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AnuK Ba Tabvmi paHaap

YOK: 536.658:541.183

KVME

CaA (M-22) LEOJIMTUOA KAPBEOHAT AHIMAPUA FA3U AACOPBUUACUHUHI
OQHEPIETUKACU

OQHEPIETUKA AOCOPBLIUN YITIEKUCIIOIO A3A B LLEOJIUTE CaA (M-22)

ENERGETICS OF CARBON DIOXIDE GAS ADSORPTION IN ZEOLITE CaA (M-22)

0.9praweB, M.KoxxapoB, 3.A64ypaxMOHOB

AHHOMauyus
CaA (M-22) uyeonumuda kapboHam aHaudpud adcopbuusicu OuchbghepeHyuan uccuknuau, u3omepmacu,
ouhgpepeHyuan sHmponusicu ea mepmokuHemukacu 303 K xapopamda ynyaHou. OnuHeaH Hamuxanap acocuda CaA
(M-22) ueonumuda kapboHam aHaudpud adcopbuusicu bownarruy myndupuwdaH mo myliuHuweaaya byneaH MexaHu3m
6amadpcun épumub 6epundu. Adcopbuusi usomepmacu MXTH meHanamacu épdamuda mascughnaHou.
AHHOMauus
HupeperHyuansHbie mennomsi, usomepma, OugghepeHyuanbHass 3HMPONuUsi U mepMOKUHemuka adcopbyuu
yanekucnozo 2asa 8 yeonume CaA (M-22) usmepeHsi npu memnepamype 303 K. Ha ocHose nonyyeHHbIx pe3nbmamos,
packpbim demarnbHbili MexaHU3M adcopbuuu yanekucnozo 2a3a 6 ueonume CaA (M-22) om Hynesoz2o 3anonHeHusi 00
HacblweHus. Iaomepma adcopbuyuu oxapakmepu3sosaHa npu nomowiu ypasHeHusi TO3M.
Annotation
Isotherm, differential heats, entropy and thermo kinetics of carbon dioxide adsorption in CaA (M-22) élite were
measured at 303K. The detailed mechanism of carbon dioxide adsorption in CaA (M-22) zeolite from zero filling to
saturation was discovered. The adsorption isotherm was quantitatively reproduced by VOM theory equations.

TasiHy cy3 ea u6opanap: u3omepma, UCCUKIUK, SHMPOIUSI, MEePMOKUHEMUKa, UOH-MOoneKynsap komnnexkcnap, CaA

(M-22) yeonum, CO2, adcopbuuoH kanopumemp.

Knroyeenlie crioea u ebipaxeHusi: usomepma, meraomsl, SHMPOMUs, MepMOKUHeMUKa, UOH-MOMEKYNsapHble
komnnekcsl, yeonum CaA (M-22), CO2, adcopbuuoHHbIl Karnopumemp.
Keywords and expressions: isotherm, heats, entropy, thermokinetics, ion-molecular complexes,CaA (M-22)

zeolite, CO2, adsorption calorimeter.

Kupuuw. Lleonutnap xo3upru kyHaa tabunii
rasnapHu kKyputuwpaa, HedTb Ba HedTb
MaxcynoTnapvHu KanWTa uvwnaw caHoatuga
KkaTanusatopnap cudaTtuga Kynnawga sa ynapHu
Tosanawga myxum agcopbeHTnap cudatnaa KeHr
nwnatunagu. LieonutnapHuHr KaTanuTuk
daonnuruHM MNMUMA acocnawl yydyH 3amMOHaBuii
Tanabnapra xaBo6 GepaguraH WIMUIA TagKUKOT
ycynnapugaH donganadrad xonga veonvrtnapaa
6opaauraH agcopbums xapaé&HnapuHUHN Hasapun
acocnapuHu MyHTasam pasuvwga yHgameHTan

TagkuK  Kanmuw  3apyp.  X03upru  KyHAaa
LeonMTNapHWHT caHoat MUKEcnaa KEHr
KynnaHunuwun Ba KaTanusaTtopnap cudatnga
UWNATUIULWLIA - KYMYUINK  TaAKUKOTYUNaPHUHT
KMsvkMwnapura Ba  usnaHuwnapura cabab
6ynmokaa [1,3-8].

