005 1.2999 .962014 .8873 .9961 .6338 .998483
7825 1.0039 1.2785 .952428 7774 9877 .6606 1.027959
6727 1.0150 1.2421 .939729 6701 .9644 .7030 1.062426
.5616 1.0394 1.1962 1924633 .5685 9217 .7568 1.100705
.4383 1.0834 1.1483 904818 .4435 .8544 .8168 1.158562
3374 1.1574 1.1016 .883881 .3372 7667 8744 1.220051
.2303 1.2727 1.0622 .857632 .2337 6582 9277 1.296467
.1268 1.5234 1.0239 .825369 1197 .5041 9815 1.409488
0510 1.6640 1.0058 796718 .0503 .4260 .9958 1.498993
TBP(1)-CHCl3(2)
.9449 9973 .1089 981795 .4515 5112 .3687 1.102951
.8816 9861 1226 .990293 .3349 .2975 .5194 1.154954
.7686 .9350 1570 1.012119 2287 1312 7097 1.218702
.6688 8551 1969 1.035609 1223 .0407 .9016 1.309189
5597 .7050 .2664 1.065698 .0508 .0142 .9883 1.394799
1 B
1.1 Wkt

TBP A% NaOH % 2 ~ 3 R, AEHEFK®RZEPH, AHXK NaSO, T4, &
WA 6.7x10%Pa [JEH THME, REMA ALTH, REEXEBAL™H; HEAK
WA HaSO4 ¥ 2 ~ 3 k. Al NaOH ML B FRK®EE 1, AFEK CaCly TR I,
RIERER K, e CClL EMBERTAS KOH B 55 C/K ¥ o 3R i ¥ /) B I K ¥
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RAAGERAE 1, KPP #EEAS KRGO ERL T FANESE 25 CTi#
7. %405 FIRA RN SAKFHE S KEMER, H+ TBP MRMKEESIR

6] — .
£ 4 TBP- #RN - ARNERETERBNEE
Table 4 Activity coeficients and densities of TBP-diluent-diluent systems

2 Y2 3 3 d/gcm™° ) 72 z3 73 d/g-cm”
TBP(1)-’n-CaH14(2)-n-C7H13(3) TBP(I)—’IL-CBHH(2)—CsH18(3)
2477 1.2184 .5524 1.2239 773110 2494 1.1888  .5484 1.2859 777566
5461 1.1520 .2465 1.1915 773374 .5475 1.1563  .2633 1.3770 .768038
.2168 1.3461 .3950 1.3362 .841635 .2003 1.3349  .3946 1.3970 .846135
3982  1.2663 .1986  1.2615 .846900 .3900 1.2979  .2028 1.4501 .848489
1561  1.4875 .2472 1.4779 .898341 .1501 1.4965  .2476 1.5726 .898000
.2658 1.4102 .1529 1.3776 .895275 2487 1.4662  .1483 1.5646 .899707
.0581 1.6581 .1493 1.6405 938682 .0544 1.6811 .1470 1.7234 .938378
.1515 1.5686 .0539  1.4628 940442 1753 1.6311 .0521 1.7463 .935615
TBP(1)-n-C7H,6(2)-n-CsH1s(3) TBP(1)-CeHg(2)-n-CsH;8(3)
2484 1.1571 .5497  1.2045 779375 2612 .9607 .5403 1.2938 .814666
5491  1.2076 .2492  1.2724 177330 .5588  .9543 2517 1.7234 .858262
1974 1.3225 .4021 1.3578 .844621 2157 .R228 4062 1.4553 .£66340
3748 1.3434 .2109 1.3863 .848975 A137 8277 1890 1.7817 .904155
1437  1.4789 .2520 1.5071 .897675 806 7194 23C2 1.6061 911024
2444 14615 .1492 1.4695 8018515 2821 7279 .1438 1.7595 .929389
0563 1.6481 .1583 1.7116 .9:35183 .0587  .6332 .1492 1.6871 943438
1503 1.0934  .0467 1.6881 239535 1550 .6443 0895 1.7711 .9 49763
TBP(1)--cy-Car12(2)-n-Csl1s(3) TBP(1)-CCly(2)-n-CsH1s(3)
.2461 1.0149  .5558 1.2359 796132 2467 9597 .5550 1.3524 .909497
5274 1.0379 .2780 1.4104 .818182 5516  .9747 .2498 1.6347 1.111586
1961 1.0601 .3991 1.3631 .860217 .2009 .8679 .3947 1.5517 942017
.4002 1.0837 .2051 1.4484 .874930 4043  .B757 1973 1.6842 1.054120
.2018 1.1224 .2379 1.4728 .902087 .1678  .7888 .2519 1.6639 .965886
.2685 1.1272 .1520 1.5266 912505 .2609  .8021 1535 1.8273 1.012644
.0675 1.1975 .1758 1.6733 .933608 .0530 .7159 .1579 1.7619 .956666
1761  1.2061 .0796  1.6849 940648 .1696  .7381 .0930 1.8373 .996883

