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SYNTHESES OF CATION EXCHANGER WITH MACROPOROSITY
AND INVESTIGATING SPECIFIC PROPERTIES

Abstract. Obtained new strongly acid cation exchanger of macroporous structure based on furfural and
dipheniloxide. The optimal amount of the poreformed agent and the molar ratio of the reacting substances were
determined. Initially results showed that the polymer matrix using camphor as pore forming agent present a uniform
surface with inter-connected pores and adding camphor into the polymer matrix could attain more abundant pores
than adding n-heptane. We studied the components, surface and pore structures of the cation exchanger by Fourier
transform infrared spectroscopy and scanning electron microscopy (SEM). SEM observations showed that the resin
abounded in macropores as large as 7.4 to 22.6 pm both in the surface and the interior. The parameters of the porous
structure of the samples are calculated using by equation BET (Brauner., at al.) and the total pore volume of ion
exchangers and the radius of submicroscopic capillaries were determined. Finally dates testing prototypes under
application conditions, allow us to recommend this cation exchanger for sorption of small radius ions at high speed,
as fundamentals upon receipt of ion exchangers, etc.

Keywords: cation exchanger, furfural, pore-forming agent, exchange capacity, bulk density, specific volume,
porosity, selectivity.

Introduction. The areas of use of ion exchangers are expanding annually, which determines the range
of research and technological work on the synthesis of ion exchangers following sorption properties. [1-5].
The issue of improving the kinetic and mechanical properties of ion-exchange polymers that has recently
become particularly acute has found a rather successful solution due to the creation of macroporous
structures. In the literature, there are a large number of reports on the methods of obtaining copolymers of
macroporous structure by copolymerizing vinyl derivatives in the presence of various additives, and the
number of works on the preparation of macroporous ion exchangers on polycondensation matrices is very
limited [6-7].

It is known that in a conventional copolymer, the gaps in the molecular network formed during the
crosslinking process are micropores. When swelling in aromatic and chlorinated hydrocarbons, the solvent
penetrates into them, greatly expanding the molecular network. The mechanism of swelling of the
macroporous copolymer is different. Its porosity is similar to that of a sponge. The blowing agent fills the
free space in the copolymer, which is accompanied by only a slight expansion of the molecular network.

Scientist of work (8-9) reported dyes were immobilized under mild conditions by a sol-gel process
which generates a high porosity for easy analyte access.

Methods. Three-necked flask equipped with a reflux condenser and a mechanical stirrer with a bolt
and a thermometer. Diphenyloxide putted into flask and 45% solution of sulfuric acid added. The
mechanical stirrer speed of 120 round a minute into the flask during the reaktion. After a few time at
30-40°C furfural added drop by drops. Pore-forming agents (n-heptane, camphor) added to the reaction
environment from 20 to 60% by the total weight of monomers. The temperature was raised to 70-80°C and
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at this temperature, during 90—100 minutes gel was formed. Product transferred to a porcelain dish and
dried in the air at ambient temperature. The dried polymer was milled to a grain diameter d, = 0.25-0.5
mm. Following the granules of obtaining polymer spread to the lawn covered by blanket for distilling over
from pore-formed substances using steam. The duration of process 3 hours. Later dry process carried out
in two stages; initially at 80-90° C, then at 100°C until it reached the air — dry state.

The finished polymer exposed to the sulfonation. The polymer swelled in concentrated sulfuric acid
was placed in a three-neck flask with a mechanical stirrer and reflux condenser. The sulfonation conducted
with 92-95% sulfuric acid, the molar ratio of polymer and acid was 1:6. The sulfonation temperature 70°C
for 6 hours. To avoid deformation of the polymer matrix after sulfonation, the cooled polymer was washed
with sulfuric acid, decreasing the concentration successively to 75, 50, 25 and 10% and then washed with
distilled water until neutral wash water, then the resulting cation exchanger was dried at 80-90°C in a
drying cabinet [10-13].

The microstructure and morphological studies of the surface were carried out using a scanning
electron microscope 10(Carl Zeiss) and the compositions of the ion exchangers were determined using an
energy-dispersive elemental analyzer brand EDS (Oxford Instrument)— Aztec Energy Advanced X-act
SDD. Investigation of the dimension of microporous cation exchanger was performed using SEM device
(Quanta 3D 200i) [14-15]

Strong acid cation exchangers adsorption isotherms were measured on a high-vacuum installation
with mercury valves and Mac-Ben quartz weights in the range of 0-100% relative humidity at 25 + 0,3°C.
Calculated absolute adsorption isotherms of porous bodies to determine the specific surface and pore
distribution over the radius at low temperature using by BET equation [16-17].