Lleonutnapga Typnu cynepbywnuknap
Magxyonurm cababnum  kapboHaT  aHruapug
agcopbuuacm  cababnapm  6ynmua  kynnab

TagkMKoT wwnapn onubd 6Gopunmokaga. LUyHWHT
YYyH OuUp rypyx TagkokoTym onumnap uwnab

3apapnu  rasnapgaH  kapboHaT  aHrugpwua,
WyHWHrAek, Tabumi ras cudatuHu axwwmnail
OyrinMya nnmuin nsnadmwnap onnd Gopuwnd, y3
unmun xynocanapuaa CaA ueonutu FoBaknapura
kapboHat aHrMapua MOIneKynanapuHUHr
MycCTaxkam agcopbuusacu TyFpucmaa TagkukotTnap
onunb GopuwraH [2,14-17; 3,14-27].

ApcopbeHTtra agcopbat MmonekynanapuHuHr
y3apo OofMaHUWWHK ypraHvwaa npeuusnLmnoH
CTPYKTypa-ce3yBuu ycynnap ypTacuga
agcopbumsany KanopumeTp ycynura xyga katrta
abTMbop Kapatuw nosum. Maskyp ycynga
Tagkukotnap onué Gopunun 103a KUCMUHUHT
KPUCTanMNOXMMUACH, LUYHWUHIOEK, KaTTUK >KUCM
to3acuga cpaon Mapkasnapga Monekynanapapo
BuprkuLL MeXaHU3MNapUHUHT Myammonu
MacananapuHu eduw nmkoHnHn 6epagu [4, 89-
92].

A Tunnu ueonutga KybookTasgpnap oaaun
KyGCMMOH naHxapaHu xocun kunagn [1,3-8; 3,
314-319; 4,89-92; 5,866]. Xap 6up KybookTasap
ONTUTa KYyWHW TYpTTa ab30nM KUCIOPOAMM

YMKapuL XapaéHnapuga Tabvat Ba
aTpod Myxodhasacu

+"0.0peawee — HamanzaH MyXaHOUCITUK MEXHOMOBUANAEPU UHCMUMYMU, KUME

MyxuT { pannapu dokmopu.
MyaMMONapUHUHI  ONAWHN  ONULWL i M.Koxxapoe — Y3P®A, Ymymull 6a HOOp2aHUK KUME UHCMUMYMmU, MasHy
mMakcaguga atmocdepara umkapub i 9okmapanm (PhD). 3 . i
i 3.A60ypaxmoHo8 — Y3P®A, Ymymuli ea HOOpeaHUK KUME UHCMUmMymu, Kumé
tobopunaaunraH

haHnapu byliuda ¢haricagha dokmopu (PhD ).
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Kynpuknap  6unaH  OupnawraH.  Cakkusta
KybookTasgp opacuparm Oywnuknap aca katrta
FOBaKIapHU TalLKWUM 3Taau.

OnemeHTap kybcumoH sAyenka 12,30 A
ynyamra ara. JHr kaTTa OYLWnuK, SAbHU KupuL
orHacu ynyamun 5 A wn Tawkun aTagn. Ywb
LeOoNUTAApHUHI KNPULL OWHACWMHUHT ynyamu 5
3KaHNUrMHM xmucobra onub, kapboHaT aHrugpug
MOMEKyNacuUHuMHr ynyamm 3,1 Aa OVNaMeTPUHUHT
y3yHnurn 4,1 SKaHNUrMHM uHobaTra oncak,
agcopbuMs  MEXaHU3MUHUHE  AXLWKM - BOPULLIMHK
Ky3aTuLl MyMKWH.

A TunuMgarm UeonuTNapHuMHr 1  rpamm
MukKgopuaa kKaTtta Oywnukaarn FoBaKMapHWUHT
coHn 3,53*10%° 6ynub, kaTTa Oywnukoaru
FOBAKMapHUHI  ynyamu 776 A3 HW, KUYMK
OywnuknapuHuHr ynyamnapu aca 150 A3 [5, 866;
6, 1183] MMKOOPUHU TaLLKUI KUnagu.

TagKMKOT ycynnapu Ba oObeKTnapm.

