IX XAJIBIKAPAJIBIK, CHMIIO3HUYMBbI «2KAHY KOHE I1/IA3MAJIbIK XHMHA»
IX MEXX/JJYHAPO/JHBIH CUMIIO3UYM «OPEHHUE U ITJIASBMOXUMHS1»
IX INTERNATIONAL SYMPOSIUM « COMBUSTION AND PLASMOCHEMISTRY»

Chapter 9
Yactb 9

POSTER PRESENTATIONS

IHOCTEPHBIE JTOKJIA/IbI

WHCcTUTYT Npo6JsieM ropeHus



IX XAJIBIKAPAJIBIK, CHMIIO3HUYMBbI «2KAHY KOHE I1/IA3MAJIbIK XHMHA»
IX MEXX/JJYHAPO/JHBIH CUMIIO3UYM «OPEHHUE U ITJIASBMOXUMHS1»
IX INTERNATIONAL SYMPOSIUM « COMBUSTION AND PLASMOCHEMISTRY»

TABLE of CONTENTS
COJIEPKAHME

THE MECHANISM OF FORMATION OF CONDENSED COMBUSTION PRODUCTS
AT BURNING OF ALUMINUM-BASED SOLID PROPELLANTS
V.A. Babuk, N.L. Budnyi, and A.A. Nizyaev

EFFECT OF Cr,03 ON BURNING CHARACTERISTICS OF GAS GENERATORS
BASED ON AN/MgAl
K. Kamunur, J.M. Jandosov, R.G. Abdulkarimova, Keiichi Hori.
Zh.K. Yelemessova, Z.A. Mansurov
10

DEVELOPMENT AND PRODUCTION OF
GRANULAR CARBON SORBENTS FOR SORPTION OF TOXIC GASES
M.R.Kerimkulova, A.R.Kerimkulova, S.Azat, Z.A.Mansurov, |.S. Berezovskaya,
L. Fernandez Velasco, P.Lodewyck
13

EXPERIMENTAL INVESTIGATION OF INFLUENCE OF WATER MIST ON BLAST
OVERPRESSURE IN SHOCK TUBE
E. Mataradze, N. Chikhradze, 1. Akhvlediani, N. Bochorishvili, Z. Malvenisvili

18

GROWTH OF PZT THIN FILMS ON NI AND SI SUBSTRATE BY PLD
Mereke A., Umirzakov A., Beisenov R., Rakhmetov B., Muratov D.
20

SILUMIN MODIFIER EFFECT IN THE AL-B-O SYSTEM
V. Nekrasov, G. Ksandopulo, A. Baideldinova, L. Mukhina, Y. Ryabikin, Z. Azizov
24

THE INFLUENCE OF FILM STRUCTURE ON AL/PTFE MULTILAYER FOIL
LASER IGNITION
SUN Xiujuan, FU Qiubo

27

SYNTHESIS AND STUDY OF THE PROPERTIES OF WS, SINGLE CRYSTALS
GROWN ON A QUARTZ SUBSTRATE BY THE CVD METHOD
A.A. Shaikenova, R.E. Beisenov, D.A. Muratov, B.A. Rakymetov

30

UNCERTAINTY QUANTIFICATION IN CHEMICAL MODELING
N.A. Slavinskaya, JM. Abbasi, Y. Starcke, A. Mirzayeva
34

FLASH PYROLYSIS OF SHUBARKOL COAL IN A CFB REACTOR FOR SEMI-
COKE PRODUCTION

Diyar Tokmurzin, Kalkaman Suleymenov, Berik Aiymbetov, Yerbol Sarbassov,
Myung Won Seo, Desmond Adair

46

WHCcTUTYT Npo6JsieM ropeHus




IX XAJIBIKAPAJIBIK, CHMIIO3HUYMBbI «2KAHY KOHE I1/IA3MAJIbIK XHMHA»
IX MEXX/JJYHAPO/JHBIH CUMIIO3UYM «OPEHHUE U ITJIASBMOXUMHS1»
IX INTERNATIONAL SYMPOSIUM « COMBUSTION AND PLASMOCHEMISTRY»

NANOPOROUS NI ANODE AND YSZ ELECTROLYTE FOR SOLID OXIDE FUEL
CELLS
A.G. Umirzakov, A.L. Mereke, R.E. Beisenov, D.A. Muratov, B.A. Rakymetov

50
FABRICATION OF YSZ TARGETS BY HOT PRESSING METHOD FOR PULSED
LASER DEPOSIT INSTALLATION
A.G. Umirzakov, A.L. Mereke, R.E. Beisenov, R. Ibrahim, D.A. Muratov, B.A.
Rakymetov

53

2-D NUMERICAL INVESTIGATION OF THE INFLUENCE OF FLYER THICKNESS
ON FLYER VELOCITY DRIVEN BY ELECTRIC EXPLOSION
Wanjun Wang, Mingshui Zhu, Junjun Lv, Qiubo Fu, Yao Wang.

57

NANOSCALE SnO, WITH WELL-DEFINED FACETS IMPROVING COMBUSTION
PERFORMANCE OF ENERGETIC MATERIALS
Wen-gang Qu, Feng-gi Zhao, Hong-xu Gao

60

DIATOMITE: AN EMERGING BIOMATERIAL WITH HIERARCHICAL POROUS
STRUCTURE IN NANOTECHNOLOGY AND ITS APPLICATION IN SYNTHESIS
OF MULTIWALLED CARBON NANOTUBES BY CHEMICAL VAPOR
DEPOSITION METHOD
Zhalgasbaikyzy A., Zhaparova A., Nurgain A., Nazhipkyzy M.,Mansurov Z.A.

63

UCCJIEJOBAHUS CBOMCTB MHTEPMETAJLIMIHBIX TOKPBITUIA CUCTEMBI
Al-Cu, Ta-Cd, W-Cd C IETUPOBAHMUEM Cr, Ti, Ag, Nb, Mo

HN.K. Abnakaros, 10.K. Tyaeymes, M.b. Ucmansios
67

KATAJIMTUYECKOE OKUCJIEHUE TAXEJIBIX HE®TAHBIX OCTATKOB
E.A.Axkka3un, E.K.Ounrapoaes, E.Tuneyoepau, 3.A.MaHcypoB
70

OIPEJAEJEHUE BPEMEHU CXBATBIBAHUSI BETOHHOM MACCHI U
H3IrOTOBJIEHUE OTEYECTBEHHOI'O 3D IIPUHTEPA TUIIA "CKAMEWKA"
IS HOCTPOMKH KAPKACOB JOMOB
Anues E.T., Mancypos 3.A.,Poqun M., CeiiT:xanoBa M.A., EnremecoBa ’K.K., lay10aeB
Y.b., Amutpues T., 'aaun A.T'.

72

TEPMOJUHAMUYECKHI PACUET PABOTACIHOCOBHOCTH (RT) U COCTABA
NPOAYKTOB I'OPEHUSA IUPOTEXHUYECKUX I'ASOT'EHEPATOPHBIX
COCTABOB
J.A.BaiiceiitoB, M.U.Tynenos, A.b./[anbTOH

76

BJIUAHUE JOBABKU TEXHUYECKOI'O YIVIEPOJA HA XAPAKTEPUCTUKH
I'OPEHUSA U 3AKUT'AHUSA IMPOTEXHUYECKOI'O COCTABA HA OCHOBE
HUTPATA AMMOHUA

BaiiceiiToB /I.A.,3apko B.E., Cypoaun I'.C,Tyn1reno M.U., Kuckun A.b.
79

MUPOTEXHUYECKUM 3AMEJUVINTEJIbHBIN COCTAB
HI.E. I'adapamosa
82

WHCcTUTYT Npo6JsieM ropeHus




IX XAJIBIKAPAJIBIK, CHMIIO3HUYMBbI «2KAHY KOHE I1/IA3MAJIbIK XHMHA»
IX MEXX/JJYHAPO/JHBIH CUMIIO3UYM «OPEHHUE U ITJIASBMOXUMHS1»
IX INTERNATIONAL SYMPOSIUM « COMBUSTION AND PLASMOCHEMISTRY»

HNCCJIEAOBAHUE BJIMAHUSA OJIIOCYIOIINUX 1OBABOK HA ITPOLECCA
BOCCTAHOBJIEHUS KPEMHMUS
I'oaoBuenko O.10., baiipakoBa O.C., I'onoBuenko H.FO., Akna3zapos C.X.

85
MOJYUYEHUE ALIETAJIBJIETHJA KOHBEPCUEN BHOSTAHO.JIA HA
MEJABbCOIEPXKAILINX KATAJIN3ATOPAX
Hocymos K.,Epraszuena I'.E., TaiipadexoBa C.7K.

89
MATHUTHBIE KOMITIO3UTHBI 1JIA PUOOPMUHI'A 9TAHOJIA
I'.E.EpraszueBa, K.[locymos, C.2K.TaiipadexoBa,b.T./locymoBa, M.M.Tesn0aeBa.

92
HNCCJIEAOBAHUE YTI'JIEPOJHBIX HAHOMATEPUAJIOB METOAOM
PAMAHOBCKOM CHEKTPOCKOITUM C PA3JIMYHOM JJIMHOM BOJIHBI
3.P. UcmaruioB, A.Il. Hukutun, O.10. [ToagbsayeBa

94
CHUHTE3 YI'JIEPOJHBIX BOJIOKOH M3 BUTYMOB TSI’KEJIBIX HE®TEN
METOIOM 3JIEKTPOCIIMUHHUHI' A
Kaiinap b.b., Aprumoaes JI.A., Apreikboaesa M.T., Cmarysosa I'.'T., Mauncypos 3.A.

97

N3YYEHUE BJIUAHUSA NPOIIUTKU NNOJUCYJNbOPUIHBIMU PACTBOPAMHU
KAJIBIIUS HA CTPOUTEJIBHBIE MATEPUAJIBI

E.P. Kepumkyaos, ML.III. AxmagueBa, T.T. Toseb6aes, bayanosa H.B.
98

CHUHTE3 HAHOCTPYKTYP SiC u C METOAOM XUMHNYECKOI'O
OCAXKJEHUSA U3 I'A30BOM ®A3bI B MUKPOBOJIHOBOM ITJIABME
HA Fe KATAJIM3ATOPAX
A.K. KenxeryJon, b.3. Mancypos, b.C. MensinoBa, I'.C. CyonabikoBa, I'. [IapTusan,
M.E. MancyposBa, b.E. ’Kymaguios, Y.I1. Ko3raeBa, b.A. Ainnen
101

MEXAHUYECKHUE CBOMCTBA KAJbIUN-®OCPATHBIX IOKPHITUI
HNOJYUYEHBIX METOAOM BBICOKOYACTOTHOI'O MATHETPOHHOI'O
PACIIBIVIEHHU A
A.K. KenxeryJioB, A.A. Mamaena, A.B. Ilanuuxkun

106

I/ICHOJII)SOI%AHI/IE METOJIA 3I1P AJIs1 U3YUEHUSA HAPAMj&FHHTHI:IX
COCTOSAHMU PSAJA OBPA3L OB, COIEPKALINX CAMAPUU U OPBUU
Koxamyparosa, 10.A Psoukun, T.b baiinunos, /[.A Mypartos, b.A PakbimeToB,

P.E BbeiicenoB, A Mepeke , b.A.baiiTum0eToBa
109

HHOJYYEHUE KOMIIO3UIITNOHHbBIX BOJIOKOH HA OCHOBE IIMMA 1
PACOBOM HIEJTYXA METOJOM DJEKTPOCIIMHHUT A
Kypo6anosa 3.H., Teprokanosa H.B., Kum C., Cmarynosa I'.T.,
IIpuxoasko H.I'., Mancypos 3.A.
120

SJIEKTPOMATHUTHBINA PEAKTOP JIJISI IIJTABKU BA3AJIBTA C
ABTOHOMHBIM HAI'PEBOM JIETKH BBIITYCKA CTPYHU PACIIJIABA.
Jlykpsimenko B.I'., Aknazapos C.X., Meccep.ae B.E., Mancypos 3.A., Ycrumenko A.b.,
YmoerkanueB K. A., llleBuenko B.H., I'osioBuenko H.FO., I'onoBuenko O.10. 121

WHCcTUTYT Npo6JsieM ropeHus




IX XAJIBIKAPAJIBIK, CHMIIO3HUYMBbI «2KAHY KOHE I1/IA3MAJIbIK XHMHA»
IX MEXX/JJYHAPO/JHBIH CUMIIO3UYM «OPEHHUE U ITJIASBMOXUMHS1»
IX INTERNATIONAL SYMPOSIUM « COMBUSTION AND PLASMOCHEMISTRY»

CO3JAHUE 3KPAHUPYIOLWEI'O MATEPHUAJIA OT QJIEKTPOMATHUTHOI'O
N3JIYYEHUS C JOBABKAMU HAHOYACTUUL MATHETUTA
JlecoaeB A.B., Elouadi B., Manakos C.M., Mancypos 3.A.

124

OCOBEHHOCTH CTPYKTYPhI METAJNIOKEPAMUYECKHWX ITOKPBITHUH,
HNOJYYEHHBIX JETOHALIUOHHBbBIM HANIBIJIEHUEM
JI.LU. MapkamoBa, 1O.H. Twopun, E.H. bepanukona, O.B. Kosiucauuenko, E. B.

Monoseuxuii E.Il. Turkos, O.C. Kymnapena
127

KATAJIM3ATOPbBI CUHTE3A METAHOJIA U IUMETHJIOBOT'O D®UPA
A.B. Muponenko, K.b. Kyabsaposa, A.b. Kazuesa, 3.A. Mancypos
130

MOBBINTEHUE YKOJIOI0-OKOHOMHYECKHNX MOKA3ATEJIEN TEILIOBBIX
SJEKTPOCTAHIIUM (TAC) KABAXCTAHA C UCHOJIb30BAHUEM
MNJIABMEHHO-TOIIJIMBHBIX CUCTEM (IITC)

B.E. Meccepiie, A.B. Ycrumenko134

INJIASMEHHOE BOCIINTAMEHEHMUME IBUIEYT'OJIBHOI'O TOIIVIMBA
B.E. MeccepJie, A.b. YcTuMeHKO

137
CUHTE3 YIJIEPOJAHbBIX HAHOCTPYKTYP METOJ0OM KUCJIOPOJHO-
AIIETUJIEHOBOM I'OPEJIKH HA ITEHKAX Ni
Bb.3. Mancypos, b.C. MeasinoBa, b.E. ’Kymagunos, I'. [lTapruzan, M.E. Mancyposa,
A.K. KenxeryJios, Y.II. Ko3raeBa, b.T. JlecoaeB

140

IHOJIYYEHUE HEO@TECOPBEHTA HA OCHOBE PACOBOM HIEJIYXU ITYTEM
TEPMHUYECKOU OBPABOTKH
I'.P. Heican6aeBa, K.K. Kynaiioeprenos, E.K. Ourap6aes, 3.A. Mancypos

144
COJIHEYUHBIE KOJUIEKTOPBI C IIOKPBITUEM HA OCHOBE
KAPBOHHN30BAHHOI'O PACTUTEJIBHOI'O CBIPbS
H.I'. lIpuxoabko, I'.T. CmarynoBa, H.b. Paxbimikan, b.T. Jlecoaes,
M. Haxunkbi3bl, T.C. Temupraiauena, H.K. Kblibi0aeBa, B.B. I1aBiienko,
A.T. UcanbexoBa, A.Y. Anausipos, I'.K. bekcemyparoBa, 3.A. Mancypos

147

BJIMSIHUE YCJOBUM CUHTE3A U HAHOYACTHII OJIOBA HA CTPYKTYPY U
CBOMCTBA a-C:H<Sn,> INIEHOK CUHTE3UPOBAHHBIX
NOHHO-IIVIASMEHHBIM METOAOM
A.IL Psarysos, P.P. Hemkaesa, H.P. I'yceiinoB

151

HNCCIUEJOBAHMUME BJUSIHUS IIOJIMMEPHBIX TOBABOK HA KUHETHUKY
TEPMOXUMHNYECKOM JECTPYKIIMU U KATAJIUTUYECKOM
T'NIPOTEHU3AIINA OPTAHUYECKOMN MACCHI YIJIS.
H.M. Paxosa, III.E. I'adapamosa, /l. baiiceiitoB, /[. Emmmo6eroBa, A. Omaposa, K.
Tanacoa M.U. Tyaenos, 3.A. MancyposB

154

HNCCIEJOBAHUS BOSMOXKHOCTHU IPUMEHEHUS THAPOPOBHbIX
MOJINYPETAHOBBIX I'YBOK JIJISI OYUCTKHU BOIbI OT HE®THU U
HE®TEINIPOAYKTOB

Cyaranos @.P., bakboaar b., Mancypos 3.A. 157

WHCcTUTYT Npo6JsieM ropeHus




IX XAJIBIKAPAJIBIK, CHMIIO3HUYMBbI «2KAHY KOHE I1/IA3MAJIbIK XHMHA»
IX MEXX/JJYHAPO/JHBIH CUMIIO3UYM «OPEHHUE U ITJIASBMOXUMHS1»
IX INTERNATIONAL SYMPOSIUM « COMBUSTION AND PLASMOCHEMISTRY»

MOJIYYEHUE T'PA®EH W3 PUCOBOM IIEJTYXHA
CeiiT:xkanoBa M.A., Mancypos 3.A., Tanupo6eprenosa C.K.

160
CO3JAHUE T'MIPO®OBHOI'O IIECKA HA OCHOBE CHJIMKOHOBBIX
oTxoaoB
Cyaraxan L., Haxxunkeizsl M., JlecoaeB B.T., [Ipuxoabko H.I'., Typrauoaii A.,
Paxmerysiuna A., Topexanosa b., Kasenosa A., Mancypos 3.A.

