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Introduction. The use of capillary-porous elements for absorption of carbon
dioxide fluid can intensify the process and ensure the stability of the finished product.

Materials and methods. Investigated the process of saturation of water carbon
dioxide. Mass concentration of carbon dioxide in water was determined by the
pressure and temperature of the mixture and comparison of tabular data. Pressure
water supply to the input capillary-porous device 0.4 - 0.6 MPa; supply pressure of
carbon dioxide in the space between the shell capillary-porous element and
membrane 0,45-0,65 MPa; water temperature at the site saturation t = 4 = 12°C.

Results and discussion. Mass concentration of carbon dioxide has a linear
dependence on the pressure and nonlinear from temperature changes and diameter of
capillary. With increasing pressure from 0.4 MPa to 0.6 mass concentration of carbon
dioxide in the liquid increases: at the temperature 4°C - from 0.59 to 0.73 % mass, at
8°C - from 0.56 to 0.63 % mass, and at 12°C - from 0.39 to 49 % mass. Mass
concentration of the mixture decreases with increasing temperature: at a pressure of
0.6 MPa - from 0.73 to 0.49 % mass, at 0.5 MPa - from 0.64 to 0.46 % mass, at 0.4
MPa - from 0.59 to 0.41 % mass. With the growth of capillary diameter 10 to 20 mm
mass concentration of carbon dioxide in the liquid is reduced: at the temperature 4°C
- from 0.73 to 0.67 % mass, at 8°C - from 0.62 to 0.57 % mass, and at 12°C - from
0.49 to 40 % mass.

It is connected with the structural formations of water molecules and their
oscillating motion. At low temperatures the oscillating motion of the molecular
structures of water are not significant and carbon dioxide molecules easily penetrate
into these structures without destroying them. And at high temperatures (8 + 12°C)
oscillatory motion of molecular structures of water becomes higher and not all CO?
molecules have the ability to penetrate into the data structure.

The mathematical dependence of the concentration of carbon dioxide in water
from pressure, temperature and capillary diameter allows you to adjust the process
and determine its rational parameters. Rational parameters of saturation: pressure
supply water to the absorption P = 0,5 MPa, water temperature 8°C and diameter
capillary-porous channel dx = 10 mm.

Conclusions. Application results in the production of carbonated beverages to
increase productivity, reduce the loss of carbon dioxide and increase for foam
stability.
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Hocaigxxenns npouecy adcopouii Jiokcuay ByrJenro BOA0K B KallJISIPHO-
MOPHUCTHX eJIeMEeHTAaX
Annpiit Ceitnuk, Onekcannap [Ipoxopos
Hayionanvnuii ynieepcumem xapuoux mexuono2iu

Beryn. BukopucTanHs KanuispHO-TIOPUCTUX €JIEMEHTIB Uisl aOCopOIIii J1OKCUIY
BYTJICIIO PIAMHOIO TO3BOJISE IHTEHCU(IKYBATH MIPOIIEC Ta 3a0€3MEYUTH CTAOLTBHICTh
TrOTOBOT'O TIPOJYKTY.

Marepianu Tta Metoau. J[oCiPKyBaBCcsi MPOIEC HACMYEHHS BOJU JT1OKCHUIOM
ByIJICII0. MacoBy KOHIIEHTpAIIII0 JIOKCHTY BYIJICITIO Y BOJII BU3HAYAJIN 32 THCKOM Ta
TEMIIEPATYPOI0 CYMIIlll Ta MOPIBHAHHAM 3 TaOJIUYHUMU JTaHUMHU. THCK Toaadi BOAU
Ha BXiJ KamiasipHo-miopuctoro npuctporo 0.4 — 0.6 Mlla; Tuck momgayi T1OKCUTY
BYTJICIIO B TIPOCTIP MK KOPITYCOM KamuIIpPHO-TIOPUCTOrO €IeMEHTa Ta MEMOPaHOIO
0,45-0,65 MIIa; TemnepaTypu Boay Ha JinsHIi HacuueHHs t=4+12°C

