Energetikanin problemlori e Ne3 e 2004 e TIpoGieMbl SHEPTETHKH

VOT 532.13:536.22

CaCl, + H,O QARISIGININ MUXTOLIF MOLYAR
KONSENTRASIYALARDA SIXLIGININ TOZYiQDON ASILILIGI
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Togqdim olun mogalods CaCl, + H,O qansigmin miixtalif molyar konsentrasiyalarda sixliginin
tozyigdon asililigi analiz edilmisdir. Alinmis tacriibi naticalor hal tonliyinin kémayi ilo yazilmis vo
adabiyyat giymatlori ilo miigayisa edilmisdir.

Elektrolitlorin sulu mohlullar1 kimya sonayesinin miixtalif sahalorinda, absorbsion
soyuducu qurgularda is¢i agentlor kimi istifados olunur. Eyni zamanda ion-ion, ion-hoalledici,
halledici-halledici tasirinin analizi {i¢iin bu garisiglarin termodinamik xassalorinin oyranilmasi
hamiso diggot morkozinde olmusdur. CaCl, + H,O qarisigt hom do geotermal duz
garisiglarinin asas komponentlorindon biridir.

Bu qarisigin termodinamik xassalorinin analizina nazar yetirsok (cadval 1) gorarik ki,
bu sahado c¢oxlu odobiyyatlar movcuddur. Amma oksor aragdirmalar kigik hal parametrlori
intervalinda aparilmisdir. Xiisusilo da yiiksok tozyiglords tocrubi giymatlor azdir.

Toqdim olunan magalads CaCl, + H,O qarigiginin 7=298.15 + 398.15 K temperatur,
p=0.1 + 60 MPa tozyig vo m=0.18388 + 6.00687 molyar konsentrasiya intervalinda (p, p, 7)
xassolori tadqiq olunmusdur. Tocriibalor sabit hocmli pyezometr qurgusunun koémoyi ilo
yerind yetirilmigdir. Tocriiba qurgusunun qurulusu va is prinsipi [1]-do verilmisdir. Tacriiba
qurgusunun asas elementi daxili diametri 0.06 m va divarinin qalinligir 0.03 m olan, sferik
formal1 pyezometrdir. 7=293.15 K vo p=0.1 MPa hal parametrlorinds pyezometrin hocmi
350.13-10° m’-dir. Qurgunun dogigliyi suyun sixhgmmn tocriibi olaraq todqiq edilmesi ilo
yoxlanilmigdir. Alinmis naticolor adobiyyat giymatlari ilo [2] miiqayiss edilmis va 0.03 %-3
godor xota vermisdir. Bu da qurgunun yiiksok doqiqliyini bir daha tosdig etmisdir. Qurgunun
hal parametrlorini 6lgmo xotalari: AT=+3 mK temperatur {igiin, Ap=+5-107 MPa yiiksok
tozyiqlor {igiin, Ap=+5-10"* MPa atmosfer tozyiqi ligiin vo Ap=23-107 kg-m” sixlig {igiin.

Qarisiglarin hazirlanmasi zamani Almaniyanin ,,Merk* firmasinin istehsali olan CaCl,
istifado edilmisdir. CaCl,-un texniki xarakteristikalari:

o torkibi X, > 98%,

e 24 saat orzinda su y1gmasi 20%,
e sorbast maddslor Ca(OH); < 0.2 %,
e istehsal nomrasi 102378.

Qaris1g1 hazirlamadan avval CaCl, vakuum nasos vo qizdirict vasitosi ilo 418.15 K
temperatura qodor 1 giin arzinds qizdirilaraq qurudulmusdur. Daha sonra xiisusi deqazasiya
olunmus vo iki dofo distillo edilmis sudan istifado edorok VLA-200 torozisinin kdmayi ilo
qarisiq hazirlanmigdar.

Alinmus tacriibi (p, p, T) qiymatlari cadval 2-da verilmisdir.

