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Experimental investigations of the kinetics of hydrogen saturation and outgassing from palladium have been carried out
in conditions of interaction with molecular and electrolytic hydrogen at near room temperature and the pressure range
of 1—2 at. Using the gravimetric method, it was established that the rate of hydrogen saturation during electrolysis is
more than two orders higher than in the molecular driven regime. With help of mass-spectrometric method it has been
shown that in the course of hydrogen absorption by Pd cathode during electrolysis and subsequent heating process in
high vacuum, the ultra-pure hydrogen (higher than 99.999 vol. %) is generated.

Based on the measured temperature dependence of hydrogen evolution, the activation energy of hydrogen outgassing
from the Pd-cathode after one-hour exposure to electrolysis ion current =8 A was calculated to be E = 23 kJ/mol or
=12 kJ/mol, in dependence on the temperature range (20—100 °C or 300—650 °C). The average value of activation
energy for the whole temperature range of the performed measurements was estimated as =22.4 kJ/mol. Therefore,
hydrogen outgassing from PdHx system could be multi-stage process with ever-changing activation energy on time.
The physical-chemical mechanisms and the influence of 3 <> « transition in the PAHx system are further discussed and
analyzed to explain such hydrogen behavior during the outgassing process.
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1. Introduction. The kinetics of hydrogen behavior on palladium has been thoroughly studied
previously [1]. It has been established that hydrogen penetration from gas phase into metal lattice
(absorption) occurs through several main stages: (i) dissociation of chemisorbed molecules, (ii)
transition of hydrogen atoms through the gas-metal boundary into near surface bulk of metal, (iii)
diffusion of hydrogen atoms (ions) into metal bulk. At the hydrogen release from metal lattice, all
these stages occur in the reverse order. If the rate of process is limited by dissociation<recombina-

Citation: Glazunov G.P, Bondarenko M.M., Konotopskyi O.L. Kinetics of hydrogen outgassing and absorption by
palladium in molecular driven and electrolysis regimes. Dopov. nac. akad. nauk Ukr. 2026. No. 2. P. 46—56. https://doi.
org/10.15407/dopovidi2026.02.046

© Publisher PH «Akademperiodyka» of the NAS of Ukraine, 2026. This is an open access article under the CC BY-NC-
ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/)

46 ISSN 1025-6415. Dopov. Nac. akad. nauk Ukr. 2026. No. 2: 46—56



Kinetics of hydrogen outgassing and absorption by palladium in molecular driven and electrolysis regimes

tion processes, then saturation rate is proportional to hydrogen pressure P and the outgassing rate
is proportional to hydrogen concentration as ¢’. When the second/third stages limit the process
rate, absorption became proportional to P"?, and outgassing rate proportional to concentration c.
It should be noted that the rate of absorption-desorption processes strongly depends on the state
of metal surface (mainly on the poison impurities presence, especially carbon and their concen-
tration), temperature, pressure, rates of surface reactions of dissociation—recombination, sample
dimensions, diffusion coeflicient, state of hydrogen (molecules or atoms and ions), etc. In the Pd
bulk the latter can drive changes from a to p phase (from solution to metal hydride state).

In previous works [2—4], the dynamics of hydrogen interaction with Pd-cathodes under
electrolysis conditions were investigated in comparison with hydrogen in the molecular state. In
particular, it was shown that hydrogen saturation rate of Pd during electrolysis process essentially
higher than that in molecular hydrogen driven regime. It was also noted that only a part of hydro-
gen (=14 % in [2] and =40 % in [4]), produced during electrolysis, can be used for cathode satura-
tion and ultra-pure hydrogen production. The main quantity of produced electrolytic hydrogen
(explosive gas, Brown’s gas) can be used in others technological processes, e.g., for fuel or explo-
sive production. It may provide low prime cost of produced ultra-pure hydrogen, which is widely
used in chemical and electronic industries, gas chromatography, fuel cells, as well as in different
researches, which carried out in many laboratories, etc.

