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MONTMORILLONITE FROM MILOWICE
INTERCALATED WITH HYDROXY-ALUMINIUM OLIGOCATIONS
AS VAPOUR AND GAS ADSORBENT

Abstract. An interesting type of sorbent was obtained by introducing hydroxy-aluminium
oligocations into the interlayer spaces of montmorillonite separated from the Milowice bentonite.
Studies of argon, water and benzene sorption on the montmorillonite samples were carried out. From
adsorption isotherms specific surface areas were determined, depending on the process mechanism
and the sorbate used. The volume of micropores was calculated from the argon adsorption isotherm
at low relative pressures. The volume of mesopores was also determined from the argon desorption
isotherm. X-ray powder method was used to calculate interlayer spacings. The size of cross-linking
oligocations was estimated from DTA, DTG and TG curves.

INTRODUCTION

Many scientific centres are engaged in research on a new type of adsorbents
with the properties competing with those of zeolites (Brindley, Sempels 1977;
Lahav et al. 1978; Vaughan et al. 1979 ; Brindley, Kao-Chun 1980; Fijat, Olkiewicz
1982; Occelli, Tindawa 1983; Pinnavaia 1983, and others). These new ‘‘molecular
sieves” are montmorillonites with inorganic oligocations or organic-inorganic
complexes introduced into their interlayer spaces. The properties of these sorbents
depend on the manner of modification of the initial mineral, and on the heat treat-
ment of the resultiug product. In the paper presented here, hydroxy-glurmnium
oligocations were introduced into the interlayer spaces of montmorillonite se-
parated from the Milowice bentonite. As a result of calcination (dehydration and
dehydroxylation), the oligocations were transformed into ox1.de “supp.o‘rts’.’. The
most important features of these sorbents from the viewpoint of utilization of
their sieve properties are their porosity and the size of pores. .

Owing to their thermal stability and large specific surface area, intercalated
montmorillonites can be used as molecular sives or catalysts of the reaction of
large organic macromolecules (Diddams et al. 1984, Kikutchi et al. 1985).

* Institute of Chemical Processing of Coal and Physical Chemistry of Sorbents, Academy of Min-
ing and Metallurgy in Cracow (Krakow, al. Mickiewicza 30).

39



EXPERIMENTAL

orillonite fractions of a particle diameter less than 2 pm were se-
parz;rlzg rl:yors]éénimrgntation from the water suspension of bentonite from M1!ow1ce.
Then the mineral was mixed with 1 n NaCl to obtain the 1.m.t1al material (Na-form
of montmorillonite) for ion exchange with hydroxy-aluminium cations. The solu-
tion of hydroxy-aluminium oligocations was prepared by dropping NaOH into
AICI, solution and stirring the mixture to prevent l_oca} precipitation of AI(OH),.
The size of oligocations was controlled by dropping in different amounts of NaOH,
whereby solutions with the OH/AI ratio of about 1, 2 and 2.5 were ob.tamed
(Brindley, Yamanaka 1979). The solutions prepared in this way were mixed directly
with the water suspension of montmorillonite, whereupon the modification prod‘uct
was washed with distilled water until the reaction to chloride ions was negative.
The samples were then dried on a water bath and heated at 473, 573, 673, 773 and
873 K for 10 hours. The samples were designated respectively as IMAILL, IMAI2,
IMAI2.5. The numbers 1, 2 and 2.5 denote the OH/AI ratio in oligocation solu-
tion. The number of three figures after the sample symbol, e.g. IMAI2.5 673,
denotes calcination temperature in degrees Kelvin.

Argon adsorption isotherms were obtained at 77.5 K using a sorption manostat.
Prior to measurements, the samples were outgassed at 383 K to a vacuum of 105
Torr. Adsorption and desorption isotherms were determined for montmorillonite
samples before and after calcination, and for Na-form of montmorillonite. Argon
sorption was also measured at low relative pressures. Isotherms for water vapour
and benzene sorption were obtained at 298 K using microburettes for liquids.
Prior to this, the samples were outgassed at 383 K.

