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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-CgHiq4 0.00068 0.654819 0.00998 0.654971
n-C7Hie 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
CHCls 0.0016 1.478419 0.1017 1.477675

* w: water content; d: density

** with saturate water

RECPH AR HERABRE LERTHRBLORR FUE P Rit#TT R
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22 MEN - REFEREFRERABOER

Table 2 Activity coefficients and densities of diluent-diluent systems

1 TN Y2 d/g-em™> z N Y2 d/g-cm™>
n-CgH14(1)n-CrH16(2) n-CgHy4(1)-n-CsH;8(2)
.9479 1.0004 1.1171 .657443 9472 1.0040 1.2383 .6 58617
.8878 1.0008 1.0901 659101 .BB98 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 .BT25 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 B8005
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-C7H16(1)-n-CsH1s(2) CsHeg(1)-n-CsHis(2)
9458 1.0003 1.1105 .682350 9524 1.0149 1.7876 .8 57563
B772 1.0007 1.0853 683790 .8901 1.0286 1.5543 .8 38628
7789 1.0016 1.0696 686387 .7802 1.0359 1,4286 .8 19318
.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 1.1228 .7 34259
.2381 1.0193 1.0095 596387 2261 1.25%% 1.0867 .7 21189
.1246 1.0352 1.0024 697987 12569 1.2726 1.0492 T 11287
.0657 i.u883 1.0005 69975 0607 1.3037 1.0221 .7 05134
cy-Ce Bz (1)-n-Cail1s(2) CCl4(1)-n-CgH;5(2)
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
.T808 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 105266 .1448 1.1963 1.0105 777977
.0491 1.1254 1.0029 701967 .0628 1.2416 1.0033 .7 32754
CHCls (1)—11-03[‘113(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

BFRANEFRBONAEARFERBYE R TEREAS TFEEORINRS
— HESFANFRUEKEROERAERNS FRASHEEXK, HUXMITRERS
B B FRAOFEHEALH. PROBABLHFIHEES, By TRILRFR
M. BEFRGEAE YRR S FRE+2LE.  Pierotti 8 5EMML T EHik
FHRMBR BT ABHEBBEORAFREY, ILHFLRE AN B HEERD.
AT Pierotti BRI BRM L, RAFOEREMAELAMBESHEY, BYLSKREL
BEEERBE, HEREBEX TBP MWER AR ERE.
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23 TBP- RRNEREERUNER
Table 3 Activity coefficients and densities of TBP-diluent systems

T 0m 72 d/g-cm™’ z1 n Y2 d/g-cm™”
TBP(1)-n-CeH14(2) TBP(1)-n-CrHie(2)
9471 10017 16126 964977 9456  1.0018  1.7679 9 63743
8843 10061  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 11049  1.3314 .8 90197
4439 1.1622  1.1607 857808 4504 11860  1.2391 8 60678
3395  1.2545  1.1049 827825 3441 13285  1.1508 .8 28585
2288  1.4290  1.0509 783619 2353 15505  1.0824 .7 90012
1203 17103  1.0123 730272 1203 19938  1.0238 .7 41842
0529  1.8747  1.0041 690998 0506 25213  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 196322 .6684 836259
5607 11207  1.3872 887373 5642 9230 7151 953132
4459  1.2272  1.2663 858110 4518 8403 7824 245388
3396  1.3865 11712 828141 3429 7706 8:1¢8 .935686
2350  1.6292  1.0990 753596 2292 6233 9026 921949
1159 22584  1.0.92 749527 2185 4398 9668 .903340
0530 28508 1.0082 72359 0529  .3294 9917 888266
TBP(1)¢)-CeMy2(2) TBP(1)-CCL(2)
9372 10001  1.3043 967186 9498 9992 6089 983749
8794  1.0005  1.2999 962014 8873 9961 6338 998483
7825  1.0039  1.2785 1952428 774 9877 6606 1.027959
6727 1.0150  1.2421 939729 8701 9644 7030 1.062426
5616  1.0394  1.1962 924633 5685 9217 7568 1.100705
4383  1.0834  1.1483 904818 4435 8544 8168 1.158562
3374 11574  1.1016 883881 3372 7667 8744 1.220051
2303 1.2727  1.0622 857632 2337 6582 9277 1.296467
1268 15234  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 2075 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 X8
1.1 AWk