Pe3yabTatu Ta o0roBopeHHsi. MacoBa KOHIEHTpAIlisl JTIOKCHIY BYTJICIIO Ma€
JHIAHY 3aJIKHICTh BiJl THUCKY 1 HEIIHIMHY BiJ 3MIHU TEMIIEpaTypu Ta AlaMeTpy
kamisspa. [lpu 30imemenni tucky Bim 0,4 mo 0,6 MIla macoBa KOHIIEHTpaIlis
IiOKCHIy BYIJIELIo B piauHi 3poctac: npu Temneparypi 4°C — sig 0,59 no 0,73 %Mac,
npu 8°C — Big 0,56 g0 0,63 %mac, a mpu 12°C — Bix 0,39 mo 49 %mac. Macosa
KOHIIEHTpAIlisl CYMIIII IPH 3pOCTaHHI TeMIIepaTypu 3HWKYeThCs: pu Tucky 0,6 MIla
— 811 0,73 no 0,49 %wmac, ipu 0,5 MIla — Big 0,64 no 0,46 %mac, ipu 0,4 MlIla — Bix
0,59 nmo 0,41 %wmac. Ilpu 3poctanni miamerpy kamuisipy Big 10 mo 20 MM macoBa
KOHIIEHTPALlig JIOKCHY BYIJIEIIO B PiJMHI 3HIKYeThes: pu TemnepaTypi 4°C — Bin
0,73 no 0,67 %mac, pu 8°C — Bix 0,62 1o 0,57 %mac, a mpu 12°C — Bix 0,49 no 40
%oMmac.

I{e moB’s3aHe 13 CTPYKTYPHUMH YTBOPEHHSIMH MOJIEKYJ BOAM Ta X KOJUBAJIHLHUM
pyxom. [Ipu HU3BKHX TeMmmeparypax KOJUBAJIBHUN PYX MOJEKYISPHHUX YTBOPCHD
BOJM HE 3HAYHUN 1 MOJIGKYJM JIOKCHUIY BYIJICIIO JIETIIe MPOHUKAITh B JIaHI
CTPYKTypH He pyiiHyrodum ix. A mnpu mnigBumeHux Temmeparypax (8+12°C)
KOJIMBAJIBHUN PYX MOJEKYJSIPHUX yYTBOPEHb BOJM CTA€ BHIIKUM 1 HE BCl MOJICKYJU
CO; MaroTh MOXJIMBICTh TPOHUKATH B JaH1 CTPYKTYPH.

OTtpuMaHa MaTeMaTH9HA 3aJIKHICTh KOHIIEHTpAIlIl JIOKCHIY BYIJICIIO B BO1 BiJ
TUCKY, TEeMIEpaTypu Ta JilaMeTpy Kamuisipy I03BOJSE PEryaloBaTH IpoIec Ta
BU3HAYATH MOr0 palioHajdbHI TMapaMeTp. ParlioHaJbHI TapaMeTpu MPOIEeCy
HACHYEHHS: THCK I104a4i Boau Ha abcopbuiro P=0,5 MIla, temneparypa Boau 8°C Ta
AlaMeTp KanuisipHO-1oprcToro kaHany d,=10mm.

BucHoBKH. 3acTocyBaHHS pe3yibTaTiB y BHPOOHHUITBI Ta30BaHUX HAMoOiB
JO3BOJINTh MIABUIIUTH MPOJYKTUBHICTH, 3MEHIIMTH BTPATH MIOKCUAY BYTJEIIO 1
MMIIBUILUTH M1HOCTINKICTb.

KuarouoBgi ciioBa: abcopbdyis, dioxcuo gyeneyio, Kaniisp.



HccnenoBanue npouecca adcopoumuu JMOKCHIA YIJIepoaa BOA0H B
KANWLJISIPHO-TIOPUCTHIX 3JIeMeHTAaX
Angnpent CButibik, Anekcanap [Ipoxopos
Hayuonanvuwiu ynueepcumem nuuyesblx mexHoio2uu

BBenenue. licnonp3oBaHue KamWISPHO-TIOPHUCTBIX AJIEMEHTOB sl abcopOIuu
JTMOKCHUJIa yTJIepoAa JKHIAKOCTBIO TO3BOJISIET HWHTEHCU(PUIIMPOBATH TMPOLECC H
o0ecreyuTh CTaAOMIBHOCTh TOTOBOTO IPOYKTA.