Thermal analysis was carried out on a DERIVATOGRAPH. The instrument
settings were: weighed portion — 600 mg; sensitivity: DTA — 250 uV, TG —
200 mg, DTQ — 250 WV; heating rate — 10°/min. The samples were heated in
ceramic crucibles.

X-ray powder patterns were recorded with a DRON-1.5 diffractometer, using
filtered CuK, radiation and flat samples with the texture parallel to the surface.
The samples were dried at room temperature and rehydrated after calcination at
Sl 3y T, B, 55, O vl SIRYIX.

RESULTS

Argon sorption

. Barrer’s studies (1955, 1963) of the adsor
with alkyloamines introduced into their interlayer spaces showed that it
to make their structure rigid. Adsorptive capacity with res
on lt:}}e ma?ner of preparation of samples.

“lgure 1 presents isotherms obtained for arpon sorptio atc -
morillonite and on samples intercalated with ghydrOX}r/)-tallt?m?rr)]iuliglrgﬁtcodcartnig?li
not subjected to calcination. The isotherms initially follow the shape of %Jan muir
isotherms, anq sorption is the higher, the larger is the o]igocati%n .

i T T ) o T T arg"— P/P_ =
oy gn 0P 04 05 0eL. 07 ! ,
Fig. 1. Sorption isotherms of argon

| — IMAlL, 2 — IMAL2, 3 — IMAI2.5, 4 — Na-montmorillonite

i e ¢ significant
droxy-aluminium cations, yet this phenomenon is not attended by any significa

decrease in the d,, spacing.

Water sorption
i z i Na-
Isotherms determined for water sorption on DONUBOLL00! s
mOrisllonilcs intercalated with hydroxy-aluminium OthCdtt)l(Zjn%dr;g;ﬁﬁzgz:mplcs
of type II (Fig. 34). The amount of water vapour absorbe ']{onite e
is markedly greater than that absorbed by sodium montmhonini[ial .rangc S
tion on modified montmorillonite is already high over the 5

montmorillonite and on mont-
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indicates that .the number of active centres increases compared with the unmodified
sample. The isotherm for the IMAI2.5 673 sample points to a somewhat lower
sorptive capacity, as its slope is less steep in the initial range. This behaviour can
be accounted' for by the loss of water in response to calcination and, therefore
the decrease in the number of active centres. However, the shape of the curve is
still indicative of the hydrophilic nature of the surface, and this proves that de-
hydroxylation occurring at 673 K has not been complete.

Marked differences have been noted in the shape of isotherms obtained for
the samples IMA1l and IMAI11 673. Water sorption on calcined montmorillonite
is by about 507, lower, and the curve is definitely flatter. This behaviour is due
to the smaller amount of groups adsorbing water molecules.

BreiZ e e siopitil O

Benzene sorption on cross-linked montmorillonites is markedly higher than
on unmodified montmorillonite (Fig. 3B). This results from the fact that the inter-
layer speces of intercalated montmorillonite become accessible to large benzene
molecules (the kinetic diameter of a benzene molecule is 6.8 A). In the initial range
of pressures, adsorption occurs in the monomolecular layer (flat isotherm), and
capillary condensation takes place only at higher pressures.

Spleicifilc sunfdicerarea

Specific surface areas were calculated from argon sorption, using Langmuir’s
equation. It is worth noting that over the initial range of pressures, adsorption
on intercalated montmorillonite satisfies the equation characteric of the mono-
layer model of adsorption (Yamanaka, Brindley 1979; Yamanaka et al. 1984).
A comparison of the specific surface areas calculated for samples of the IMAI2.5
series (Fig. 4) shows that they do not change when the calcination temperature
is raised to 573 K, attaining a maximum value of 444 m?/g at 673 K. This high value
for specific surface areas results from dehydration and dehydroxylation of the
cross-linking oligocations. Due to these processes, only aluminium oxide remains
in the interlayer spaces, and this leads to an increase in the volume of pores access-
ible to sorbate. Above 673 K specific surface areas decrease due to the diminishing
interlayer spacings.