TBP(I)—CHCla(2)-‘!1-03H13(3)
.2403  .5530 .5637  1.4272 877941 1561 .2007 .2550 1.7457 1948931
.5385 .7148 .2576  1.9293 1.040698 2493  .2156 .1542 1.9660 .987099
2294 3098 .3870 1.6020 .929500 .0608  .1537 .1594 1.7715 953263
3977 3724 2018  1.9524 1.011449 .1873  .1686 .0481 - 2.0721 .995958

1.2 XVRHiE

EENERAH AT PAAR A/ 4™ DMAG0 BN FZEEIT, BEEHIEA
+0.01 °C, MBREER 1.5x107%g-cm™3. SABMEMEFRA A A =35A7# CA05 %
WK, REER 0.1ugH0. FEERBHMBERE LR [4), FANRXEERYEAFAN
HP5890A S M {1 HP19395A W LM B shdt#¥88. LR, SHMFHORIEEL
RURZBWE, HHESEAERATRY 30 0 BEAESHREBRHRERE, TR

TREBEKMSAHNI S HE, ERRREELR (4 A TR, X2 2%.
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Table 5 Activity coefficients and densities of TBP-diluent-water systems

1 1 z2 Y2 z3 73 d/g-cm™>
TBP(1)-n-CeH14(2)-H20(3)
0.4794 1.0192 0.0268 4.1280 0.4938 2.0251 0.967701
0.4725 0.9720 1.0618 3.6427 0.4657 2.1473 0.958583
0.4522 0.9162 0.1259 3.0500 0.4218 2.3708 0.941348
0.4235 0.8673 0.2094 2.5064 0.3671 2.7241 0.920540
0.3854 0.8313 0.3109 2.0828 0.3037 3.2927 0.894876
0.3377 0.8291 0.4232 1.7475 0.2391 4.1823 0.864306
0.2808 0.8770 0.5463 1.4700 0.1729 5.7837 0.829321
0.2057 0.9861 0.6933 1.2543 0.1010 9.9010 0.784519
0.1155 1.3426 0.8450 1.0884 0.0394 25.381 0.731232
0.0523 2.0701 0.9356 1.0160 0.0121 82.645 0.691552
TBP(1)-n-C7H,6(2)-H20(3)
0.4828 1.0099 0.0278 4.6414 0.4893 2.0430 0.966819
0.4711 0.9595 0.0714 3.9960 0.4574 2.1863 0.954757
0.4554 0.9135 0.1273 3.3587 0.4173 2.3964 0.939549
0.4245 0.8574 0.2235 2.7136 0.3520 2.8409 0.913735:
0.3934 0.8453 0.3127 2.2311 0.2939 3.4025 0251508
0.3475 0.8804 0.4241 1.7915 0.2284 4.3733 0.863271
0.2871 0.9616 0.5472 1.4877 0.1657 6.0359 0.630013
0.2119 1.1420 0.6886 1.2506 0.0985 10.950 0.791274
0.1156 1.6810 0.8453 1.06972 00351 25.575 0.742872
0.0500 2.0782 0.6385 1.0182 0.0115 86.957 0.708634
TBP(1)-n-CsH,5{2)-H,0(3)
0.4813 1.0182 0.0252 4.9126 0.4935 2.0601 0.967660
0.4732 0.9732 0.0598 4.3768 0.4670 2.1413 0.956899
0.4525 0.8967 0.1415 3.4825 0.4060 2.4631 0.933789
0.4344 0.8553 0.2141 2.8847 0.3515 2.8450 0.915244
0.4002 0.8448 0.3135 2.2970 0.2863 3.4928 0.887437
0.3488 0.8769 0.4334 1.8434 0.2178 4.5914 0.860357
0.2860 0.9744 0.5562 1.5286 0.1578 6.3371 0.828738
0.2123 1.1891 0.6913 1.2837 0.0963 10.384 0.794860
0.1121 2.0339 0.8551 1.0644 0.0328 30.488 0.750001
0.0525 5057 0.9375 1.0191 0.0100 100.00 0.724111
TBP(1)-CoHo(2)-H20(3)
0.4798 1.0096 0.0301 1.2969 0.4901 2.0100 0.973654
0.4674 0.9663 0.0646 1.2630 0.4680 2.1368 0.971286
0.4482 0.8698 0.1369 1.2033 0.4149 2.3201 0.966400
0.4238 0.7944 0.2075 1.1577 0.3687 2.6401 0.961761
0.3909 0.7009 0.3019 1.1115 0.3072 3.2001 0.955249
0.3429 0.6064 0.4161 1.0719 0.2410 4.1494 0.946726
0.2822 5133 0.5407 1.0460 0.1771 5.6465 0.936533
0.2041 0.4119 0.6864 1.0221 0.1095 9.1324 0.922112
0.1127 0.2901 0.8405 1.0101 0.0467 21.413 0.903155
0.0519 0.2087 0.9294 1.0076 0.0187 53.476 0.888197
1.3 TRHN