Matepuannbl 1 MeToAbl. VccienoBancs Npoiecc HaChIEHUs BOAbI YIIIEKUCIBIM
razoM. MaccoByr KOHIIEHTpAIlMIO JTUOKCHJIa YIJIepojia B BOJIC OINPEASIsIn 0
JTABIICHUIO M TEMIICpAaTypoOl CMECH M CpaBHCHHEM C TaOJWYHBIMU JaHHBIMHU.
JlaBneHue mojiauy BOJIbI HA BXOJ KaWJUIIPHO-TIOpUCTOro ycrpoiictea 0.4 - 0.6 MIla;
JABJICHUE TMOJlayu JUOKCHUJIa YyIyiepoJa B MPOCTPAHCTBO MEXKIY KOPIYCOM
KamWUISIPHO-TIOPUCTOTO dJieMeHTa u MeMOpanoit 0,45-0,65 Mlla; TemmnepaTypsl
BO/JIbl HA YYaCTKE HACBIIIEHUA t = 4 + 12°C.

PesyabraTthl m oOcy:kaeHue. MaccoBas KOHIIGHTpalusi JAUOKCHIA yriepojaa
MMEeT JIMHEHMHYI0 3aBUCMMOCTh OT JaBJEHUS M HEIMHEHHYI0 OT HW3MEHEHUS
TeMIleparypel U auamerpa kamwuisipa. llpu ysBennuennu nasinenust ot 0,4 mo 0,6
MIlIa maccoBasi KOHIIEHTpallMsi JUOKCHUJA Yriepoja B *KUJIKOCTH BO3PACTAECT: IpHU
temmneparype 4°C - ot 0,59 no 0,73% macc, npu 8°C - or 0,56 no 0,63% macc, a npu
12°C - or 0,39 nmo 49% wmacc. MaccoBasi KOHIIGHTpallds CMECH IIPH POCTE
TeMneparypsl cHkaercs: npu gasieHuu 0,6 MlIla - ot 0,73 no 0,49% macc, npu 0,5
MIla - ot 0,64 no 0,46% macc, pu 0,4 MIla - ot 0,59 no 0,41% wmacc. IIpu pocre
nuameTpa kanuuisipa oT 10 7o 20 MM MaccoBasi KOHIIEHTpAIMs TUOKCH/Ia YIJIEpo/ia B
JKUJKOCTH CHIKaeTcs: mpu Temmneparype 4°C - or 0,73 no 0,67% macce, pu 8°C - or
0,62 110 0,57% macc, a ipu 12°C - ot 0,49 10 40% macc.

DTO CBSI3aHO CO CTPYKTYPHBIMU OOpa30BaHUSIMH MOJICKYJT BOJABI U UX
KoJieOaTenbHbIM ABMXKeHUEM. [Ipu HU3KHUX TeMIepaTrypax KojiebaTeIbHOe ABUKECHUE
MOJICKYJISIPHBIX O0Opa30BaHMK BOJIBI HE 3HAYUTEILHOE M MOJICKYJBl JHOKCHIA
yriepoaa Jierdye IPOHUKAIOT B JaHHBIE CTPYKTYphl HE paspylias ux. A mpu
HOBHINIEHHBIX Temmeparypax (8 + 12°C) xonebaTensHoe NBUKEHHE MOJIEKYJISPHBIX
o0pa3oBaHU BOJIBI CTAHOBHUTCS BbIIIE U HE BCce MOJIeKYyJbl CO2 UMEIOT BO3MOXKHOCTD
MIPOHUKATH B JAHHBIE CTPYKTYPHI.