The IMAII samples behave differently (Fig. 4), as their specific surface areas
decrease with heating. This may be accounted for by the much smaller size of the
oligocation which, pushing the layers apart at a relatively small distance, hinders
the penetration of argon. .

In general, it can be stated that the specific surface area S, of intercalated mont-
morillonites, calculated from argon sortion, increases with the size of oligocation.

Specific surface areas were also calculated from water and benzene sorption
isotherms, using Langmuir’s or BET equation. The choice of the equation was
determined by its ability to satisfy the principle of rectilinearity of the isotherm
over the initial range of relative pressures.

X-ray analysis

The interplanar spacings determined from X-ray diffraction data are presented
in Figure 4. It is evident from the figure that the oligocations vary in size, ergnd-
ing on the OH/AI ratio in the solution. The dy,, value decreases after calcination.
As appears from the X-ray diffraction patterns, samples calcmed after treatment
with ethyl glycol do not show swelling properties at temperatures higher than 573 K.
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Fig. 5. TG, DTG and DTA plots of

the d,,, value changes respectively from 19.2 A at 293 K to 18.4 A at 573 K and
to 16 A at 873 K. It appears from these observations that the thermal stability of
the oligocations of both types is the same whereas the height of “pillars’” form-
ing after calcination is different.

Figures 6 and 7 present isotherms determined for water, benzene and argon
sorption before and after calcination. The amount of adsorbed substance is given
in mm? of liquid sorbate per 1 g of adsorbent. In uncalcined samples, a fairly large
number of water molecules penetrate into the pore structure of the adsorbent
due to the specific forces interacting between the water molecules and the polar
centres of the adsorbent. Calcination reduces the number of these centres, de-
creasing in consequence the sorption of water molecules.
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Fig. 6. Isotherms sorption of arg (2)
and after calcination at 673 K (B)

Benzene sorption on both calcined and uncalcined samples is high, in the case
of IMAIl being not much lower than argon sorption. This testifies to the well-
-developed mesoporosity of this adsorbent, which promotes adsorption of inert
gdse/:.rgon adsorption isotherms were also dctermin‘cd at very low relative pressures
(plp, from 0.001 to 0.1 Torr). From the shape of these }s(_)thcrms the VQ]l}mC of
micropores was calculated, using the equation of prmm-Raduszkncwxcz,..Thc
volume of mesopores was calculated from the desorption part of the argon sorp-
tion isotherm. Figures 8A and 8B show the relationship between Vi AncMIZNE
and the calcination temperature. For the IMA12.5 sample (.Flg.‘ &B) a paral]cl‘
dependence of the volume of pores of these two kinds and ca_lcmauon tgrppc.*rat'urc‘
was noted. This dependence also correlates with the changes in the specific wrfaic
area S, as a function of calcination temperature ('Fllg: 4). The same plots are §hght y
more complicated for IMAT1 (Fig. 8A). Over the initial range of temperatures (up tg
573 K), the amount of micropores increases, and above 573 K _the comcnt'o.i bgt
kinds of pores decreases. At 773 K the amount of mesopores increases again, but
during further calcination (up to 873 K), the contents of both meso- and micro-

pores decreases.
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The analysis of TG, DTG and DTA curves (Fig. 5) indicates that dehydra-
tion and dehydroxylation of the oligocations introduced into the interlayer spaces
occur over the temperature range from 293 to about 800 K. The loss of interlayer
water is attended by a decrease in interplanar spacings, which has also been con-
firmed by X-ray analysis. The higher adsorptive capacity of montmorillonite (with
respect to argon) after the interlayer water has been given off is presumably due
to the increased volume of pores into which diffuse the sorbate molecules.

