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Miiasir dovrde berpa olunan enerji menbalori boylik energetikanin en miihiim ve
perspektiv istigamatlorinden biri hesab olunur ve Yer kiirasinin shalisinin enerji tominatinin
O0denilmesi {i¢iin mithiim amildir.

Ekoloji tomiz enerji monbeleri (gilines, kiilok, qeotermal sularin, kicik caylarin ve
biokiitlonin enerjisi) Birlogmis Millotlor Togskilatinin dayaniqli inkisaf konsepsiyasinin 1992
Rio-de-Janeyro ve 2002 Yohansburq Sammitlorinin telabatlarina uygundur. Berpa olunan
enerji monboalorinden on osasi Giines enerjisidir. Giines enerjisi hom elektrik enerjisinin
istehsalinda, istilosdirme-qizdirici sistemlorin yaradilmasinda miihiim rol oynayir.

Glines enerjisindon somorali istifade etmok iiglin totbiq olunan cihaz ve
avadanliglarin effektli hesabi ve konstruksiya olunmasi is¢i agentlerin termodinamik
xassoalorinin tedqiq seviyyoasinden shomiyyaetli deracede asilidir.

Qeyd olunanlar1 nezero alaraq toqdim olunan maeaqale energetikanin miiasir
problemlarinden birine hasr olunur.

Toqdim olunan megalode Giines kollektorlarinin is¢i agenti kimi istifade olunan
CaCl, + H,0 qarigigiinin miixtelif molyar konsentrasiyalarda sixliginin tezyigden asililig
analiz edilmisdir. Alinmis tocriibi naticeler hal tenliyinin vasitesile yazilmig vo odoebiyyat
giymatlori ile miiqayise edilmisdir.

Elektrolitlorin sulu mohlullar1 enerqetikanin ve kimya soenayesinin mgxtoalif
sahoalorinde, absorbsion soyuducu ve istilik qurgularinda iszi agentlor kimi istifade olunur.
Eyni zamanda ion-ion, ion-hoalledici, halledici-holledici tosirinin analizi §zgn bu garisiqlarin
termodinamik xasselerinin oyronilmesi hemise digqet merkezinde olmusdur. CaCl, + H,O
qaris181 hem da geotermal duz garisiglarinin esas komponentlorinden biridir.

Bu garisigin termodinamik xasselarinin analizine nazer yetirsok (codval 1) giirerik ki,
bu sahado zoxlu adebiyyat miivcuddur. Amma okser aragdirmalar kizik hal parametrlori
intervalinda aparilmigdir. Xgsusiloe do ygksok tozyiglorde tocrubi giymatlor azdir.

Toqdim olunan megalade CaCl, + H,O qarisiginin 7=298.15 ¢ 398.15 K temperatur,
p=0.1 ¢ 60 MPa tozyig vo m=0.18388 ¢ 6.00687 molyar konsentrasiya intervalinda (p, p, T)
xassolori todqiq olunmusdur. Tacriibalor sabit hecmli pyezometr qurgusunun kiimeyi ilo
yerina yetirilmisdir. Tocrgbe qurgusunun qurulusu ve is prinsipi [1]-de verilmisdir. Tocrgbo
qurgusunun asas elementi daxili diametri 0.06 m vo divarinin qalinligr 0.03 m olan, sferik
formal1 pyezometrdir. 7=293.15 K ve p=0.1 MPa hal parametrlorinde pyezometrin hocmi
350.13°10° m’-dir. Qurgunun doqigliyi suyun sixligmnin tocrgbi olaraq todqiq edilmesi ilo
yoxlanilmigdir. Alinmis naticelor adebiyyat giymetlari ile [2] mgqayise edilmis vo 0.03 %-o
goder xoata vermigdir. Bu da qurgunun ygksek daqiqliyini bir daha tesdig etmisdir. Qurgunun
hal parametrlorini iilzme xotalari: A7=+3 mK temperatur gzgn, Ap=+5-10> MPa ygksek
tozyiqlor gzgn, Ap=+5-10" MPa atmosfer tozyiqi gzgn vo Ap=+3-107 kg-m™ sixlig gzgn.

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



o torkibi X, > 98%,

e 24 saat arzindoe su y1gmas1 20%,
e sorbast maddeler Ca(OH), < 0.2 %,
e istehsal niimrosi 102378.

Qaris1g1 hazirlamadan avvel CaCl, vakuum nasos ve qizdirici vasitesi ilo 418.15 K
temperatura qodor 1 ggn orzinde qizdirilaraq qurudulmusdur. Daha sonra xgsusi deqazasiya
olunmus vo iki dofe distille edilmis sudan istifade ederok VLA-200 torozisinden istifade

edearak qarisiq hazirlanmigdir.

Alinmis tocrgbi (p, p, T) qiymetleri codval 2-do verilmisdir.
Alinmis tocrgboler avvelki meqalelorde basqa mehlullar gzgn totbig olunmus hal

tonliyi vasitasile [3] yazilmisdir:

p=Ap’ +Bp*+Cp".