Results and discussion. By polycondensation of diphenyloxide and furfural in the presence of pore-
forming agents, n-heptane and camphor, copolymers of macroporous structure were obtained [18-19].
Properties of obtained ion exchanger depends on degree of crosslink agent and the amount of pore-
forming agents. Studied the molar ratio of furfural range from 1 to 2 moles per mole of dypheniloxide and
the amount of pore-forming agent varies from 20 to 60% of the total weight of monomers.
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Figure 1. Dependence of bulk density and specific volume on the content
of the pore-formed agent at various molar ratios of dyheniloxide and furfural

Figure 1 shows that with an increase in the amount of pore-formed agent present during
polycondensation, the bulk density of polymers decreases and the specific volume increases. In our
opinion, the case of this situation is the transition from the gel to the macroporous structure depends on the
content of the cross-agent in the copolymer and on the amount of the pore-formed agent entered into the
reaction environment. The optimal molar ratio of the polycondensation reaction between dyheniloxide and
furfural are 1°1,5 and amount of pore-formed agent is 60%.

The study of changes in the specific volume and amount of solvent absorbed by the copolymer during
swelling suggests that the swelling mechanism changes from a conventional structure to a macroporous
one: the solvent fills the free space in the copolymer, which is accompanied by a relatively small
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expansion of the molecular network. It had founded that macroporous copolymers swelled not only in
conventional “swelling” agents, but also in solvents in which conventional copolymers do not swell.
Figure 2 demonstrate the dependences of the amount of toluene and cyclohexane absorbed during swelling
by the ion exchanger on the inserted pore-forming agent.
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Figure 2 - Dependence of absorption of solution Figure 3 - The influence of the nature
on the content of the pore-formed agent at various molar of the pore-formed agent on the sorption
ratios of dyheniloxide and furfural of water vapor by cation exchanger at 25 ° C

The direction of the curves figure 2 shows that as the amount of the blowing agent increases, the
amount of absorbed toluene and cyclohexane increases; at the same time, the degree of swelling decreases
in toluene and increases in cyclohexane. This again shows that the structure of the cation exchanger
influenced simultaneously by the degree of crosslinking and the amount of introduced pore-forming agent.
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Figure 4 - Electronic images pores of obtaining cation exchanger

Further studied the influence of the nature of the pore-forming agent on the sorption of water vapor by
cation exchanger in figure 3. The results of water vapor sorption by ion exchanger predicated once again
that camphor as pore-formed agent suitable for polymer matrix and given the better dates than n-heptane.

Using by scanning electronic microscopy equipment investigated high accuracy poros sizes of
obtaining cation exchanger, which containing poros from 7.4 to 22.6 pm. Once again, the results
confirmed that for macroporous cation exchanger reasonable pore-formed agent is camphor.

Determining of specific surface area and pore distribution over the radius at low temperature is an
important indicator for comparison obtaining macroporous cation exchanger with existing cation
exchangers. Depending on the porosity and pore size distribution of the particle, the specific surface area
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is influenced by size, shape, and roughness. When the particle structure presents nil or low porosity, the
specific surface area of the particle is a function of these other attributes. Under these circumstances the
specific surface area typically presents a stronger correlation with dissolution rate of the particle if the
dissolution rate is controlled by external mass transfer.

The specific surface area is typically characterized by the physical adsorption of a gas (argon,
krypton, or nitrogen) on the surface of the sample at cryogenic temperature. Gas adsorption can be
determined by volumetric, gravimetric, or flux methods. The volume of gas adsorbed on a monolayer over
the surface of the particles is determined according to the BET equation (Brunauer et al.), and the specific
surface area is calculated based on molar volume of the gas and the average area occupied by the gas
molecule [18].

For this aim calculated absolute adsorption isotherms of porous bodies using by BET equation. The
capacity of the monolayer determined by the equation:

P; 1 c-1 P

x(P?—P;) xp€C xpC Py

where: P — is the equilibrium vapor pressure of the sorbate over the sorbent; Py — is the saturated vapor
pressure of sorbate at the same temperature; X — is the amount of the sorbed substance, g/g; Xm is the
amount of a substance in a continuous monomolecular layer, g/g; C — is a constant representing the ratio
of the lifetime of the molecules in the first layer and the liquid, respectively.