TBP k%A K NaOH ¥ 2 ~ 3 K, AEEFKHEZF#, ALK NapSO, F#, i
WHIZE 6.7x10%Pa FE H THME, REMA 3ALFH, BERKEHAL>H; BEBAK
WH HaSO4 ¥ 2 ~ 3 k. Al NaOH ML B FAKEE P, AFEK CaCly FHRfidt ik,
RS HEF K, e COl FERMYEATA S KOH BB ME 55 CKM iR 1% 4 /N K ¥k
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ARG RRAE 1, HPHEEATKBOMEHTELTX, FANMENE 25 CT &
7. %45 FIRZRANSAKFHE NS KBAMEE K TBP MEMKETES IR

6] —3.
2 4 TBP- #RH - RN EREERBANER
Table 4 Activity coeficients and densities of TBP-diluent-diluent systems

T2 b <3 vs _ d/gem™ z2 12 z3 75 d/gem”
TBP(1)-n-CeH1a(2)-n-CrHie(3) TBP(1)-n-CeH14(2)-CaHis(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-C;r H 168 (2)-n—CaH15 (3) TBP( 1 )—Cﬁ He(?)—ﬂ-CsH 1 3(3)
.2484 1.1571 .5497  1.2045 .T79375 2512 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 21587 .R225 4062 1.4553 .P66340
3748 1.3434 .2109 1.3863 848975 A137  .B27T 1890 1.7817 .904155
1437  1.4789 .2520 1.5071 897675 806 7194 232 1.6061 911024
2444 1.4615 .1492  1.4695 .BiIB515 2821 V279 .1438 1.7595 .929389
0563 1.6481 .18 1.7T1i6 9135183 .0587  .6332 .1492 1.6871 .943438
1503 1.o934 .04C7 16881 939535 .1550 .6443 .0895 1.7711 .9 49763
TBP( 1 )- -CN- '.-,;3;'.[1 2 (2)-.‘1-03}[13 (3) TBP( 1 )"CCL; (2)-11—031‘1 18 (3)
2461 1.0149 5558 1.2359 796132 2467 9597 .5550 1.3524 909497
5274 1.0379 .2780 1.4104 .818182 6516  .9747 .2498 1.6347 1.111586
1961 1.0601 .3991 1.3631 .860217 .2009  .B679 .3947 1.5517 .942017
.4002 1.0837 .2051 1.4484 .874930 4043 8757 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(1)-CHCI3(2)-n-CsH1s(3)
.2403 5530  .5637 1.4272 877941 .1561 .2007 .2550 1.7457 .948931
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 XRAE

FENERHRF PAAR AA4AE™H) DMA6O B EXFHEEIT, BEBSHIEA
£0.01 °C, WMBEREER 1.5x10 %g-cm™3. FKBOMERA A A= A7# CA05 B
WK, REER 0.1ugH0. FEHERK M BRE LR 4], RANEREXEBYLA AN
HP5890A (A€ {1 HP19395A # 2R HahBtF 38 LRP, SHELEHBREHL
RKURZEMB, S EEERATRY 30 4~ BHRAGHHIAFEBRORLE, TR

