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Activation of ZrNiH; hydride and Ti¢ carbides obtained by Self-propagating-High
Temperature Synthesis (SHS) method, as well astfal clinoptilolite was investigated by
hydrogen and hydrocarbon in non-isotherm conditiétasitive influence of small quantities
of oxygen was observed on activation process. # b@en shown that after preliminary
activation of carbides and the zeolite surface firdliby CrO5; can be used as substrate in
CO hydration process carried out by spillover mdthosoft conditions. The modified zeolite
or activated carbide combined with hydrogen aativjain our case ZrNiklhydride, can be
efficiently used for rendering harmless the CO ¢m@s ejecting into atmosphere, particularly
turning it into useful hydrocarbons. The mechanirhydride and carbide activation, and CO
hydration by Spillover method had been discussed.

Introduction

Hazardous carbon monoxide resulting from chemicalcgsses is ejected into environment. The
abolition and utilization of even small quantitie this gas is a serious ecological problem. CO is
usually oxidized and utilized due to expensive lgtitasystems based on noble metals — Pt, Pd, etc.
Highly oxidative substances, such agOsl are also used for CO oxidation. Along with théke
development of new methods and approaches is aethah could be more efficient for the utilization
of this compound. Especially actual are those déhatbased on the use of less expensive catalydts an
are able to carry on the utilization process as lesnperatures. It is of great importance for the
utilization of this gas to have it converted intaluable compounds — into hydrocarbon and other
organic compounds. From this viewpoint the hydraid CO by hydrogen spillover method could be
of interest [1,2], which is the main objective ofepent investigation. By this method, activated
hydrogen is formed on solid material surface, whistih surface spillover is taken to corresponding
adsorbent and is used as a reaction componenhidrcase it is necessary to have efficient of CO
adsorbents. According to literature data@thas a quality of this kind. It is precipitated om#genian
natural zeolite, which has a big surface, and todified zeolite is used as heterogeneous catadyst f
CO + H, reaction. TiG@sactivated carbide was used as an inert carriesrimesexperiments.
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Experimental

Investigations have been carried out in a readtspecial construction, made for that very purpdise,
scheme of which is shown in Fig 1.

The hydrogen participating in hydration is actiehti@ | reaction zone, then it is transferred to Il
reaction zone, via surface, where it reacts with &B8orbed on carrier substrate. This is a unique
means of bifunctional catalysis, the advantage litiwover other catalytic methods is that in trase
only one of reagents, the relatively pure one, acistwith catalyst, the other reagents (in our €3¢
and the products formed by them do not contact htirogen activator, which excludes the toxication
of the latter in reactional environment.

As we have already mentioned, the obtaining ofvadtiydrogen should be carried out in the first stag
of the process. As hydrogen activator, in our ca8®&iH; hydride obtained by method of self-
propagating high temperature synthesis (SHS) attutes of Chemical Physics NAS Armenia, was
used [3].

Results and Discussion

Activation of hydride

The construction of reactor allows obtaining actiyelrogen from hydride without pausing the process
— in dynamic conditions. Here is how it is realizadglass-net, on which 1cm thick hydride layer was
put, was installed in horizontal section in a 2 penimeter Pyrex tube put vertically. The tube-react
containing hydride was installed in electric stove.
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Fig.1. Reactor scheme.
A hydrogen flow of atmospheric pressure was reléase 12 cni minconstant speed through hydride

layer and the stove temperature was slowly risaf) @egrees.mif). Up to 300°C no hydrogen flow
change has been encountered. At temperatures highethat H flow rate self-increase was observed.
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If the hydride temperature is kept constant in ¢hosnditions, than in ~20 minutes the flow increase
reaches the highest value and again decreaseschimgahe previous value. After that no more
changes are being encountered. Such hydrogen #tavchange occurs in case of every temperature
increase. Increasing and decreasing the hydridpdeture many times, it, the hydride, is not only
brought to active state, but its activation thrddltemperature decrease is observed.
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Fig. 2. ZrNiH; activation threshold temperature dependence frone humber of activating
experiments: 1 — by pure hydrogen; 2 — 1% oxygendsled to hydrogen.

In our experiments we have succeeded in decreésiogn 300°C up to 15FC (see Fig. 2, Curve 1).
Hydride properties, activated in that way, are rmaned for a long time. This way of hydrogen
activation provides a process with stable regimeerefore - reproducible results. Obtained
experimental data can be explained in the followiraty: the activated hydride is in direct and regers
heterogeneous-homogeneous reactions with moledwdrogen. The balance established among
hydrogen amounts having been separated from thedeydnd those again joining it are carried out by
means of the following reactions:

1. ZrNiH; < ZI’NiH(g_X) + X Hags,
2. X Hags. |dgas —>
3. ZrNiH(3_x) +H, & ZrNng,

where X is the hydrogen amount having been semhfaisn one mol of hydride.