The loss of water bound to hydroxy-aluminium cations and dehydroxylation
of these cations take place in a temperature range between 573 and 773 K (there
is no such effect in Na-form of montmorillonite). After they have lost water, the
aluminium oligocations change into alumina supporting the layers. The loss of
water bound in the structure of montmorillonite begins at about 773 K and ends
at about 973 K. Worth noting is the characteristic decrease in adsorptive activity
compared with montmorillonite heated to 673 K. At high temperatures, the number
of adsorption centres decreases, and there occur irreversible changes in the structure
of this mineral. As a result of heating, the specific surface area decreases (Yama-
naka, Brindley 1979), undoubtedly due to the formation of non-porous sinters.

From the TG curves it appears that the total weight loss in the IMAI2.5 ad-
sorbent is greater than in IMAIL. This indicates that the oligocation in the former
sample is more complex.

The above results imply that there is a relationship between the size of oligoca-
tion introduced into the interlayer spaces of montmorillonite and the adsorptive
capacity of the product of modification. It has been found that the adsorptive
capacity of a sample increases with the size of oligocation.

CONCLUSIONS

From the above studies it appears that:
_ the structure of montmorillonite becomes micro- and mesoporous after

modification, .
_ intercalation causes the specific surface area (determined from argon sorp-

tion) to develop to 450 m?/g, :
_ calcination reduces the number of active centres for sorbed water mole-

cules, 1
_ calcined montmorillonite shows structural stability even at elevated tem-

peratures (up to 773 K), i
— the interplanar spacing dyy, of intercalated montmorillonites have a close

relationship with the size of hydroxy-aluminium oligocations.

Translated by Hanna Kisielewska

REFERENCES

: ivati illoni i and sorp-

BARRER R.M., MACLEOD D.M., 1955: Activation of mo_ntmonllomte by ion gxchange an; P
tion complexes of tetra-alkyl ammonium montmorillonites. Trans. Faraday Soc. 51,‘1290— 1300.

BARRER R.M., BRUMMER K., 1963: Relations between partial ion exchange and interlamellar
sorption in alkylammonium montmorillonites. Trans. Faraday Soc. 59, 959 —968. b

BRINDLEY G.W., SEMPELS R.E., 1977: Preparation and properties of some hydroxy-aluminium
beidellites. Clay Minerals 12, 229 —236. . Ao N

BRINDLEY G.W., YAMANAKA 8., 1979: A study of hydroxychromium montmorillonites and the
form of the hydroxy-chromium polymers. Amer. Miner. 64, 830—835.

47



BRINDLEY G.W.. KAO-CHUN, 1980: Formation, composition and properties of hydroxy-Al- and
hydroxy-Mg-montmorillonite. Clays and Clay Minerals 28, 434 —444.

DIDDAMS P.A., THOMAS J.M., JONES W., BALLANTINE J.A.,, PURNELL J.H., 1984: Syn-
thesis, characterization, and catalitic activity of beidellite-montmorillonite layered silicates
and their pillared analogues. J. Chem. Soc. 1340—1342. e /

FIJAL J., OLKIEWICZ ST., 1982: Thermal stability of cross — linked montmorillonite obtained by
treating with fluorohydroxy-aluminium and hydroxy-aluminium complexes. Miner. Polon.
13, 15—20.

KIKUTCHI E., MATSUDA T., UEDA 1., MORITA Y., 1985: Conversion of trimethylbenzenes
over montmorillonites pillared by aluminium and zirconium oxides. Applied Catalysis 16, 401 —

410.
LAHAV N., SHANI U., SHABTAI J., 1978: Cross-linked smectites, I. Synthesis and properties of
hydroxy-aluminium-montmorillonite. Clays and Clay Minerals 26, 107 —115.