163

CUHTE3 YIVIEPOJAHbIX HAHOTPYBOK METOJAOM XUMHNYECKOI'O
MHAPO®A3HOI'O OCAKAEHUSA B PEAKTOPE K ICEBAOKHUITAIIIUM CJIOEM
KATAJIM3ATOPA

I'.'T. Cmaryaosa, H.b. Ec6os10B, H.B. Teprokasona, 3.H. Kyp6anosa, 3.A. Mancypos
165

BJIMSIHUE KUCJIOPO/JIHOT'O BAJIAHCA HA CKOPOCTDb I'OPEHU S
I'ABOI'EHEPATOPHOI'O COCTABA
C. Typcoinbek, /I.A. BaiiceiitoB, Bucenosa A., 10.B. Kazakos, M.U.TyJenos,

3.A. Mancypos
167

PABPABOTKA KOMIIO3UTOB HA OCHOBE YI'JIEPOJHBIX
HAHOMATEPHAJIOB JISA CO3JAHUA DJIEKTPOIOB
QJIEKTPOXUMHNYECKHUX HCTOYHUKOB SQHEPT' U

Temupranuena T.C.l, Haxunkbi3bl M.l, Cyrypy H.?
170

KOMITIO3UIIUOHHBIE YI'JIEPOJHBIE HAHOTPYBKHU
JJISA CYIIEPKOHJIEHCATOPOB
Unukanb A.C., [Iy3pinun A.B., YecnokoB B.B., Ucmaruiios 3.P.

172

UCCIEAOBAHMUME BJIMAHUA KHHETUKHU IMTPOIECCA BOCCTAHOBJIEHUSA
SiO; 1 UIBYUEHUE CTPYKTYPbI BOJIHbI TOPEHUS

I'osnoBuenko H.1O., baiipakosa O.C., I'omoBuenko O.10., Aknazapos C.X.
174

MN3YYEHUE BJIUAHUA KPYIITHOCTH HIUXTOBBIX MATEPUAJIOB HA
CTEIIEHDb BBIXOJA METAJUVIMYECKOI'O KPEMHUSA U BJUAHUA
OJIOCYIOIUX JOBABOK HA ITPOHECC BOCCTAHOBJIEHUA KPEMHMU A

Axna3zapos C.X., baiipakosa O.C., I'osioBuenko O.10., I'osoBuenko H.1O.
177

HMHTEHCUOUKAILIUAA ITPOLUECCA BOCCTAHOBJIEHUSI KPEMHUSA
BaiipakoBa O.C., I'oiioBuenko H.1O., I'osoBuenko O.10., Akna3zapos C.X.
179

PACYET COCTABA HIUXTbI U3 UCIHTOJIB3YEMOI'O CUWJINKATHOI'O CbIPbA
N UCCUIIEJOBAHUE BJUAHUA KOJIMYECTBA BOCCTAHOBUTEJISA HA
IHOJIHOTY U3BJIEYEHUA KPEMHUA

BerukoBnu M./I., I'osioBuenko H.IO., Baiipakosa O.C., I'osioBuenko O.10.
181

WHCcTUTYT Npo6JsieM ropeHus




IX XAJIBIKAPAJIBIK, CHMIIO3HUYMBbI «2KAHY KOHE I1/IA3MAJIbIK XHMHA»
IX MEXX/JJYHAPO/JHBIH CUMIIO3UYM «OPEHHUE U ITJIASBMOXUMHS1»
IX INTERNATIONAL SYMPOSIUM « COMBUSTION AND PLASMOCHEMISTRY»

THE MECHANISM OF FORMATION OF CONDENSED COMBUSTION PRODUCTS
AT BURNING OF ALUMINUM-BASED SOLID PROPELLANTS

V.A. Babuk, N.L. Budnyi, and A.A. Nizyaev
Baltic state technical university « VOENMEH»
1, First Krasnoarmeyskaya Str., St.-Petersburg, 190005, Russia
E-mail: Babuk@peterlink.ru

Abstract
The physical mechanisms of formation and evolution of fine and coarse fractions of condensed combustion
products are considered at burning aluminum-based solid propellants.

Introduction

Aluminum is a necessary component of high-energetic solid propellants. A peculiarity of its
usage is the formation of condensed combustion products (CCP). This is a direct consequence of
relatively high temperature of Al,O3 evaporation (dissociation). Properties of CCP (sizes, mass
fraction, chemical composition, structure) have a significant influence on solid motor operation.
These properties determine the losses of specific impulse, slag accumulation rate, regularities of
CCP interactions with elements of combustion chamber, optical properties of combustion products,
motor operation stability.

In the present work, the physical mechanisms of CCP formation inside a combustion chamber
are considered. The work is based on existent experimental data analysis as well as numerical study
of a set of the phenomena associated with CCP formation.

In the present time, it is universally recognized that CCP consist of two fractions in sizes.
Particles of the fine fraction have a size ~ 1 um while particles sizes of the coarse fraction can reach
~ 100 um and even ~ 1000 pum.

Below the physical nature of the both fractions particles formation is consistently considered.

1. The Coarse fraction of CCP

The coarse fraction is represented by agglomerates which are the product of enlargement of
condensed substances within the surface layer of burning propellant. The agglomerates consist on
metal and its oxide as well as can include gaseous cavities and can differ in structure. Within the
multiphase flow of combustion products, the evolution of agglomerates is carried out. The evolution
represents the set of physical and chemical phenomena caused by the presence of interfacial and
interfractional interactions with the participation of agglomerates. As a result of the evolution, a
coarse fraction of final CCP is formed. Thus, properties of this fraction are determined by
realization of the processes of agglomeration and agglomerates evolution.

1.1. Agglomeration process

The presence of specific structure named the skeleton layer (SL) within the surface layer of
burning propellant have a fundamental importance for agglomerates formation [1]. The skeleton
layer provides the coherency of initial particles of metal within the surface layer and possibility of
retention of high-temperature particles on surfaces of burning propellant, i.e. possibility of
realization of process of agglomeration.

Properties of SL predetermine the properties of forming agglomerates. The fraction of initial
metal in propellant that forms SL corresponds to the fraction of initial metal used to form
agglomerates [2]. Physical and chemical transformations of agglomerating metal within SL and on
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its surface determine the parameters of chemical composition and structure of formed agglomerates
[2]. The agglomerates sizes are determined by the detachment conditions of agglomerating particles
from the surface of SL. The detachment conditions are determined by the behavior of liquid
particles on wettable surface and depend on properties of SL heterogeneities as well as dynamism
of the burning process [3]. In a number of cases, the oxidizer particles appear as heterogeneities
which have a determining influence on the agglomerating particles detachment. In these cases, so
called pocket mechanism of agglomeration takes place. The pocket mechanism was firstly described
in works [4, 5]. Variety of SL and agglomerates properties is caused by the variety of propellant
formulation factors and burning conditions. The sizes of agglomerates, mass fraction, parameters of
chemical composition and structure can significantly differ [6].

1.2. Agglomerates evolution process

This process includes a set of the phenomena [7]: burning of Al in gas-phase mode with
formation of smoke oxide particles (SOP); chemical interaction between condensed Al and Al,O3
resulting in formation of gaseous products; agglomerates structure changes; coagulation of
agglomerates and SOP; agglomerates movement within the flow. The main features of these
phenomena are the following. In typical conditions of the environment of combustion products of
propellant, burning of metal of agglomerates is carried out in diffusion mode. Possibility of the
interaction between condensed Al and Al,O3; and its rate depend on thermal state of the
agglomerate. Agglomerate structure corresponds to the state of mechanical equilibrium of Al and
Al,O3 drops as well as gaseous cavities.

2. The fine fraction of CCP

The fine fraction is represented by SOP which is formed above the burning propellant surface
(no more than 4 mm). Then these particles participate in the evolution process within multiphase
flow of combustion products.

2.1. Formation of SOP near the burning propellant surface

There are two mechanisms of the SOP formation [8]. The first mechanism takes place at
combustion of non-agglomerated metal. The second mechanism occurs at agglomerating particles
burning on the surface of SL. Below the regularities of these phenomena are considered.

The first stage of non-agglomerated metal burning as well as any Al particles burning is
heterogeneous burning. This stage is finalized by the boiling of Al. Further, the different scenarios
are possible. If the particle maintains its integrity and its size is large enough, the burning process
continues in the gas-phase mode. In this case, oxide is formed in gaseous phase and the ions are
apparently taking a role of condensation nuclei [9]. The sizes of forming particles are ~ 100-300
nm. On the contrary, if the fragmentation of the particle occurs at its boiling, the prolongation of
heterogeneous burning of Al becomes probable. It is connected with a set of factors: intensification
of mass- and heat transfer between the particle and environments [10-13], transition from
continuous flow mode to the transient and free-molecular mode [14]. For the some intermediate size
of the particle, the Al burning occurs in the diffusion-kinetic mode. At this mode, the oxide
formation takes place in the gaseous phase as well as on the particle surface. Thus at the burning of
non-agglomerated Al, the SOP sizes are largely determined by the processes taking place at Al
boiling (presence or absence of a fragmentation and the fragmentation degree).

At the burning of agglomerating particles Al in the gas-phase mode, the SOP formation takes
place during heterogeneous condensation. The carbon soot particles act as condensation nuclei [15].
The forming SOP sizes depend on the agglomerating particles size, flow conditions as well as mass
fraction and sizes of the carbon soot particles.
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2.2. Formation of the SOP at multiphase flow evolution

The two phenomena can be distinguished at SOP evolution [16]. The first phenomenon is the
deposition of a coarse fraction of the SOP on the agglomerates. The second phenomenon consists of
participation of the SOP in oxide condensation within a gas-phase burning zone of agglomerates.
Whereas the first phenomenon leads to reduction in the SOP sizes, the second phenomenon results
in the SOP enlargement.

Conclusion
The described mechanism of CCP formation can be used as a bhasis for creation of
mathematical models of considered processes.
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Abstract

In this study, the burning characteristics of AN/MgAl-based gas generators with addition of Cr,O3 as a burning
catalyst were investigated. Addition of Cr,Os increases the burning rate and improves ignition at low pressure and the
use of mechanical alloy MgAl as an fuel allowed gas generators to ignite at low temperatures.

Keywords: AN/MgAl-based gas generator, catalytic combustion, burning rate, high-pressure chamber, high
speed video recorder.

Introduction

Recently, gas generators based on AN which is used as an oxidizer have gained popularity.
Gas generators based on AN have disadvantages such as: low burning rate, slow ignition and low
energy. In many investigations, the authors meted that addition of transition metal oxides into the
composition of composite nitrogen fuels based on AN improved the characteristics of combustion
[1-2]. The use of mechanical alloy MgAl (50/50) as fuel for improvement of burning characteristics
of AN-based gas generator results in the improvement of gas generator characteristics and increases
flexibility. The melting and ignition points of MgAl alloy are lower than those of pure metals [3].
These properties of MgAl alloy improve the disadvantages of the gas generator on the basis of
ammonium nitrate [4-5].

In the study, the burning characteristics of AN/MgAl-based gas generator with addition of
Cr,03 under the conditions of catalytic combustion were investigated. The burning rate was
determined. The mechanism of catalytic combustion was studied with the help of surface
observation.

Experimental

The burning rate of a gas generator was determined by burning of AN/MgAI/Cr,QO3 in the
combustion chamber under pressure. The combustion chamber is filled with nitrogen. Ignition of
the samples is initiated with the help of electric current via nichrome threads. The scheme of the
process is shown in figurel.

Results and discussion

The burning rates of AN/MgAI/Cr,03— based gas generators were determined at the values of
pressure equal to 1MPa, 3MPa and 5MPa. The mixtures in different mass ratios were prepared with
the help of compaction in a press form the diameter of which was equal to 6mm and the height — to
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10mm at the pressure of 20MPa. The prepared samples were ignited in the combustion chamber by
application of electric current via a spiral. To determine the burning rate, a high speed video
recorder PHOTRON of 1000 pictures a second and resolution of 640x488 pixels was used.

Figure2 The effect of metal oxides on burning of gas generator based on AN-70%/MgAl-
30%/Cr,03 — 5% in the combustion camera at the pressure of 1MPa, 3MPa and 5MPa.

1 — Regulators, 2 — Romote Fill Valve, 3 — Fill Flow Rate Control, 4 — Monometer, 5 — high speed video recorder, 6 —
Camera, 7 — light Source, 8 — Screen Monitor, 9 — PC, 10 — Pressure Control system, 11 — filter, 12 — Vent Flow Rate
Control

Figurel. The scheme of the combustion camera under pressure
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Figure2. The cinegram of AN/MgAI/Cr,03— based gas generator burning at 1MPa, 3MPa and 5MPa.

It is seen that the burning rate of AN/MgAIl/Cr,03; — based gas generator increases linearly
with the increase in the pressure in the camera. In comparison with AN/MgAl, AN/MgAI/Cr,03
burnt at low pressures, Cr,O3exerted a catalytic effect on the burning rate by increasing it.

WHCcTUTYT Npo6JsieM ropeHus

11



IX XAJIBIKAPAJIBIK, CHMIIO3HUYMBbI «2KAHY KOHE I1/IA3MAJIbIK XHMHA»
IX MEXX/JJYHAPO/JHBIH CUMIIO3UYM «OPEHHUE U ITJIASBMOXUMHS1»
IX INTERNATIONAL SYMPOSIUM « COMBUSTION AND PLASMOCHEMISTRY»

The results of the carried out experiments showed that the burning rate was high and the
samples burnt completely. Besides, addition of Cr,O3 into the system increased the burning rate and
made the burning possible at low values of pressure. The reactions of sample burning are highly
exothermic reactions with evolution of heat, light and formation of gas containing substances in a
great amount.

Figure3 shows the burning rates of the samples based on AN/MgAIl and AN/MgAI/Cr,05 at
different pressures of nitrogen atmosphere. Addition of Cr,0s significantly influenced the burning
rates and ignition abilities of the systems at low pressure.

12
10 =

E -—-”;;/7A—+1

Pressure, MPa

Burning rate, mm/sec

1 — AN-70%/MgAI-30%; 2 — AN-70%/MgAl-30%/Cr,03-5%
Figure3. The dependence of the burning rate on the pressure of nitrogen

The analysis of the obtained results showed that the use of metal alloys as fuel, when
compared to pure metals, has a number of advantages: high energy, low ignition temperature and
low density. Therefore, the used of gas generators on the basis of ammonium nitrate is considered to
be promising. However, this investigation was carried out at low values of pressure. Further
investigations should be carried out at high values of pressure and at different ratios of metal alloy
and ammonium nitrate.

Conclusion

According to the results of the carried out investigations, the experiment were performed
which showed that in the combustion chamber at nitrogen pressure equal to 1MPa, 3MPa and
5MPa, addition of chromium oxide into AN/MgAl- based gas generator allowed the gas generator
on the basis of AN/MgAI to ignite at low pressure and led to the liner increase of the burning rate
with the increase in the pressure of nitrogen up to 10.5mm/sec addition of Cr203 into the
composition of gas generator based on AN/MgAI had a high catalytic action.
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Annotation

As used lignosulfonate industrial waste, which is obtained in the processing timber. The selected optimum
granulation regime in different proportions of the binder and flour rice husks. As a result of the research, a technology
for obtaining granular sorbents was developed. It was found that the ratio of rice husk (RH) to binder is 3: 1, the
carbonization temperature 800°C. A study of the microstructure of the obtained samples showed that the binder has a
dense surface and has only a small number of pores of round shape, mostly of large size.

Keywords: rice husks, carbonization

Introduction

The problem of air pollution - one of the greatest global challenges faced by humanity. Risk
of air pollution - not only in the fact that clean air fall harmful substances harmful to living
organisms, but also causes contamination of the Earth's climate change. Nevertheless, humanity
continues to burn fossil fuels and destroying forests. Air pollution occurs as a result of other human
activities. Fuel combustion in thermal power plants is accompanied by the release of sulfur dioxide.
With car exhaust gases emitted into the atmosphere of nitrogen oxides [1,2].

At the present stage, for the majority of industrial cleaning and suction air emissions of
harmful substances is one of the basic measures to protect the air basin. A feature of most industrial
emissions is to have them in addition to solid and liquid particles (dust, fumes and mists) a large
amount of harmful gaseous components. Clean gas flows from such impurities and requires specific
equipment corresponding theoretical knowledge for the development of gas purification technology.
Among the methods of neutralization of industrial emissions increasingly becomes important
adsorption way to almost completely remove the impurities from gas streams. In use solid
adsorbents as high surface area materials formed into pellets (spheres, tablets, cylinders, etc.), or are
in finely divided form [3].

In this connection, the production and consumption of the carbon materials has steadily
increased. In particular, the global consumption of carbon materials is about 1.1 million tons per
year and continues to grow at 9% per year [4]. Thus a major amount of activated carbon (80-85%)
is produced from non-renewable resources. Large range of carbon materials obtained on the basis of
large-tonnage waste of chemical and mechanical processing of wood: sawdust, bark, logging waste
and technical lignins [5].
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Experimental part

1. Development of synthesis technology and production of granular sorption materials

In this work, a synthesis technology and the preparation of granular sorption materials from
waste products by extrusion, granulation on a screw granulator was developed. As a waste,
lignosulfonate (LS) and rice husk flour were used.

To prepare granular carbon sorbents, the raw materials were prepared. To do this, rice husks
were grinded on the planetary mill "Activator 4M", when using metal balls with a diameter of 5
mm, in an amount of 300 pieces; The grinding time is 3 minutes. Further, at a ratio of 2: 1, 3: 1 and
4: 1, with the addition of water (40 ml per 100 g) from flour and lignosulfonate, a plastic mass was
obtained. Further, from which granules were obtained using a screw granulator. The resulting
granules were dried at room temperature for 6-12 hours. The carbonization of the samples was
carried out under strictly controlled isothermal conditions, in a rotating reactor in an inert gas-argon
medium, which was continuously supplied to the reactor at a rate of 50 cm*/min.

Rice husk |——>» Grinding |—— | Batching

A

Preparation P Binder
plastic
A
Granuloma
A
Room temperature ¢—— Drying < Muffle
furnace

¢ y

Carbonization

v

Activation

'

Granular sorbent |[¢—— Drying

Figure 1 - Scheme for the production of granular carbon sorbents

Carbonization was carried out at temperatures of 750 and 800 °C. In order to improve the
sorption characteristics, the granules obtained were activated using chemical reagents. The scheme
of the process for obtaining granular sorbents is shown in Figure 1.