Alinmis tocriibalor avvalki mogqalolordo basqa mohlullar ii¢lin totbig olunmus hal
tonliyi vasitasilo [3] yazilmisdir:

p=Ap° +Bp*+Cp". (1)



CaCl, + H,0 qarisigiin termodinamik xassalaring hasr olunmus tacriibi arasdirmalar

Cadval 1

1-ci miiallif Odabiyyat Il Metod  Xassd Xota Temperatur, T (K) Toazyiq, p (MPa) Konsentrasiya, m (mol-kq'l)
BKC* [4] 1928 p 268.15 +413.15 0.1 2+40 %

Pesce [5] 1932  PM p,n 298.15 0.1 Cy=0+13.44
Lyons [6] 1954 P ] 298.15 0.1 c=0.03+6
Polyakov [7] 1965 IP p 0.08 % 293.15+573.15 100 + 1500 at. 10 %

Dunn [8] 1966  MD P Vs 1-10° gml’ 298.15 0.1 0.001 +1

Ellis [9] 1967 PV 323.15+473.15 20 atm. 0.05+1

Millero [10] 1971 Xilasa  p, Vy

Perron [11] 1974  AD Vg, poc,  £3:10° qsm™ 298.15 0.1 0.01256 + 0.328
Spitzer [12] 1978  AD Vg, cp 298.15 0.1 0.0203 + 0.406
Alexin [13] 1980 PM pp T 0.008 % 298.15 0.101+103.097 0.1044 +~ 4.3872
Emara [14] 1981 P Vs, p. k u 298.15 0.1 c=0.02 +0.5
Perron [15] 1981 AK P, Cp 0.05 % 298.15 0.1 0.05001 + 6.4644
Tashima [16] 1981 P p +0.0004 q-sm’3 293.15 +343.15 0.1 0+5.988
Kumar [17] 1982  VBD pou,k +3 ppm 298.15 0.1 0.0334+7.4
Kumar [18] 1983  VBD Vs, p, ko £3 ppm 278.15 + 318.15 0.1 0.3334 + 7.4488
Romankiw [19] 1983 RBD p 2.796:10" qem™  298.15 =+ 318.15 1 atm. 0+5.05

Isono [20] 1984 VD p 0.01 kq'm™ 288.15 +428.15 0.1 0.05+6

Gates [21] 1985  VBD p 50-10° g-em™ 298.15 0.1013 +40.71 0.0505 +~4.98
Kumar [22] 1986  VBD PV 0.21 cm’**mol™ 323.15+473.15 20.27 bar 0+ 6.4389
Kumar [23] 1986  VBD P Vs +3 ppm 298.15 0.1 0.5+4.5
Pepinov [24] 1988  HCM p 0.02 % 298.15 + 623.15 0.1 +35 1+20 %

Gates [25] 1989  VBD PV 0.02 % 323 + 600 0.101 +40.71 0.0497 + 6.4244
Oakes [26] 1995 VBD p Vs 298.15+523.15 70 vo 400 bar otrafinda 0.242 + 6.15

* BKC — beynalxalq kritik cadvallor, PM — pyezometr metodu, P — piknometer, IP — impuls pyezometri, MD — magnit dilatometri, AD — axin
desimetri, AK — axin kalorimetri, VBD — vibrasiyali borulu densimetr, RBD — rogsedon borulu densimetr, VD — Veld densimetri, HCM — hidrostatik
¢okmo metodu, p — sixhq, n — ozliliikk, V4— xayali molyar hacm, ¢, — izobarik istilik tutumu, k£ — izotermik sixilma, u — sos siiroti, & - hocmi
geniglonma.