This work has been performed with the aim to examine in greater detail the kinetics of pal-
ladium saturation with hydrogen molecular and electrolytic gas. Particular attention was paid to
the possible influence of a <> transition in Pd [1, 5] on the Pd-cathode characteristics, such as
hydrogen sorption and outgassing rate. This is important, in particular, for optimization technol-
ogy processes of ultra-pure hydrogen production during electrolysis, achievement of maximum
hydrogen capacity of Pd-cathodes, increasing their life time and overall efficiency, substantial re-
duction of saturation time and produced gas depreciation.

2. Experimental setup and methods.

2.1. Experimental setup and equipment. A schematic view of the GAS (Gassing and Sorp-
tion) experimental installation is shown in Fig. 1. This experimental stand has been designed to
measure mass-spectra and characterize degassing and sorption processes. It includes a vacuum
chamber 1 made of stainless steel 12Cr18Nil0Ti. Chamber I is connected via valves 3 and 7 to a
pumping and gases inflow systems. Pumping system consists of cryogenic pump 4, M-500 diffu-
sion pump 5, and 3NVR-1D fore vacuum pumps 6.

The vacuum system is equipped with PMT-4M thermocouple gauges 9, PMI-10 (10), PMI-2
ionization gauges 11, and MX-7304 (Sumy, Ukraine) mass spectrometer 8. Instrument readings
recorded using the WAD-AIK-BUS analog module (Kyiv, Ukraine) and a computer. Before ex-
periments, the chamber and sample were heated to =100 °C during one hour, that allows achieve-
ment of ultrahigh vacuum 1—5.10" Torr to carry out sorption, thermal degassing, and mass
spectrometric measurements with sufficient accuracy.

Gases puffing system includes an electrolyzer 17, E-4 model (Fig. 2), hydrogen saturation
chamber 18, and balloons 14, 15, 16 with pure (99.99 vol. % purity) Ar, H,, and He. The high-
pressure valves 12, 13, fine inlet valve 7 and pressure gauge 19 provide inputting and pressure
measuring of any type of gases.

Samples for our studies were the 99.98 wt. % pure palladium tubes, which served as cathodes
in the electrolyzer 17, and five Pd-disks (numbers N1—N5) of 25 mm diameter and 0.3 mm thick-

ISSN 1025-6415. Jonos. Hay, axao. nayx Yxp. 2026. Ne 2 47



G.P. Glazunov, M.M. Bondarenko, O.L. Konotopskyi

8 9 =[E 10

OO 16 | L[] =X
2 N, | 11

—157<P 1 >KI T~

cryogenic pump; 5 — diffusion pump M-500; 6 —
fore vacuum pumps 3NVR-1D; 7 — inlet valve; 8 —
mass spectrometer MX-7304; 9 — thermocouple
gauges PMT-2; 10 — ionization gauge PMI-10; 11 —
ionization gauge PMI-2; 12 — high pressure valves;
13 — gas reducers; 14, 15, 16 — argon, hydrogen,
helium balloons; 17 — E-4 model electrolyzer; 18 —
chamber for hydrogen saturation of samples; 19 —
pressure gauge

11
. 19 @_
11 O 5 3 Fig. 1. The scheme of experimental setup: I — GAS
E >4 m B vacuum chamber; 2 — sample; 3 — gate valves; 4 —

ness. The similar Pd-disks N6 and N7, but with 1mm thickness and coated by W films of 2 um
and 4 pm thickness manufactured by vacuum plasma deposition method [6—9] were tested too.

A schematic view of the electrolyzer 17 (E-4) is shown in Fig. 2. It consists of chamber 1 made
of stainless steel 12Cr18Nil0Ti and filled with electrolyte. In chamber 1, three Pd-cathodes 3 in
form of tubes with diameter of 3 x 1 mm and length of 200 mm, are placed. One end of the tubes
was hermetically sealed by brazed with silver welding alloy. Cathodes 3 are electrically connected
to flange 5 through flange fittings. The chamber I through fluoroplastic isolator 4 was mechani-
cally connected to the flange 5. The body of chamber 1 served as anode.