ITonydyeHnHass MaTeMaTudyeckas 3aBUCUMOCTb KOHIIEHTPAlMK JUOKCH/IA yTJIepojia B
BOJIC OT JIaBJICHUS, TEMIEpaTypbl U JUaMeTpa Kaluispa MO3BOJISIET PEryJIMPOBAThH
MIPOIIECC U OMNPENEIUTh €r0 pallMoHaIbHbIC MapaMeTpbl. PalioHanbHBIE TapaMeTphbl
mpoliecca HacChIIICHWs: JaBJIeHHE IMojayu Bojabl Ha abcopOuuro P=0,5 Mlla,
TemmnepaTypa Boabsl 8°C ¥ quaMeTp KaluLISpHO-MOPUCTOro KaHana d,=10 mMm.

BoiBoabl. [IpriMeHeHne pe3ysbTaTOB B MPOW3BOACTBE Ta3UPOBAHHBIX HAIUTKOB
MO3BOJIUT TMOBBICUTH MPOU3BOJUTEILHOCTh, YMEHBIIUThL MOTEPH JUOKCHIA yTiepoaa
Y TOBBICUTH CTOMKOCTb MEHBI.

KuaroueBble ciioBa: abcopbyus, ouokcuo y2nepooa, Kanuuisp.



Introduction

Currently, the increasing interest in capillary hydrodynamics, heat and mass
transfer in microsystems that dictated by the rapid development of electronics and
medicine, and miniaturization of devices in various fields of technology. Intensified
research on the introduction of mini and microsystems in the fields of chemical and
food technology.

Capillary effects intensification of processes found application in the following
areas: mixing mikrofiltration, heat exchange, during catalytic reactions, synthesis
karbon of compounds and vitamins in the production of biodiesel and others.

Actuality of theme confirmed interest in her well-known scientists in the field of
absorption. In particular, the process of absorption in exploring: R. S. Abiyev,
Kalinichenko VA, Kari¢ SG, Meshenhisser M., Nakoryakov VE, Rebrov EV,
Semenov IA, Trushin AM, rank E. A.

However, the process of absorption of carbon dioxide in the capillaries, its
features and patterns in the literature are not represented.

Therefore, studies were conducted to justify the use of capillary channels flow for
absorption of carbon dioxide with water.

Experimental studies involves determining the effects of key factors on the
absorption and intensification of the process.

The object of research - the process of saturation of water with carbon dioxide.

The purpose of research - to examine the process of saturation of water with
carbon dioxide in capillary-porous elements and set the parameters of the rational.

Materials and methods

Materials Research - water and carbon dioxide.

Water. We used the water from the water supply system of the city Fastiv, Kiev
region, Ukraine. Water was further purified on material filters and cooled to a
predetermined temperature.

The mineral composition of water research

Ne [Name of indicators Tools Recommended values
1. |Mineralization total mg / dm3 250
2. |stiffness total mgekv / dm3 4
3. |total alkalinity mgekv / dm3 3,5
4. magnesium mg / dm3 10
5. |fluorine mg / dm3 0,7

Carbon dioxide. For research used carbon dioxide in cylinders under pressure.
The actual composition of gas research




Name of indicators

Extra

1. The smell and taste

Slightly sour taste with no foreign odors

2. Volume fraction (CO,) carbon
dioxide,% not less than

99,99

3. The mass concentration sulfurous
anhydride (SO,), g/ m?,

0,000

4. The mass concentration of water
vapor at a temperature of 20°C and a
pressure of 101.3 kPa (760 mm Hg), g/
m

0,011

5. Saturation temperature of carbon
dioxide vapor, which corresponds to the
pressure of 101.3 kPa (760 mm Hg) and
temperature 20°C

minus 58

6. The mass concentration of vanadium
oxide (calculated naVsO:s), liquefied
carbon dioxide mg / kg

0,000

Absent in the gas: mineral oils and mechanical impurities, carbon monoxide (CO),
nitrogen oxides (NO, NO,), hydrogen sulfide (H.,S), hydrochloric acid, ammonia,

ethanolamine, and aromatic hydrocarbons.