According to the equation, the dependence of P—P) Pon . should have the form of a straight line
0~ F. 0
with the slope § = €= and cut off the ordinate segment | = Solving the system of equations
‘t?’n‘

x?n 'C
gives the value of the monolayer capacity: x,,, = & and energy constants C = 3 +1
=11 1
Based on results of applying equation BET obtained following dates, which presented in table 1.
The ion exchange resins are macroporous, have a surface area of at least 50 m?/g, and an average

particle size of at least 20 micrometers [19]. As you see that obtaining macroporous cation exchanger
contained high specific surface area about 150 m?/g and up to 20 micrometers respectively.

Table 1 - Effect of the nature of the pore-forming agent on the capillary-porous structure of the samples

Sample Pore-forming agent
n-heptane camphor
Monolayer capacity, Xm, g/g 0.0325 0.0420
Specific surface area, Ssp, m%/g 114.24 147.63
Total pore volume, Wo, sm*/g 0.17 0.25
Radius of submicroscopic capillaries, 1c, A 29.76 33.87

Researches related to investigation of structure synthesis polymers (PI) involved by scientists [20].
Crosslinked sulfonated polymer (P1) types have been developed for use as cation exchange membranes.
The sulfonated PIs have excellent proton conductivity and a low cost of preparation. Therefor in the
process of regeneration of ion exchange resin, it is necessary to achieve the most complete desorption of
both noble metals and impurities. [21]. However, there are significant differences between ion-exchange
membranes and ion-exchange resins concerning the polymer structures which are primarily due to the
differences in size and shape between ion-exchange beads and ion-exchange membrane sheets. In both
cases the fixed ion-exchange groups lead to a swelling of the polymer when it is in contact with an
aqueous solution. The degree of swelling depends on the ionic strength of the solution and on the degree
of cross-linking of the polymer [22].

The main properties and requirement for cation exchangers are cation exchange capacity. In our case,
entered pore-formed agents in the several quantities into polymer matrix following this exchange capacity
differed each other depending on form of cation exchanger. In table, 2 presented dates of sorption
properties of obtained macroporous cation exchangers depending on the nature of the pore-forming agent
and its quantity.
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Table 2 - Exchange capacity of macroporous cation exchangers depending on ion form

Pore-formed Amount of Exchange capacity, meq/l

agent Pore-formed NaCl | NaOH 0.IN CaCl, 0.IN MgSO4 0.IN CuSO4
agent, % 0.IN 0.IN
Ion form

H- Na- H- Na- H- Na-
n-heptane 30 0.72 32 0.55 1.75 0.65 1.75 0.4 1.1
60 0.84 3.8 0.8 1.2 0.8 1.85 0.6 1.4
camphor 30 0.95 3.8 0.95 2.0 1.0 2.0 1.2 1.2
60 1.32 4.8 1.45 2.35 1.45 2.35 14 1.5

Its value depends on the number of acid groups of the ion exchanger, the degree of their dissociation,
as well as the nature and concentration of the exchanging ions. The exchange capacity of sodium form
higher than hydronium forms. This process explained with radius of exchanging ions, as they activity
properties.

Conclusion. Thus, as a result of the research, obtained strong acid cation exchangers and investigated
the dependence of their properties on the degree of macroporosity. The presence of macropores explains
the ability of the copolymer to absorb also aliphatic and cyclic compounds in which the usual copolymer
does not swell. This also explains the increased mechanical strength of ion exchangers based on
macroporous copolymers under operating conditions, since during sorption and desorption their volume
remains almost constant. At the same time, macroporosity creates a large exchange surface, contributes to
the rapid diffusion of ions and the sorption.