T AR ARSI ST R 1) R, R B LSO (4] TR E, A E 2%.
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25 TBP- MRN - K&RERRBNE R
Table 5 Activity coefficients and densities of TBP-diluent-water systems

z1 1 z3 72 z3 ¥s 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 0.91373:
0.3934 0.8453 0.3127 2.2311 0.2939 3.4025 0.2G1508
0.3475 0.8804 0.4241 1.7915 0.2284 4.3732 0.86.271
0.2871 0.9616 0.5472 1.4877 016057 6.0359 0.530013
0.2119 1.1420 0.6886 1.2506 0.0L35 10,050 0.791274
0.1156 1.6810 0.8453 1.0697, 1n.03g 25.575 0.742872
0.0500 2.0782 0.0388 1.0182 0.0115 86.957 0.708634
TBP(1)-n-CsH,8{2)-H,0(3)
0.4313 1.01862 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 2.5057 0.9375 1.0191 0.0100 100.00 0.724111
TBP(1)-CeHe(2)-Ha0(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 0.6133 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 XRH/M

LFEMBHEEOEAROFERBNEEENNTE2 ~ 6. HPRIMES | &4
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(continued table 5)

T T T2 2 T3 s 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)-CCl4(2)-H,0(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 1.4712 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 1.1553495
0.2900 0.5747 0.5701 1.1602 0.1399 7.1430 1.217556
0.2140 0.5429 0.7015 1.0882 0.0845 11.834 1.995468
0.1152 0.5220 0.8468 1.5342 0.0580 24.316 1.409895
0.0498 0.4894 0.8335 1.0089 n.0107 93.458 1.501369

TBP(1)-CHCIL(2)-4,003) ~ -
0 4896 0.9915 0.0286 0.4088 0.4816 2.0764 0.983212
0.4851 0.9267 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

MECHEBROER AR ——3TNM, RE—HLIAHHTR 2 —mAKEHBE,
W+ TBP SHEN MR AR, % 3§ TBP #i% & &%t Gibbs-Duhem E W 45
F, B4 TBP HB%4A. %5 % TBP MiEE R M =414 Gibbs-Duhem BE#®#H 418
B, M4 THAUMMT KM TBP, TS F4 TBP fi%E R ML 1.05406) % 5 hppz)
RLi4i TBP A8 EKMN.

2 Bty

BB 1,2, - k F o FAR, HERBDHIR n, ng, - i, BHRAEBRRV, p=n/V

M pj=n;/V=pz; 5B R SREREBMLASN j WRERERE, o, BRI WK
HPRE S @ i pl ARy 0

ut = i + Gt + KTIn(N;/V) — kTngy(T) (1)
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RH ¢i(T) = (2emkT/h?)%2 - ji(T), N; = n;No, No £ Avogadro ¥ ¥, k RE/K%EBH
F H(T) BRATHEHENRY>RE, on BEBBPSIA—A i > FEERKO T,
T RICHERAE LUBSBEBRT S FRECROTEL. £ i BRS5BEHELEORMS
Ho i RE, BINHNBESHE, MKHEPHS « BAEALTER

¢! = kTn(f;/kT) — kTng(T) (2)
B FRH pf = pf, BT
In(fi/xi) = Gri/ kT + Goi/kT + In(kTN/V) (3)
2 Ghi=Noghi, Gu=Nogm, #H
In(fi/x:) = Gni/ RT + Goi/ RT + In(RT)p) (4)

R = Nok ARH#¥H. & f) A48 i RESHBRE, WE fi = Lz, w £XNFZ
PESHEERY. RASIRES, £ 4 XAPL =18

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

G, #1 G SR RTIELAI S i PEIN 1 R £ 5 FERMGSHE A BEMATHT), po £
o MRERERE. h (4) 7 5) J

vy = (G — GY,)/RT + (G4 — G%,)/RT + In(p/ pio) (6)

£ 6 TBP- MRN - MBH - KERERRBOEX
Table 6 Activity coefficients and densities of TBP-diluent-diluent-water systems

x3 ~2 3 ¥a T4 Y4 d/g-cm™
TBP(1)-n-CoH4(2)-n-CrHe(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 49213 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 0.4114 2.4307 0.944302
TBP(])—‘R-C.;H 14(2)-1"!-03}‘1 13(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 24724 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)