Chamber I (see Fig. 2) provides the technical ability to place various samples for studying
cathode hydrogen saturation. To measure the electrolyte temperature a thermocouple could be
installed through fluoroplastic seal-insulators 6. The pressure value in the electrolysis chamber I
is measured by pressure manometer 9. Water seal 7 ensures the safe venting of excess hydrogen
into the atmosphere.

Part of the electric potential could be applied to the anode and cathodes from a power supply
consisting of a rectifier on two V200 diodes, connected through current transformer to autotrans-
former. The solution H,O + 1 wt. % NaHCO, or Na,CO, (soda ash), was used as an electrolyte.
Hydrogen is produced by electrolysis in the chamber I similar as in works [3, 4]. In Fig. 3 the
current-voltage characteristics of the electrolysis process are shown. It is seen that number of
cathodes, either one or three, has no essential influence on electrical characteristics.

Hydrogen saturation chamber 18 (see Fig. 1) provided the technical ability to saturate various
Pd samples in hydrogen atmosphere at different pressures. Before being placed in the chamber,
the samples were cleaned with following procedures: wiping with special fabric wetted in clean
branded gasoline (benzene), drying, wiping with special fabric wetted in 96—99 vol. % ethanol,
drying. Similar procedure was used before placing the samples in the vacuum chamber of GAS.
Each sample was weighted on the VLR—200 balance and placed in the chamber. Chamber volume
was pumped to the pressure of ~10*—10 Torr. After that, hydrogen from the balloon 15 (see
Fig. 1) inlet to chamber for the required pressure. The samples were exposed to hydrogen during
0.5—312 hours, then, were demounted and weighted, to determine absorbed hydrogen quantity.
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2.2. Experimental methods and results. Durlng the exﬁperlments, the following characteristics
have been measured: Q (Normal cm’ H,, Nem® ) or v (Ncm™/g Pd) — volumetric quantity of hydro-
gen absorbed by palladium in dependence on the time ¢ of saturation in the molecular/ electrolytic
hydrogen, PdH — number x of hydrogen atoms per palladium atom; S (Nem’/(g - h)) — saturation
rate; g (Nem”/ s) — hydrogen outgassing rate. Hydrogen quantity Q was calculated as the difference
between the sample mass before and after hydrogen saturation (weighting method). Estimates were
also made by integrating the gas quantity, pumped during sample heating in vacuum.

After Pd-sample placing in the high vacuum chamber of the GAS stand and subsequent
pumping to the pressure of ~10~ 7 Torr, careful measurements of mass- spectra (Fig. 4), and the
dependences of the hydrogen outgassing rate on the temperature were carried out using the meth-
ods, similar to those described in [2—4]. The samples (cathodes) were heated by direct current up
to temperatures of 20—650 °C and, simultaneously, the pressure time dependence and mass-spec-
tra of desorbed gases was measured (Fig. 4, 5). Apparatus curves were processed to obtain data
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Fig. 4. Mass spectra of gases in the GAS chamber before sample heating (a), and (b) during Pd-cathode heating
at 120 °C
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Fig. 5. Apparatus curve of pressure change in the vacuum chamber during Pd-
cathode heating

for estimating the hydrogen amount desorbed from the sample by the equation: Q = (P - P)st,
where Q is hydrogen quantity, Torr:l or Ncm’; P — maximum pressure, Torr; P, — initial pressure,
s — pumping speed, 1/s; t — time, s. It necessary to take into account that the sensitivity of the
mass spectrometer for hydrogen is approximately two times lower than for air. For the pressure
measurement with a gauge PMI-10, this coefficient is four. Also an important factor during the
outgassmg rate measurements is the change of pumping speed caused by strong pressure increase
from ~10~" Torr up to 1 Torr, when diffusion pump did not work (s ~ 100 1/s) and only fore-vacu-
um pumping (~11/s) occurred. Thus, reliable data on the temperature outgassing rate dependence
applied to the ranges of 20—120 °C and 300—650 °C. The analyzed gas was released into vacuum
chamber to a pressure of 10—0.5 - 10~> Torr. Instrument readings were recorded using the WAD-
AIK-BUS analog module and PC.