Based on the data obtained, it is possible to conclude that when polycondensation is present in the
presence of the selected type of pore formers, cation exchangers are obtained with a macroporous structure
that approaches the structure of rigid sorbents, and the degree of macroporosity increases in the
investigated interval with increasing cross-agent content and the amount of pore-forming agent.
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MAKPOCAHBIJIAYJIAPMEH KATHOHAJIMACTBIPFBIIITAFBI CUHTE3
7KOHE EPEKIIIE KACUETTEPAI 3EPTTEY

AuHotanusi. MoHuTTeri MakpocaHpUIayjgap OFaH KaJIBIITHl Kardaiiia comonumepliepae OOoNIMaiThiH
anudaTUKAIBIK KOHE UK KOCBUIBICTApPABI CiHipyre MyMKiHIiK Oepemi. COHBIMEH KaTap, *KYMBIC OapbICHIHIA
MaKpOCaHBUIAYJBl COMOJIMMEpIIepre HETI3AeNTeH WOHHUTTEPAiH MEXaHWKAIbIK OCpIKTITIHIH apTy JKaFJaibiH
TYCiHAipeni, copOIus xoHe IecopOIus OaphIChIHAA OJIApABIH KeyieMi o3repMeiiai. OHa YIKEH MaKpOCAHBLIAYIIBIK
anMacy O€TiH KaJbIITACThIpaabl, HOHIAPABIH XbuigaM Mud(dy3usceiHA JKOHE ipl MOJIeKyJIaaap cOpOLHUsICHIHA dcep
eTe/l.

benrini Oonranmail, KapamaibIM COMOJUMEpAE TIrLTy yaepici OapbIChIHAA TY3UIETIH MOJEKYJABIK TOpAa
apajgblK MUKPOCAHBUIAY PETIHIC KapacThIpbLIaabl. ApOMATThI KOHE XJIOPJIAHFAaH KOMIPCYTEKTE ICIHY Ke3iHIe
epITKIlI oJlapFa OTil, MOJIEKYJIaJbIK TOPJAbl HAaKThl IIaMaja KeHeireai. MakpocaHpulayiibl CONOJMMEP/IH iCiHY
MexaHusMi optypiti. OHBIH CaHbLIAYJIBIFBI CEPIIMIUIIK KeyekTirine ykcac. CaHpuiay TY3YIIl cOMOMMeEperi 60c
KEHICTIKTI TONTHIPajbl, OJ MOJIEKYJIadblK TOPJABIH IIAFbIH KEHEIl apKbUIbl JKy3ere acaiasl. MakpocaHbuiay
KapamaiblM COTOJIMMEp ICIHOCHTIH comoNMMepIiH amudarThl >KOHE NUKIAI KOCBUIBICTAPABI CiHIpY KaOlIeTiH
TYCIHIIpeTi.

JKorapeia KeATIpiATeH i ecKepin, TYpil CaHbUIay TY3YIi 3aTTapAblH (H-TeNTaH *oHe Kamdapa) KaThbICybIMECH
IUuGeHnT OKCHAI MeH Qypdyposr MOTMKOHACHCAIMACH apKbUIBl MaKpOCAaHBLIAYIBl KYPBUIBIMHBIH COIIONAMEpIEpi
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anbpiHagpl. CaHpUIAy TY3YIIi 3aTTHIH OHTAIIBI MOJIIIEpPl KOHE PeakLHsFa TYCETIH 3aTTaplblH MOJAPIBIK KATHIHACKHI
aHBIKTAMaapl. bacTamnkelga HOTHXKEICP KOPCETKEeHICH, kaMmpopa KoamaHy HETi3iHAe MOJIMMEpJi MaTpulla CaHbLIay
TY3YIIi areHT peTiHjae OalIaHBICTHIPBUIFAH CaHbLIAybl 0ap OIPTEKTi JKOFAapFbl OET TYpiHAE ANbIHA/BL, all MOJUMED
MaTpHLachiHa KaM(OpAbl KOCY H-TeNTaH bl KOCYFa KaparaH/ja Kell MeJIIepie caHbuiay Ty3eli.