OCCELLI M.L., TINDAWA R.M., 1983: Physicochemical properties of montmorillonite interlayered
with cationic oxyaluminium pillars. Clays and Clay Minerals 31, 22 —28.

PINNAVAIA T.J., 1983: Intercalated clay catalysts. Science 220, 365—371.

VAUGHAN D.E.W., LUSIER R.G., MAGEE J.S. Jr., 1979: Pillared interlayered clay materials use-
full as catalysts and sorbents. U.S.Pat. 4, 176, 090.

YAMANAKA S.. BRINDLEY G.W., 1979: High surface area solids obtained by reaction of mont-
morillonite with zirconyl chloride. Clays and Clay Minerals 27, 119—124.

YAMANAKA S.. YAMASHITY G., HATTORI M., 1980: Reaction of hydroxy-bismuth polications
with montmorillonite. Clays and Clay Minerals 28, 281 —284.

YAMANAKA S., TADAHIRO D., SAKO S., HATTORI M., 1984: High surface area solids obtained
by intercalation of iron oxide pillars in montmorillonite. Mat. Res. Bull. 19, 161 — 168.

Mieczystaw 7 YLA, Teresa BANDOSZ

MONTMORILLONIT Z MILOWIC
INTERKALOWANY OLIGOKATIONAMI HYDROKSYGLINOWYMI
JAKO ADSORBENT PAR I GAZOW

Streszczenie

Montmorillonit z Milowic interkalowano oligokationami hydroksyglinowymi.

Stosunek OH/Al w roztworze interkalui i ioné i
' 10 jacych oligokationéw wynosit okoto 1. 2
2.5. Otrzymane probki poddano kalcynacji w temperaturach 4%3, 513, 672 773,

1 873 K. Na tak przygotowanych sorbentach wykonano badania sorpcyjne, rent-

genowskie i termiczne. Wyznaczono izotermy sorpcji argonu, wody i benzenu

Z poczatkowej czesci izotermy adsorpcji argonu wyliczono powier i asci
l‘:lq" ktora osrqga_%a 450 m?/g i bylg tym wieksza im wigkszy byfinterkzzﬁ}:l?;;iyw;ﬁsi)l-
ation. Z SOrpcjl argonu przy niskich ci$nieniach wzglednych wyznaczono obg
tosci m1kroporow kor.zystaj.acc z rOwnania Dubinina-Raduszkiewicza s

Do wyliczenia objetosci mezoporéw postuzyta desorpcyjna ga}éz izotermy
A k1 , IDIIG;, DTA pozwolity na szacunkowe okreé
i s }% a m(lj a pomocg analizy rentgenograficznej wyznaczono rogz-
: sthi]n‘ gl sci miedzypakietowych dyy,- Okazato sig, ze otrzymane sorbenty
_'4 Odl]e ermiczne do 77.3 K, a w wyniku kalcynacji tracg wlasnoéci pecznie-
Js?gedo Okg}g;olsglAmmng/ypakletgwe §}¢gajq 192 A ‘a PO wyprazeniu zmrlnjiijszaja
e, I b\ly 3 K Wle]kosc dy,, zalezy od stosunku OH/Al w roztworze
s é‘;e)rlokio r1ggkgt}1onow a tym samym od stopnia rozbudowania ,,pod-
oligokétion()w hpdzngIa 'lemperatu,ro.wy, W ktérym nastepuje dehydroks’};lacja
B T t.y r syg]mowych, Swiadczy o réznej sile zZwigzania grup OH

v yxationie. Wbudowanie oligokationu w strukture montmgorilll)onitu
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wptywa na zwiekszenie ilosci centrow aktywnych dla wody. Otrzymane sorbenty
maja strukture mikroporowata, ktora jest takze dostepna dla duzych czasteczek
benzenu, zapelniajacych mezopory.