Experimental studies on the solubility of carbon dioxide in water was carried out
on an experimental setup circuit is shown in Figure 1.
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Fig. 1. Scheme of the experimental setup




Installation consists of a capillary-porous device 1, into inside of which served
water at a certain temperature and pressure. Preparation of water conducted in tanks
5, which is equipped with water gauge glass 6 and cooling jacket. Filling capacitance
5 with water and release of water from the reservoirs is due to opening and closing
the valve 22, 24. In jacket capacitance, 5 served chilled souse from the refrigeration
unit. Of souse capacitance, where an installed evaporator 9, the souse pump 8,
through the automatic valve 21 is supplied in the jacket 5 capacitance. Souse removes
the heat from the water and returns to the souse capacitance. For obtaining water
certain temperature serves as temperature dial 7, which automatically operates the
valve 21 and controlled by feed coolant in jacket capacitance 5. Refrigeration
machine consists of a compressor 12 of the refrigerator 11 and the throttle 10. To
maintain a certain water pressure in the cavity of capillary-porous device serves as a
valve 25, 29 and 30, and the meaning of the water pressure manometer indicates 2.

Capillary-porous device consists of a thin perforated metal tube (capillary) of a
certain diameter, the outer perimeter of which is attached gas membrane 19. In the
space between the membrane and corps of the device is supplied carbon dioxide. Gas
pressure that moves in this space, is regulated by the valve 26 i 27, and value of gas
pressure indicate manometer 20. The costs of gas carbon dioxide monitors the
counter 16. Since the gas cylinder 17 via the reducing valve 18, carbon dioxide gas is
fed into the gas line. Water moves through the inner cavity of the capillary gas
bubbled through the membrane, and interact with the process of water absorption of
carbon dioxide. Carbonated water through the valve 30 is sent to the volumetric
plastic bottle 13. Filling bottles with carbonated water is fixed automatic stopwatch.

To increase the interaction between the gas and liquid phases are provided bypass
capillary tubes 15. To maintain a predetermined pressure in the capillary tubes 15 are
provided valves 28 and 29. Carbonated water, after passing through the bypass
capillary tubes is directed to a volumetric plastic bottle 14.

Sampling of sparkling water was carried out according to the standard which
extends on production of the nonalcoholic industry (liquid soft drinks, concentrates of
drinks in a retail container, syrups, concentrates of a kvass mash, concentrates and
extracts of kvass, a color, etc.) and establishes acceptance procedures and methods of
sampling.

The temperature of the gas in the bottle of water was measured with a
thermometer TL-4 in accordance with a measuring range from 0 to 50°C and a scale
division 0,1°C.

The mass concentration of carbon dioxide content in water (% by weight) was
determined according to method for the determination of carbon dioxide in beer, soft
drinks and mineral waters bottled in PET plastic bottles brand. The method involves
determining the CO; in the water after filling the plastic bottle in a capacitance of 2
nm3and its special closing cap. This method is based on measuring the pressure of
carbon dioxide in the gas space of the bottle for the water temperature to 25°C.

Device for determining the pressure in the bottle consists of a manometer with a
measuring range 0-0,1MPa, a hollow needle which is connected to a manometer and
the cap. The cap is screwed on to the neck of the bottle, the needle device is in a gas
bottle.



A bottle filled with carbonated water, stoppered special cap and shaken by
rotating it around a horizontal axis within 1-2 min. At the end of shaking the bottle is
transferred to the vertical condition and removed indicators manometer. Unscrew the
cap and with a thermometer measuring the temperature of water. The mass
concentration of carbon dioxide in the water are on the table, depending on the values
of the measured pressure and temperature.

The result should be the arithmetic mean of the results of three parallel
determinations. The calculations are carried out with an accuracy of 0.001% by
weight, followed by rounding the result up to 0.01 mass %.

In studies used the channel diameter of 10mm, 12mm, 15mm and 20mm.

Channels @10 and 12mm are makrochannels and channels @15 and 20mm are
convective channels.

Mode of the movement of two-phase gas-liquid system is a projectile.