Processing of the instrumental spectra showed that at the electrolyte temperature of =~ 50—
60 °C and the pressure in the electrolyze chamber of 1 at, the generated gas consists of hydrogen
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Fig. 7. Hydrogen quantity absorbed in Pd tube-cathode N2 v/s time of saturation
in molecular hydrogen (points 2, 3), and in electrolytic regime (points 1)

of 92—94 vol. % purity [4]. The gas desorbed upon heating in a vacuum from Pd-cathode (see
Fig. 4, b), is found to be ultra-pure (better than 99.999 vol. %) hydrogen. Small marks of the water
presence, CO, CO, caused by gases desorption from chamber walls. The main impurity was H,O
(=5 mV mass-spectrometer signal of 18 mass units in Fig. 4, a).

Fig. 6 presents hydrogen saturation data for N1—N5 samples (Pd disks with a diameter of
25 mm, a thickness of 0.3 mm) and N6, N7 samples (one-sided W-coated Pd-disks with the same
diameter and 1mm thickness) in dependence on the saturation time at pressure of 1—2 atm and
at room temperature.

In Fig. 7 the data on hydrogen saturation of annealed in a vacuum Pd-cathode in the case of
molecular and electrolytic hydrogen are shown. The results of measurements of the temperature
dependence of hydrogen outgassing rate g for the Pd cathode N2 are presented in Fig. 8. Using
these data, the value of activation energy E of outgassing process could be calculated from the
slope of In(q) = —b - E/RT straight lines similarly to described in [6—9]. It was assumed that the
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Fig. 8. Inverse temperature dependence of hydrogen outgassing rate for the PdH_ -cathode N2 (a); b: points 1 —
temperature range during sample heating was 300—650°C; points 2 — temperature range was 20—90°C; points
3 — temperature range was 120—240 °C

process of gas evolution obeys Fick’s diffusion laws, and the temperature dependence obeys the
Arrhenius equation: g(T) ~ b - ¢ ", The activation energy for outgassing would be E = Ej+Eo
where E is the activation energy of diffusion and E,_ is the activation energy of desorption.

3. Discussion.

3.1. Molecular hydrogen absorption by Pd. The activation energy of the hydrogen saturation
E_ = E, + E, consists of the absorption (solution) activation energy E ; and the diffusion activa-

sat
tion energy E. In our case, for hydrogen flow to/from metal volume one can write the next equation:

g=al 't 'FAc(T, P)eFatFasas)  RT

where a — constant, I — sample thickness, F — sample surface area, t — time, Ac — gradient of
concentration. Pressure P and temperature T are, in turn, functions of time.

As shown in Fig. 6, within the saturation t1me range 12—160 hours the hydrogen quantity v
in different samples Nl—NS is nearly 70 Ncm’/ g(Q=90 Nem® H,, H/Pd = 0.6—0.7). Saturation
rate § = Q/mt =6 (Ncm /(g-h)), where m is sample mass, grams, and t is saturation time, hours.
According to published data [1, 5], a Pd-sample with the mass of 1.3 g could absorb approximate-
ly 132 Nem® H,. This difference may be attributed to different sorption properties of the sample
surface and the presence of poison impurities in the saturation chamber. The key point is that as
the saturatoin time increases from 12 to 160 hours, there is a slight decrease (approximately 5 %)
in the amount of absorbed hydrogen. Incidentally, if the chamber during long time saturation
is pumped several times and filled by “fresh” hydrogen from balloon, the v value for sample N4
coincides with the data for sample N1 (=74 Nem® H ,/8).