The influence of the amount of binder on the yield and the properties of the sorbents obtained
was investigated in the work. For the study, samples were prepared in which the ratio of the binder
and flour of the RH was changed in accordance with the data given in Table 1.

According to the data obtained on the Sorbtometer-M analyzer, the specific surface area of the
resulting samples after activation was in the range 146-883 m*/g.

To determine the optimum ratio of sorbent and binder in the composition of the final product,
the values of the yield and the specific surface of the samples were compared. From Table 1 it
follows that the ratio of RH and binder is 3: 1, the carbonization temperature is 800 °C. The general
view of the obtained carbon sorbent granules is shown in Fig. 2.
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Table 1 - Characteristics of the obtained granular samples

Ratio t, °C Mo, 9 my,g myg | Exit, | S's S’s, Volume Sorption activity by

RH/ LS % mig | mig porosity, methylene blue
cm®/g mglg

67:33 800 58,12 | 11,48/1 | 4,35 | 37,9 | 198 684 0,272 368

(2:1) (1h30min) 0

67:33 750 40,39 | 12,31 | 7,03 | 57,1 78 146 0,065 363

(2:1) (1h30min) 11,6

80:20 800 25,81 8,25 433 | 525 | 204 336 0,147 365

(4:1) (1h30min)

75:25 800 4556 | 12,11 6,78 | 55,9 | 205 883 0,337 373

(3:1) (1h30min)

75:25 800 51,55 | 12,73 514 | 40,4 | 239 803 0,344 373

(3:1) (1h50min)

-

Figure 2 - Granular carbon sorbent from RH and lignosulfonate

As a result of the research, the technology of obtaining granular sorbents was developed. It
was found that the ratio of RH to binder 3: 1 is optimal, the carbonation temperature is 800 °C.

2. Investigation of the physico-chemical characteristics of the obtained granulated
sorption materials

The physico-chemical characteristics of the obtained granular sorption materials were studied
by electron microscopy, low-temperature adsorption of nitrogen, adsorption of carbon dioxide.

To determine the pore size, the density functional method DFT was used. The BET method
was used to determine the specific surface area of the adsorbents.

The morphology and surface relief of the investigated samples of the carbon sorbent was
studied by electron microscopy using the electron microscope JSM-6510 LA. To obtain contrasting
electronic microimages, the study surfaces were conducted at a voltage of 15-20 kV and in a current
strength of 10-30 mA.

It can be seen from the obtained micrographs that the bonding material has a dense surface
and has only a small number of pores of round shape, mostly of large size (Figure 3A). It can be
seen from Fig. 3B that the starting material (RH) is firmly fixed in the matrix of the binder,
lignosulfonate. Further, the activation of these pellets from rice husk and lignosulfonate promotes
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the formation of more pores of small size and the development of the sponge structure of the

sorbents.

The device used in this study made it possible to work on the elemental composition of the
granular sorbent before and after activation. The research was carried out on a modern JED-2300
EDS energy-dispersive spectrometer by JEOL, Japan, which is an additional device for the scanning
electron microscope type JSM-6510 LA, the same firm. These studies are presented in Figure 4.

B) granules after activation

Figure 3 - Electronic micrographs
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Element Wi% At% Element  Wit% At% |
CK 55.19 | 63.57 CK 56.00 | 65.16 g
OK 38.28 33.10 OK 33.35 29.14 OK 11.87 5 '25
NaK 1.47 0.89 NaK 6.13 3.73 SiK 1 '17 0'52
SiK 4.20 2.07 SK 4'53- 197 Matrix Corréction ZAF
SK 0.87 0.37 Matrix | Correction | ZAF
Matrix | Correction | ZAF
A B C

A) binder material - lignosulfonate; B) granules from RH and LS before carbonization; C) granules after activation

Figure 4 - Elemental composition

As can be seen from figure 4 (A, B, C), as a result of activation, there is a significant
decrease in the amount of oxygen. At the same time, there is a simultaneous decrease in the
content of sodium and sulfur to zero, which volatilize during the carbonization process, which
has a beneficial effect on the quality of the carbonized material. The analysis made it possible
to show that an increase in the carbon content of the activated samples occurs as compared to
the initial samples of granular sorbents.

Conclusion

- As a result of the research, the technology for obtaining granular sorbents was developed. It
was found that the ratio of RH to binder 3: 1 is optimal, the carbonation temperature is 800 °C.

- Investigation of the microstructure of the obtained samples showed that the binder material
has a dense surface and has only a small number of pores of round shape, mainly of large size, and
the starting material (PI) is firmly fixed in the matrix of the binder, lignosulfonate. And the further
activation of these pellets from rice husk and lignosulfonate contributed to the formation of more
small pores and the development of the spongy structure of the sorbents.
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EXPERIMENTAL INVESTIGATION OF INFLUENCE OF WATER MIST ON BLAST
OVERPRESSURE IN SHOCK TUBE

E. Mataradze, N. Chikhradze, 1. Akhvlediani, N. Bochorishvili, Z. Malvenisvili
G. Tsulukidze Mining Institute, 7, E. Mindeli Str., Thilisi 0186, Georgia

Abstract

Explosion protection technologies are based on the formation of a shock wave mitigation barrier between the
protection site and the explosion site. Contemporary protective systems use water mist as an extinguishing barrier. To
achieve high effectiveness of the protective system, proper selection of water mist characteristics is important. The main
factors defining shock wave attenuation in water mist include droplet size distribution, water concentration in the mist,
droplet velocity and geometric properties of mist. This paper examines the process of attenuation of shock waves in
mist with droplets ranging from 25 to 360 microns under different conditions of water mist location: Blast Chamber-
Water Mist-Air and Blast Chamber-Air-Water Mist-Air. Experiments were conducted at the Mining Institute with the
use of a shock tube to study the processes of explosion suppression by a water mist barrier.

Keywords: Blast overpressures; Water mist, Shock tube; Blast energy attenuation.

1. Introduction

Blast suppression mechanisms using water mist have been addressed by G. Thomas, Van
Winderden, K. Kailasanath, and R. Ananth et al [1,2,3,4]. It has been noted that water mist with fine
sprays is efficient for the mitigation of explosions. Research has shown that shock energy extraction
by water mist takes place during the process of aerodynamic droplet break-up and vaporization of
child droplets. The main purpose of the existing studies is to determine the effect of droplet size
distribution and concentration of water on blast overpressure attenuation in water mist. Significant
knowledge has been accumulated in this area, however there still are some gaps that need to be
addressed in order to improve the design of protective devices. More specifically, the effect of the
water barrier location on the suppression impact remains understudied.

2. Experimental setup

A shock tube was designed to study the effects of water concentration, water drop diameter,
location and length of the water mist on blast attenuation. It enables to study the effects of solid
explosive, fuel-air and gas explosions. The shock tube consists of a blast chamber, a tube, a system
for the dosed supply of fuel and water, sensors, data recording equipment, and a process control
module. The shock tube is located in a tunnel (fig. 1), while the data recording equipment and the
control module are located in the monitoring room placed at a 6m distance from the tunnel entry.
The following are the basic characteristics of the blast chamber and separate tubes: Diameter of the
blast chamber and tubes — 50 cm; Blast chamber length — 50 cm; Wall thickness — 8 mm, Number
of separate tubes — 10; Total length of the shock tube — 10.5 m.

The shock tube has a system for the dosed supply of water, which is composed of pumps,
pipelines, electric valves and nozzles, and other hydraulic elements needed for water mist creation.
Twelve nozzles model BETE P120 are fixed in each of the first and second tube segments (i.e.
twenty-four in total) after the blast chamber.

3. Results of the experiments
The objective of the study was to investigate shock wave attenuation in water mist in the
following conditions:
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e Explosive charge location - blast chamber of the shock tube;

e Type of explosive and mass of charge: hexogen, 5 gram

e Droplet size distribution in mist: 25-360 pm;

eFlow rate: 0.9 L/s;

e Length of mist in the shock tube section: 1m

e Concentration of water in mist: 4.5 L- m™ - sec™

In different cycles of experiments water mist was generated in section #1 (Fig. 1-a, Blast
Chamber-Water Mist-Air) and section #2 (Fig.1-b, Blast Chamber-Air-Water Mist-Air).

a
il Il il | | il
v \ v | ] v i v !
Section2 | Section3 | Section4 | Section5 | | Section 10 |
\ \ | [{] ] |
. | | | | | |
Air \ | K {
| I | | | |
| | | | |
A
b
Senssor
I‘/ il il il il | | il
L o = z g I 1 g T[] v |
| Section 1 j Section3 | Section4 | Section5 |l | Section 10 |
Charge| | | [ \
* N | | ]! |
| | | (el \
AN | | Ll |
1
\—Blast Chamber

Fig. 1. Scheme of the experiments. a) Blast Chamber-Water Mist in section #1-Air, b) Blast Chamber-Water Mist in
section #2 -Air

Attenuation of shock waves in mist was estimated using overpressure reduction coefficient:
K= (AP, - APn)/ AP, Where AP, and APm is overpressure without mist and with mistat the same
distance from the charge. The values of overpressures measured during the experiments without
mist and with mist are given in Fig. 2.

140
—— Without Mist

= = With Mist in | Section
——— With Mist in Il Section

1204
100
80
60

40 —— ] g ---------- _2
~A_ 1"

20 A

Overpressure, kPa

0 T T T T T T T T T T
0 05 1 15 2 25 3 35 4 45 5 55 6 65 7

Distance, m

Fig. 2. Dependence of maximum overpressures on the water mist location

5. Conclusions

Shock wave overpressure reduction coefficient K was studied in the shock tube under two
different locations of water mist: a) when water mist is created in direct contact with blast chamber
and b) the blast chamber and the mist are separated by air space. It is established that in conditions
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when the air space distance between the blast chamber and the mist is 1 meter, overpressure
reduction coefficient is 1,5-1,6 times higher than in conditions when water mist is created in direct
contact with blast chamber. This can be explained by different mechanisms of energy suppression
near the charge zone where overpressures develop under the effect of gaseous products of explosion
and in the zone where shock waves are generated.
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GROWTH OF PZT THIN FILMS ON NI AND SI SUBSTRATE BY PLD

Mereke A., Umirzakov A., Beisenov R., Rakhmetov B., Muratov D.
LLP «Institute of Physics and Technology», 11 Ibrahimov str., FEZ PIT "Alatau", Almaty, Kazakhstan

Abstract

This paper presents a technique for obtaining a target of lead zirconate titanate (PZT) at a hot pressing
plant and its subsequent deposition in a pulsed laser deposition apparatus (PLD) in an O, atmosphere at
temperatures from 500°C to 750°C, 370 mJ UV laser energy in 60 minutes to obtain thin PZT films on
Si100 and Ni substrate. The crystal structure of PZT films studied by XRD. Surface morphology grown
films studied by AFM and SEM microscopy.

Introduction

Lead zirconate titanate compounds (PZT) are one of the most commonly used ferroelectric
materials for research and industrial applications. Piezoelectric properties of PZT also make this
material a potential candidate for a variety of MEMS applications. High residual polarization and
dielectric constant, in addition to electro-optical and pyroelectric effects, allow using a variety of
applications for materials based on PZT. PZT films also recently attracted a lot of attention in
applications of devices when integrating with semiconductors. These applications require the
deposition of high-quality PZT films on available semiconductor substrates. The various methods
used to precipitate PZT include Sol-gel, Ink Jet Printing, Sputtering, Chemical Vapor Deposition
(CVD), and Pulsed Laser Deposition (PLD). PLD is a universal deposition method that allows
economical deposition of high-quality thin films from a variety of complex multicomponent oxide
compounds that include PZT. PLD is based on the assumption of the evaporation of the target
material in the plasma plume and its stoichiometric transfer to the substrate.
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Experimental

The PZT target made by mixing grinding in a ball mill «SPEX8000» and further pressing in a
hot-pressing plant at a temperature of 1500°C for 4 hours powders PbO; and ZrO, TiO, with a
purity of 99.99% in the ratio.

The obtained PZT ceramic target used to deposit PZT films on Si100 and Ni substrates in a
pulsed laser deposition (PLD) setup. As a source of laser radiation applied excimer laser Lambda
Physik KrF with A = 248 nm and pulse frequency about 5-7 Hz. The main variable parameter during
deposition was the heating temperature of the substrate. During deposition O, gas into the chamber
150 cm3/min flow. The pressure in a chamber with oxygen of 10 mTorr, an energy density of 370
mJ, and a deposition time of 60 minutes were constant. The target holder is rotatable by an electric
drive for uniform deposition.

The crystal structure of synthesized PZT films was investigated by using X-ray diffractometer
(XRD Dron-6). The surface morphology of the films were examined by atomic force microscopy
AFM company «Solver M» and a scanning electron microscope «JEOL» company.

Results and discussions

Figure 1 shows an XRD film deposited on a nickel substrate using PLD technology. The
structure of the PZT films at different deposition temperatures has the same polycrystalline
structure with a peak value of 31.3 corresponding to the (110) plane and one more peak at 44.4,
which corresponds to the (200) planes for all films. It was found that the interplanar distance
corresponding to the highest peak is 2.8904 A. Lattice constant of PZT films was calculated as
4.0876 A, which is close to the corresponding bulk value (4.054 A), indicating the presence of a
minimum interfacial tension in the deposited film.
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Figure 1 XRD pattern of the PZT thin film coated on and Ni substrate

Figure 2 shows the XRD of a PZT film deposited on a silicon substrate.From the figure it can
also be concluded that the sample is a polycrystalline structure also with a peak value of 34.95,
which corresponds to the plane (110), and another peak at 49.65 that corresponds to the plane (200).
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Figure 2 XRD pattern of the PZT thin film coated on and Si substrate

Figure 3 shows the morphology of the PZT surface deposited on a Si (100) substrate at
temperatures of 500°C (a) and 750°C (b), 370 m] laser energy, 7Hz frequency and 60min
deposition time. Scanning was carried out in the region 1x1 um. The surface relief shows the
formation of semicircular spherical crystallites with an average diameter of 100 to 200nm. The
maximum height of crystallites does not exceed 6 nm. In general, the surface is rather monotonous
with sufficiently oriented formations. When the temperature is raised to 750°C, at the same time
and energy parameters of the laser, smaller crystallite formations with a diameter of 20 to 80nm are
observed. However, the structure of the formations has a more oriented structure with sharp peaks.
The height of the crystallites is 30nm.
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Figure 3 - Atomic force microscopy of the surface of a PZT film deposited on a Si (100) substrate at
temperatures of 500 ° C (a) and 750 ° C (b), a laser energy of 370 mJ and a frequency of 7 Hz

Figure 4 shows the morphology of the PZT surface deposited on Ni substrate at temperatures
of 500°C (a) and 750°C (b), laser energy 370 mJ, frequency 7 Hz and deposition time 60 min. The
morphology of the PZT films deposited on the Ni substrate showed the formation of cone-like
crystals with a rather monotonous and sufficiently oriented structure. The maximum crystal height
at 500°C does not exceed 30 nm, with an average diameter of up to 200 nm. With an increase in the
deposition temperature to 750°C, peaks of up to 10 nm and a diameter of up to 80 nm are observed
to decrease. However, the structure of the formations has a more oriented structure.
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Figure 4 - Atomic force microscopy of the surface of a PZT film deposited on a Ni substrate at
temperatures of 500 ° C (a) and 750 ° C (b), laser energy 370 mJ and a frequency of 7 Hz
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Figure 4-SEM image of the surface of PZT films deposited at 600 ° C
and energies (a) 370 mJ and (b) 600 mJ

From the SEM analysis of Figure 4, scanning the surface of deposited films, it was
established that deposition with a lower energy of the laser forms a more uniform surface without
contamination.

Conclusion

In the course of the work, thin PZT films were obtained on Ni and Si (100) substrates at
different deposition temperatures. Precipitation was carried out by feeding O2 gas into a chamber of
150 cm3 / min. The pressure in a chamber with oxygen of 10-4 mTorr, an energy density of 370 mJ,
and a deposition time of 60 minutes were constants. Studies of the crystal structure of the films and
their morphology have been carried out, it has been found that the structure of the films is
polycrystalline with a peak value of 31.3 corresponding to the (110) plane and another peak at 44.4,
which corresponds to the (200) planes for all Si films and a peak value of 34.95 which corresponds
to the (110) plane and another peak at 49.65 which corresponds to the (200) Ni plane. That is close
to the corresponding volumetric value indicating a minimal interfacial tension in the deposited film.

The morphology of the films showed that the films have a structure with sufficiently
monotonous and oriented formations with increasing temperature, a decrease in the dimensions of
the peaks and diameters indicating a more oriented structure is observed.

The results obtained will subsequently be used to develop thin-film photocatalysts for the
decomposition of water.
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SILUMIN MODIFIER EFFECT IN THE AL-B-O SYSTEM
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!Institute of Combustion Problems, Kazakhstan, Almaty
?Institutr of Nuclear physics Almaty, Kazakhstan
milabrega@yandex.ru

The goal of this study is testing of a ceramic material synthesized in the Al-B-O system in the course of the SHS-
process as a powder modifier for silumin casting.

Introduction

Most of the up-to-date equipment currently used to manufacture parts of the internal
combustion engines (ICE) is based on wide application of silumins. Their key advantages are small
density, high foundry properties, cheap cost, as well as practically unlimited resource supply.

The silumin thermomechanical properties highly depend on a cast alloy structure, primarily
on the size and morphology of its structural components.

The process of changing alloy’s morphology and crushing of its structural components both at
the macro- and microlevel is called modification.

Nowadays there exist numerous different ways of such modification [1]. The basic technique
used now is impurity modification (by introduction of micro-additives).

The impurity modification theory is so far insufficiently developed as many of its arguments
are contentious and practical application is ambiguous. As for its action mechanism the impurity
modification is referred to two types:

1. Surfactants causing decrease in the growth rate of any crystal bodies emerging in cooled
melts;
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2. Small-size particles that are nucleating crystallization centers. Such particles are either pre-
synthesized and then added to the melt (ex situ), or are synthesized in the melt using added
components (in situ).

However, the impurity modification techniques have essential weak points manifested to
certain extent, namely:

- Limited action duration;

- Re-modification;

- Hydrogenation; and

- Mutual incompatibility.