LRMBHEENREROEERBAEEMBEIITE2 ~ 6. HhRIMKS | &4
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(continued table 5)

z1 T T2 T2 T3 73 d/g-cm™®

TBP(1)-cy-CeH12(2)-H20(3) |
0.4799 1.0065 0.0321 3.1364 0.4880 2.0492 0.970397
0.4730 0.9596 0.0648 2.9466 0.6422 2.1636 0.965247
0.4539 0.8965 0.1262 2.6330 0.4199 2.3815 0.955502
0.4244 0.8460 0.2064 2.2569 0.3692 2.7086 0.942828
0.3858 0.7969 0.3012 1.9908 0.3130 3.1949 0.927430
0.3346 0.7705 0.4288 1.6702 0.2366 4.2265 0.906424
0.2802 0.7861 0.5502 1.4392 0.1696 5.8962 0.886096
0.2063 0.8866 0.6893 1.2385 0.1044 9.5785 0.859041
0.1225 1.1228 0.8299 1.0963 0.0477 20.964 0.827018
0.0504 1.6580 0.9373 1.0177 0.0123 81.301 0.796639

TBP(1)-CCL(2)-H20(3)
0.4852 1.0086 0.0256 1.8579 0.4892 2.0442 0.985817
0.4727 0.9697 0.0601 1.7280 0.4672 2.1404 0.999621
0.4622 0.8646 0.1323 1.5897 0.4055 2.3901 1.027547
0.4355 0.7873 0.2144 14712 0.3501 2.8563 1.059750
0.4065 0.7072 0.3085 1.3640 0.2850 3.5088 1.097679
0.3527 0.6244 0.4427 1.2501 0.2046 5.0800 1.185595
0.2900 0.5747 0.5701 1.1602 0.1399 7.1480 1.217556
0.2140 0.5429 0.7015 1.0882 0.0845 11.834 1.295468
0.1152 0.5220 0.8468 1.5342 0.0580 26.316 1.409895
0.0498 0.4894 0.5335 1.0089 0.0107 93.458 1.501369
TBP(1)-CECi;(2)-420(3) -