Cadval 2

CaCl, + H,0 garisigiin miixtolif molyar konsentrasiyada va yuvarlaq tozyiqlords

(p, p. T) giymotlori

/K p/MPa

0.1 5 10 20 30 40 50 60

pl(kgm™)

m=0.18388
208.15 1013.7 10158 1017.9 1022.1 10263 1030.5 10347 1038.8
323.15 1004.4 10064 1008.5 10125 10165 1020.6 1024.6 1028.6
348.15 9912 9932 9953 9993 10034 1007.5 1011.6 1015.7
37315 9750 9771 9792 9835 9877 9920 9963  1000.5
398.15 956.4° 958.5  960.8 9653  969.9 9744  979.0 983.5
m=0.47423
298.15 1038.8 1040.9 10429 1047.1 10512 10553 1059.5 1063.6
323.15 1029.1 1031.1 1033.1 1037.1 1041.1 10450 1049.0 1053.0
348.15 10159 1017.9 10200 1024.0 1028.1 10322 1036.3 1040.3
373.15 1000.0 1002.1 10042 10085 10127 10169 1021.1 1025.4
398.15 981.6° 983.7 9860  991.0 9951  999.7 10043 1008.8
m=1.59005
208.15 1127.6 1129.5 11314 11353 1139.1 11429 1146.8 1150.6
323.15 1116.6 11184 11202 11237 11273 11308 11344 1137.9
348.15 1103.5 11053 1107.1 1110.8 11144 11180 11217 11253
373.15 1088.4 1090.3 10922 10959 1099.7 11034 1107.2 1110.9
398.15 1071.9° 1073.8 10758 1079.8 1083.6 1087.3 1091.3 1095.2
m=3.00344
208.15 1226.6 12282 12299 12332 12365 12397 1243.0 12463
323.15 12133 12148 12165 1219.8 12232 12265 1229.9 12332
348.15 1199.8 12014 1203.1 12064 1209.6 12129 12162 1220.0
373.15 1184.9 11867 11885 11920 11956 1199.1 1202.7 1206.3
398.15 1168.8 1170.7 11725 11763 1180.0 11837 1187.5 11912
m=4.85170
208.15 1334.0 13356 1337.1 13402 13433 13464 1349.5 1352.6
323.15 1319.6 13211 1322.6 13257 13287 13317 13348 13378
348.15 13052 13067 13083 13114 13144 13175 1320.6 1323.6
373.15 1289.4 1291.1 12927 1296.1 12994 13027 1306.1 1309.4
398.15 1272.1 12741 12760 12802 12839 1287.8 1291.8 1295.7
m=6.00687
208.15 13927 1394.0 13953 1397.8 14004 1402.9 14055 1408.0
323.15 1377.0 13784 1379.9 13827 1385.6 13884 1391.3 1394.1
348.15 13612 13627 13642 1367.1 1370.1 1373.1 1376.1 1379.0
373.15 1345.1 13467 13483 13515 1354.6 1357.8 1361.0 1364.2
398.15 1328.0 13299 13317 13354 1339.1 13428 1346.5 13502

" gaynama tozyiqindo



Burada 4, B vo C hal tonliyinin amcallar1 olub, temperatur vo molyar konsentrasiyadan

asagidaki kimi asilidir:

A:iTiZS:aymj; B=
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2)

a; bij vd c¢; polinomun omsallaridir vo cadval 3-do verilmisdir. (1) tonliyi (2)-ni nazoro
almagla tocriibi naticalari 0.035 % maksimum xata ilo yazmaga imkan verir.