The key disadvantage is that currently applied technology does not allow for production of
articles with a set of properties that can satisfy present requirements for them [2].

In this connection search for new approaches to silumin modification seems to be of high
interest. One of such approaches proposes to apply materials produced during the SHS-processes
under the centrifugally-accelerated metal clusters effect as modifiers. Such materials have a highly
non-equilibrium structure sometimes associated with free valency (unpaired electrons). These high
activity materials can render obvious positive effect on the course of the crystallization process and,
consequently, modify the cast structure.

To produce a powder modifier there has been taken a sample consisting, according to the x-
ray phase analysis (DRON 3.0; CuKa), of aluminum borate, namely Aly0B4O3s (31.2 % mass) and
corundum (a-Al,03), and B(OH); being taken in trace quantities. According to the EPR data
(Figure 1), this material contained unpaired electron in its structure (free valency) as an initial
material.

The modifier powder of the particles sized about 5 mkm has been produced by material
crushing and its subsequent pulverizing in the alundum tube filled with spirit. Such way of crushing
allows for production of a powder that is not subject to any considerable impact on its surface
structure.
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Figure 1 - EPR-spectrum of the modifier powder

Silumin with the silicon content 10.5 % (mass) has been subject to modification. Other
impurity Kinds have been found to correspond to AK12 alloy (i.e. were not worse).
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A 150 g silumin test charge has been melted in the alundum crucible inside the muffle
furnace. The 0.52 g modifier sample wrapped in aluminum foil has been embedded in the melt at
820 °C. Ten (10) seconds later the melt was subject to mixing within 20 sec by means of a specially
designed mixing device. After mixing the melt has been left in the furnace for 5 minutes at 820°C,
and then poured out into a steel casting form heated up to 100°C. Just for comparison: silumin has
been cast in the same conditions but without a modifier.

Figure 2 illustrates two pictures of cast modified and non-modified silumin structures. Their
comparison shows that addition of the modifier in the amount of 0.33 % (mass) results in radical
change of the ingot structure.

Noteworthy that this modifier effect is not caused by any of the approved mechanisms. First
of all, syngony and parameters of the crystal lattice of the corundum modifier components (trigonal;
a=0.476 nm, ¢ = 1.292 nm) and aluminum borate (orthorombic; a = 0.769 nm, b = 1.401 nm, ¢ =
0.567 nm) do not correspond to those of the a - aluminum phase (cubic; a = 404 nm) and the silicon
B-phase (cubic; and = 0.543 nm). Hence there is not realized the Dankov principle (i.e. the principle
of structural conformity between primordial crystallization centers and a crystallizing phase).
Available references contain similar examples. Thus, [3] describes modifying properties of
aluminum nitride though its crystal structure (hexagonal; a = 0.31 nm, ¢ = 0.50 nm) does not
correspond to the aluminum and silicon crystal lattices. On the other hand, the modifying effect
cannot be caused just by boron that could get into the melt as a result of reaction (1)

B,O; +2A1 — 2B + AlL,O3 (1)

since boron is not an independent modifier in the Al-Si binary system.

It is important that the highest possible boron content in the melt caused by the modifier
addition does not exceed 0.012 % (mass). At such content boron is found in a solid solution in the
course of the crystallization process.

Figure 2 - Microscopic metallography of the modified and non-maodified silumin ingots

Conclusion

During the SHS-process within the AI-B-O system there has been synthesized ceramic
material with obvious modifying effect on eutectic silumin that cannot be explained just by the
existing model representations (i.e. applied mechanisms).

Modifying effect of the material is presumably caused by its strong non-equilibrium
associated with free valency (unpaired electrons).
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THE INFLUENCE OF FILM STRUCTURE ON AL/PTFE MULTILAYER FOIL LASER
IGNITION

SUN Xiujuan, FU Qiubo
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Abstract

Experiments were carried out to study response behaviors of AI/PTFE multilayer foils under single pulsed laser
loading, results showed that finer structured foils went under more fierce reaction than coarser ones, and that pulsed
width have a dominate influence on the effects.

Key words: AlI/PTFE multilayer films, single pulsed laser, ignition

Introduction

Reactive energetic materials are typically mixed nano-partials or multilayer foils consist of
two materials that react exothermically. If sufficient heat is generated via local stimulation,
surrounding materials can be heated and caused to mix, generating a runaway reaction that can
propagate throughout the entire foil. Examples of exothermic material system that exhibit self—
propagating high temperature synthesis reactions include AIl/Ni, Al/CuO, AI/PTFE. AlI/PTFE
multilayer films have higher energy densities than conventional organic explosives and other MIC
composed of different fuels and oxidizers.

Laser ignition provides a unique opportunity to characterize ignition processes with a precise
and reproducible energy source. There are researches about the laser induced reaction of several
different combination of MIC, including Co/Al. Ni/Ti, Al/Pt, trying to reveal the influence of
materials on the effect of laser ignition, and another paFer reported experiments of nanosecond and
femtosecond pulsed laser ignition of reactive Al/Pt!?) multilayer foils. This paper included our
experiment on another kind of reactive multilayer foils, AI/PTFE, with pulsed laser, with the
purpose of discovering how the multilayer structure influence the reaction.

Experiments

All multilayer films are grown on Si(100) substrates with thickness of 675um, the Al layers
were deposited via direct current magnetron sputtering while the PTFE layers via RF magnetron
sputtering. The base pressure of the grown chamber is 3x10-4Pa, and sputtering were performed
with a process gas of Ar at 0.65a. Three general characteristics define the physical features of a
film: the total thickness of the film, the bilayer thickness of the constituent layer, and the proportion
between the constituent layers within one bilayer. We prepared three kinds of films with varied
characteristics. The status of as-deposited film specimens are listed in table 1.
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Table 1 Status of as deposited film specimens

Modulation ratio

Bilayer numbers | Total thickness/um | Bilayer thickness/nm (from EDX results of section)

A 20 6.6 330(90+240) 1.2.1
B 30 5.1 170(50+120) 124
C 50 53 106(50+60) 111

The specimen were all capped with PTFE layer to prevent the Al layer from being oxidized,
and such that the laser pulse encountered the same material since the as deposited PTFE layers are
transparent and Al layers have much larger reflection coefficient.

The laser used for ignition experiments is a Nd:YAG laser with wavelength centered at
1064nm. The laser is operated in a single shot mode, at each test, the ignition determined for a
particular foil by an audible “pop” or visible flash indicates that ignition has occurred. All pulsed
laser loading were done in air at ambient conditions.

Discussion

Our experiments showed that pulsed laser loading can induce the AI/PTFE to start a reaction,
with a bright spark and an audible “pop” sound, and release heat. The reaction that laser trigged did
not spread continuously though, only contained in a small area forming a burn mark of various size
instead. Photomicrograph and SEM photos of the specimens’ surface and cross section before and
after laser loading experiments are shown in figure 3. laser pulses with duration of 0.3ms heated a
depth of approximately 2um within the spot size, only several layers at the top were set on reaction,
leaving a burning mark of metallic luster. 0.5ms width pulses reached a depth of 6um, what left
around the burning mark after the foils” combustion expanded and coiled outward forming a crown-
like ring of different height and width. The ring is actually made up with many wavery thin layers
of reaction products as you can tell from the SEM pictures. EDX test shows the reaction products in
this area is pure carbon, which is the result of carbonization cause by elevated temperature. There
followed a ring of metallic luster the same as ones loaded with 0.3ms pulses. Lamination also
occurred from top layer to the bottom indicating that reactant in this area were more or less
consumed in reaction.

Figure 1 burning mark and their section SEM images after experiment
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Burning mark diameter (the diameter of metallic lustering ring) was used to compare
represent the extension of reaction, since specimens with different structures got burning marks of
different size. The measurement results were organized and presented in figure 4. The chart shows
clearly that the reacted zone expands with the width of laser pulsed increases. In the meanwhile,
very short pulses, even with high power( 0.1ms,5kW), had not been able to set the specimens into
reaction. These two experiment results showed that the duration of laser pulse had a obvious lager
influence on the ignition of AI/PTFE, compared to the power, indicating that heating effect is the
one dominated the laser ignition of AI/PTFE multilayer foils, at lease in these experiments included
here.
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Figure 2 Diameter of reaction zone VS pulse duration from specimens with different structure

The chart can further tell that specimen B (bilayer thickness of 170nm and ratio of 1/2) has
the largest reaction zone than the other two. This is because finer structured foil is more easily set
on reaction due to shorter mass transfer distance related with larger specific surface area.
Meanwhile specimen C(bilayer thickness of 106nm and ratio of 1/1) got smaller reaction zone
compared to specimen B despite its finest structure, because the reaction was limited by the fuel
rich component. The conclusions is supported by specimen A, which is the coarsest of all but has
the same modulation ratio with specimen B, having the similar size of reaction zone with specimen
C.

Conclusions

Experiments were carried out to study the response behaviors of AI/PTFE multilayer foils
under single pulsed laser loading. Test results showed that the foil can be set onto reaction by laser
pulse, and the heating effect contributes more in ignition, and the spread of reaction will benefit
from finer structure of the foil,

Since the refine the structure will contribute to a easier ignition, and a 3D structure of similar
scale will provide larger specific surface area, research should be taken in construction and
experiments on 3D structured energetic foils. On the other hand, experiments in this paper showed
that fuel-rich reaction cannot sustain, but experiments balanced and oxidizer-rich combinations
need to be done.
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SYNTHESIS AND STUDY OF THE PROPERTIES OF WS, SINGLE CRYSTALS
GROWN ON A QUARTZ SUBSTRATE BY THE CVvD METHOD
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Abstract

WS; single crystal growth of on quartz substrate by CVD method is introduced. Optical microscope
shows formation of triangular shape WS, domains with single-phase crystal structure at growth
temperature 900 °C. Raman spectroscopy analysis determined that the thickness of WS, is equal to 6
layers. PL spectroscopy of synthesized WS, crystal shows semiconductor properties with 1.96 eV band

gap.
Introduction

Due to their unique electronic and optical properties, transition metal dichalcogenides
(TMDs) are fundamentally and technologically interesting materials [1]. TMDs have isolating,
semiconductor, metallic, and even superconducting properties, which depends on atomic layer
thickness. New properties could be observed by reducing of TMDs atomic layers which induced by
quantum limitation [2]. Multilayered two-dimensional (2D) TMDs nanostructures can be obtained
similar as graphene. There are two methods: top-down means mechanical exfoliation and bottom-up
by chemical vapor deposition (CVD) method [3]. A purpose of CVD synthesis is obtaining one or
few atomic layers of single crystal structured TMDs. Attempts to control the properties of atomic
layers and to obtain a single-crystal structure will improve performance in comparison with their
polycrystalline structure, thereby improving their application in many devices.

2H-WS; synthetic crystal have been grown by chemical vapour transport (CVT) method, and
then mechanically exfoliated and deposited on quartz SiO,/Si substrates [4]. The evolution of
electronic structure of thin WS sheet is studied. New heterostructures based on it may have unique
optoelectronic, electro catalytic and photo catalytic functionalities [4-6]. However, obtained films
were not atomic thickness, so several CVD methods have been developed.

Monocrystalline TMD layers or dimension is still relatively small compared with the single-
crystal graphene layers. So, CVD deposition of single crystal TMDs further investigation is
required. Nevertheless, some progress have been achieved in the CVD deposition of larger sizes
monocrystalline 2D TMD in recent years. The main solution is reducing nucleation density to
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produce large domains/grains, also controllable growth process to obtain individual domains which
has less shape or without interaction at boundaries.

Main part

The synthesis of individual WS, crystals carried out by sulfurization of tungsten oxide thin
layer on quartz substrate. Thin tungsten oxide (WQ3) layers were synthesized on a quartz substrate
(SiOz), where metallic tungsten with 10 nm thickness oxidized in tubular reactor at 500°C
temperature in oxygen atmosphere. Structural analysis of WO3 films shows the formation of
polycrystalline structure with 5-7 nm grain sizes which determined by the Scherer equation.

sampleholder

S WOz
quartz substrate

Figure 1- Schematic presentation of CVD system

CVD synthesis of WS; single crystals on a quartz substrate carried out in a vacuum quartz
reactor located in three zone tubular furnace. A corundum boat with sulphur powder placed in the
first heating zone. Sample of WO3 / SiO, placed in the second zone. Synthesis of WS, was carried
out at temperatures of SiO2 substrate 800-1000 ° C, carrier gas flow (argon) 500 sccm. During the
synthesis, the sulphur heating zone (S) was held at 120 °C to produce vapours. Buffer gas argon
provided transportation of sulphur vapour by a flow path into the reaction zone.

Monocrystalline WS, grains larger than 20 um were grown during the sulfurization process of
the oxide layer at 900 °C temperature (Fig. 2). It is determined that the growth of the individual
grains WS, by CVD occurs on substrate edge and which is away from maximum temperature area.
Granular formed and partly destroyed the substrate.

Figure 2- Optical microscope image of obtained WS, grains
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Atomic force microscopy analysis of synthesized WS layer showed relatively smooth surface
with 3 nm roughness (Fig. 3). In 2D picture of AFM, orientated carbon structure is observed.

Figure 3— (AFM) The surface of WS, grown layer at 900 °C

Photoluminescence spectroscopy is shown on Figure 4, which revealed a strong peak between
600-660 nm, typically for a monolayer WS, crystal, where the band gap is equal to 1.96 eV.
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Figure 4 — Photoluminescence spectrum for produced WS, single crystals
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Figure 5 - Raman spectra of obtained WS, crystals

Obtained WS; triangle shape single crystals confirmed by Raman spectroscopy. He:Ne laser
with a wavelength of 632.8 nm was used as a radiation source. Figure 5 demonstrates the
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—
characteristics in-plane E>q mode and the out-of-plane A;q mode respectively at ~350 and ~420 cm
for WS, crystalline structure. The intensity of the peaks is almost the same. According to the

position of the mode peaks, it is assumed that the thickness of the grown WS; is 6 layers.
Conclusion

WS; single crystals were obtained by CVD method thru sulfurization of tungsten oxide thin
layer on quartz substrate. Synthesis of WS, was carried out at 800-1000 ° C in CVD system. The
sulphur vapour is transported by argon gas (500 sccm). Optical microscope analysis demonstrated
that triangular WS, domains with single phase crystal structure are formed. The thickness of WS; is
6 layers, which determined by Raman spectroscopy. PL spectroscopy shows that the band gap is
equal t01.96 eV for WS, crystals.
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Uncertainty Quantification in Chemical Modeling

N.A. Slavinskaya, JM.Abbasi. .H.Starcke, A.Mirzayeva,
German Aerospace Center (DLR), Institute of Combustion Technology, 70569, Stuttgart, Germany

W. Li, M. Frenklach.
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The Bound-to-Bound Data Collaberation (B2B-DC) module of the automated data-centric infrastructure
of PrIMe was used for the systematic uncertainty and data consistency analyses of the H;/CO reaction model
(73/17). For this purpose, a dataset was constructed that included a total of 167 experimental targets (ignition
delay time and laminar flame speed) and 55 active model parameters (pre-exponent factors in the Arrhenius
form of the reaction rate coefficients). Consistency analysis of the composed dataset revealed disagreement
between models and data. Two consistency measures were applied to identify the quality of experimental
targets (Quantities of Interest, Qol): a newly-developed method of computing the vector consistency measure
(VCM), which determines the minimal bound changes, each bound by its own extent; and scalar consistency
measure, which quantifies how much the constraints can be tightened while still ensuring the existence of a
set of the model parameter values whose associated model predictions match (within the bounds) the
experimental Qol. The analysis suggested that removing 45 experimental targets, 8 of which were self-
inconsistent, would lead to a consistent dataset. After that the feasible parameter set was constructed through
decrease uncertainty parameters for several reaction rate coefficients. This dataset was subjected for the
B2B-DC framework model optimization and analysis on. Forth methods of parameter optimization were
applied, some of them unique to the B2ZBDC framework. The optimized models demonstrated improved
agreement with experiments, as compared to the initially-assembled model, and their predictions for
experiments not included in the initial dataset were investigated. The results demonstrate benefits of applying
the B2BDC methodology for developing predictive kinetic models

I. Introduction

T(} reliably develop predictive reaction models for compiex chemical systems requires integration of large
amounts of theorctical, computational, and experimental data collected by numerous rescarchers. The
integration entails assessment of the consistency of the data, validation of models, and quantification of uncertainties
for model predictions. This approach to the development of mechanistic reaction models consists of conjecturing the
reaction mechanism and comparing the predictions of the constructed model to available experimental observations.
Typically, such comparisons result in mixed outcomes: some show a reasonably close agreement and some do not.
In the latter case, the apparent inconsistency obtained between the model and the experiment is argued to imply
cither that the model is inadequate or that the experiment (or, rather, its interpretation) is incorrect.

Bound-to-Bound Data Collaboration, abbreviated hereafter as B2B-DC, is an optimization-based framework for
combining models and experimental data from multiple sources to explore their collective information content. The
methodology tests consistency among data and models, explores sources of inconsistency, discriminates among
differing models, makes model interval predictions, and analyzes sensitivity of uncertainty propagation.'™

The general seiting is as follows. We consider a physical process that can be represented by a numerical model,
M(x), with parametric dependence on unknownfuncertain physical parameters, x. There 1s  prior
knowledge/assumptions on the domain of parameters, thus constraining each x to an interval [Xym, ¥ma] and all
together to a hypercube xeH.  We also have a collection of experimental observations, referred hercafter as
Quantities of Interest (Qol), with respective uncertainties, assessed as lower and upper bounds on the observed Qol
values, i.e., L, and U, for each e-th Qol. The computational models must produce outputs that are consistent with
the experimentally observed bounds in the experimental reports. Hence additional constraints that the true
parameters must satisfy are

L.sMxy<U, foralle. (1)
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The subset of H satisfying (1) is called the feasible set, @, of parameters. @ is simply all parameter values that
jointly satisfy all of the prior information and are consistent with all experiment prediction models and actual
observed outcomes. A parameter value that is not in @ is at odds with at least one of these constraints. The
mathematical methodology B2B-DC is invoke constrained optimization over the feasible set @,

[min /() max /()]

where f is a function of interest, and the computed min and max constitute the “to-bound” aspect of the
nomenclature. In short, the bounds that describe the prior information and the bounds on experimental observations
are mapped into bounds on prediction. Two common instances are described next.