TagkMKOTHUHT  obbekTM  cudatmga Tannab
onuHraH CaA (M-22) UEONUTUHUHT TY3UNAULIN
6ynnya dopmynacu Kynvaaruya, AbHU

Ca2,975Na1,194(Si02)12(AI02)12. |'OK0pI/1 BaKyymMmInun
agcopbumsanu anddepeHumannawTpunraH
OAK-1A mapkagarn KanopumeTpuk Kypunmaga
CaA (M-22) apcopbeHTura kapboHaT aHrugpug

MoneKynanapuvHuHr - agcopbumst  xycycuatnapu
ypraHnngm [7,10-31;8,423-430]. Taxpuba
pactnab 8 coart gasommga 450°C xapopatga M-
22 ueonntn aacopbeHTU BakyyMnuM Hacoc Ba
andgdysmoH Hacoc épaamuga 10° (6ocumHm
ynyoe 6upnuru) 6ocum xocun GynryHuda xasocu
cypnb onuHagu. Apcopbart (l0TuiyBYM MOALA)
cncdatmga onuHraH kapboHaT aHrmgpug  xam
BakyyM xonaTturada XaBocu YnkKapunmno
To3anaHau, WuLa Hal opKanu To3anaHraH Typnu
Xvn apcopbaTtnapfaH yTkasunauM Ba Kypyk ras
xonatmga aKkcnepuMmeHT onub Gopuwl  yyyH
TanépnaHan. TagKkuKOT MLnapu tKOpU Bakyymun
agcopbumsanu Kypunmaga xaxmuin ycynga onmbd
Gopunan.

OnuHraH HaTuxanapu Ba Myxokamanap.
ALCOPOLMSIHUHT  M30TEPMAcK XaXmuii  ycynga
ynuaHraH. YnuaHraH nsotepmanap XaTOnUIrMHUHT
aHumknuk papaxacu 0,1 % Hn, agcopbums
ncevknurn aca 1% Hu Tawkun kunagn. CaA (M-22)
ueonntmaga CO2 agcopbumsacu nsotepmacu 303 K
na In(p/p°) dopmynacu (p°-54806 torr, p°- CO2
rasuHuHr 303K xapopatga TyhuHuMWw Gocumm)
Oyimya xucobnaHraH. Agcopbums  mMukoopwm
MMonb/r ga ndoganaHnb, TagkMKoT HaTUxXanapu
1-pacmaa KenTupunraH.

%&ﬁ - 4
N
A
an
an
- 3
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PaN
e &
A =
AA [ 2 c
A s
A& s
AA‘A -1 S
an
AL
A AA
|—-é e e T (6]
-12 -10 -8 -6
In(p/p°)

1-pacm. 303 K 0a CaA (M-22) yeonumuda CO, adcopbuyusicu uzomepmacu
A-akcriepmmeHm Kultimam, A-MXTH meHanamacu opKanu xucobraHzaH

CaA (M-22) typkymura maHcyb ueonutra
CO2 rasum monekynanapuHuHr  agcopbums
nsotepmacu pgactnab 1 mMmone/r ra eTryHuya
CEKUHNUK BmnaH owmnwn kysatunub, 4,5 mmons/r
OynryHuya TyFpu umsuK Bynuda gaspuin ownb
Gopun KysaTunagm. Apncopbuus
N30TEPMACHMHUHMT 1 MMONb/T MMKAOpUra eTryH14a
JaBpun owmb GopuwunHu kapboHaT aHruapua,
MONieKynanapvHin LeonuT  cynepbyLunuknapu
nymra Knpub Gopulinm BunaH, KEMUMHYanuK TYFpu

ynsuk 6ynnab owub 6GopuwmHM aca ueonut
FOBaKMaPUHUHT Tynuwn unaH naoxnawl MyMKUH.

CaA (M-22) Tunnu ueonutra COz rasvHUHK
apcopbums nsotepmacu VKKK xaanm
MUKpPOFOBaKNapHUHr TYANHNLL Hasapuacu

TeHrnamacu épgamuga (MXTH) TaBcucnangm [9,
6.1-70, 10, 6.2644-2645].
a=39,84exp[(A/20,58)*]+8,71exp[(A/16,58)%]
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a — MuKporFoBaknapga  apcopbums
(mmonb/r), A = RTIn (P°/P)-3pkuH aHeprus uim
(KK/monb).
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KVME

2.5 3

a, MMonb/r

2-pacm. 303K memnepamypada CaA (M-22) ueonumuda CO, abcopbuusicu
oucbabepeHuuan uccuknuau. Fobu3oHmMann LWTPUX YN3UK KOHOEeHcauuns