At research the solubility of carbon dioxide in water of different factors: the water
supply pressure at the entrance of the capillary-porous devices P.=0,4-0,6MIla;
carbon dioxide supply pressure in the space between corps the capillary-porous
element and the membrane Ps=0,45-0,65 MIla; the water temperature at the
saturation t=4-=-12°C. Change only the value of the test factor in the selected range,
and the rest of the factor values were maintained at a constant level for their least
influence on the process of dissolution and to prevent significant errors of research
results.



Results and discussion.

The dependence of the mass concentration of carbon dioxide in the water from the
pressure change in capillary- porous device the diameter 10mm presented in Figure

2.
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Fig. 2. The dependence of the mass concentration of CO-in the water with
changing pressure in the absorber
Water supply pressure changed in the range from 0.4 to 0.6 MPa at an interval of

0.1 MPa. The water temperature was maintained at a level of 4, 8, and 12°C.




With increasing water pressure in the device increases the solubility of carbon
dioxide. Solubility with an increase in gas pressure increases according to the
equation Henry. For the water temperature 4°C - solubility of CO; in water with an
increase in pressure in the system more rapidly than water temperatures 8 and 12°C.

The growth rate of carbon dioxide solubility in water at temperatures 8 and 12°C,
at high pressure feed water from 0.4 to 0,6MPa is 16,5 + 18% and for water at a
temperature of 4°C and pressure change of water in the same range is 23.7%.

This phenomenon is due to the structural formation of water molecules and the
intensity of oscillatory motion of the dipoles of water. At low temperatures the water
dipoles oscillatory motion is not significant and carbon dioxide molecules easily
penetrate into the data structure and without damaging them.

When water pressure is increased from 0.4 to 0.6 MPa, for a capillary with a
diameter of 10mm and a water temperature of 4, 8, and 12°C, the solubility of carbon
dioxide in water is described by the equation

X, =A-P+B

where A, B - coefficients given in Table 1; P - pressure of water supplied to the

capillary-porous device.

Table 1
The value of the experimental coefficients
Coefficients Temperature, °C
4 8 12
A 0,7 0,4 0,48
B 0,31 0,39 0,21

According to Henry's law [1], the concentration of the soluble gas into the liquid
equilibrium with the gas phase, in which the partial pressure of the component is
absorbed p,.

With increase in water temperature, with equal other conditions increases the
coefficient Henry and accordingly decreases the solubility of the gas.

Water temperature changed during the experimental studies in a range from 4 to
12°C at interval 2°C.

The results of experimental studies on the effect of water temperature on the
solubility of CO;in water are shown in Figure 3.
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Fig. 3. The dependence of the mass concentration of CO; in the water from
the water temperature changes
With increasing temperature of the water solubility of CO, in water is reduced.
Reducing carbon dioxide solubility in water depends on the coefficient Henry, which
increases with increasing temperature.
Increased temperature of the water of 8 to 12°C, regardless of the supply pressure
to the capillary, resulting a rapid decrease the solubility of CO; in water is 19-22%.
For the water supply pressure of 0.4 and 0.5 MPa with an increase in its
temperature from 4 to 8°C solubility of CO, in water decreases by 7,7 - 8,3%.
The dependence of the mass concentration of CO, in the water changes its
temperature is described by the equations which are given in Table 2.

Table 2
Functional dependencies mass concentration of CO; in the water changing its
temperature.
Changing the levels of the factors research Functional dependence mass%.
P=0,6MIla x_ =-0,0013t* -0,0083t+0,778
d, =10Mmm P=0,5MIla x, =-0,0023t* +0,0143t + 0,635
P=0,4MTIla X, =-0,0024t* + 0,016t + 0,572

On the principle of creating a thin film of fluid moving through the capillary,
which bubbled through the membrane, carbon dioxide, developed capillary-porous
elements absorption devices [3, 4].

With the increase in diameter of the perforated capillary thickness increases the
liquid phase through which carbon dioxide bubbled.