Considering the fact, that the presence of thelsstadmount of molecular oxygen very often resilts
heterogeneous catalyst surface state variatiom ithaas of interest to find out such influence of
oxygen on hydride activation process. Experimehtsvgd that if we add only 1%,Q0 hydrogen
flow, the activation threshold temperature is ehbd in fewer cases of experiments (see Fig.2,
Curve 2). Most probably in the presence of oxydem decrease in number of activation threshold
experiments is conditioned by hydrogen oxidaticactens taking place on the surface. Perhaps & thi
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case such reactions result in the increase of tingbar of active centers present on the surfacet Tha
process can be presented as follows:

4. ZrNiH; +O; = ZrNiHg) + HO; ggs.
5. HO, agst Ha ags= OH a4+ H,O
6. OHygs. + Ho= H0 + Hygs.

According to reactions mentioned above, in the gares of oxygen, besides H atoms, OH and, HO
radicals are also formed on the surface, whichigeomnore efficient course of oxygen activation,ntha
is in case of only molecular hydrogen (see Fig.2).

Hydride Surface Microstructure

Considering the fact, that during heterogeneousytat processes surface state as well as suréges |
morphological changes take place, Zrhiiditial and activated states surfaces’ microstites have
been thoroughly studied (see Fig.3).

a T b
Fig. 3. Not activated (a) and activated (b) ZrNithydride surface microstructure.

Investigations have been realized by “BS-300" etadit microscope connected to the computer
Pentium Ill. Fig. 3a and Fig. 3b comparison shatlvat in activated state the surface becomes rough,
acquires fine porous structure, and covers witte fgrind particle formations. Data evaluations
presented in figures show, that diameter of pagickaches 3-5 pm. Investigations have shown that
microstructures of samples surfaces activated by pydrogen and those by hydrogen-oxygen mixture
are the same. These morphological changes of tifi@ceuresult in surface area increase, which,sin it
turn, results in reaction rate increase, and ieesl in experiment.

Activation of carbide

The TiC, TiGg and TiGg carbides obtained by the method SHS [4]. Activatibis carbides by
hydrogen and hydrocarbon with presence of smalhtifies of oxygen was also implemented by
hydride activation method. It has been shown, i@, carbide is most effectively subjected to
activation. X-ray phase analysis of the latter $laswn, that activated sample contains not only, §iC
but TikO;7 phases as well [5].
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The summary activation mechanism of JiCarbide by hydrogen and hydrocarbon may by exptess
by reaction

7. TiGoe+ Hy + Oy — TiCogTigOs7 + H0
7. TiC0_5 + RH + Q — TiCo_GTiQOU + H20+COZ

Activation and modification of clinoptilolite

In the second stage of the process CO hydratiomégns of active hydrogen is realized on carrier-
substrate. As carrier-substrate, in our case, théNBvemberyan region clinoptilolite zeolite modiie
by CrO; oxide, was used. The choise of clinopteloit isditoned by the fact, that with its natural

supplies, its purity and qualitative properties)as productive importance.
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Fig.4. a) XRD spectra of the clinoptelolite activet at different conditions 1-300K, P=760 Torr; 2-
300K, P=1F Torr. b) A-P=760 Torr and;e-P=107 at different temperatures.

After preliminary cleaning the natural zeolite wggeund and fractionated. A 0.02-0.03 cm fractiors wa
used, which, according to literature data [1],desidered optimal for such cases. The X-ray phaslysis
has shown, that the raw zeolite used by us corggaiits a big amount of water. That is why it walsjscted

to thermal treatment undefl0? Torr pressure. X-ray phase analysis was carriethypmeans of Dron-2D
diffractometer. Experiments have shown, that deppgnoin treatment conditions, the intensity of thairm
components’ crystalline states existing in the @onof zeolite, passes through maximum (see Fig.4).

As we see the crystalline state’s quantity of SiDthe range of 250-30%C is the biggest. Surface
microstructure investigation [6,7] has also beemied out in this range, which showibatthe surface
acquires fine porous structure (~142n). The clinoptilolite having been subjected talstreatment
was used as a carrier-substrate, on which th@®4Cwas precipitated. The choice of the latter is
conditioned by the fact, that compared to CO it high adsorption properties, which has significant
importance in heterogeneous hydration processearbbn monoxide. Control experiments have been
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carried out for being convinced of it. For that pase, “Ch. ¢” marked @D; was ground by vibration
mill for 4 hours, particles having ~1 um size, wergtained. Then the clinoptilolite surface was
covered by suspension of that powder. After dryimg zeolite, a thin layer of oxide was left on its
surface.

Zeolite particles, having been subjected to suehtinent, by a 1cm layer were put on the hydride
present in the reactor. The hydrogen being filtedhedugh activated hydride provides stable yieldHof
atoms. The latter get transferred to zeolite serfac means of the spillover, where they react @ith
given by a separate tube.