Cadval 3

(2) tonliyindoki aj;, bj vo c¢;; amsallarinin qiymatlori

djj

bi]

Cij

a10=-3.960277082914196

boo=465.2368895738778

c00=-95.7543326012424

a11=2.364985439927896

bo1=-735.7659115078492

€01=219.3912124011633

a12=-2.297192677926931

b0,=804.9474471229078

c02=-316.3342590148772

a13=1.084236677965811

bo3=-385.1567226335254

c3=161.5325338313048

a14=-0.2082838032538078

bps=76.83567325060636

c04=-32.58974065536027

a15=0.01384668960276268

bos=-5.344471051003636

c05=2.255489178160482

a20=0.006718274915042545

b1p=1.363639420626777

c10=-0.6326628596841564

a21=-0.004189310065700228

b1;=-1.045141211927259

¢11=1.003477929300484

a2,=0.004217855150521485

b1,=-0.1235977208379671

c12=-0.3280357707923063

a23=-0.002098175015168549

b13=0.2949787661294862

c13=-0.01114564935627558

424=0.4320396064279943-10”

b14=-0.08356911375713991

c14=0.01780576527138107

a,5=-0.3085736200827762-10

b15=0.006983695423140266

¢15=-0.001837093997577756

Sokil 1-do m=0.18388 molyar konsentrasiyada CaCl, + H,O qarisiginin sixliginin

tazyiqdon asililigi verilmisdir.
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Sokil 1. m=0.18388 molyar konsentrasiyada CaCl, + H,O qarisigmin sixliginin tozyigdon

asililigi.

Sakil 2-do CaCl, + H,O qarisiginin sixliginin 30 MPa tozyiqdo molyar konsentrasiya-

dan asililig1 verilmisdir.
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Sokil 2. CaCl, + H,O garisigimin sixhiginin 30 MPa tozyiqdo molyar konsentrasiyadan
asililig.

Sakil 3-do CaCl, + HyO qarisiginin 7=298.15 K temperatur vo p=0.1 MPa tozyiqds
sixligiin adobiyyat qiymatlori ilo miiqayisasi verilmisdir.
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Sokil 3. CaCl, + H,O qarisigimin 7=298.15 K vo p=0.1 MPa tozyiqdo sixliginin adobiyyat
qiymatlari ilo miiqayisasi (a, Perron'’; o, Tashima'¢; m, Romankiw'’; ¢, Isono®’; A,
Gatesm; o, bu maqals).

Sokil 4-do m=3.00344 molyar konsentrasiyada hal tonliyinin tocriibi qiymatlori
analitik yazma xotas1 verilmigdir.
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Sakil 4. m=3.00344 molyar konsentrasiyada hal tonliyinin tocriibi qiymatlori analitik yazmasi.

Dr. Cavid Soforov Almaniyadaki elmi arasdirmalarina sorait yaratdigina gora Aleksandr von
Humboldt fonduna minnstdarligini bildirir.
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3ABUCUMOCTH JABJEHUSI OT MOJISIPHON KOHIIEHTPAIIUN
PACTBOPOB Ca(Cl, + H,O

CA®APOB 1. T., HA/I'KA®OB I'.H., ITAXBEPJIHUEB A. H.

B mHactosmieli paboTe BHEpBBIE TMPUBEACHBI 3aBUCUMOCTH JaBJICHUN OT MOJSAPHOMN
koHueHTpauuu pactBopoB CACL, + H,O go 60 MlIla. /Iyt BeIYMCIIEHHS] STUX MAapaMeTpOB
UCIIOJB30BaHO  MOJIUGUIIMPOBAHHOE YypaBHEHHE cocTosiHUs. [lonmydeHHble 3Ha4YeHUS
NpUBEICHB B BHUJE TaOJHUIBI M MOCTPOCHBI TpaUKH 3aBUCUMOCTH ITHX MapaMeTpPOB OT
MOJISIPHOM KOHIIEHTPAIKH.

PRESSURE DEPENDENCE OF CaCl, + H;O SOLUTION
AT THE VAROIUS MOLYARES

SAFAROV J. T., NAJAFOV G.N., SHAHVERDIYEV A. N.

In the present work the pressure dependence of CaCl, + H,O solution at the varoius molal
concentrations and up to 60 MPa pressures are given. For the calculation of these parameters
the modified equation of a state was used. The obtained values were listed in table and were
constructed dependence of these parameters from molal concentration.