OBJASNIENIA FIGUR

Rys. 1. Izotermy sorpcji argonu
1 — IMAIl. 2 — IMAI2. 3 — IMAI2.5, 4 — forma sodowa montmorillonitu

Rys. 2. lzotermy sorpcji argonu IMAIl (A) i IMAI2,5 (B) wygrzewanych w roznych temperaturach
przez 10 h: -
I — prébka bez wygrzewania, 2 — 473K, 3 — 573K, 4 — 673K, 5 — 773K, 6 — 873K

Rys. 3. A — izotermy sorpcji par wody w temperaturze 298 K
] — forma sodowa montmorillonitu, 2 — IMAlI, 3 — IMAIl 673, 4 — IMAI2, 5 — IMAI2.5, 6 —
IMAI2.5 673
B — izotermy sorpcji par benzenu w temperaturze 298 K:
I — IMAIl, 2 — IMAIl 673, 3 — IMAI2, 4 — IMAI2.5, 5 — IMAI2.5 673, 6 — forma sodowa montmo-
rillonitu

Rys. 4. Zalezno$¢ odlegtosci miedzypakietowych dy, i powierzchni S, (argon) od temperatury kal-
cynacji dla probek IMAIl i IMAI2)5
Rys. 5. Krzywe TG, DTG i DTA badanych probek e
Rys. 6. PorOwnawcze zestawienie izoterm ‘adsorpcji argonu (1), wody (2) i benzenu (3) dla probki
IMAI 1 przed (A) i po kalcynacji w 673 K (B) :
Rys. 7. Porownawcze zestawienie izoterm g@sorpcji argonu (1), wody (2) i benzenu (3) dla probki
IMAI2,5 przed (A) i po kalcynacji w 673 K (B)
. Zalezno$¢ objetosci mikro- i mezoporow od temperatury kalcynacji dla:
A — IMAIl, B — IMAI2.5

w

e}

Rys.

Meyucnae XKUJIIA, Tepeca BAH/OLL

MOHTMOPUNNOHUT U3 MUNIEBULL
C BHEAPEHHbIMU rmaPOKCUNANFOMUHUEBBIMA
ONMUIrOKATUOHAMMU KAK AACOPBEHT MNMAPOB U FA30B

Pesome

B MOHTMOPUINOHUT u3 MUNEBuL BHEAPANUCE FUAPOKCMNANIOMUHNEBbIE ONy-
rokaTnoHbl. CooTHolwenne OHJAl B pacTBope BHEAPAOLUMXCA ONUIOKaTUOHOB
coctasnano okono 1, 2, 2,5. Mony4yeHHble 06pasubl NoaBepranuch O6>KMFY6BeTe:-
nepaTypax 473, 573, 673, 773 n 873 K. Ha Takum obpazoM nony4eHHbIX cop HTB;
6bINM COPOLMOHHbIE, PEHTreHOBCKME ¢ Tepanecxu; nceneposa-
Hua. OnpepeneHbl U3OTEpMbI copbumm aproHa, Boabl u 6enzoma. U3 Ha“laJ'IKbHTOVI
BETBM WM3OTEpMbl aAcopbuui aproHa Bbl4UCNEHO yAENbHYHO NOBEPXHOCTb, KOTO

2/ e TeM 6onblie YeMm Honblue BHEApPAOLWMKCA
pas pocturana 450 m?/r; ee 3HaueH i
BLMM AproHa MpU HUIKUX OTHOCUTENbHbLIX AABMEHUAX,
nonb3ys YypaBHEHWE [y6unuHa-Paaywikesnya, onpe,qeneHg obbemM MemTiioT‘c;g_.