Hydrogen saturation process of samples Nl—NS occurs on both their sides. It is known that
hydrogen in Pd has a low binding energy (=0.23 eV [10]) and high mobility at moderate and even
at low temperatures At room temperature, the hydrogen diffusion coefficient in a-phase equals
3.8-10"" cm’/s and in B-phase 2 - 10”7 cm®/s [1, 5]. Therefore, saturation of such samples to maxi-
mum hydrogen concentration H/Pd = 0.5—0.7 occurs rather quickly (10—12 hours).

For samples N6 and N7 with single-sided W coating, the quantity of absorbed hydrogen is much
lower (Q = 35 and 46 Ncm’® ,accordingly) even if very long time of saturation (112 h). When the satu-
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Fig. 9. Potential diagram of hydrogen interaction in
W-Pd system: E_ is the activation energy of desorption
and recombination, E_ is the activation energy of solu-
tion, E}, is the activation energy of hydrogen diffusion
in W-film bulk, E,, is the activation energy of hydrogen
diffusion in the subsurface layer of thickness 2\
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Fig. 10. Hydrogen penetration flow j through bare Pd (dark circles) and through
W-Pd two-layer systems (dark triangles — 2 uW; white triangles — 4 W) v/s
inverse temperature

ration time was 1ncreased to 312 hours (sample N7), the volumetrlc quantity of absorbed hydrogen
growed up to ~86 Nem” H, (=14 Nem® H ,/gor1.5-10° * Nem®/(g - h)), i.e., very slow saturation of
Pd takes place. It seems that W-Pd interface is the efficient barrier for the hydrogen diffusion flow
from the open side of the sample. From the diagram Fig. 9, reproduced from the work [7], it is evi-
dent that the activation energy of hydrogen solution E_for W indeed is much higher than for Pd.

Hydrogen in W lattice is strongly bound up with host atoms (the bond energy is approxi-
mately 1.04 eV [13]). All of this indicates tungsten is one of the most hydrogen resistible materi-
als. Therefore, it is likely that the amount of hydrogen dissolved in the tungsten film from the side
facing to molecular gas cab be neglected.

The other side (W-Pd system interface) interacts more effectively with hydrogen atoms or ions
incoming from Pd-lattice. Moreover, the hydrogen gas in the Pd lattice can be ionized, and the
state similar to the plasma [11] or strong non-ideal plasma [12, 13] state might appear. In [7], it
was shown that Pd-substrate plays in this case the role of the original “compressor”, which provides
significant increase of hydrogen pressure (both H-atoms and ions) in near subsurface interface
bulk of W-film (20 and 40 at. instead of 1—2 at.). As it is seen in Fig. 10 [7], penetration through
W-Pd interface was the limiting stage of hydrogen permeation in the bimetallic system W-Pd.
Activation energy of this process was very low, =12 kJ/mole, which is significantly lower than for

ISSN 1025-6415. Jonos. Hay, axao. nayx Yxp. 2026. Ne 2 53



G.P. Glazunov, M.M. Bondarenko, O.L. Konotopskyi

bulky bare tungsten or palladium. Thus, this near interface bulk of W-film quickly saturates up to
high concentration and serves as barrier against hydrogen diffusion through Pd-substrate (due to
first Fick’s law diffusion flow is proportional to concentration gradient [1]). This process could be
the reason of very slow hydrogen saturation of W one-side coated Pd in compare with bare Pd.