Carbon Monoxide Hydration

Experiments were realized as follows: the molechlairogen with the rate of 12émin™, has been
given through the lower part of reactor (Fig.1)d &0 mixed with He in 5:1 ratio, with the rate of 2
cnmin™ has been given to clinoptilolite modified by,Og, 0.3 cm above hydride layer. Hydration is
observed starting from 18C. Temperature increase results in hydration psors increase.
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Fig. 5. CO hydration kinetics by spillo-ver methotl:— CO waste, 2 — methane accumulation1,2 — The
inert carrier is activated and modified clinoptilie. 1', 2' — The inert carrier is TiGe.

Fig. 5 shows the waste of CO and accumulation ahame for two conditions. The results of CO
hydration experiments at 23C. In these conditions about 60% of CO turns tohamet. In the case
when the carrier substance is the activated, Jt8e CO waste enhanced 62%. The main products of
the reaction are CHand HO. High hydrocarbons appear in tiny amounts.

Oxygen additions have interesting effect on hydratprocess. If oxygen, to extent of CO quantities,
together with His given to | zone (Fig.1), than it does not hagsential effect on hydration process.
But if O, is given to Il zone together with He + CO mixtuos zeolite surface modified by £
(Fig-1), than CO hydration decrease is observeds Eha result of the fact, that active hydrogens,
which get transferred from | zone to Il zone, realsb with Q, which results in the decrease of their
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concentration and therefore in the decrease of @®Warsion rate. It can be presented by competing
reactions 7 and 8.

8. CQus t Hags ——> CHs+ HO
9. Qoags+ Hads —> H,O

It is natural, that in case of,@bsence the rate of reaction 8 will increase. dfoee, in hydration
process CO should be in advance cleaned from oxygjespecial experiments it has been shown, that
by using not activated hydride and not modifiedchatitilolite, no CO hydration is observed in
conditions mentioned above.

K MEXAHU3MY AKTUBALIMU BOAOPOJA U YIVIEBOJOPOJA
HA TUAPUIAX U KAPBUIAX, IIOJTYYEHHBIX
B HEU3OTEPMHUYECKHX YCJIOBUAX

II. C. TYKACSH

Usyuen nponecc aktuBanuu rugpuaa ZrNiHs, kapounos TiCy BOJOpOIOM U YriaeBoaOpOJOM, a
TaKXKe KIMHONTHJIOINTA B HCU30TEPMUYCCKHUX YCIOBHsAX. HaOnronanoch mpoMOTHpYIOIIEE IeHCTBUE
crenoB  kucimopoga Ha mporecc aktmBanuu. ZrNiHz u  TiC, CHHTE3UpOBaHBI METOIOM
BBICOKOTEMIICPATYPHOTO CaMOPACIPOCTPAHSIONIETOCS] CHHTe3a. [lOKa3aHO, YTO AaKTUBUPOBAHHEIM
THIPUJ] WU KapOuJl, KOMOMHHPOBAHHBIN ¢ MOAUGMUIIUPOBAHHBIM KIHHONTHIOIHUTOM, MOXKHO YCIICIITHO
ucnonb3oBath s rugpupoBanus CO B MATKUX YCIOBHSX. PacCMOTpeH MEXaHHM3M aKTHBAILUH
THIpUJIA U KapOuJa BOJOPOJIOM ¥ YIIIEBOJIOPOJIOM, a Takke runpupoBanue CO METOIOM CIHILIOBEpa
BOJIOPOJIA.

N2 PNEEMU NMUSUULLEMNRU USUSYUD 2P HYP B9 YUMLPYLE D 40U QL UO LR
G4 UONULNUOPLLEP UUSPIUSU UL UGULPQUE UUURL

1. U. \.NhuUUsUL

Zhwmwgnuyb) b pupdpobipdwunhdwbughtt hupptwnwpwsdwt uhinkqh (RPU) dkpngny
unnwugwé ZrNiHs hhnphnh U TiCGx Jupphnubph, htyybu twb phwub Yihtinywnhinihnh
opwsuny b wdpwepwduny wluhjugnudp ny hqnpbpd wyuydwbbbpnud: Ljwwndl] k
prYwsdih htwptph npujut wqptkgnipniup wjunhjugdwt gnpsptpwugh Ypu: 8niyg L wnplbty
np  wiunhjugnulhg htwn hhgphgp b Jupphnubpp  qoiquijgking - wnhjugjus b
Unnhdhugjws ghnjhph htwn, EbEinhy YEpuyny hpwljwbwgunid Eu CO-h hhnppnud dbnd

wuydwtitbpnid: Lutwpldt] £ hhgphnh b Yupphnh Jpu 9opwsth wljnhjugdwt & CO-h
hhnppuiwb dudwbwl wshwepwusuh wnwewgdwu Ukjpwtthqup:
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