303 K xapopatma CaA (M-22) Ttunugaru
ueonmtra CO2 rasu agcopbumscuHuHr (Qq)
anddepeHuman NCCUKNNKKa BOFNUKMWK 3rpunmrun
2-pacma KenTupunraH. Y3yk-y3yk TyFpu Yumsmnknap
303 K xapopaTtaa (AHv = 27 ©K/mon)aa yrnepoa
(IV) OKCMOWMHWMHI KOHOEHCauMsinaHuw WCCUKNUMA

kentupunrad. CaA (M-22) ueonuTu  y4yH
anddepeHumnan mccuknuk mukaopn Qg ~ 65,37
KK/monb  mMukgopgaH  GownaHagu.  byHpa

agcopbuus mukgopyn 0,07 mMMonb/r HU TaLUKWA
aTagn, TaaKNKOT ULLMHMHT KENMNHI BocKknunapuga
anddepeHumnan  UCCUKNMK  Mukgopu 42,58
KK/monraya nacasgum Ba OyHpa  agcopbuwms
mukgopn 0,41 MMoOnNb/r HM  TawKun dTagw.
Apcopbumnsa mukgopu, 2,8 mMmonb/ra eTraHga,
anddepeHunan ncenknuk mukgopn Qq 57,4 paH
37 wK/monraya  KamanuLim Ky3aTunagu.
Kennnuanuk apcopbums mukgopu 0,41 mMmonb/r

65 -
55-.
45-.
35-.
25-.
15-.

AS4, k:k/Moab*K

-25 <

Ba 1,05 mmone/r nap opanurnga andddepeHuman
nceuknuk  mukgopu 42.58 wWK/monpgaH 48,55
Kx/monb  opanurmpga 6ynagn.  Aacopbuus
Mukgopu 0,41 mmons/rgaH 3.52 mMmonb/r rava
O6ynraHga, guddepeHUman WUCCUKNUK  TYNKUH
Waknu kypuHuwnaa 6ynagn sa 42,58 naH 28,44
KK/Monrava ysrapmb Typagu. XKapaéH oxupuaa,
AbHU 4,20 mMMonb/r Aa WCCUKMNUK KOHAEeHcauums
KMuAMaTura TeHrnawuvwm kysatunagu. CaA (M-22)
ueonuntu xamm 4,2 mmonb/r (7 COz/a5 ) CO2 rasu
MonekynacuHu apcopbuusanamam. CaA (M-22)
ueonutn Bywnuknapy mapkasnapu Typnau Xxun
3Heprus KuxatuaaH TYNMHMaraH
koopavHaumsinap Ca*  katuoHnapura CO3
MonekynanapvHu Ba Oywnuknapgarn xap 6wup
noFoHavyanapra CTeXMomMeTpuk ynyosnap 6ynuua
agcopbuuanangu.

a, MMmonb/r

3-pacm. 303K memnepamypada CaA (M-22) yueonnumuda CO, adcopbyusicu
ouchghepeHuuan sHmponuscu. [opu3oHmMars wmpux Yusuknap — ypmada
uHmeazparsn 3HmMpPOorius.

38
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Apncopbuuns Kapaé&HWUHWHI MUKOOPUIA
TaBcMU Yy4yH KanopuMETPUK MabilyMoTnap
acocuga 5 Ta 6ynumra arpu uusnKk Qg 6yiivua
6ynuHagn: 0.79-0.14 baH Mwmonb/rrava (1
mornekyna COy), 1.43-0.79 paH mmonb/r raya (1
mornekyna COy»), 2.37 -1.43 gaH mmons/r rava (1
monekyna COz), 3,29-2,378 aaH mmonb/r rada (1
mornekyna CO,.) Ba oxmpuga, 3.29-3.96 mmonb/r
rada (1 monekyna COso.). 3-pacmga 303 K ga CaA
(M-22) ra CO2 agcopbumscn  (ASq)HUHT
anddepeHumnan SHTpONUACK Kypcatunau.
Hactnabkn CO2 agcopbums xapaéHuga aHTponums
CYlOK xonatga 6ynagw. YMymMaH onraHaa,
agcopbumsiHMHr Gowmaa Ba ypTa Kucmnapuaa
COg cytok xonaTtaa 6ynagw.