3.2. Electrolytic hydrogen absorption by Pd. The hydrogen saturation process of Pd-tube
cathodes was analyzed in detail in our previous work [4]. It was estlmated that at an electrolytic
current of 8 A, the actual flow of hydrogen ions to the cathode is 1.1 - 10> H'. This corresponds
to about 2 liters of electrolytic hydrogen gas at normal conditions. In our case, one Pd-cathode
with mass of 14.5 8 (volume 1.25 cm’) absorbs during 1 h electrolysis process in above mentioned
regime 840 Ncm® ~0.8 liter of H, (58 Ncm ’/g). In other words, ~40 % of produced electrolytic
hydrogen could be converted 1nto ultra-pure hydrogen

The volumetric amount of hydrogen v (Nem’H ,/g) absorbed by Pd-tube cathode N2 during 1
hour electrolysis (see Fig. 7, 1) is =80. For molecular driven regime, this value is only =50 after 94
hours exposure at 2 at pressure. This corresponds to the saturation rates 80 and 0.53 Ncm”/ (g-h),
accordingly. Such large difference can be caused by different state of hydrogen (more active atoms
and ions instead of molecules) during saturation process in the electrolyzer.

3.3. Hydrogen outgassing from Pd-cathode. As can be seen in Fig. 8, g, the experimental data
allow conclusion that essential deviation from the Arrhenius law actually observed in the tempera-
ture dependence of Pd-cathode outgassing. We think that <> a transition in Pd might influence
on the process which could be composed of several consecutive stages (see Fig. 8, b). At the begin-
ning of Pd sample heating (first stage, temperature range is 20—100 °C), hydrogen in metal bulk
remains mainly in B-phase (according to [1] only 0.008—0.03 H/Pd is in a-phase), diffusion coef-
ficient is rather low and the activation energy calculated to be =23 kJ/mol (see Fig. 8, b, curve 2).

As the temperature rises (100—300 °C), the second stage transition occurs (curve 3 in Fig. 8,
b). Hydrogen transitions from hydride state to solution state (from (- to a-phase), and both phases
coexist. Concentration of a-phase increases up to =20 % (H/Pd = 0.21 [1]). As noted above, the
pumping speed in this stage strongly decreased (from 100 to 1 I/s). Unfortunately, we did not have
the technical possibility to measure this change precisely; therefore, the data in this temperature
range (curve 3 in Fig. 8, b) are not sufficiently reliable. With a further temperature increase (third
stage, 300—650 °C), hydrogen concentration in Pd decreases as the result of high outgassing rate,
and mainly a-phase state is realized in Pd sample. Activation energy of outgassing for this tem-
perature region is calculated to be E = 12 kJ/mol, i.e., approximately half as much. Note that a
similar interpretation to explain hydrogen electro-sorption process by the o <> B transition in the
thin Pd-Ni films was given in [14]. If to calculate an average value of activation energy for whole
temperature range the measurements carried out in (see Fig. 8, a), it has to be E = 22.4 kJ/mol.
Thus, hydrogen evolution from PdH  system in this case is complete, multi-stage process with
ever-changing activation energy on time.

Conclusions. The current-voltage characteristics of the electrolysis process have been mea-
sured for the developed E-4 electrolyzer model. It was observed that the change of number of
cathodes from one to three has no essential influence on electric characteristics of the electrolyzer.

After hydrogen absorption by Pd cathode during electrolysis, and with subsequent heating it
in high vacuum, ultra-pure (purity greater than 99.999 vol. %) hydrogen is produced.

Hydrogen saturation rate for electrolytic hydrogen and for molecular state was measured at
near room temperature and 1—2 at pressure. It was shown that the hydrogen saturation rate un-
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der electrolysis process (=80 Nem® H 5/ (g h)), is more than two orders of magnitude higher than
in molecular driven regime (=0.53 Ncm H,/(g - h)). The total volumetric quantity of hydrogen,
saturated by the Pd-cathode, has been measured as ~840 Ncm” per hour. According to estimates,
this corresponds to about 40% of the total production of electrolytic hydrogen.

The outgassing rate of hydrogen from palladium cathodes after exposure to ion current, dur-
ing electrolysis process in the H,O + 1 wt. % NaHCO, electrolyte, has been measured in depen-
dence on temperature and the time of exposure. The activation energy of the hydrogen outgassing
from the Pd-cathode after one-hour exposure to an electrolytic current =8 A was found to be =23
or 12 kJ/mol, depending on the temperature range (20—100 and 300—650 °C, accordingly). An
average value of activation energy across whole temperature range is E = 22.4 kJ/mol.