Dataset consistency. The feasible set is a representation of the complete collaborative information contained in
a dataset, and questions in the B2B-DC framework are posed as optimization problems over the feasible set. This
naturally raises the question of dataset consistency. To assess it numerically, a consistency measure was introduced”
that answers the question “What is the largest percentage of uncertainty reduction such that there exists a feasible
parameter vector?” Associated with a given dataset D, it is notated Cp and posed as an optimization problem,

C, =max y, subjectto (forall ).
roxeF

L-U U +L (2)
l—y) e g M (x)-Ze =«
(1-7) 5 L (x) 5
U +L U -1
M (x) -2t |-y ) e e
x-S (lmr)

In this definition, the original constraints L, < M,(x) < U, are augmented with a scalar y, where positive values of y
imply tightening of the constraint, and negative values imply loosening. The consistency measure quantifies how
much the constraints can be tightened while still ensuring the existence of a sct of parameter values whose
associated model predictions match (within the bounds) the experimental Qol. The dataset is consistent if the
consistency measure is nonnegative, and is inconsistent otherwise.

To continue with the analysis, we employed a newly-developed method of computing the vector consistency
measure (VCM), similar to eq 2, but with original constraints augmented with individual relaxations ye for each
bound'’. The VCM method determines the minimal bound changes, each bound by its own extent, that result in
datasct consistency.

Model prediction. Consider a physical configuration (set of conditions) not exercised experimentally but with a
property P predicted by model Mp. A natural and perhaps the ultimate question of scientific inquiry is “what is the
range of values this model exhibits over the domain of feasible parameter values?” In other words, what is the
prediction interval for property P that is consistent with all of the model/observation pairs in the dataset? We refer
to this as model prediction.

The B2B-DC computation expresses this question into two optimization problems for the lower and upper
interval endpoints, Ly and Up,

L, =min M, (x) )

U, = max M, (x)
The length Up — Lp quantifics the amount of uncertainty in M,’s value conditioned on the fact that the true parameter
vector is contained in the feasible set @.

The results of the proposed analysis suggest a sequential procedure with step-by-step identification of outliers
and inspection of the causes. The analysis identifics a specific direction to follow for improving dataset consistency
and provides an estimate of the extent of possible improvement. Altogether, this numerical approach offers a tool for
assessing experimental observations and model building and improvement.

In the present paper Data Collaboration module of Prlme' was applied to the Ho/CO sub-system of the kinetic
model’ to

1) test the numerical algorithms, modules and user interface of the PriMe;

2) investigate an algorithm of the consistent dataset construction;

3) test the different chemical kinetic model optimization strategies.
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I1. PrIMe DataSet
A. Reaction Model

The Hy/CO sub-model (6 elements, 17 species, 73 reactions) of C,-C, reaction mechanism® with improvements
performed on the data followed from the studies ''' was used to perform systematic uncertainty and consistency
analyses with the Data Collaboration module of Prime to obtain the feasible set sampling for the base H./CO
chemistry of DLR reaction data base. The reaction rate coefficients in the examined sub-model were reviewed with
further attention to the pressure depending and multichannel reactions.

The uncertainty factors for rate coefficients were assumed equal to the proposed ones in the sources or evaluated
from statistical treatment of the different data:

ey Ko (T
_f.J(T)ﬁ—km
() 4)
_ k(T
f‘(T)_k,,,w(T) _1

where &, is the nominal rate coefficient, k,, and k_  arelower and upper bounds.

wpper
The active parameters were identified via sensitivity analysis accomplished with uncertainties, represented by the
lower and upper bounds. They were assumed equal to those proposed in literature sources or evaluated from a
statistical treatment of the literature data.

B. Ignition-delay-time Qol

Quantification of uncertainties in the shock tube is ultimately needed prior to undertaking any tuning of the
Kinetic parameters to match ignition targets. If some active phenomena in the shock tube experiments cannot be
described by assuming homogeneous conditions (constant V, U system) behind the reflected shock, they are
classified as “non-idealities” in the shock tube experiments.” ' Both, facility-dependent effects and encrgy-release
phenomena can increase the non-idealities and influence the instrument readings, thus adding to the uncertainty of
experimental data. For the syngas mixtures, the two regimes of ignition should be recognized: weak ignition - the
non-uniform and distributed ignition and strong ignition- initiated by auto ignition at the end wall of the shock-tube
and propagating through the mixture.”’

Although, the non-idealities present in shock tubes have been well-discussed, the quantitative evaluation of
their effects on the reported ignition delay data is a very crucial problem. To evaluate the uncertainty bounds of the
measured observations included in the dataset, the empirical algorithm is proposed. For that, the most strong non-
ideality phenomena®™ ™' were determined across the investigations and the facility-related and fuel-related factors,
which affect these phenomena, have been identified.

It was found that experimental data obtained by using large diameter shock tubes (~ 10cm), dilute fuel/oxidizer
mixtures in monoatomic gases, and short test times (less than about 500 ps) have the lowest uncertainty level. A
correspondence with the diameter of the shock-tube and weak ignition is found: the larger diameter leading to an
ignition delay close to that of a homogeneous reactor.

[t was assumed, that in the best case (strong ignition, diluted mixture, tmeas = 50ms — 500ms, shock tube
diameter > 10 c¢m, length of driven-section > 8m) the uncertainty can be assumed ~15%. Deviations from these
conditions are evaluated by adding a 5% uncertainty for cach criterion not satisfied to the ideal case. For measured
ignition delay time longer as 1000 ps 5% uncertainty is added per every 1000 ps. Radical impurities were evaluated
as extra 5% uncertainty to the ideal case.

We selected 122 ignition delay targets with obtained uncertainty evaluation from the shock tube experiments
for the dataset.

2-31

32-39
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C. Laminar-flame-velocity Qol

Syngas flame velocities at 0.1-0.5 MPa have been investigated by using almost all known techniques.”*' The
flame velocity data at high pressures are relatively sparse. Experimentalists consider the current uncertaintics of
laminar flame speed measurements to be in a range of about 5-10%, but also indicating its increase with pressure
(>0.5 MPa) and fuel-air ratio (¢=>2). "'

Uncertainty bounds of experimental data were evaluated from studies ***' and analysis of the current syngas
atmospheric laminar flame speed data distribution, which can be found in *'. From the data analysis following from
74 the uncertainty of available data can be assumed to be 10% for ©< 2, 15% for 2 < @< 3, and 20% for ¢>3. The
uncertainties for experimental data measured at higher pressure have been evaluated by adding 5%.

The 45 laminar flame speed data included in the dataset arc taken from studies '™ *****%° They are sclected to

cover as optimal as possible the full range of operating conditions available in the literature.
A preferred key (or PrIMe ID) was prescribed to each structural clement in the reaction model and each
experimental target. In this way, each structural element has a “pointer” to the referenced information and/or file.
All the experimental and model data were documented in the PrIMe Data Warchouse.' Selected for analysis
experimental QoI are described in the dataAttribute files of the PriMe data collection.' These Qol together with the
corresponding model My(x) and the experimental and parameter bounds form a dataset. The complete model and
experimental data are available in the PriMe Data Warehouse.'

I11. General Results

The ignition delay times and laminar flame speeds were modeled with numerical tools of PriMe," numerical
packages CHEMKIN II' and Chemical Workbench.™ The ignition defay time was computationally defined by the
peak in the OH or OH* concentration, temperature, or pressurc. It is pointed in the attribute files of PriMe
Warehouse. The thermal diffusion model was applied for calculation of one-dimensional freely propagating faminar
premixed flame using CHEMKIN 1l with over 1000 grid points for each condition.

A. Dataset Consistency (Data Quality)

We began the analysis by employing eq 2 with the initial dataset, which included all 167 Qol (122 ignition delays

Table 1. The 8 Self-inconsistent Qol

ps(atm) target PriMe ID estimated ref
¢ uncertainty
(%)
1263 1.1 0.5 a00000309 30 ”
1695 1.6 0.5 200000352 30 3
2004 1.6 0.5 a00000355 25 3
1975 1.6 0.5 a00000358 25 36
1436 1.6 0.5 a00000359 25 36
1027 1.6 0.5 a00000360 35 36
1883 1.6 0.5 a00000503 30 3
1008 1.6 0.5 200000504 50 8
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and 45 laminar-flame speeds) and 55 active parameters. The results indicated a massive inconsistency. Eight Qol,
those listed in Table 1, were found to be self-inconsistent. These were the ignition delay times that were not able to
be reproduced within their respective uncertainty bounds by the model employing rate coefficients within their
respective uncertainty bounds, H. These eight self-inconsistent Qol were removed from the initially-constructed
dataset. The latter, however, still remained an inconsistent dataset.
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Figure 1. Bound Changes of the Ignition Qol Suggested by VCM, DLR-SynG 1 dataset,

To continue with the analysis, we employed a newly-developed method of computing the vector consistency
measure (VCM), similar to eq 2, but with original constraints augmented with individual relaxations y, for each
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Figuare 2. Bound Changes of the Laminar-flame-speed Qol Suggested by VCM, DLR-SynG 1 dataset,
bound.!® The VCM method determines the minimal bound changes, each bound by its own extent, that result in

dataset counsistency. Its application identified such a dataset-consistency point by changing 30 ignition delay times
and 7 laminar flame speeds, shown in Figures | and 2, respectively. We emphasize that the VCM-identified feasible
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parameter set is a single point in H. As this point possesses some optimal attributes, we compare the model
predictions obtained with this set of parameters, DLR-SynG I dataset, to the optimization results.

To proceed with further features of the B2BDC framework. we created a new dataset by removing the 37 Qol
identified by VCM, thus forming the DLR-SynG 2 dataset contacting 122 Qol. This latter dataset is consistent,
meaning that all its 122 Qol are consistent with each other and with the 55 active parameters.

B. Feasible set construction

While H designates prior information, feasible set @ summarizes posterior information: all parameter value
combinations that satisfy their own bounds and also the Qol bounds. The size and shape of @ compared to those of
H represent information gained as a result of the B2B-DC analysis.

Projection of @ on each of the x’s yiclds the posterior range of the parameter uncertainty.’ Those that changed arc
reported in Figure 3. For the rest of the parameters, the posterior ranges were the same as the prior ones, indicating
that the experimental data included in the present analysis did not aid in narrowing down the uncertainty ranges of
these parameters individually. However, such an outcome does not necessarily imply no information gain for a
given parameter: while the extreme parameter values (bounds) may not change, the feasible set may, and usvally
does, eliminates some combinations of these parameters with others, which is addressed next.

Active Parameters with Decrease in Uncertainty Ranges

1.5
1
0.5
o
-0.5
-1
15
HO2+H->H CO+0H=C CO+0(+M) H+O-SOH H2+0->0H HOZ2+OH->  H2+O0H->H O2+4H->0H
2402 02+H > CO2(+M) _ +H H20+02 20+H +0
# Prior Lower bound 0,69 0,22 -0,69 -1,61 0,46 -1,14 -0,43 -0,22
= Posterior lower bound -0,57 -0,22 -0,69 -0,036 0,21 -0,93 -0,43 0,11
‘@ Prior upper bound 0,69 0,23 0,69 1,61 0,46 1,15 0,49 0,23
:4i Posterior upper bound 0,69 0,078 0,68 1,61 0,46 1,15 0,42 : 0,23

Figure 3. Active Parameters with Decrease in Uncertainty Ranges at feasible set construction.

IV. Parameter optimization

While the primary focus of the B2B-DC framework is on prediction over the feasible set, it also supports
parameter optimization.™ Four sets of optimized model parameters were investigated and inter-compared in the
present study. The first approach is LS-H, a (weighted) least-squared fit constraining parameter values to their
initially assessed uncertainty ranges, H. This is now a common approach.”*>* B2B-DC supports two more refined
methods of optimization, LS-F and IN-F, where the objective is minimized with x’s being constrained to the
feasible set @. The three problems are easily expressed as mathematical optimizations. The LS methods minimize
the familiar sum of weighted least-squared deviations between the surrogate model prediction and the reported
measured value, y,. The difference lies in where the search takes place: LS-H considers all of H while LS-F restricts

the scarch to F,

LS-H: min Z w, [ML_ (x)=-». T

xeF

LS-F: min ) w, I:M‘. (x) - }’l-]:
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Figure 4. Ignition delay times: symbols, experimental data;”’35 initial model, black line; Varga et al.™ model, gray

line; LLS-H, red dotted line; VCM, red dash-dotted line; LS-F, blue dashed line; IN-F, blue short-dash line. Black
stars are targets of DLR-SynG 2 dataset; green stars are targets deleted from DLR-SynG 1 dataset.
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Figure 5. Ignition delay times: symbols, experimental data;®* initial model, black line; Varga ct al.** model,

gray line; LS-H, red dotted line; VCM, red dash-dotted line; LS-F, biue dashed line; 1N-F, blue short-dash linc.

Black stars are targets of DLR-SynG 2 dataset; red stars are sclf-inconsistent targets; green stars arc targets

deleted from DLR-SynG 1 dataset.
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Figure 6.Laminar flame speeds: symbols, experimental data; initial model, black line; Varga et al.™ model,
gray line; LS-H, red dotted line; VCM, red dash-dotted line; LS-F, blue dash line; 1N-F, blue short dash line.

By contrast, the IN-F problem treats the nominal parameter vector, the starting set of parameter values (x, = 0),
as “preferred”. As we have shown in previsions sections, this parameter set lies outside the feasible region @. The
goal of the IN-F method is to find with least number of changes to x, a parameter vector that is feasible.
Mathematically, the one-norm is a well-known approximation to enforce such sparsity, i.e.,

IN-F: min =,

The LS-F and IN-F optimizations were performed with the final dataset, as the two methods are designed to
work with an existing feasible set. Inspection of the results highlights several features. All optimization methods
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result in parameter sets that produce a better agreement with experiment than the original set, composed of literature
recommendations. The LS-H optimization, constrained only to the prior uncertainty ranges of parameters, results in
the lowest average deviation, as expected, but at the expense of violating uncertainty bounds of 13 experimental
Qol.

The average deviation produced by LS-F is larger but not significantly than that of LS-H. The 1N-F method gives a
larger average deviation, yet it changes the least number of variables. The LS-F and IN-F optimization methods,
with additional constraints to the Qol uncertainties, do not violate any of the Qol bounds by design unlike to the LS-
H. That demonstrates the main difference between two approaches: LS-H optimization can be identified rater as a
fitting.

Some of the individual comparisons arc shown in Figures 4-6, with the inclusion of the most recent literature
model.** Experimental targets of the DLR-SynG datasct in these figures are designated by a star, the 8 self-
inconsistent Qol (excluded from the ddtaset, Table 3) are colored red and those excluded with VCM (Figures | and
2} are colored green.

The visual obscrvation is that all the optimized models seem to perform with about the same overall quality: some
models do better for one set of conditions, while other are closer to other experimental data. The shock-tube ignition
delay times show a larger variation between different models. The problem here could lie with the incomplete
instrumental model used in the simulation of ignition phenomena, as it does not capture the “non-idealities™ of
shock-tube experiments with sufficient detail, or the development of a mild-ignition regime, which is not entirely
driven by chemistry. These factors are especially under suspicion in the inconsistent ignition-delay targets.
Generally, the laminar flame speeds are predicted better by all models, with all simulations falling within the
uncertainties bounds of experimental observations, reflecting perhaps the higher experimental accuracy of the
measurements.

Figures 4-6 demonstrate the benefits of optimization methods LS-F and IN-F and generally of the B2B-DC
methodology in comparison to the “conventional” optimization, LS-H, or performed in study **.

Y. Conclusions

An optimization-based framework B2B-DC of an automated data-centric infrastructure, Process Informatics Model
(PriMe) was applied to the syngas reaction mechanism analysis. For this purpose, a dataset was constructed based
on pertinent experimental observations, chemical-kinetics model, and the associated uncertaintics. The experimental
Quantities of Interest (Qol) were selected through evaluation of ignition delay time and laminar flame speed
uncertainties. The composed dataset was subjected to consistency analysis. One outcome of the analysis was
identification of a set of experimental Qol that were most difficult or impossible to match with the model; they were
removed from the dataset for future investigation. The final consistent dataset with 122 experimental Qol and 55
active variables was used for model optimization on the feasible parameter set. The optimized syngas models
produced with B2B-DC framework demonstrated an improved agreement with the dataset Qol. The results of the
present study, however, demonstrate that the LS-H optimization may miss some critical information of the model-
data system. Only parameter optimization performed on the feasible set produces a reaction model which describes
the experimental measurements not included in the analysis as well as experimental targets from used dataset. The
obtained optimized parameter values indicated parameter inadequacy, and the correlation analysis highlighted the
direction of possible parameter modifications and model improvement.
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FLASH PYROLYSIS OF SHUBARKOL COAL IN A CFB REACTOR FOR SEMI-
COKE PRODUCTION

Diyar Tokmurzin, Kalkaman Suleymenov, Berik Aiymbetov, Yerbol Sarbassov,
Myung Won Seo, Desmond Adair

Abstract

Fast pyrolysis characteristics of Shubarkol coal for semi-coke production are investigated using laboratory scale
wire mesh reactor (WMR) and circulating fluidized bed reactor (CFB) experiments. Evolved gas from the WMR
experiments at 400°C, 600°C, 800°C, 1000°C was analyzed using gas chromatography. Gases evolved at 1000°C has
composition consisting of 53.0% CO, 17.4% CHy,, 4.35% C,H, and 1.74% C,Hs. For CFB experiments, a 6 meters high
laboratory scale atmospheric CFB reactor was constructed. CFB experiments were conducted at the range between 750
and 1000°C. Semi-coke samples have volatiles content below V*'=5%.