T2 Y2 z3 ¥s T4 Y4 d/g-em”™*
TBP(I)%Cme(?}—n—CaHla (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 19732 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( 1 )-Ca He (2)-1&-031’115 (3)-]‘120(4)
0.2308 1.0638 0.4965 1.5490 0.0811 12.3306 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 0.946588
0.0934 1.2586 0.0539 4.4093 0.3973 2.5!:?0 0.952764
TBP(1)—cy-CeH12(2)-n-CsHis(3)-H20(4) -
0.2276 1.1387 0.5142 1.4413 0.0750 13.3343 0.797351
0.4867 1.1795 0.2565 1o 0.0771 12.8701 0.819028
0.1570 1.4345 C.3197 1.9520 0.1%92 5.0201 0.862190
0.3217 151%5 0.1349 2.0571 0.1962 5.0968 0.876887
0.143G 1.7803 0.1642 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(1)-CCls(2)-n-CsH1s(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)-CHCl3(2)-n-CsH,s(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
AT EIMT:

(a) BERRAEAW  Ghi Lhx L RBER @ B9ME/RB R EA. N BMCSLIE o5 2R 46T &
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Helmholtz § HEK RSB

Ghi/RT (P3 + P, —1)In(1-¢)

£ [P{ =P} - (Po— 1)60}/F + Py~ Pyl/(1— £)
+ (P - Peo?/F + Py + Pfl/(1— €2
v 2Pgo?/Fl/(1 - &)

P, =3DE¢/F, P, = E*/F?
Pl = n(3P1/3ng)T_vlﬂj# = 3¢(Eo; + Dcr? - DE)/F
P; = n(8P;/8ni)r,vn, ,; = E*(3F0? — 2Ec} — EF)/F®

k k k
D= z:r:,-aj, E= Zitjﬂf', F = Emjd?, £ =mpNoF/6

i=1 j=1 i=1
A o;(1 =1,2,- k) RO FHRERER. 5B
G/RT =(3—&)/(1-€&)> -3 & =ngigNoo? /6
(b) KRR G, & 1 B/R i HF5AMHFHRHUEM S HBE.
Cy=Uu+PV, -78,

B Ve 8154, HS U =N o uij(r)gij(r)4nr? dr, 18
L k
G,i = szjUij
j=1

GY; = pioUii

(8)

(9)

(10)

(11)

Usj Bt B R 5 F EAE R BE wi;(r) FA2 10 A R % gi;(r). wij(r) L L-J £ B8 oR 0 £ B

mMFERERER, B

uij(r) = 4eij((04/r)'? = (04/7)%] = (ups? + aju?)/r® — 2uf?/ (3KTT®)

(12)

Rep o Ml p SHRBARHBRE. g;(r) RANXRHKEREFERLFHER 010,

gij(r) = Bé(r —ri;) + H(r = ri7), B= (r:;a - %)/31‘;?
‘.l"':j = 1.1500’,‘j, T:; = 1.5750’,‘j

AF § 1 H 451 & Dirac ¥ Heaviside s ¥. & (12) #1 (13) X8

Uij/NE = —16.1486¢;;0%; — 6.3365(0up? + a;u? + 2ul 3 /3kT) /o

(13)

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

components
Component M* u /Debye 10** . a/cm®
n-CgHis 86.1766 0.0 11.8
n-CrHie 100.2034 0.0 13.7
n-CgHis 114.2302 0.0 . 15.5
CgHg . 78.1134 0.0 10.4
cy-CeHiz 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 SFRRABHKERSN
Table 8 Hard sphere diameters and energy parameters