The physical mechanism of possible influence of B <> o transition in Pd on hydrogen out-
gassing has been suggested and discussed. In our case, hydrogen outgassing from PdH_ system
is a fully-fledged multistage process with ever-changing activation energy on time. Neverthe-
less, to draw a well-founded conclusion, further studies are needed involving repeated hydrogen
saturation of Pd-cathodes and thermal multi-cycling exposure. It would also be very important
also to further analyze in details the impact of morphology and structural changes in Pd-cath-
odes after long time interaction with electrolytic hydrogen on their absorption and outgassing
characteristics.
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KIHETUKA JIETA3AIIII I TOTJIMHAHHSA BOIHIO TTAJTAJIIEM
Y MOJIEKYJIIPHOMY TA EJIEKTPOJII3BHOMY PEXVMAX

ExcrieprMeHTanbHO JOCTIZIPKEHO KiHETMKY HaCMYEHHA Ta BUMIZIEHHA BOJHIO 3 TTajlaflifo B yMOBaX B3a€MOJIi 3 MO-
JIEKY/ISIPHUM Ta eIeKTPOIITUYHIM BOJHEM 3 TeMIlepaTypu, 61usbKoi 10 KiMHaTHOL, i TucKy 1—2 aT™. BaroBum
METOJIOM BM3HAUYEHO, 1[0 IIBYUKICTh HACYEHH BOJHEM Y IIPOLieci e/IeKTpOoIisy O1IbII HiX Ha [{Ba HOpAAKY Oyia
BIIIA, HDK 32 YMOB MOJIEKY/IIPHOTO PEXMMY. 32 JOIOMOTI0I0 MaCCIEKTPOMETPUYHOTO METOy BCTAHOBJIEHO, 1[0
ITic/I TOITIMHAHHA BoHI0 Pd-KkaTofoM mif yac efekTposni3y Ta IOofaIbIIoro HarpiBaHH JIOT0 y BUCOKOMY BaKyy-
Mi yTBOPIOETbCA HaguuCTHii (moHax 99,999 06. %) BojeHb. 3a pes3ynpraTaMy BUMIPIOBAHHSA TeMIIEPATypPHOI 3a-
JIKHOCTI BUALIIHHA BOJHIO 0Y/I0 PO3paxoBaHO eHeprilo aKTHBalil Iboro npouecy fia Pd-kaToma micnsa roguHHOI
Al ioHHOTO CTPyMY enekTpomnisy =8 A — E = 23 xJI/Moib a60 =12 k]I>k/MOIb, 3a/IeXKHO Bif] lialla30HY TeMIlepa-
Typ (20—100 a60 300—650 °C). CepenHe 3Ha4eHHs eHepril akTMBalil JyI1 BCbOTO TeMIIepaTypHOTro Jiala3oHy
BUMipI0BaHb CTaHOBUNO =22,4 kJ[>k/Momb. OTXe, TIOKa3aHO, 1[0 BU/[i/IEHHA BOJHIO i3 cucTeMI Pde MOXKe 6yT1/1
6araTocTafiiiiH)M IIPOLIECOM 3 IIOCTIIHO 3MIHIOBAHOIO eHepri€lo akTuBalii 3 yacoM. [l OSICHEHH: TaKoi IoBe-
IiHKM BOZHIO IIifi Yac IPOLIeCy ra30BIUAIIEHHs TaKOX PO3IJIIHYTO i IpoaHaTi30BaHO (i3MKO-XiMidHI MeXaHisMu
Ta BIJIUB Tiepexofty B <> a 'y cucremi PAH .

Kntouosi cnosa: 800env, nanadiii, enexmponis, enepeis axmusauyii, abcopOuist, 2a308U0ineHHS.
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