Increasing the diameter of the porous capillary causes reduced solubility of carbon
dioxide with water (Fig.4).
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Fig. 4. The dependence of the mass concentration of CO; in the water at
change diameter of the capillary

Change the solubility of CO, in water is not linear growth of the diameter of the
porous capillary. The solubility of carbon dioxide decreases on the diameter of the
capillary, as the increased thickness of the fluid through which bubbbled dissolved

gas.

Intensive decrease the solubility of carbon dioxide in water occurs during the
diameter growth of the capillary of 10 to 15mm. Increasing capillary diameter of 15
to 20mm hardly changes the solubility of CO,in water.

Functional dependences on influence of diameter of a porous capillary on degree
of solubility of CO, in water are given in table 3.

Table 3

Functional dependences of solubility of CO, in water from change of diameter of a
porous capillary

Value of the studied factors

Functional dependence mass%.

P=0,6MIIa

t=4°C x, = 0,0011d? - 0,0408d, +0,789
t=8°C x, = 0,0006d? -0,0231d, +0,791
t=12°C x,_ =0,0009d? -0,0315d_ +0,958




In studies of changing factors at two levels: upper and lower. In dimensionless
terms will be denoted by the upper level (1) and nether (-1).
Determine the number of experiments
N=2°=8 (2)
Number of parallel set of experiments m=3, corresponding to P(t)=0,95 trusting
probability experiments and standard deviation of parallel experiments 6=0,1.
To convert natural factors in dimensionless quantity using the formula
X, = Z; — ZiO

3

Y ®3)

where z; - a natural value factor; zi; - the value i factor to zero; Az - interval
variation i factor.

To convert natural variables in coded x; fill in the table coded variables at two
levels (Table. 4)

Table 4
Encoding factors
Interval variation and level The pressure in Water diameter of the
of factors the system, P, temperature, | capillary, d,,mm
MPa °C
Zero level x; =0 0,5 8,0 15
The interval of variation, Az; 0,1 4.0 5
Lower level x; =-1 0,4 4,0 10
Upper level xj=+1 0,6 12 20
Coded designation X1 X2 X3
After normalization, we have a regression equation
y = Dby +0,X, +0,%X, + DX, + 0, X X, + DX Xg + Dys X, Xg + byg X X, X, 4)

We form full factorial of experiment matrix composed as follows: x; for alternate
levels in each experiment, X, - across two experiment, Xs - across four.
Table 5
Extended planning matrix full factorial experiment

Ne ,Z[OCJ'IiI[y X1 | Xo | Xz | X1X2 | X1X3 | XoX3 | X1 X2X3 Y1 Y2 Y3 y_I
1 + | + | + + + + + 04 042|041 | 0,41
2 -+ |+ - - + - 041 04 10,39 | 04
3 + | - |+ - + - - 0,65 | 0,68 | 0,68 | 0,67
4 - -]+ + - - + 0,58 | 0,53 | 0,54 | 0,55
5 + | + | - + - - - 0,48 | 0,47 | 0,49 | 0,48
6 -+ - - + - + 0,45 | 0,44 | 0,40 | 0,43
7 P + 072073074 0,73
8 - - - + + + - 0,60 | 0,58 | 0,59 | 0,59
9 0,00 0 0 0 0 0,53 | 0,55 | 0,54 | 0,55

As a result of calculations received regression process of absorption of CO; in
water for capillary-porous modules
x, = 0,533+ 0,04x, —0,103x, — 0,025x,, (5)




The regression equation of the process of absorption of carbon dioxide in water for
capillary-porous modules for natural factors takes the following form
X, =0,45+0,4P —0,0052t —0,005d (6)

Conclusions

- Degree of solubility of carbon dioxide in water is influenced by factors in the
following order: pressure in the course of absorption, water temperature, diameter of
a porous capillary.

- Increasing pressure causes an increase in the absorption process CO; solubility
in water;

- Growth of water temperature and diameter of a porous capillary reduces
solubility of carbon dioxide water;

- Rational parameters of saturation: pressure supply water to the absorption
P=0,5 MPa, water temperature 8°C and diameter capillary-porous channel d¢ = 10
mm.
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