eij/k/K n-CeHjs n-C7Hje n-CgHis CeHs cy-CeH;z CClg CHCls TBF o/A
n-CeHis  499.6 7 5.463
n-CyHye 513.6 532.1 5.757
n-CsHis 523.2 543.7 558.8 5.997
CeHe 446.7 417 4.310
cy-CeHiz 503.2 466.3 5.104
CCl, 464.7 424.8 4.523
CHCl; 430 1. 380.2 4.111
TBP 55i.7 570.4 586.3 499.5 526.8 513.0 526.8 634.7 6.833
Table 9 Average relﬂiveﬁevnaﬁo’gs;’flgge?sﬁnmg’ a%twnty coefficients
of two-component systems
system /% 672/% system &v1/% Sv2/%
ﬂ-—CaHu(l)—ﬂ-CTH]a(ﬁ) 1.8 1.3 TBP(])—ﬂ-CoH14(2) 2.0 3.0
n-CeHya(1)-n-CyHys(2) 2.8 2.2 TBP(1)-n-CrHy6(2) 0.6 0.4
n-CrH6(1)-n-CgH1s(2) 1.5 1.3 TBP(1)-n-CsH1s(2) 2.5 1.9
n-CeHe(1)-n-CsHs(2) 35 3.0 TBP(1)-n-CeHs(2) 2.1 1.9
cy-CoHia(1)-n-CsH;s(2) 2.7 2.2 TBP(1)-cy-CeHia(2) 1.7 0.8
CCle(1)-n-CsH1s(2) 2.0 1.1 TBP(1)-CCL(2) 1.3 0.8
CHCla(1)-n-CsH;a(2) 7.6 2.5 TBP(1)-CHCls(2) 28.3 28.1

3 tMSitie
EERAMAERRHBMBEETR2 MBI P U TROEERY, i+ RA

iR A BN A

oij = (0ii + 055)/2 (15)
o TFESEINTFRT BHABINALAINERERHERSEN TES 29 REH4
RALA R P RE.

ARTRESHBHEITE TR AN TRNERERY, FHHENMESFE 100 N
10 o AR RA — &R HNThAE.
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WHEBHMOR, & CHCh ARNAUSMPAMEELSAR, X—HFEHRENYE CHCl
GRNEEREBEASMB/D, FTERFENY CHCL; A BEREA, MAXERDEEE
BEMY TR, EEENXTES ME 6 PROBERHAT THH, RKERT, BRENKSIE
MEMNEE AXMALREHRILEER.

10 =3
Table IOaAveragenre ’? Q’éﬁgg‘] pre 1ct10ri’[or activ-

ity coefficients of three-component systems

system 8v2/% 63/ %or
TBP(I)—ﬂ-CaHl.‘(Q)-'ﬂ-Cme(:;) 13.0 5.7
TBP(1}%00“14(2)—1‘!-031’113(3} 13.4 5.8
TBP(]]—ﬂ-C';Hm(Q)-ﬂ-CgHm(:‘n 73 6.0
TBP(1)-CgHs(2)-n-CsHis(3) 4.6 6.6
TBP(1)-cy-CeH12(2)-n-CsHs(3) 2.7 6.5
TBP(1)-CCly(2)-n-CsHis(3) 8.0 5.1
TBP(1)-CHCls(2)-n-CsH1s(3) . 273 5.3

RANEH S FESEBREIFARAN S FAAOFRBEABIN. HTERU TR
ZRPLMER, FETHYHEAR, EREEBBIMN S FEHEIEL - LTRINE
REAZE, UEKELH, REZHARKITEAK. 7 ﬂ."ti‘iﬂﬁ'l&‘]ﬁ? KFHEC
MERER, ERAEMHIHN XRAXEE (o FHRAONA. 56 A8 M as
RENE AR R RBLRT 0H NI, )ﬁﬁ-“”ﬁﬂqﬁiﬁﬁwi&U‘ﬁ! REm
B, FFRAFRTLITNERAIEGE L.
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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 coefficients by the
method of head-space gas chromatography and improve the accuracy of the measurement. The
activity coefficients 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-Cg¢Gy4, n-C7H,q, n-CgHs, C¢Hg, cy-CgH,2, 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-compenen? systems, the
activity coefficients of three-component systems are calculated.

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