MakpocaHpliayJibl HOH aJIMaCTBIPFBII KEYEeKTiH HETi3rl cCHIaTTamalapbl, OHBIH ILIIHJE CaHbLIAYJbIH KaJIIbl
keneMi (cM3/T), caHpLIay/BIH OpTama THIMJI PajMyChl, OJNApIbIH PaanyChl OOWBIHIIA CAHBLIAY/BIH Tapaysbl,
MEHIIIKTI oFaprel Oeti (M%/r) 25 + 0,3 °C Ttemneparypana 0-100% canbicTBIPMasIbl BUIFAIIBUIBIK apabIFbIHIA
ChIHaI Kaknarsl MeH Mak-beH KBap1 Tapa3sIMeH KOFapbl BaKyyM/Ibl KOHIBIPFBIAA 3epTreneai. @ypbe TypreHmiprim
HK-cekTpocKonusicbl MEH CKaHepieymli 3JeKTpOoHIs MHUKpockonm (COM) apKpUIbl KaTHOHHWT KypaylIbLIaphl,
JKOFapFbl OCTi JKOHE CaHBUIAYJBl KYPBUIBIMBI 3epTreiiedi. COM apkpuibl Oakbluiay >KYMBICTaphl KOPCETKEHICH,
IIabIp KYPaMBIHBIH JKOFapFel OeTiHme, immiHae 7,4 TeH 22,6-Fa MKM JISHIHT] eeMe MaKpoCaHbUIAYIbIH MeIepi
KoI1 OaiiKamabl.

YarizepmiH caHbLIayNbl KYPBUIBIMBIHBIH mapamerpiepi BOT (bpayuap-Ommur-Temnep) TeHaeyi OOHbIHIIA
ecenTelie]li )kKoHe HOHAIMACTBIPFBIII CaHbUIAYIBIH KaNIbl KeJIeMi MEH CyOMUKPOCKOIHMSIIBIK, KaMJULAPIIap PajnycChl
anbIKTadagsl. BOT TeHueyiHiH KoopIuHaTanapblHAAFbl Cy OYBIHBIH a1COPOLMSIIBIK H30TepMaliapbl TOMEH KBICHIMIbI
aifimakra TY3y CbI3BIKTBI cunatka ue. byn amsiaran CK/®-MII makpocaHbuiayibl KaTHOHHTTIH CYy OYBIHBIH
COpOLMSIIBIK M30TepMasiapblH cunatTaThid bOT TeHjeyiHiH KONJaHbUTy THIMIUINH alKbIHAAaWabl. ©OHepKacinTe
JKacalaTblH MaKpPOCAHbUIAYJIbI HOHUTTEP/IE CaHbLIAY KOJEMiHiH KOCBIHABICH 0,2-1,0 cM3/r, MeHIIiKTI s)OFapFbl GeTi
30-nan 200 mM%/r neifid, caHBUIAYJIAPABIH YJIKEH paauychl 5-60 HM Kypaiibl. OHIIPICTIK HOHUTTEPMEH CAIBICTHIP-
FaHzga, Oi3 aJFaH MOJIIMETTEp OHBIH KOPCETKINITEepiHEH ToMeH eMec. HoTwkeciHme maipanaHy jKaraalbIHIaFbl
TOXKIpHOCTIK YIATUIepAl ChIHAY KYHOEpI Oy KAaTHOHHWTTI MOHAIIMACTHIPFBINITAD ajdyFa HETi3 peTiHme >KOFaphl
JKBUTIAMIBIKTA a3 PaInyCThl HOHIAPIbI COPOIMsITaAyFa YChIHYFa MYMKIHIIK Oepei.

CopOuusuibIK M30TepMaiap HeTi3iHae TaHIalNFaH TUITEri CaHbulay TY3YLIUIEpAiH KaThICYybl apKbUIbI IOJIHMEp
anyna OalKalaThlH CaHbUIAy CHIIATTaMajlapbl ecenTelielli, MaKpOCaHbUIAy bl KYPBUIBIMIBI KaTHOHUT Ty3lIeni, o
KaTTbl COPOCHTTEP KYPBUIBIMBIHA YKCAC, aj 3EpPTTENETIH apaiblKTa CaHbUIAyAbl TY3y M6ILIEPIH apTThIpPyMEH
MaKpOCaHbUIaY T9PEXKEC] IKOFapblUIaiIbl.