Ana pacyeTa obbeMa Me3onop Mcmnonb3oeanachb Aecop LLMOHZ?:;T?; s
TepMbl COpBUMM aproHa. Kpuewie TI, ATT, ATA nossonunu oy ! em':Ho 23_
onurokatuoHa. C nomoLlbro peHTreHorpatwaeCKoro aHanu3a onpea p

npoBeAeHbl

onurokaTtuoH. U3 cop
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Mepbl MeXNaKeTHbIX pacctoanni dy,. Okazanock, YTO nonyqe:H::STCgssss::;
TepMUYeckn yctonumsbl ao 773 K, a B utore npoxanr;a;ﬁﬂ Tep et Ao
paibyxauusn. MexnakeTHbie PpaccTOAHMA [OCTUrAIOT y , a nocn co oy

B Temnepatype 673 K cokpawatotca ao 16 A. Benuunna dy,, 3aBUCHT OT COOTHO-
wenns OH/AIl 8 pacTBope BHEAPAIOWUNXCA ONUIOKATUOHOB, @ TEM CaMbIM OT pas-
pactanmua ,,noanopbi’. Lnpoknin TemnepaTypHbI¥ AMANA30H, B KOTOPOM Apoue-
XOAUT AErUAPOKCUNALNA [UAPOKCUNANIOMUHNEBbLIX ONNIOKATUOHOB CBUAE €M b-
cTByeT o paiHoi cune ceasm rpynn OH B ruapokcunkatnone. Buegpenne onuro-
KATUOHA B CTPYKTYpy MOHTMOPUNNOHWTA BNMAET HAa YBENUYEHME KONMUYECTBA
AKTUBHBLIX LEHTpOB AnA BoAbl. [lonyuyeuHbie copbenTbl obnagaloT MUKpono-
pOBOW CTPYKTYpOW, KOTOpas Toxe AOCTYyMHA ANA KpYMHbix Monekyn 6ewsona,

3aNONHAKO LN X ME3oNopkl.

OBbACHEHNA K ®UTYPAM

®ur. 1. Waotepmbl copbumn aproma
1 — IMAIT, 2 — IMAIZ, 3 — IMAI2,5, 4 — watpuesan PA3HOBUAHOCTE MOHTMOPUINOHNTA

Dur. 2. Wiotepmei copbumn aprowa IMAIT (A) n IMAI2,5 (B), nporpesaembix B pasubix TemnepaTypax
8 teyeunn 10-u vacos
1 — obpaseu 6es obmura, 2 — 473 K, 3 — 573 K, 4 — 673 K, 5 — 773 K, 6 — 873 K

bur. 3. A — mioTepmbl copbumn napos soabl B Temnepatype 298 K
1 = Watpueman pasHoBMAHOCTE MoWTMOpUANoHuTa, 2 — IMAIT, 3 — IMAI1 673, 4 — IMAI2, 5 — IMAI2,5,
6 — IMAI2,5 673
B — wiotepmer copbunn napos Gewsona s Temnepatype 298 K

1 < IMAI1, 2 — IMAI1 673, 3 — IMAIZ, 4 — IMAIZ,5, § — IMAI2,5 673, 6 — HATpUEBAA  PAIHOBUAHOCTH
MOHTMOPUNNOHNTA

Dur. 4. 3asucumocts MEXNAKETHBIX PACCTOAHMIA dy M NOBEPXHOCTH S, (aprow) ot Temnepatyps
npokanusaunn obpauos IMAIT u IMAIZ,S

®ur. 5. Kpussie TI, ATE v ATA nayvaemeix obpasuon

®ur. 6. Conocrasnenne niorepm aacopbumm aproma (1), soasi (2) u Gewnsona (3) ann obpasua IMAIT
Ao (A) m nocne (B) npokanupanus s 673 K

®ur. 7. Conocrasnenne M3oTepm aacopbumn aprowa (1), Boasl (2) u Gewnsona (3) nnn obpasua IMAI2,5
ao (A) w nocne (B) npokanvsanus & 673 K

Pur. 8. 3asucumocts obnema MWKpO- W Meionop oT TeMmnepaTypsl npokanvsa |
IMAI2,5 (B) ESERRET HuA ana IMAIT (A) u