(1)

Burada 4, B ve C hal tenliyinin emcallar1 olub, temperatur ve molyar konsentrasiyadan

asagidaki kimi asihidir:
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a;, b; ve ¢, polinomun omsallaridir vo cedvel 3-de verilmisdir. (1) tenliyi (2)-ni nozoro
almagla tocrgbi naticelori 0.035 % maksimum xata ilo yazmaga imkan verir.

Cadval 3

(2) tonliyindeki a;, b; vo ¢; emsallarin giymaetlori

a..

b.

Cs:

7.~-3.960277082914196

b—465.2368895738778

c0=-95.7543326012424

a,,=2.364985439927396

b, =-735.7659115078492

€;=219.3912124011633

a,,=-2.297192677926931

b,=804.9474471229078

cp,=-316.3342590148772

a,;=1.084236677965811

b,=-385.1567226335254

c;=161.5325338313048

a,,=—0.2082838032538078

b, =76.83567325060636

Co=-32.58974065536027

a,5=0.01384668960276268

by=-5.344471051003636

€s=2.255489178160482

4,;=0.006718274915042545

b,;=1.363639420626777

¢,,=0.6326628596841564

a,,=-0.004189310065700228

b,,=-1.045141211927259

¢,;=1.003477929300484

a,,=0.004217855150521485

b,,=-0.1235977208379671

c,=-0.3280357707923063

4,,—-0.002098175015 168549

b,,=0.2949787661294862

c;=0.01114564935627558

a,,=0.4320396064279943-10°°

b,=-0.08356911375713991

¢,,=0.01780576527138107

a,=-0.3085736200827762-10*

b,5=0.006983695423140266

¢,:=-0.001837093997577756




Cadvel 1
CaCl, + H,O garisigmin termodinamik xassalerine {izre tocrgbi aragdirmalar

1-ci m@allif OIdoabiyyat Il Metod  Xasso Xota Temperatur, 7T (K) Tazyiq, p (MPa) Konsentrasiya, m (mol kq™)
BKC* [4] 1928 p 268.15 ¢ 413.15 0.1 2¢40%

Pesce [5] 1932  PM p,ny 298.15 0.1 C~0¢13.44
Lyons [6] 1954 P 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 PV, 1:10° gml’ 298.15 0.1 0.001 ¢ 1

Ellis [9] 1967 p V., 323.15¢473.15 20 atm. 0.05¢1

Millero [10] 1971 Xglasoe  p, V.,

Perron [11] 1974  AD Vo.pc  £310°qsm’ 298.15 0.1 0.01256 ¢ 0.328
Spitzer [12] 1978  AD e 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 Vo, p ku 298.15 0.1 c=0.02¢ 0.5
Perron [15] 1981 AK e 0.05 % 298.15 0.1 0.05001 ¢ 6.4644
Tashima [16] 1981 P p +0.0004 q sm™ 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 V., p k o =£3ppm 278.15¢ 318.15 0.1 0.3334 ¢ 7.4488
Romankiw [19] 1983  RBD p 2.796-10* q-ecm™®  298.15¢ 318.15 1 atm. 0¢5.05

Isono [20] 1984 VD p 0.01 kg m’ 288.15 ¢ 428.15 0.1 0.05¢6

Gates [21] 1985  VBD p 50-10° q-cm™ 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 V., +3 ppm 298.15 0.1 0.5¢4.5
Pepinov [24] 1988  HZM p 0.02 % 298.15 ¢ 623.15 0.1¢35 1¢ 20 %

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

* BKC — beynolxalq kritik cedveller, 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, HZM — hidrostatik
zokmo metodu, p — sixliq, # — tzlglgk, V ,— xeyali molyar hecm, ¢, — izobarik istilik tutumu, k — izotermik sixilma, u — ses sgroti, « - hocmi
genislonma.



Cadval 2

CaCl, + H,O qarisigimin mgxtelif molyar konsentrasiyada ve yuvarlaq tezyiqlorde
(p, p, T) qiymotlori

/K p/MPa
0.1 5 10 20 30 40 50 60
pl(kg m*)
m=0.18388

298.15 1013.7 1015.8 10179 1022.1 10263 1030.5 1034.7 1038.8
323.15 1004.4 1006.4 1008.5 1012.5 1016.5 1020.6 1024.6 1028.6
348.15 991.2 993.2 995.3 999.3 1003.4 1007.5 1011.6 1015.7
373.15 975.0 977.1 979.2 983.5 987.7 992.0 996.3  1000.5
398.15 956.4° 958.5 960.8 965.3 969.9 974.4 979.0 983.5

m=0.47423

298.15 1038.8 1040.9 10429 1047.1 1051.2 10553 1059.5 1063.6
323.15 1029.1 1031.1 1033.1 1037.1 1041.1 1045.0 1049.0 1053.0
348.15 10159 10179 1020.0 1024.0 1028.1 1032.2 1036.3 1040.3
373.15 1000.0 1002.1 1004.2 1008.5 1012.7 1016.9 1021.1 10254
398.15 981.6° 983.7 986.0 991.0 995.1 999.7 1004.3 1008.8