Tyiiin ce3nep: Gypdypos, KaTHOHMT, caHbpLIay TY3YlIi 3aT, ajJMacy ChIMBIMIBUIBIFBI, KOJIEM TBIFBI3/IBIFbI,
MEHIIIKTI KOJIeM, KEYEKTiK, CEJIeKTUBTIK.
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CHUHTE3 KATHOHHOOBMEHHHUKA C MAKPOIIOPUCTOCTBIO
N NCCIIEJOBAHMUE OCOBBIX CBOUCTB

AnHotanusi. Hanuuune Makpormop B HOHHUTE MO3BOJISIET €My IIOTJIONIATh alU(aTHUECKHe W IHUKIMYECKHe
COEIMHEHUs, YTO HEIOCTYIHO OOBIYHBIM COINOJMMEpaM. ODTHM JK€ OOBSCHSETCS IIOBBIIICHHAS MEXaHH4YecKas
MIPOYHOCTH MOHNUTOB Ha OCHOBE MaKpOIIOPHCTHIX COIOJIMMEPOB B YCJIOBUSX SKCIUTyaTallMH, TaK Kak IpH COpPOLMU U
JecopOuMM MX O0BEM OCTaeTcs MOYTH IIOCTOSHHBIM. BMecTe C TeM MakKpOIOPHCTOCTh CO3IAaeT OOJBLIYIO
MTOBEPXHOCTh OOMEHa, CII0cOOCTBYET OBICTPOi Mr((y3UH HOHOB B COPOLIMU MOJIEKYII OOJBIIOTO pa3Mepa.

W3BecTHO, YTO B OOBIYHOM COINOJHMMEPE NMPOMEXYTKH B MOJICKYJSIPHOH ceTke, oOpasyroluecs B Iporecce
CIIMBAHMSA, SABIAIOTCA MuKponopamu. [Ipm HaOyxaHMHM B apoMaTHYeCKUX M XJIOPUPOBAHHBIX YIIIEBOIOPOIAX
pPacTBOpPHUTENb IPOHMKAET B HUX, 3HAYUTENIBHO PACIIMPSA MOJIEKYJIPHYIO CEeTKy. MexaHu3M HaOyXaHHs
MaKpOIIOpUCTOTO cononnMepa uHoi. Ero mopucrocts nono6Ha nopucroctu ryoxu. IlopooOpazoBaTens 3amoiaHseT
CBOOOZHOE TMPOCTPAHCTBO B COMNOJHMMEPE, YTO CONPOBOXKIAETCS JIMIIb HE3HAYUTEJIbHBIM paclIMpEHHEM
MOJIEKYJIApHOH ceTku. Hammune Makponop o0bACHAET CIIOCOOHOCTH COIOJIMMEpa MOTJIOIATh TakxkKe aaupaTHuecKue
W IMKIMYECKUE COCIMHEHHUs, B KOTOPBIX OOBIYHBIM CONOJIMMEP HE Ha0yXaeT. DTHM ke OOBSCHSAETCS MOBBILICHHAS
MeXaHW4ecKasi IPOYHOCTh MOHUTOB HA OCHOBE MaKpOIIOPHCTHIX COMOJIMMEPOB B YCJIOBHSX IKCILIyaTallld, TaK Kak
IIpU cOpOLIMH U IeCOPOLIMK NX 0OBEM OCTAETCsI TOYTH ITOCTOSHHBIM.

YunThIBasi BBIIECKa3aHHOE, NOJIMKOHAEHcauued audeHmwiokcuaa 1 ¢ypdypoia B NPUCYTCTBUHM PA3THUHBIX
mopoobOpa3oBareneil (H-renTaHa W Kamdapbl), OBUTH IIONYYEHBI COIOJUMEPH MAaKPOMOPUCTOH CTPYKTYPHI.
Omnpenernsuii ONTHMAaJIbHOE KOJIWYECTBO MOPOOOpa3oBaTeNss W MOJSIPHOE COOTHOLICHHE PEardpyrOLIMX BEIIECTB.
[TepBoHaYaJIbHO pE3YJIBTATHl MOKA3aJH, YTO IIOJMMEpHAs MarTpulla C HCIOJb30BaHHEM Kam(opbl B KauecTBe
HOPO0OPa3yIOIIEro areHTa MpeACTaBIsLeT COO0H OHOPOIHYIO IIOBEPXHOCTD CO CBSI3aHHBIMH ITOPAaMH, U I0OaBJICHUE
KaM(OpbI B IIOIMMEPHYIO MAaTPHILy MOXKET JJaTh OoJiee OOMIIBHBIE TTOPHI, 4eM IPH H00aBIeHHH H-TellTaHa.
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OCHOBHBIE XapaKTEPUCTUKHU MOPUCTOCTH MAaKPOIIOPHCTOIO HOHOOOMEHHHKA TaKHe, KaK CyMMapHBIH 00BEM IOp
(B cM’/r), cpemumnii >QGEKTUBHBIA paauyc TOp, PacHpeneNeHne MOp MO HMX PajrycaM, YIENIbHas MOBEPXHOCTH
(B M%) n3ydeHa Ha BHICOKOBAKYYMHOM yCTaHOBKE C PTYTHBIM 3aTBOPOM M KBaplieBhIMM Becamu Mak-bena B
WMHTEpBaJIe OTHOCUTENbHBIX BiaxkHocTed 0-100% mpu 25+0,3°C. Mbl U3yuniI KOMIIOHEHTHI, MOBEPXHOCTHYIO U
MOPOBYIO CTPYKTYpbl KaTtHoHHTa ¢ nomoiubio VK-crektpockormuun ¢ ®ypbe-nipeobpa3oBaHueM M CKaHUpYROLIEH
a5eKTpoHHON Mukpockoruu (COM). Habmronenunst ¢ nomompio COM mokasanu, 4To cMoiia cozepxaia 0oJbiioe
KOJINYECTBO MAKpOIOp pazMepoM oT 7,4 1o 22,6 MKM Kak Ha IOBEPXHOCTH, TaK U BHYTPH.