0 48236 0.991% 0.028¢ 0.4088 0.4816 2.0764 0.983212
0.4851 0.9247 0.0651 0.4115 0.4498 2.2232 0.991873
0.4829 0.7894 0.1454 0.4145 0.3717 2.7200 1.012315
0.4678 0.6754 0.2317 0.4223 0.3005 3.3600 1.034659
0.4374 0.5430 0.3442 0.4480 0.2184 4.7529 1.064199
0.3866 0.3994 0.4698 0.5085 0.1436 6.9638 1.101006
0.3058 0.2454 0.6073 0.6229 0.0869 11.507 1.153321
0.2163 0.1144 0.7296 0.7909 0.0540 18.519 1.217458
0.1190 0.0384 0.8543 0.9527 0.0267 37.453 1.307503
0.0502 0.0202 0.9388 0.9902 0.0110 90.909 1.391265

MECPEBROTRAR——XNK, BFE—HHIHFHRTRRZ —mKmMED,
I+ TBP SHEN MR LLAER. % 3 & TBP % & &% Gibbs-Duhem MR 415
B, B4 TBP h&%EA. # 5 TBP iFERMHE =44 Gibbs-Duhem E#®H4B
B, A TRAMWHAMT K TBP, T EM¥ T4 TBP 975 E R ML 10549, % 5 iz
R4 TBP W& EAM.

2 Fitmy

B E 1,2, k B FAR, HERESHNR ni, ng, - ny, BBEABRRV, p=n/V

M pj=n;/V=pz; 3R REBKQEREEMAS j HEREE, o, RERSH WK
P4y ¢ MALEEhr ub aTERRN [

b = Gri + Gai + kTIn(N:/V)) = kTlng;(T) (1)
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AP ¢i(T) = (2rmkT/h2)3/2 . ji(T), N; = n;No, No & Avogadro %%, k RE/KHKBH
Fo (T RAFHEBENESRE, n REFBBPSIA—A i S FERK MY,
Toi REBERAELURSHET S FRECANTRT). & f; RE5HHEFHOHEF
H5o KRB, BIHABENE, WRHEPAS ¢ BAFELTER

¢ = kTn(f;/kT) — kTlng;(T) (2)
PP HEA pf = pf, BT
In(fi/2:) = Grs/kT + Goi/kT + In(kTN/V) (3)
% Gni=Nogni, Gu=NoGmi, &
In(fi/z:) = Ghi/RT + G.i/RT + In(RTp) (4)

R = Nok Y. & f) RAAS i RESHBE, WH fi = flom,w RMBET &
FRENEERY RABHIRES, & 4 APL =18

Inf? = G%;/RT + G%/RT - In(RT o) (5)

Gl 1 Gy, S RIRIELAL S i FEIN 1R {5 FRERMARE LA BEOTHL, po £
o MAEREE. B (4) 7 (5) B

lvy; == (Ghi — GY,)/RT + (G — G%)/RT + In(p/ pio) (6)

26 TBP- RN - #8N - KEREAXRMOEX
Table 6 Activity coefficients and densities of TBP-diluent-diluent-water systems

z3 2 z3 v3 T4 Ya d/g-cm™>
TBP(1)-n-CeH14(2)-n-C7H16(3)-H20(4)
0.2278 1.4217 0.5081 1.4038 0.0803 12.4531 0.774361
0.4987 1.3365 0.2251 1.3460 0.0869 11.5070 0.775613
0.1751 1.8314 0.3190 1.8250 0.1923 5.2002 0.844604
0.3173 1.7990 0.1583 1.8367 0.2032 4.9213 0.850056
0.1062 2.6042 0.1682 2.7024 0.3196 3.1289 0.902261
0.1853 2.3975 0.1066 2.4883 0.3030 3.3003 0.899424
0.0338 3.6501 0.0869 3.8192 0.4182 2.3912 0.942430
0.0892 3.3767 0.0317 3.4035 04114 2.4307 0.944302
TBP(l)—n-CuH14 (2)-n—C8H13(3)-H20(4)
0.2297 1.3364 0.5051 1.4895 0.0789 12.6740 0.779111
0.5071 1.2859 0.2438 1.5850 0.0739 13.5320 0.769584
0.1610 1.8085 0.3172 2.0050 0.1961 5.1020 0.849198
0.3108 1.7856 0.1616 2.0927 0.2031 4.9237 0.850989
0.1035 2.4724 0.1707 2.8551 0.3106 3.2196 0.902325
0.1688 2.5166 0.1006 2.9855 0.3213 3.1124 0.903461
0.0316 3.5476 0.0854 4.1394 0.4192 2.3855 0.942243
0.1029 3.3511 0.0306 4.1569 0.4131 2.4207 0.939781
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(continued table 6)