Introduction

Kazakhstan has the 8th largest coal reserves in the world, but coal export is limited due to the
coals high ash content and unavailability of sea routes. The coal industry however fully satisfies the
local coke demand in metallurgy. Almost all coal is mined in open pit coal mines, except coking
coals from Karagandy, and Shubarkol coal is mined from open pit mines located in Central
Kazakhstan. Shubarkol coal is used as a fuel for household heating, in industrial processes, in
metallurgy, and is also exported. Currently most of the coke for metallurgy throughout the world is
produced using coke oven batteries and semi-coke production for ferroalloy plants in Kazakhstan is
also produced this way. Despite low ash and moisture, Shubarkol coal doesn’t have caking
properties like Karagandy coal. Caking and sintering of coal can cause defluidization in fluidized
bed boilers, and therefore Karagandy coal, unlike Shubarkol coal, can’t be processed to semi-coke
in CFB reactors. Semi-coke for Aksu and Aktobe Ferroalloy plants can theoretically be produced
alternatively, using CFB flash pyrolysis. This study examines the possibility of producing semi-
coke in CFB installations, including a series of experiments to determine the release of volatile
gases using wire mesh reactor experiments and CFB reactor experiments.

Experiment

Before the WMR and CFB reactor experiments, Shubarkol coal samples were ground using a
mill (RM 200 series, Retsch, Germany) and then sieved through a 200 micrometer sieve using an
automatic sieve (AS200, Retsch, Germany). Then the coal samples were analyzed using an
proximate analyzer (5E-MAC 1V, CKIC, China), elemental CHNSO analyzer (5E-CHN2200,
CKIC, China), automatic calorimeter (5E-CS500, CKIC, China) and ash fusion determinator (5E-
AF400, CKIC, China).

The wire mesh reactor used in this research previously has been used by H.W.Ra et al. [1].
Figure 1 illustrates the WMR involved in the flash pyrolysis experiments with Shubarkol coal. The
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WMR uses electric current to heat the sample to a necessary temperature, and the apparatus
consists of four main blocks: power supply, mass flow controller, wire mesh reactor, and a system
for collection of gas and tar samples. The Shubarkol coal sample was first ground and then sieved
through 200-micrometre sieve.

< gas sampling < ——pe—f—ped—
e 4% » Went
3 way i Vacuum pump
valve |
Controller -
(lab view) l J

DC power @~ 9 o .
supply 51'_‘!.1 ]::.f.?!:-. .

Wire mesh
reactor

S oo i i—&  Heater

Figure 3. Wire mesh reactor [6].

The steel wire mesh, glass wool tar trap, and sample itself were weighed as well as ~20 mg of
a coal sample which was located between two layers of wire mesh wrap. Wire mesh has a square
shape with size 76 mm to 20 mm and mesh open size 75 micron, mesh is made of SS 316L steel
which is most widely used in such experiments [2][3][4][5].The wire mesh with the coal sample
was put on a copper sample holder which also serves as electric clamp. After the experimental
apparatus assembled, nitrogen was purged inside in order to displace air from the chamber and
nitrogen is filled into the cooling jacket.

Once the air was removed, a constant flow of nitrogen necessary for the experiment was
purged inside (3 Lmin™ or 0.08 m/s). During repeated experiments the wire mesh was heated to 400
°C, 600 °C, 800 °C, and 1000 °C. Nitrogen sweep gas cooled the sample and transported the evolved
gases to the gas outlet where it passed through the tar trap glass wool and went into the gas
sampling bag.

Collected gas samples were analyzed using a gas chromatograph, Agilent GC7890, that has
flame ionization detector (FID) and thermal conductivity detector (TCD). Glass wool was weighed
before and after the experiment to determine the amount of tar captured. The wire mesh and coal
weighed separately before the experiment and wire mesh with ash-char particles weighed after the
experiment. For accurate measurements high precision scales with 0.01 mg resolution, model
XP205 Mettler Toledo, was used.

The CFB reactor involved in the research is depicted on the figure 2. The CFB unit has a 6 m
high riser section with 160 mm inner diameter. Fast fluidized bed occurs in the riser section. Riser
section is then continued with a cyclone for particle-gas separation, cyclone down-comer takes the
circulating material particles down to the loop seal. The loop seal consists of two chambers with a
bubbling fluidized bed.

Coal and inert materials are supplied to the riser using two screw feeders, and preheated air,
steam, and oxygen are supplied to the riser bottom. The main fluidizing gas, air, comes from the
bubble caps located in the bottom of the riser. Secondary air for the bubbling fluidized bed in the
loop seal is also injected through bubble caps located at the bottom.
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Figure 4 Circulating fluidized bed reactor located at Nazarbayev University

Results and discussion

Figure 3 presents results of gas chromatography analysis of evolved gases from the WMR
reactor experiments at 400, 600, 800, 1000°C. Gas chromatography analysis demonstrates that
pyrolysis of Shubarkol coal at lower temperatures (400°C, 600°C) produce nearly CO, only, whilst
at higher temperatures (800°C, 1000°C) CO, CH,, C,H4, CoHg gases were detected in considerable
concentrations. With an increase of temperature, products such as gas, volatiles and tar has a
tendency to rise. Counter to this the amount of char decrease.
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Figure 5. WMR evolved gases concentrations (left), mass balance of WMR products (right)
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Figure 4 demonstrates volatiles concentrations of char samples extracted from the riser and

from the loop seal by manually opening a ball valve and using a screw feeder. In general, with an
increase of the bed temperature, volatiles concentration fells to acceptable levels above 900°C.
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Figure 6. CFB experiments results. Dependence of volatiles concentrations to temperature in char extracted

from the riser (left) and from the loop seal (right)

Conclusion

The WMR reactor experiment char yield demonstrates that flash pyrolysis of Shubarkol coal

can produce semi-coke for metallurgical applications. The WMR experiments also indicate that
keeping temperatures above 800°C is beneficial due to higher yield of combustible gases and
volatiles. CFB experiments demonstrate that this technology is feasible for production of semi-coke
with volatiles mass concentrations below 4% at temperatures above 900 °C. However, additional
experiments involving gas analysis are required to estimate opportunities to integrate downstream
processes for energy production

References

1. Ho Won Ra, Myung Won Seo, Sang Jun Yoon, Sung Min Yoon, Jae Kwon Kim, Jae Goo
Lee, Seung Bin Park. Korean Journal of Chemical Engineering. September 2014, Volume
31, Issue 9, pp 1570-1576

2. D.B. Anthony, J.B. Howard, H.C. Hottel, and H.P.Meissner. Fuel, 55, 121 (1976)

3. S.Niksa, W.B.Russell, and D.A.Saville, Fuel, 61, 1207 (1982)

4. C.Sathe, J.I. Hayashi and C.Z.Li, Fuel, 81, 1171 (2002),

5. J.R.Gibbins, R.A.V.King, R.J.Woods, and R.Kandiyoti. Review of scientific instruments,
60, 1129 (1989)

6. Ra, HW., Seo, M.W., Yoon, S.J. et al. Korean J. Chem. Eng. (2014) 31: 1570.

doi:10.1007/s11814-014-0061-z

WHCcTUTYT Npo6JsieM ropeHus

49



IX XAJIBIKAPAJIBIK, CHMIIO3HUYMBbI «2KAHY KOHE I1/IA3MAJIbIK XHMHA»
IX MEXX/JJYHAPO/JHBIH CUMIIO3UYM «OPEHHUE U ITJIASBMOXUMHS1»
IX INTERNATIONAL SYMPOSIUM « COMBUSTION AND PLASMOCHEMISTRY»
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CELLS

A.G. Umirzakov, A.L. Mereke, R.E. Beisenov, D.A. Muratov, B.A. Rakymetov

Laboratory of EPR Spectroscopy, LLP ‘Institute of Physics and Technology’, 11 Ibragimova st., Almaty,
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Abstract

The process of obtaining a porous nickel anode by pressing nickel and aluminum powders is shown.
Further sintering of the samples and etching of aluminum from the obtained anode structure. The
electrolyte is sputtered by pulsed laser deposition. SEM and EDS analysis were obtained.

Introduction

Solid oxide fuel cells (SOFCs) have the potential to be one of the cleanest and most efficient
energy technologies for direct conversion of chemical fuels to electricity. Economically competitive
SOFC systems appear poised for commercialization, but widespread market penetration will require
continuous innovation of materials and fabrication processes to enhance system lifetime and reduce
cost [1]. As the operating temperature decreases, the phase-to-phase polarization between the
electrolyte and the electrodes increases dramatically [2]. Thus, the development of new electrode
materials with unique porous structure close to the nanometer level is one of the most important
issues in the development of a new generation SOFC’s. The method of selective etching of
additional material in a nickel anode is simple and effective

Fuel
\§\\,\§ co HZN\\# Reaction
- ->

CO + 02 - CO, + 2e producls‘
Hy + 0% - H,0 +2¢" €O, H0

ANODE Q I
’O" YSZ electrolyte 450 - 900 °C
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1120, + 2e” — 0%
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Figure 1. Scheme of an SOFC illustrating also the working principle

Solid oxide fuel cells (SOFCs) convert chemical energy with high efficiency directly into
electricity and heat. It can operate on a variety of fuels such as natural gas or hydrogen [2, 4]. As
shown in fig. 1, the fuel supplying H; is fed into the anode compartment where it is oxidized, and
the electrons released as a result are conducted to an external circuit [3, 7]. The reaction products on
the anode side of an SOFC are mainly water and CO,. Air enters on the cathode side and oxygen is
reduced here to O,- by reaction with electrons from the external circuit. The O, ions can travel
through the ion-conducting and gas-tight electrolyte, which separates the anode compartment from
the cathode compartment [5, 6].

Main part
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The porous nickel anode is fabricated using a Ni and Al powders mixing method followed by
pressing and heat treatment. VVery pure Ni and Al powders of 99.99% purity were used in the work.
The ratio Ni and Al components was 60: 40%. The anode basis possesses a high porosity which is
required for efficient delivery of fuel to the cell. Hot pressing method was used for obtaining tablet
from nickel and aluminum powders. Next two steps was sintering of the sample and etching out
aluminum from the anode structure. The mixing and grinding of the smallest powder with uniform
dispersion is achieved by means of a grinding process in a SPEX SamplePre 8000M ball mill.

Full experimental process of fabrication a porous nickel anode with a flat nanoporous surface
shown in fig. 2a, by thoroughly mixing commercial nickel powder (particle size between 0,5-1 um)
with an aluminum (particle size of from 100 to 300 nm) proppant. The mixing of the two
components must be thorough; therefore, it is typically performed by mechanical mixing and ball
milling procedures. The resulting mixture (nickel powder and proppant) is then pressed into a
parallel faced =1 mm thick square tablet at 5000 psi (see figure 2b). The tablets pressed into round
shape form as shown in insert of figure 2b. The tablet of pressed nickel powder/proppant is then
loaded into a high temperature tubular furnace and sintered at 800 °C for 2 h in an ambient
hydrogen atmosphere.

Next step of research was electrochemical dealloying of aluminum from the alloy of Ni-Al
powders, as the potential increased, the amount of etched Al also increased. Passivation of nickel
occurs with an increase in time, which contributes to the formation of NiO. The etching was carried
out in a 30% KOH solution at room temperature. The process was carried out in two electrode cells,
and under the action of ultrasound. A sample of Ni-Al alloy is used as a working electrode.

~ Mixing M |  Pressing * Sintering || ¥ Electro- “ pulsed

and Al the mixed at800°Cin | chemieal laser
powders powder in Ha atm. etching in deposition
by ball the round

milling press form

(b)

Figure 2. a) Schematic diagram for the porous nickel anode fabrication process,
b) The fabricated porous nickel anode 10x10 mm.

Surface SEM images were carried out for the fabricated porous nickel anode after sintering
(figure 3a,b). These images show clearly the surface and bulk porous structure of the nickel anode,
with pore sizes of 100 nm — 1 um. This large pore size allows the fuel to readily reach the
anode/electrolyte interface.

Tum  0000° 13 51 SELs (b)
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Figure 3. SEM images of the fabricated porous nickel anode.

a) Anode surface directly after sintering at 800 °C for 2 h.;
b) Anode surface after electrochemical etching;

The nickel surface treatments were applied to produce not only a flat surface, but also a
surface with small pores (size < 500 nm) (see figure 4a,b) such that a continuous thin film
electrolyte could be deposited and exhibit both gas and electrical hermeticity. The now smooth
surface of the fabricated nickel anode will permit the deposition of a 3 um thick smooth, continuous
electrolyte yttria-stabilized zirconia (YSZ) film, which is not only an electrolyte layer, but one that
effectively blocks hydrogen from reaching the SOFC cathode.

A 248 nm KrF Excimer laser at 7 Hz and 380 mJ was used to deposit the electrolyte layer on
the porous nickel anode surface [2]. In this work, a dense YSZ electrolyte layer (about 1-2 um
thick) deposited at 150 mTorr and 650 °C in an atmosphere of 96% argon, 4% hydrogen to avoid
nickel oxidation.

Surface and cross-sectional SEM images were carried out for the fabricated porous nickel
anode after pulsed laser deposition (figure 4a,b). As we can see from images the deposition of a thin
(0.5-3 um), smooth, and pore free electrolyte will not allow the diffusion of both fuel and air.

YSZ
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Figure 4. SEM cross-section images of the fabricated porous nickel anode with electrolyte layer,
a) Anode cross-section after electrolyte deposition b) Electrolyte surface after deposition.
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Figure 5. EDS analysis of anode after sintering
Conclusion

The porous nickel anode obtained by process of pressing nickel and aluminum powders,
sintering and etching of aluminum from the obtained anode structure. The pore size between 100 —
500 nm, which allows for the H; to passage thru the anode to YSZ electrolyte layer. The thin YSZ
electrolyte layer is sputtered by pulsed laser deposition. SEM and EDS analysis were obtained.
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Analysis shows the deposition of a thin (0.5-3 um), smooth, and pore free electrolyte which will
not allow the diffusion of both fuel and air. EDS analysis shows the correct ratio of the material
after annealing in the furnace at 800°C, the presence of oxygen due to the interactions after
discharge from the furnace.
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Abstract

The article describes a technique of the hot pressing yttrium stabilized zirconium target for use in a pulsed
laser deposition of the electrolyte layer for solid oxide fuel cells. It is shown analytical studies and the
results of the research (SEM, AFM, EDX).

1. Introduction

Our choice of epitaxial thin-film formation of YSZ electrolyte film is due to the fact that
traditional powder technologies (pressing with subsequent high-temperature sintering) make it
possible to form layers with a thickness of 10 um and above therefore it can’t be used in
developments in minimizing the thickness of functional FC layers [1, 3]. The pulsed laser
deposition (PLD) is one of the most acceptable methods for depositing thin films because of process
stability, the possibility of independent control of the main parameters of the depositing process,
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and as a result, it possible to obtain homogeneous layer with required structural and operational
characteristics, larger area [2]. An important role in the formation of the electrolytic layer during
deposition process depends from fulfillment of all conditions in process of production of the target
with all the technological cycles and the necessary parameters [4].

Treatment of ceramic materials by hot pressing is increasingly rises in laboratories and
production, the reason that equipment and accessories become more affordable and cheaper [5]. In
addition, the method of hot pressing has become widespread due to the development of
nanotechnology and nanoindustry. Simultaneous influence of pressure and temperature on
nanopowders allows for obtaining samples with a high density which close to maximum [6].

2. Main part

Hot pressing technology includes the following stages: 1 - Grinding; 2- Calcination; 3 -
Sintering.

We’ve took Y203 and ZrO, powders with high purity (99.99%) from Aldrich Chemistry. For
1 tablet of the target it took 30 grams of ZrO, and Y,03 (92:8%). For preparation of a fine-grained
and uniform powder it was conducted grinding processes. Grinding was performed before and after
each of calcination, three times for each of the samples. The grinding process was carried out on a
spherical planetary mill SPEX SamplePre 8000M to obtain a small size powder.

Calcination

The process of calcination of the material below its melting point is performed to achieve
specific reactions, such as changes in physical and chemical characteristics. Each sample passes
calcination three times for 17-20 hours, at a temperature of 1100 °C in an oxygen atmosphere.

Sintering

Hot pressing is simultaneous application of the high temperature and compressive stress on
material for combining fine-grained powders into partially or completely sintered structures [4].
The pressure increases the driving force of compaction, reducing the processing temperature which
required for the sintering process. In addition, the hot pressing process results on overall grain sizes,
for more precise control, of the microstructure and the flexibility of the functionality ceramic layer.

The ground mixture of Y,03; and ZrO, powders placed in a mold, then into a hot pressing
chamber, where the chamber is evacuated till a vacuum of 10-6 Torr. Heating was carried out in 3
stages:

1 — Heating up to 1200 °C with heating rate 25 degrees per minute (only 40 minutes);

2 - Holding the temperature 1200 °C (within 60 minutes);

3 - Cooling 5 °C per second (to room temperature).

After calcination and grinding (three times), the process of hot pressing was carried out. This
is the process of compressing the powder into a special form, followed by heating up to 1200-
1400°C. The product is a solid oxide target (Figure 1). Yttria stabilized zirconia (YSZ) was sintered
under a pressure of 2 tons, at a temperature of 1200 °C, sintering time was 60 minutes.

In addition of good ionic conductivity, the YSZ target should have a high micro hardness,
resistance to corrosion, low thermal conductivity, and chemical stability at high temperatures [5].

Figure 2a shows the surface of the YSZ layer deposited via the pressed YSZ target on the Si
(100) substrate at 35 Hz and 600 °C. The high frequency of the laser pulses leads to the formation
of a surface with inhomogeneous particle sizes on the surface.
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Figure 1 - Solid oxide target for pulsed laser deposition
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Figure 2 - a) SEM image of the YSZ layer deposited by the PLD, b) The AFM image of the YSZ layer

The surface and dimensions of the crystallites on deposited YSZ layer was analyzed with the
Solver PRO M atomic force microscope (NT MDT) (Figure 2b). Due to the high roughness, the
specimen was analyzed by the contact method. Scanning surface 5x5 um has shown the formation
of quasispherical particles of large diameter.

The EDX analysis (Figure 3) shows the correct ratio of components, which was originally set
for the target. The content of 8% yttria in comparison with other components in the YSZ layer
shows the possibilities of varying the properties of the electrolyte by changing the concentration of
the main components.