[TapameTpbl MOpPHUCTOI CTPYKTYpBl 00pa3loB paccunThiBaiy 1o ypasHeHnto bOT (bpaynap-Ommut-Temnep) n
ompenessul  o0Umii 00beM TOp HMOHOOOMEHHHKOB W PaJnyC CYOMHKpPOCKONMHYECKHX KamMUIAPOB. M30TepMbI
azcopOIMu MmapoB BOABI B KOOpAWHATaxX ypaBHeHHs BOT mMmeeT mpsMONWHEHHBIN XapakTtep B 00JacTH HU3KHAX
JaBJICHUH. DTO MOATBEP)KAAET MPUMEHUMOCTh ypaBHeHHs BOT misi XapakTepHCTHKH W30TE€PM COPOIMH BOISHOTO
mapa mosydeHHoro Makpomnopucroro katumonuta CKJID-MII. B mpom3BOAMMBIX HPOMBIIIICHHOCTHIO MaKpo-
MOPHUCTHIX HMOHUTOB CyMMapHblii 00bem mop cocraBisier 0,2-1,0 cm3/r, ynmenpHas moBepxHOCTh oT 30 10
200 m2/r, mpeuMyILIeCTBEHHBIH pamuyc nop coctapiser 5-60HM. [loiydyeHHbBIMM HaMH JaHHbBIE 110 CPAaBHEHHUIO
MIPOM3BO/ICTBEHHBIX HOHUTOB HE YCTYNAeT CBOMMHU IOKa3aresisiMi. HakoHel, aThl UCIIBITAHUI ONBITHBIX 00Pa3LOB B
YCIIOBUSIX NPUMEHEHHs MMO3BOJIAIOT HAM PEKOMEHJOBATh 3TOT KaTHOHUT JJIsi COPOLIMM MOHOB MaJlOr0 pajuyca Ha
BBICOKOM CKOPOCTH, B KAUECTBE OCHOBBI IIPH MOJTyY€HUH HOHOOOMEHHHUKOB U T. J.

Ha ocHoBaHmm n3orepM copOuuu OBUIM pPAcCCUMTAHBI ITOPOBBIE XApAKTEPHCTHKH, IOKA3bIBAIOIIUE IIPU
MOJy4YEeHUH TIOJIMMEpa B TIPHCYTCTBHM IOpooOpaszoBaresieii BBIOpaHHOrO THIA, OOPa3yrOTCS KaTHOHHTHI,
o0Jagaromye MakpOIIOPUCTON CTPYKTYPOH, KOTOpas MPHONIMKAETCS K CTPYKTYPE JKECTKMX COPOEHTOB, IpHUYEM B
WCCICJOBAaHHOM HWHTEpBalIE€ C YBEIMYCHHEM KOJMYECTBA II0pPOOOpa3oBaTess CTEHNEHb MAaKpOIOPHCTOCTH
YBEITHMYNBACTCH.

KiroueBsie cioBa: Gypdypoi1, KaTHOHUT, IIOPOOOPA3yIOLINil areHT, 0OMEHHast eMKOCTb, HACHIITHAS IIFIOTHOCTB,
yZeNbHBII 00bEM, TOPUCTOCTD, CEIEKTUBHOCTB.
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