z2 Y2 T3 3 T4 s d/g-cm™*
TBP(l)—?’L-C7H1e(2)-n-CsH13 (3)-H20(4)
0.2300 1.2859 0.5009 1.3675 0.0740 13.5140 0.780950
0.5081 1.3601 0.2306 1.4450 0.0746 13.4050 0.778948
0.1602 1.8038 0.3263 1.8928 0.1886 5.3022 0.847295
0.2999 1.8685 0.1688 1.9732 0.1999 5.0025 0.851681
0.0995 2.5272 0.1746 2.6733 0.3071 3.2563 0.901010
0.1661 2.6028 0.1014 2.7484 0.3206 3.1192 0.902435
0.0337 3.4579 0.0952 3.7333 0.4010 2.4938 0.938992
0.0862 3.7556 0.0268 3.9831 0.4264 2.3452 0.943583
TBP(l)—Ceﬂe(2)-n-CsH15(3)-H20(4)
0.2308 1.0638 0.4965 1.5490 0.0811 12.3305 0.815800
0.5171 1.0750 0.2329 2.0803 0.0747 13.3869 0.858721
0.1842 1.0535 0.3468 2.0077 0.1462 6.8399 0.868604
0.3341 1.0910 0.1526 2.6589 0.1923 5.2002 0.905500
0.1084 1.1267 0.1938 2.9080 0.2800 3.5714 0.914544
0.1964 1.1983 0.1001 3.5210 0.3037 3.2927 0.931868
0.0351 1.2378 0.0892 4.2029 0.4021 2.4869 0.94GE88
0.0934 1.2586 0.0539 4.4093 0.3973 2.51A70 0.952764
TBP(1)-cy-CoHu2(2)-n-CsHis(3)-H20(4)
0.2276 1.1387 0.5142 1.4413 0.0750 13.3333 0.797351
0.4867 1.1795 0.2565 1,692 0.0771 12.8701 0.819028
0.1570 1.4345 C.537.97 1.9520 0.1992 5.0201 0.862190
0.3217 151%06 0.1.349 20571 0.1962 5.0968 0.876887
0.143¢ 1.7853 0.1692 2.5828 0.2886 3.4650 0.903106
0.1823 1.9478 0.1032 2.9032 0.3210 3.1153 0.913119
0.0417 2.3495 0.1088 3.9193 0.3813 2.6226 0.935646
0.1068 2.3876 0.0483 3.9425 0.3934 2.5419 0.942613
TBP(I)—CCI4 (2)-n—CsH15(3)-H20(4)
0.2298 1.0829 0.5172 1.5483 0.0682 14.6688 0.910624
0.5152 1.0691 0.2332 1.8035 0.0661 15.1286 1.112425
0.1633 1.1783 0.3208 2.1634 0.1871 5.3447 0.943093
0.3316 1.1534 0.1618 2.4281 0.1799 5.5586 1.053154
0.1186 1.3173 0.1780 3.0142 0.2934 3.4083 0.967275
0.1834 1.3170 0.1079 3.2567 0.2969 3.3681 1.011574
0.0311 1.5076 0.0926 4.1460 0.4131 2.4207 0.959244
0.1045 1.4672 0.0573 4.2389 0.3836 2.6069 0.997677
TBP( 1)—CH013 (2)-n-CsH13 (3)-H20(4)