3. Conclusion

The YSZ target was obtained by hot pressing at 1200 °C and a pressure of 2 tons. Powders of
Y,03 and ZrO, with a ratio of 8:92% were milled on a ball mill. The layers of thin-film electrolyte
YSZ were deposited on silicon substrates at a temperature of 500-700 ° C, with a laser frequency of
35 Hz, and energy of 270-560 mJ. Morphology of the electrolytic layer was investigated by SEM
and AFM. It shows formation of a rough surface with a large number of submicron particles, the
formation of which is explained by the high frequency of the pulses of laser radiation. Elemental
analysis of the deposited YSZ electrolyte layer revealed 8% of yttrium content in the structure, and
zirconium is half the expected value, it can be explained by insufficiency of the energy for
achieving the zirconium particles on the sample surface.
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Figure 3 - EDX analysis of the YSZ layer deposited by the PLD
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2-D NUMERICAL INVESTIGATION OF THE INFLUENCE OF FLYER THICKNESS ON
FLYER VELOCITY DRIVEN BY ELECTRIC EXPLOSION

Wanjun Wang, Mingshui Zhu, Junjun Lv, Qiubo Fu, Yao Wang.
Institute of chemical materials, Chinese Academy of Engineering Physics. wangwanjun@caep.cn. No. 64. Mianshan
Rd, Mianyang City, Sichuan Province, China

Abstract
By dividing the electrical explosion process into two stages, a 2-D simulation model is established to study the
influence of the flyer thickness on the flyer velocity, and the mechanism is analyzed tentatively.

1. Introduction

High speed flyer driven by electric explosion has been used widely in the field of detonator
and high pressure loading device. Under the condition that the structure parameters and materials
are unchanged, the acceleration curve of the flyer mainly depends on the specific internal energy of
the explosive product. For different circuit, the change law of the specific internal energy of
explosive products is significantly different, inevitably leading to a completely different
acceleration curve of the flyer. At an earlier time, the Gurney energy is introduced to calculate the
acceleration curve of the flyer[1], in this model, all the energy is given to the explosive product
instantaneously as initial condition, which leading to an acceleration curve significantly steeper than
the experimental results. Schmit made an important modification to this model, and a more accurate
result is obtained by introducing a modified, time-dependent energy deposition term[2], a
disadvantage of the modified model is that this model is 1-D and the assumptions used in the model
were not validated.

A "two-stage" flyer driven model is proposed, the influence of the flyer thickness on flyer
velocity were studied using AUTODYN code, which can provide reference and guidance for the
design of exploding foil initiation device.

2. Physical model

The physical model is shown in figure 1.

This model believe that although the internal energy begins to increase simultaneously at the
moment the circuit is closed, but the internal energy deposited at the initial stage(t<t;) can only be
used for raising the temperature of the exploding foil, melting, raising the temperature of the
meilted exploding foil, while the volume of exploding foil remains constant until the specific
internal energy per unit volume is accumulated to a critical level Eq at t=t.. The energy Eg is
released instantaneously at t; and the flyer is violently pushed by shock wave and exploding
product.

1st stage : constant volume, 2nd stage : expansion,
increasing internal energy to £, continuous energy supplement
VP
(o) \’;"‘/ >
* . . . .
Circuit being closed demarcation point Time axis

Fig.1 Schematic diagram of physical model

WHCcTUTYT Npo6JsieM ropeHus

57


mailto:wangwanjun@caep.cn

IX XAJIBIKAPAJIBIK, CHMIIO3HUYMBbI «2KAHY KOHE I1/IA3MAJIbIK XHMHA»
IX MEXX/JJYHAPO/JHBIH CUMIIO3UYM «OPEHHUE U ITJIASBMOXUMHS1»
IX INTERNATIONAL SYMPOSIUM « COMBUSTION AND PLASMOCHEMISTRY»

When t>t., additional energy is continuously deposited into the explosive product(expressed
as Q(t)), helping resist the pressure attenuation and driving the flyer accelerate continuely, and the
velocity curve is relatively gentle. Therefore, a inflection point can be finded in the velocity curve
of the flyer driven by electric explosion.

The energy release at t; is described by the CJ detonation model, The product is described by
JWL equation of state, as shown in Equation 1.

PA1--2 | B1- @ |erv B (1)
RV RV Vv

3. Numerical model

In this paper, the numerical simulation is carried out using AUTODYN, a 2-D axisymmetric
model is established. The numerical model consists of backplane, exploding foil, flyer and barrel, as
shown in figure 2. The material of the backplane is ceramic and has a thickness of 1 mm ; the
material of the explosive foil is copper and has a thickness of 5 um, the exploding foil is a circle
with a diameter of 0.46mm,; the material of the barrel is titanium alloy with a diameter of 0.6 mm;
the material of flyer is polycarb and the thickness is set to be 20um, 30pum and 40um respectively.

3000

2500

2000

1500

1000

Velocity(m/s)

—— Experimental
500 —— Simulation

0;)0 0;)5 0I10 0l15 0|20 0‘25 0I30
time(us)
Fig.3 Calculated and experimental velocity of the flyer

Fig.2 Simulation Model

The JWL equation of state is adopeted for the exploding foil, and the parameters of the EOS
are shown in table 1.

Table 1 Parameters of JWL EOS for exploding foil

po(g/cm®)  A(MBar) B(MBar) R1 R2 ® Eq(MBar) Pj(MBar) D(m/s)
8.9 5.2423 0.17678 6.2 15 0.67 0.13 0.2431 2991

For the additional energy Q(t) after t;, "constant power" model is used as shown in
formular(3), The parameters of this model are shown in Table 2

Q (t) =Gy (3)

d(t)
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Table 2 parameters of the model for additional energy

Q(I/Kg) Begine time(us) End time(us)
1.85E7 tc 0.4

The comparison between the calculated and experimental velocity[3] of the flyer with the
thickness of 30um is shown in figure 3. As can be seen from the figure, the calculated results are in
agreement with the experimental results before 0.03us, but during 0.03us~0.15us, the error between
numerical and experimental results is much more obvious. This is because the acceleration of the
flyer after the velocity jump is mainly determined by the additional energy Q(t). In a real electrical
explosion, dQ(t)/dt shows a trend of decreasing rapidly with time, so the acceleration also

decreases with time correspondingly, while the "constant power" adopted in numerical simulation
will certainly leads to an acceleration which is almost constant. In summary, the main reason for
this error is that the additional energy Q(t) added to the explosion product in numerical simulation is
different from that in a real situation, and a modified Q(t) can significantly improve the accuracy of
the numerical result.

Flyer velocity with different thickness is shown in figure 16, the flyer velocity is 3195m/s,
2740m/s, 2599m/s at 0.25us respectively, and the Kinetic energy ratio is 1 : 1.10 : 1.32, that is, the
kinetic energy increases with the increase of flyer thickness.

8*10' 710"
o s S NS
20mm ) 30mm 6*10"
2,500 610 20mm
% 40mm _ - 510" 20mm
S 2,000 w N
= uw @ g0 30mm
[s] = =
€ 1,500 5 4710 5
% 2 2310 40mm
1,000 ¥ g g
/ o1 2*10
500 1*10"
8 0*10° 0*10°
0 005 01 015 02 025 00 005 01 015 02 025 00 005 01 015 02 025
TIME (ps) TIME (ps) TIME (us)

Fig.4 Flyer velocity Fig.5 Total energy of the backplane Fig. 6 Total energy of exploding foil

It can be seen from Fig. 5 and Fig. 6 that the total energy of the backplane increases with the
increase of flyer thickness, while the total energy of the explosive foil decreases. This is due to the
fact that more energy is needed for explosive product to push the flyer travelling for specific
distance when the flyer is thicker, resulting in a smaller total energy of the explosive foil and a
larger total energy of the backplane, which is very similar to the influence of the density of the
flyer. Although the energy efficiency increases with the increase of flyer thickness, the increase
amplitude decreases gradually. In the design of slapper detonator, make sure that the flyer thickness
selected can achieve a balance between the transmitted wave pressure and the pulse width.

4. Conclusion
A 2-D simulation model is established to study the influence of flyer thickness on the flyer
velocity. The conclusions are as follows:
1) This model can be used for numerical simulation of flyer driven by electric explosion, the
calculated flyer velocity are consistent with the experiment results;
2) Increasing flyer thickness can help improve energy efficiency.

WHCcTUTYT Npo6JsieM ropeHus

59



IX XAJIBIKAPAJIBIK, CHMIIO3HUYMBbI «2KAHY KOHE I1/IA3MAJIbIK XHMHA»
IX MEXX/JJYHAPO/JHBIH CUMIIO3UYM «OPEHHUE U ITJIASBMOXUMHS1»
IX INTERNATIONAL SYMPOSIUM « COMBUSTION AND PLASMOCHEMISTRY»

5. Reference

[1] Tucker T J, Stanton P L. 1975. Electrical gurney energy: new conception in modeling of
energy transfer from electrically exploded conductors. SAND-75-0244 [R]. Albuquerque: Sandia
National Lab.

[2] Schmidt S C, Seitz W L, Wackerle J. 1977. An empirical model to compute the velocity
histories of flyers driven by electrically exploding foils, LA-6809 [R]. Los Alamos: Los Alamos
Scientific Lab.

[3] Li Tao, Weng Jidong, Wang Zhiping, Zhang Jun. 2012. Velocity measurement of small
flyers driven by electric explosion[C]. The 4th academic conference on explosion mechanics
experiment technology.

NANOSCALE SnO; WITH WELL-DEFINED FACETS IMPROVING COMBUSTION
PERFORMANCE OF ENERGETIC MATERIALS
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Abstract: Catalytic activity of SnO, nanocrystals with different percentages of the exposed [221] facets for the
thermal decomposition of RDX was investigated. An enhancement in the catalytic activity was observed for the SnO,
nanocrystals with a higher percentage of the exposed [221] facets.

Introduction

Energetic materials (EMs) contain and release a large amount of stored energy due to their
chemical composition and molecular structure, as a result, are widely used in propellants,
explosives, and pyrotechnics®. One of the most important impacts on the combustion process of
EMs is the thermal decomposition process. Accordingly, a variety of catalysts have been studied for
enhancing the thermal decomposition efficiency of the energetic materials*’. For the traditional
EMs, such as RDX, HMX and ammonium perchlorate (AP) et al., the primary exothermic process
is the oxidation reaction in the gas phase, meaning that the gas-sensing semiconductor catalysts
based on the oxidation—reduction reaction occurring on the semiconductor surface might exhibit
excellent catalytic performance.

As the best known gas-sensing material, tin dioxide (SnO,), has been widely used in
photocatalytic, photovoltaic devices, gas sensing, and so on®*2. However, few works focus on the
catalytic activity of SnO, for the thermal decomposition of EMs. In addition, according to the
viewpoint of chemical activity, metal oxide nanocrystals with particular exposed crystal planes,
such as high-index facets, may have good catalytic properties, due to the high densities of atom
steps, ledges, kinks, and dangling bonds of high-index facets which exhibiting much higher
chemical activity***®. Recently, SnO, nanoparticles with exposed high-index facets have been
prepared, and the correlation between exposed facets and photocatalytic/gas sensing properties has
also been investigated'’. Therefore, a good understanding of the correction between the exposed
facets of SnO, and catalytic activity for RDX decomposition is essential to further enhance the
catalytic performance.

In current work, we investigated the thermal decomposition process of RDX with different
SnO; and propose a catalytic mechanism by studying the decomposition of RDX, in the presence of
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SnO; additives. Further, we explored the application of nanostructured SnO, with well-defined
facets in solid rocket propellant.

Result and discussion

Three kinds of SnO; nanostructures with different exposed facets have been synthesized using
HCI as the face-controlling agent. SEM images of the as-prepared samples are shown in Figure 1
(a-c). It can be seen that the addition of HCI is crucial for the morphology of SnO2. Figure la
shows the SnO, nanoparticles synthesized without adding HCI, exhibiting no regular morphology.
When the volume ratio of HCl/solution is 1:15, the formed SnO, particles evolve into tetragonal
nanorods with two pytamidal tips (Figure 1b). When the volume ratio of HCl/solution reaches to
1:10, the SnO, particles exhibit well-defined octahedral shape with with an edge-to-edge width of
about 200 nm, and an apex-to-apex length around 300 nm (Figure 1c). Thus, the apex angle
between two side surfaces can be calculated at 65.8°, which agree well with the model of octahedral
SnO, enclosed by [221] facets projected along the [110] direction’™. Figure 1d shows a typical
powder X-ray diffraction (XRD) pattern of the as-prepared product, product can be indexed to the
rutile phase of bulk SnO,.

Figure 1 SEM images of the SnO, nanoparticles (a), hanorods (b),
octahedral nanoparticles (c) and corresponding XRD patterns (d).

The effect of each SnO; additive on the thermal decomposition of RDX was studied by DSC
analysis, carried out at 10 °C min * in sample pans with lids under a flow of argon. Samples of pure
RDX and RDX mixed with each additive on a 2:1 by mass basis were prepared by grinding the
powders with a mortar and pestle until homogeneous. Representative DSC curves of both pure
RDX and the mixture of RDX with different SnO, additives are shown in Figure 2.

exo

f

RDX/octahedral SnO, (sample c)

¥

RDX/SnO, NRs (sample b)

RDX/SnO, NPs (sample a)

Heat flow (W g™

pure RDX

endo

R

T h4 T L T T
100 150 200 250 300
Temperature (°C)

Figure 2 DSC curves for the decomposition of pure RDX and RDX with three kinds of SnO, additives.

All the four curves exhibit two thermal signals. The first endothermic peak at 204 °C is
similar for each curve, which is due to the melting process of RDX®. A significant difference
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between the additives observed on the decomposition is the obvious reduction of the decomposition
temperature. The pure RDX exhibits two decomposition peaks: the liquid phase decomposition
peak and gaseous decomposition. In the presence of SnO; nanoparticles, the liquid phase
decomposition peak decreased and the gaseous decomposition temperature is reduced by 5 °C, 7
°C, and 28 °C. These results suggest that the SnO, catalyst can greatly promote the thermal
decomposition of RDX, and Sample ¢ with a higher percentage of exposed [221] facets shows much
better catalytic activity for thermal decomposition of RDX than Sample a and b.

Given the enhanced activity of SnO, toward RDX decomposition, one could expect that it
would also enhance the burning properties of solid rocket propellant. Figure 4 shows the burning
rate curves for propellants with each catalysts, as calculated from three propellant strands burned
throughout the pressure range. The green line belongs to the control propellants contained no
catalysts. All three catalysts increased the burning rates relative to the control sample, and the
propellants containing octahedral SnO, exhibited a broad burning rate plateau zone: the pressure
exponent was 0.19 from 2-22 MPa. The plateau effect is a desirable feature for high burning-rate
propellants. Typical propellant formulations that achieve a high burning rate by increasing the value
of the pressure exponent are unstable due to their oversensitivity to pressure variations, which can
lead to catastrophic failure. The octahedral SnO, provides the propellant with a high burning rate
and broad plateau effect. The plateau observed may indicate that the surface reaction is rate-limiting
but not diffusion-limited at pressures from 2—22 MPa, which should originate from the high active
[221] facets of octahedral SnO..
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Figure 4. Curves of solid propellant burning rates vs pressure

Conclusion

In this study, SnO, nanocrystals with different percentages of the exposed [221] facets were
applied in promoting the thermal decomposition of RDX. An enhancement in the catalytic activity
for RDX decomposition was observed for SnO, nanocrystals with a higher percentage of the
exposed [221] facets. Moreover, in the presence of octahedral SnO,, the decomposition temperature
of RDX was reduced by 28 °C. It is also confirmed by first-principles calculations that such highly
exposed [221] facets can facilitate the formation of active oxygen which can lead to the oxidation
reaction of RDX more completely in the catalytic decomposition process.

Our results emphasize that, through control over structure, the properties of SnO, can be made
favorable for new and promising applications. Further work may lead to additives for safer and
more efficient solid rocket propulsion or the ability to meet application-specific propellant
requirements through the tailoring of additive structure on the nanoscale.
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DIATOMITE: AN EMERGING BIOMATERIAL WITH HIERARCHICAL POROUS
STRUCTURE IN NANOTECHNOLOGY AND ITS APPLICATION IN SYNTHESIS OF
MULTIWALLED CARBON NANOTUBES BY CHEMICAL VAPOR DEPOSITION
METHOD
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“2Mansurov Z.A.
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Abstract

In this current work, MWCNTSs was synthesized on catalyst system that prepared from natural biomaterial
generated from single cell algae, called diatomite with unique nanoscaled morphologies and patterns and by
immobilization of Ni, Co particles on to diatomite substrate. A new approach for obtaining MWCNTS by using silica
diatomite with natural pores structure has been developed and employed.

Introduction

Nature has developed the unique biomolecular mechanism and process of assembly of
biocompatibility capable to generate a set of biomaterials with unprecedented complexity and a set
of the functionality and properties surpassing artificial production technologies?. This natural
molecular process of self-assembly developed from millions of years of evolution is capable to
create these unique biological structures with high precision and reproducibility in soft conditions
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of the environment and lower consumption of energy. These biological materials attracted huge
interests not only to a biomimetic of new nanostructural materials with difficult architecture and
unique properties, but also as a source of the inexpensive natural materials ready to use with the
minimum processing. The majority of live organisms, such as bacteria, seaweed, insects, plants,
animals and people (bones), are capable to fabricate these types of inorganic structures or their
organic composites into difficult architecture with ordered micro nanoscales features which it is
impossible to reproduce by existing engineering or chemical synthetic processes*®. Among them
the exoskeletons of amorphous silicon dioxide (frustule) of one-chained seaweed called diatomite
are one of the most impressive examples of biologically received nanostructural materials *. Each of
the estimated 100 000 types of diatom and it has the special three-dimensional cover from silicon
dioxide called by a frustule with the characteristic form decorated with the unique drawing of
nanodimensional signs, such as time, ridges, thorns °.

Recently the new term called by diatomite nanotechnology has been developed for the
description of the new developing area for a research of these outstanding materials and their
applications on various disciplines, including molecular biology, materials science, biotechnology,
nanotechnology and photonics®.

A number of potential applications for diatomite (dioxide of silicon) including optics,
photonics, a catalysis, biosensors, delivery of drugs, molecular division, filtration, adsorption,
bioencapsulation and immunoisolation and matrix synthesis nanomaterials have been offered and
investigated”®.