CaA (M-22) ra CO2 agcopbumdacuga arpu

anddepeHumnan  MCcCUMKNUIM  Ba  SHTPOMNUSCU
bownanfuy  GockuygaH 3yanumk O6unad 18,95
XK/monb*K rava kyTapunub, yHaaH KemH GupuHYm
WKKM KMCMra Makcuman Ba MUHUMAan KuimaTnapra
yTagM Ba ydnHYM 6ynumpa CekMHNuK OGunad
Kamasign. >KapaéH oxunpuga apcopbuusa
SHTpONMSACK KECKMH -22 [Ix/Monb*K raya nacanmo,
Kyunun agcopbuunanaHagmu. Oxuprn 6ocknypga CO2
MonekynanapuvHuHr TyptTtacu 6upuknb, 6GewTta
Ca* kaTmoHnapura TypT ynyamnu knacteprapHuHr
Ky4nu nokanusauusnaduwm kysatunagu. CaA (M-
22) ueonuTura yptaya mHTerpan sHtponusa 5,82
Ox/monb*KHu TaLKun aTagu, oy aca
agcopbuusinaHraH COq, Mornekynanapu
xapakatnaHuwum cytok xonatungarmn COz gaH aHua
roKopuamp.

ynsmknap KYypUHMLLIKZAru aacopbuus
10 -
] -
6 1
(] -
]
r -
W 4 ]
2 -
O -T--r-r-r-rrrrr’rr ééderrrrrrr/vo o7, UTIrICIFIrCrrrrrIrerrroeoeroerTreoTT™
0 0,5 1 1,5 2 2.5 3 3,5 4 4.5
a, Mmonsb/r

4-pacm. 303 K memnepamypada CaA (M-22) yeonumuda CO-
adcopbuusicu Myso3zaHam eakKmu

4-pacmpa CaA (M-22) ueonutura CO:2
MoriekynanapuvHuHr agcopbunanaHuwm rpadpuru
kentupunrad. byHaa gactnab myBo3aHaT BakTu
tokopn 6ynagn. Jactnab 9 coatpa myBo3aHat
kapop Tomaau. Apcopbuma  mukgopu 0,49
MMonb/rra eTraHga, MyBo3aHaT Baktu 5, 38
coaTHM Tawkun kunagn. by xonatga ueonut
foBaknapura CO; MorneKynanapuHuUHr
TaKkCUMIaHMWN YYyH MyBO3aHaT BaKTU KYMpok
KeTagu. KelunHyanuk MyBO3aHaT BakKTW acTa-
CEKUH KYyTapununb, TYNKMHCMMOH KypuHuwpaa 4,76
coatraya Kamammwm  Kysatunagn Ba Oy
xonatnapga agcopbums wmukgopu 0.14-3.44
MMONb/T opanufura TyFpu kenagn. KennHdanwuk

MyBO3aHaT BaKTWHW KeCKuH, Bup coatgaH 6up
Heuya Jakukara Tywmb KkeTuwm KysaTtunagu.
Xynoca. bapya OGockuunap ueonut
cynep6ywnuknapugarn  Ca?*  kaTuoHnapwra
CTEXMOMETPUK KOHYHUSTRap acocupa kapboHat
aHrmgpug monekynanapv agcopbunanaHnwmgaH
panonat 6epagu. CaA (M-22) ueonutura xamu
4,2 Mmonb/r  KkapboHaT  aHrMgpua  rasm
apgcopbuuanaHagn. CaA (M-22) ueonuTtwura,
KapboHaT aHruapug monekynanapu agcopbums
SHTPOMUACKM CYKK Ba ras xonatuga Oynaaw.
[actnabkm MyBO3aHaT BaKTuM toKopu 6ynaawu,
KEMMHYanNuWK acTa-cekuHnuk 6wunaH MyBo3aHaT
BakTM kamanmb 6Gopagu. Lleonut foBaknapu
TYAMHMWKM BnaH MyBO3aHaT BakKTU KaManuvLIMHK
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AnuK Ba Tabvmi paHaap

KVIME
agcopbar OunaH apcopbaT MorfiekynanapuHu  Ba MyBO3aHaT BaKTu KMAMaTnapuHn
y3apo Tabcupu BofnaHuwnapum 6unaH msoxnawl  conuwTMpraHga TEpMOANHAMUK
MymkmH.  CaA  (M-22) ueonutura CO2  XyCyCUSITIApUHWUHT Ounp-bupura Mocnuru

Monekynanapu agcopbumscu aacopbumoH  aHuMKnaHaw.
XYCYCUATNapUHN ypraHuw >apaéHuga, SbHU
anddepeHuman UCCUKNMK, M30TepMa, 3HTPOMMUS
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