0.2300 0.6189 0.5396 1.5537 0.0427 23.4192 0.877676
0.5182 0.7690 0.2479 2.0793 0.0377 26.5250 1.041255
0.1994 0.4345 0.3363 2.1038 0.1309 7.6394 0.929401
0.3473 0.4974 0.1762 2.5447 0.1268 7.8864 1.010807
0.1143 0.3882 0.1868 2.9282 0.2674 3.7397 0.950032
0.1849 0.4072 0.1143 3.2162 0.2582 3.8730 0.986177
0.0367 0.4346 0.0962 4.0742 0.3967 2.5208 0.955932
0.1173 0.4188 0.0301 4.6854 0.3735 2.6774 0.995988
B HHE T

(a) EERIEMB  Ghi ELbR ERBER ¢ MEERBAMEL. I BMCSLE Mg AR &
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Helmholtz g B8 WF B

Gri/RT (P + P, —1)In(1 - ¢)

+ [Pf =P} — (P~ 1)¢0}/F + PL— Po]/(1 - &)
+ [(PL = P2)éo}/F + P, + P5]/(1-¢€)?
+ [2Pgo}/F)/(1-¢€)°
P, =3DE¢/F, P,=E3/F?
P} = n(8Py/0n;)1,v,n, ., = 3¢(E0; + Do? — DE)/F
P; =n(8P,/8n;)1,vn,,; = E*(3F0? — 2Eo} — EF)/F®
k k k
D=3 =zjo;, E=) zjo}, F=)Y zj0}, &=mpNoF/6
Ji=1 j=1 j=1
At oj(j =1,2,-- k) RAFHERER. F5HHT
GR/RT = (3—&)/(1-&)* -3 & =npioNoo? /6
(b) RIEFM G, B 18R S FE5RABESFHHUER G .
Cpi = Uy + PV ~ T8,

MV, M Sa HS U; =N§ f:: uij(r)gi; (r)4nr? dr, 1B

k
Goi=pY ;Ui
i=1

Gy = pioUis

(9)

(10)

(11)

Uij B+ B 5 F BRI BE wij(r) A0 275 R HK 9ij(r). wij(r) BA L-J A REeR & LEY

AAMERERER, B

uij(r) = 4ei;[(04/7)'2 = (03/7)%) = (uips? + ajpd) /8 — 2p¢u? /(3K TrS)

(12)

R o fl o S HRBARRBRIE.  g(r) RA IR 0 ERHFEREFHE 010,

gij(r) = Bé(r — i) + H(r = r3}), B=(r}]® —a3j)/3r]]
T:j = 1.1500’,']', 'r':; = 1.5750,']'

K 6 F1 H 4518 Dirac %A Heaviside % a1 (12) 1 (13) %78

Uij/N¢ = —16.1486¢;;0%; — 6.3365(0ups? + a;ul + 2uf s /3kT) /03

(13)

(14)
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27 SESNWESH (25 C)
Table 7 Physical parameters of pure

components
Component M* u /Debye 10 . a/cm®
n-CegHi4 86.1766 0.0 11.8
n-CrHie 100.2034 0.0 13.7
n-CgHis 114.2302 0.0 . 15.5
CgHe 78.1134 0.0 10.4
cy-CeHia 84.1608 0.0 11.0
CCly 153.823 0.0 10.5
CHCls 119.3779 1.01 8.4
TBP 266.315 3.07 27.6