m=1.59005

298.15 1127.6 1129.5 11314 11353 1139.1 11429 1146.8 1150.6
323.15 1116.6 11184 1120.2 1123.7 11273 1130.8 1134.4 11379
348.15 1103.5 11053 1107.1 1110.8 11144 1118.0 1121.7 11253
373.15 1088.4 1090.3 10922 10959 1099.7 1103.4 1107.2 11109
398.15 1071.9° 1073.8 1075.8 1079.8 1083.6 1087.3 1091.3 1095.2

m=3.00344

298.15 1226.6 1228.2 12299 12332 1236.5 1239.7 1243.0 1246.3
323.15 12133 12148 1216.5 1219.8 12232 12265 1229.9 1233.2
348.15 1199.8 1201.4 1203.1 12064 1209.6 12129 1216.2 1220.0
373.15 1184.9 1186.7 1188.5 1192.0 1195.6 1199.1 1202.7 1206.3
398.15 1168.8 1170.7 11725 11763 1180.0 1183.7 1187.5 1191.2

m=4.85170

298.15 1334.0 1335.6 1337.1 1340.2 13433 1346.4 13495 1352.6
323.15 1319.6 1321.1 1322.6 13257 1328.7 1331.7 1334.8 1337.8
348.15 1305.2 1306.7 1308.3 1311.4 13144 1317.5 1320.6 1323.6
373.15 1289.4 1291.1 12927 1296.1 12994 13027 1306.1 1309.4
398.15 1272.1 1274.1 1276.0 1280.2 1283.9 1287.8 1291.8 1295.7

m=6.00687

298.15 13927 13940 13953 1397.8 14004 14029 1405.5 1408.0
323.15 1377.0 13784 13799 1382.7 1385.6 1388.4 1391.3 1394.1
348.15 1361.2 1362.7 13642 1367.1 1370.1 1373.1 1376.1 1379.0
373.15 1345.1 1346.7 13483 1351.5 1354.6 1357.8 1361.0 1364.2
398.15 1328.0 13299 1331.7 13354 1339.1 1342.8 1346.5 1350.2

" gaynama tozyiqindo



Sekil 1-de m=0.18388 molyar konsentrasiyada CaCl, + H,0 qarisiginin sixliginin
tozyiqden asililig1 verilmisdir.
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Sokil 1. m=0.18388 molyar konsentrasiyada CaCl, + H,0 qarisigmin sixliginin tezyiqden
asililig1.

Sokil 2-de CaCl, + H,O qarisiginin sixliginin 30 MPa tezyiqde molyar konsentrasiya-
dan asililig1 verilmisdir.
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Sekil 2. CaCl, + H,0 garisigimin sixliginin 30 MPa tezyiqde molyar konsentrasiyadan
asililig1.

Sokil 3-de CaCl, + H,O qarisiginin 7=298.15 K temperatur vo p=0.1 MPa tozyiqde
sixligiin adebiyyat giymetlori ilo mgqayisesi verilmisdir.
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Sekil 3. CaCl, + H,0 qarisiginin 7=298.15 K ve p=0.1 MPa tozyiqde sixliginin adebiyyat
giymeotloeri ilo mgqayisesi (A, Perron'”; @, Tashima'®; m, Romankiw'’; <, Isono™;
A, Gates*'; o, bu mogalo).

Sekil 4-de m=3.00344 molyar konsentrasiyada hal tenliyinin tocrgbi qiymatlori
analitik yazma xatas1 verilmisdir.
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Sokil 4. m=3.00344 molyar konsentrasiyada hal tenliyinin tocrgbi qiymatlori analitik
yazmasl.

Dr. Cavid Seforov Almaniyadaki elmi aragdirmalarina serait yaratdigina giire Aleksandr von
Humboldt fonduna minnatdarligin bildirir.
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3ABUCUMOCTHD JABJEHUS OT MOJISIPHON KOHIIEHTPAIIUU
PACTBOPOB Ca(Cl, + H,O

CA®APOB . T., HAI’KA®OB I'.H., ITAXBEPJIUEB A. H.

B Hacrosmielr paGoTe BrepBble NPUBENCHBI 3aBHCHUMOCTH JaBIEHHUH OT MOJSPHOU
koHueHntpanuu pactBopoB CACL, + H,O go 60 MIla. [Iyist BeIYMCIIEHHs] STUX TTapaMeTPOB
UCIIONB30BaHO MOIUGUIIMPOBAHHOE YypaBHEHHE cocTossHHUsA. [lomydeHHble 3Ha4YeHHS
MPHUBEICHB B BHUJIC TaOJMIBI M IMOCTPOCHBI TpaMKH 3aBUCUMOCTH ITHX MapaMeTPOB OT
MOJIIPHOU KOHIIEHTPAIUH.

PRESSURE DEPENDENCE OF CaCl, + H,0 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.