* molecular weight

28 HTERABHERSN
Table 8 Hard sphere diameters and energy parameters

eij/k/K n-Cg¢Hi4 n-C7Hie n-CgHis CgHg c¢y-C¢H;2 CCly CHCl3 TBF a.'/A
n-CeHis  499.6 ~ 5.463
n~-C7Hie 513.6 532.1 5.757
n-CsHis 523.2 543.7 558.8 5.997
CeHe 446.7 417 4.310
cy-CeHia 503.2 466.3 5.104
CCl, 464.7 424.8 4.523
CHCl, 430. ). 380.2 4.111
TBP 551.7 570.4 586.3 499.5 526.8 513.0 526.8 634.7 6.833
Table 9 Average relative ﬁevmtlonsK ’?gggsﬁgnﬁ?gr a%thty coefficients
of two-component systems
system /% v /% system 51 /% 6v2/%
n-CgH14(1)-n-C7H;16(2) 1.8 1.3 TBP(1)-n-CeH14(2) 2.0 3.0
wCoHu(l)—'n-CsH)s(z) 2.8 2.2 TBP(1)-n-C7H16(2) 0.6 0.4
n-CrH16(1)-n-CeH1s(2) 1.5 1.3 TBP(1)-n-CsH1s(2) 2.5 1.9
WCQHQ(])—WCQHH(Z) 3.5 3.0 TBP(l)—n—CeHa('Z) 2.1 1.9
cy-CeH12(1)—n-CgH15(2) 2.7 2.2 TBP( ) C‘y-CeHu(z) 1.7 0.8
CClL(1)-n-CsH15(2) 2.0 1.1 TBP(1)-CCls(2) 1.3 0.8
CHCls(1)-n-CsHia(2) 7.6 2.5 TBP(1)-CHCls(2) 28.3 28.1

3 A5

EERNREHAEREEATR 2RI P WA R RNOEERY, tHPRA

it

Lok =g WP

RELE B F AR X R E

ARTHESHBBIHATE AP RNERERY, FHHMNMES FE 10. A

0"']'

£ 10 TRARBYRE —ER TN IHAE.
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WEEHNR, & CHCl; RMBSHPMBEEAR, X—HEEENE CHCl
HBRNEERREASMBD, FTERRN CHCl; AIFBERER, MAXERPRAES
REMN TR, EH AR AR S MK 6 PRBRHAT TiHH, RERTD, BRENKSIE
BB EE. AXRDREHRIRER.

10 =x
Table IO’Averagejgeﬁ?n% ?eﬁ?tggq o?g?gsijgzgn or activ-

ity coefficients of three-component systems

system 5v2/% 673/ %or
TBP(I)—TL—CGH“(2)—‘71-07H16(3) 13.0 5.7
TBP(I)—‘n-CeH“(2)—11-051‘113(3) 13.4 58
TBP(I)—ﬂ-C'er(2)-”1-05[‘113(3) 7.3 6.0
TBP(I)—CaHa(Z)—‘I&-Cngs(a) 4.6 6.6
TBP(1)—Cy-CeH12(2)—n-CaH13(3) 2.7 6.5
TBP(1)-CCl4(2)-n-CsH1s(3) 8.0 5.1
TBP(1)-CHCl3(2)-n-CsH1s(3) . 273 5.3

AEMERHFFESEBREIARAN S FHRAFEEEABIN. BT ERYSHR
ZEPEEL, FETHYHEAR, BHEBE/RIIMNY FEHERELE - 2TEINE
wiAEE, DEHEIH, RESZRARKTEAX. T RAKERIANI FSHTAET
FEREM, ERFEHEIEN XRAAFH o FRMNA. 5a Aol Wk
REMBERARRSRALREOHNIGN, TINSFE2EANETHUEER REW
B, SFRNFLRLDIRERERIEL.
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DETERMINATION OF ACTIVITY COEFFICIENTS OF
TBP-CONTANING SYSTEMS
AND STUDY ON PERTURBATION THEORY

Cong Wei* Lu Jiufang Li Yigui
(Department of Chemical Engineering, Tsinghua University, Beijing 100084 China)
ABSTRACT

In this paper, the authors modify the technique for determining the activity coeflicients by the
method of head-space gas chromatography and improve the accuracy of the measurement. The
activity coeflicients of volatile components and densities of the solutions are measured for diluent-
diluent, TBP-diluent and TBP-diluent-diluent systems and those TBP-containing systems with
saturated water. The diluents used are n-CgGi4, n-C7Hq6, n-CgH;s, C¢Hg, cy-CgH12, CCly and
CHCl;. .

A simple activity coefficient model is derived on the basis of Pierotti’s theory with modified
hard-sphere residual chemical potential and radial distribution function. Every kinds of forces
between molecules are considered. The model is used to calculate the activity coefficients of TBP
and diluents systems, From the molecular parameters regressed from two-comperncn’ systems, the
activity coeflicients of three-component systems are calculated.

Keywords: TBP, Diluent, Water, Activity coefficient, Perturbation theory
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