It should be noted that diatomic dioxide of silicon can be received by cultivation the diatoms
of seaweed in significant amounts, but their huge quantities from inexpensive fossilized the diatoms
of the seaweed called by the diatomaceous earth, the white mineral powder consisting from clean
diatomic frustules are available in thousands of tons from the mining industry.

So, in this current work, diatomite was applied as catalyst carrier for the synthesis of
MWCNTS, because of high surface area of pores that could retention capacity of the deposited
catalyst. MWCNTSs were synthesized on catalyst system that prepared from natural diatomite with
unique nanoscaled morphologies and patterns by immobilization of Ni, Co particles on to diatomite
substrate. A new method for obtaining MWCNTSs by using silica diatomite with natural pores
structure has been developed and employed.

Experimental part

Diatomite earth sample was obtained from Aktobinsk region in western Kazakhstan. The raw
diatomite powdered to 35 micron and used directly without any further purification. In the next
step, catalyst solution from NiNO3:6H,O and Co(NO3),-6H,0 salts with 0.5 M concentration were
prepared and applied for further precipitation of Ni, Co particles on to diatomite substrate. After this
step we fabricated support system with catalyst based on diatomaceous earth, which continuously
applied to synthesis of multiwalled carbon nanotube via Chemical vapor deposition method.

While synthesis process, firstly argon gas supplied with 160cm®min yield at the 400 °C
temperature and second propane was supplied at 800 °C with 55 cm®/min inlet, after placing
prepared catalyst system in boat.

Result and discussion

Raman spectroscopy is considered to be a very good method for CNTs presence; in addition it
is used to characterize CNTs more precisely. The spectra of all the samples indicate the presence of
carbon nanostructures of sp? hybridization with some degree of ordering.

The CNT samples obtained on a diatomite with a cobalt catalyst contain a certain fraction of
the amorphous carbon phase, as indicated by the large width of the peaks, in comparison with the
spectra of the remaining samples.
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The position G of the peak in the range 1570-1580 cm™ is characteristic for carbon
nanostructures of the graphite group, and the shift to the low-frequency region is most characteristic
of carbon nanotubes. The increase in the intensity of the 2D peak in the region 2710-2715 cm™
indicates an increase in the orderliness of the structure of the material. While the peaks D at 1350-
1360 cm™ and G + D in the region of 2940 cm™ arise as a result of the disorder of the structure.

The samples obtained on nickel practically do not contain an amorphous phase, which is
expressed in the small width of the main Raman peaks. In addition, the ratio of the intensities of the
peaks | (2D) / I (G) is much higher, compared with the spectra of the samples on cobalt, which
indicates a fairly high degree of ordering of the sp? carbon structure under investigation. Analysis of
the Raman spectra suggests that the samples obtained on the diatomite contain a greater number of
multi-walled high-quality carbon nanotubes than in the shungite samples. This is confirmed by the
lower intensity of the defective peaks D and D + G (Figure 1).
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Figure 1.Raman spectrum of the CNTs prepared on diatomite by using Co based diatomite substrate (a) and Ni
based diatomite substrate.

The resulting carbon nanotubes, before that pure natural diatom silica were examined using a
scanning electron microscope, exactly Multifunction Scanning Electron Microscope Quanta 3D
200i. The SEM photographs with different magnification of remarkable pore morphologies and
channels architectures of diatomite can be seen in Figure 2(a), (b). As you see, the diatomite earth
has open pores in some structures, while some structures show us deep, several hierarchical pores.
This variety of shapes and ordered porous structures demonstrate precision and uniqueness of
natural design at the micro- and nano size, providing enormous opportunity to use this material for
catalyst support function as it can be seen in figure 2 (c). Here, the growth of carbon nanotubes on
diatom holes can be seen.

Conclusion

In this work, a novel approach was developed for one step synthesis CNTs on diatomite
supported catalytic system by CVD method. The result of Raman spectroscopy revealed that the
synthesized CNTs on both Co, Ni precipitated samples are multiwalled material, however the ratio
of the intensities of the peaks I (2D) / | (G) is much higher, compared with the spectra of the
samples on cobalt, which indicates a fairly high degree of ordering of the sp2 carbon structure under
investigation. Similarly, obtained CNTs on Ni catalyst system shows better result than Co catalyst
supported system.

Nowadays, we are working on improving, furthermore enhancing the quality and amount of
CNTs on diatomite support. As well as, we are planning to investigate magnetic properties of CNTs
on diatomite and then use in heavy metal removing.
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(@)

a,b — SEM pictures of natural diatomite

(c) Ni based diatomite substrate with CNTs
Figure 2. SEM images of samples
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HCCJEJOBAHUS CBOMCTB HUHTEPMETAJUIMIHBIX TIOKPBITUIA CUCTEMBI Al-
Cu, Ta-Cd, W-Cd C IETTHPOBAHMEM Cr, Ti, Ag, Nb, Mo

N K. Adaakaros, I0.7K. Tyaeymes, M.b. Ucmanios
AO «HayuonaneHwlil yeHmp KOCMUYeCKux UcCie008aHUll U MexXHONI0SULLY,
2. Anmamet, ya. Illesuenxo 15, m.ismailov@spaceres.kz

BbUTH MOJTydeHbl ¥ UCCIIeI0BaHbI CBOMCTBA HHTEPMETAUTHIHBIX TOKpbITHii cuctem Al-Cu, Al-Cu-Cr , Al-Cu-Ti,
Al-Cu-Ag, Ta-Cd-Nb, Ta-Cd-Mo, W-Cd-Nb u W-Cd-Mo mnonyueHHbIe MyTeM OJHOBPEMEHHOI'O MAarHETPOHHOIO
HAIBUICHUS C TIOCIIEIYIONICH TepMOOOPaOOTKOI.

B xocmoce xocmuueckuii ammapar (KA) nonsepraercss kK MHOKECTBOM (DaKTOPOB, OCOOEHHO
HE paBHOMEPHO | Nepruoauveckn HarpeBaercs mydamu Coxaie. s mpenoTBpamieHus neperpesa
KA Ha ero mOBEpXHOCTh HAHOCAT CIEIHAaIbHBIE TEPMOPETYIUPYIONUE MOKPBITHS, KOTOPHIE
oOecrieunBarOT HEOOXOJMMBIM  TEeMIEpaTypHBI  peXUM Mexay KA wu  okpyxaronum
npoctpaictBoM [1-2]. B KkauecTBe TepMOPETryIUPYIOIIETO TOKPBHITUS HMHTEPEC BBI3BIBAIOT
WHTEPMETAJUTUAHBIE TIOKPBITUS. THTepMeTauTiabl — 3TO YCTOMYMBOE COEIMHEHNE IBYX WK OoJiee
METaJJIOB MeXAy cOoOOM W OTJIMYAIOTCS BBICOKOW TBEPAOCTHIO, KOPPO3UOHHON CTOHWKOCTBIO U
anekTponpoBoAHOCcThiO [3]. llenmpro maHHO#W pabOTHI SBISETCS CHHTE3 WHTEPMETAUIUIHBIX
MOKPBITUH, MOJIYYEHHBIE NyTEM OJHOBPEMEHHOI'O HANbUIEHUS KOMIIOHEHTOB  C JIETMPOBAHUEM
TpeTbero ieMeHTa. I[loKpbITHA MOoJyyalu Ha MarHeTPOHHOM YCTaHOBKE C JAJHEHIIMM OTKUTOM
IUI CUHTE3a C aMOP(HOI0 COCTOSIHUA B MHTepMeTaungHoe. Da30BbIi cOCTaB, MUKPOTBEPIOCTb,
KOA(Q(QUILIEHTH! MOTJIAIEHUS U U3JIy4eHHs, SJEKTPOIPOBOJHOCTh U CHUMKHU MTOBEPXOCTH MOKPBITUS
ONpENEeNAINCh ~ COOTBETCTBEHHO B CIEAYIOIIUMX  MCCIENOBATENBbCKUX  OOOpPYIOBAHHUSAX:
muppakromerp D8 ADVANCE, mukpotBepaomep IIMT-3, cnekrpodoromerp UV-3600
(Shimadzu) B guanazone mmn BosH 240-2400 um u mupomerp UT302B npu mmune Boaabr 800-
1400 uMm, mpudop DT830B, a1ekTpoHHO-30HA0BBINH MuKpoaHaausaTop JSM-8230 (JEOL).

[TosrydeHbl MOKPBITHS CUCTEMBI ATFOMUHMNA-ME/b, JIETHPOBAaHHbIE 100aBKaMU TUTaHA, XpOMa
u cepebpa, HCCIeJJOBaHA WX CTPYKTYpa, MPOBEJEHbI HHUIMMPYIOIIME OTXKHUIU JUI1 CHHTE3a
UHTEPMETAUIMAHBIX (a3, wuccieoBaHa CTPYKTypa HOJy4deHHbIX a3 mnocie orxkura. s
MOJIy4EHUsI IPOTOTHIIOB «YEPHOTO» IMOKPHITHS MOJYYEHbI IMOKPHITHS CUCTEMbl TaHTAJI-KaJAMUH U
BOJIb(hpaM-Ka MU, HCCIIeZIOBaHA UX CTPYKTYpPA, IPOBEJECHbBI OTXKUIHU JJIS TIOJYYEeHUsS! HOKPHITUH Ha
OCHOBE NOPHUCTBIX TaHTala U BOJb(pama, MPOBEICHO HCCIEAOBAHUE MX CTPYKTYpbI, MOJIY4EHBI
MOKPBITHUS CHCTEM TaHTaJI-KaAMHMHA U BOJb(ppaM-KaJMuil, JErUpOBaHHbIX 100aBKaMU HHOOHS U
MOJIMOJICHA, MOJIyYEHbI MMOPUCTBIE MOKPBITHUSA HA UX OCHOBE U IPOBEACHBI PEHTI€HOCTPYKTYpPHBIE
uccnenoBanus. [IpoBeneHHble peHTreHorpaduuecKue UCCIIE0BAHUS MOyYEHHbBIX HOKPBITUH J10 U
nocie omkura 400 °C  103BOJIMIIM YCTAHOBHTH, YTO B UCXOJHOM COCTOSIHHH TIOCIIE HATIBUICHUS
HOKPBITHSI BCEX COCTABOB SBJISAIOTCS peHTreHoaMopdHbiMHU, a nocie omkura 400 °C obpasyrorcs
unrepmerauiuaabie Gazel CUAl u CuAly, TlomydyeHsl «4yepHBIe» MOKPBITHS Ha 0a3e MOPHUCTHIX
TaHTajla M BOJb(pama MyTeM CO3/IaHUsi HHTEPMETAUTUAHOTO MOKpbITUs coctaa TaCds; u WCds u
MOCIE/YIOIIETO yAAICH s KaMHUsI B BAKyyMe OTKUTOM nipu Temreparype 800 °C.

bbun n3mMepena MUKpoTBep0CTh NOKpBITUH cucteMbl Al-Cu (¢ no6asnenuem Ti, Ag, Cr) no
n nocae TO nHa MmukporBepaomepe [IMT-3 ¢ umcnosip3oBaHMeM aiMazHOM nHpamuaku. Bce
MOKPBITHS UMEIOT TOJIIMHY B IpeAenax 2 MKM. bblia ncnosib3oBana Harpyska 3,5 . YcTaHOBIIEHO,
yro y oOpasuoB cucrembl Al-Cu ¢ nermpoBaHuMeM TpEeTbEro »JIeMEHTa  MHUKPOTBEPIOCTb
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Bo3pactraer nocie TO. B ciaydae mokpeitust Al-Cu Ge3 nerupoBaHusi MUKPOTBEPAOCTh MaJIacT
nociie TO, a ngo omxura uMeer BennuuHy 5135 Mmna, 4TO NpPEeBOCXOAUT TBEPAOCTh MHOIHMX
MHCTPYMEHTAJIBHBIX CTAJICH.

[IpoBeneHbl HcCIeNOBaHUS CIEKTPO(POTOMETPUIECKUX XaPAKTEPUCTHK «OENBIX» MOKPHITHN
Ha crnekrpodoromerpe UV-3600 (Shimadzu). HeotoxoxkenHoe amophHOE MOKPBHITHE B BUAUMOMN
gacTu crektpa umeer kodddumument orpaxenus 41%. Kosdounment oTpaxeHus «OembIx»
MOKPBITUH TIPUBEICHBI HA PUCYHKE 1.
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Pucynok 1. KoadduumeHnT orpaxkeHust «OeNbIX» MOKPHITHIA

[TokpeiTHe co cdopmupoBaHHOW uHTepMeTaumaHON (azoii CUAI B Buammoin obmactu
CIIEKTpa AMeEeT K03hGuIUeHT OTpakeHUs 41 %. PesynbTaTh! U3MEpPEHHUs
CIEKTPOPOTOMETPUYECKUX XAPAKTCPUCTHK TIOKPBHITUS W3 HMHTepMeTauuaHoi ¢assr  CUAI,
JIETUPOBAHHOU T0OaBKaMu cepedpa, 0 H mocie GOPMHUPYIONIEro HHTEPMETAIUTHIHYIO (Da3y OTKUTA
MOKa3bIBAIOT, YTO MOKPBHITHE B aMOP(HOM COCTOSSHUM HMMEET B BHAMMOM YacTHU crekTpa OoJiee
BBICOKMI ~ KOX(DQUIMEHT OTpaKeHHs, 4YeM T[ocje OTKuUra. Pe3yiapTarbl  U3MEpeHHs
CMEKTPOPOTOMETPHUCCKUX ~XapaKTEPUCTUK TIOKPBITHS W3 HHTepMeTawiuaHoit daser  CUAl,
JIErupoBaHHOM 100aBKaMH TUTaHa, 0 U Hocie (GOPMUPYIOLIEr0 HHTEPMETAIUIHAHYIO (ha3y OTKUTa
MO3BOJISIIOT ClIeNaTh BBIBOJ, YTO B BHAMMOI YacTH CIEKTpa aMOp(HU30BAHHOE UHTEPMETALIUIHOE
MOKpBITUE HMeeT Ooisiee BBICOKUN KOd(pPuiMeHT orpaxkenus, paBublii 40 %. Pe3ynbrars
U3MEpEeHUsl CIEeKTPO(POTOMETPUUECKUX XAPAKTEPUCTHK TOKPBITUS M3 WHTEPMETAIUIHOU (a3bl
CUAl, nerupoBanHOl 100aBKaMU Xpoma, 0 M IHocjie (GOPMHPYIOIIEr0 HHTEPMETAUIUAHYIO0 a3y
OTXKUTA JAIOT CIEAYIoIIee: M3 COMOCTABIICHUS KPUBBIX KOAPQPHUIMEHTa OTPaKEHHs] A0 M TOCTe
OT)KUTa MOXKHO CJeJaTh BBIBOJ, 4YTO aMOp(pHU30BaHHOE WHTEPMETAJUIMAHOE MOKPBITUE U3
uHTepMmeTautuanon (aser CUAI, erupoBaHHOM 106aBKaMU XpoMa BO BCEX MHTEpBalax CIEKTpa
MMEEeT TaKyl JK€ OTPaKaTEeIbHYI0 CIOCOOHOCTh, Kak M OKpHCTauM30BaHHOE. [IpoBeneHHbie
UCCIIeIOBAHUS «YEPHBIX» MOKPBITHI Ha criekTpodoToMerpe UV-3600 nmokaszanu, 4to Kod3QpPHUIHEeHT
OTpaKEHUsI ITUX MOKPBITUS H3MeHseTcss oT 5 10 8 %. (MUHUMaANIbHO — Yy MOPHCTOTO TaHTaia,
JIETMPOBAaHHOTO HUOOMEM, MAKCUMAIIBHO — Y IOPHUCTOTO BoJib(hpama 0e3 JeTUpyoux 100aBOK).

DJIeKTPOHHO-MUKPOCKOITMUYECKUE MCCIIEA0BAHUS TTOJTyIeHHBIX TOKPBITHIA crcTtem Ta-Cd u W-
Cd, nmokazanu, 4To 70 OTKUTa MOKPHITUS COCTOSIT U3 TUIOTHO MPHKATHIX APYT K APYTY OKPYIIIBIX
KPUCTAIIIUTOB pa3HOW BBICOTHI. KoaduineHT oTpakeHUsT «4epHBIX» MOKPHITUI MPUBEICHBI HA
pucynke 2. Ilocme oTxura KaaMHii BbIIAPUBAETCS W3 TMOKPHITHUH M OCTAIOTCS MOPUCTHIE
00pa3oBaHus W3 TaHTasla U BoJb(pama, JerupoBanubie ND 1 Mo. Pe3ynbTaThl BCex McCieI0BaHMiA
MpHUBEICHbI Ha Tabnuie 1.
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Pucynok 2. Koaddunment orpaxeHnst «4€pHBIX» TOKPHITHHA

Tabmuma 1. OcHOBHBIE CBOWCTBA NOJMYYEHHBIX MOKPBHITUI

Ne | Cucrema Oo0pa3zoBanHas haza | MUKPOTBEPIOCT Koad. Koad. IToB..comp.,
b, MIla MOTJIOIIEHNUS | W3JTy4eHus () KOM/KB.
(As)
Ho TO ITocne o ITocne o ITocn o ITocn | Ho | Tlocne TO
TO TO TO TO e TO TO eTO | TO
1 Al-Cu-Ti Amopd CuAl 3529 4718 043 | 0,35 | 0,22 | 0,44 | 2,6 3,78-10°
2 Al-Cu-Ag Amopd CuAl, | 3107 3659 033 | 0,32 | 0,25 | 0,42 | 0,5 1,86-10°
CUAIZ
3 Al-Cu-Cr Amopd CuAl 4106 4240 039 | 037 | 0,22 | 0,39 | 11 5,02-10°
Al-Cu Amopd CuAl, | 5135 3919 0,36 | 0,29 | 0,20 | 0,38 | 4,8 0,72-10°
CUAIZ
5 | W-Cd+Nb Amopd w - - - 094 | 0,78 | 0,89 | - 9,74 -10"
6 | W-Cd+Mo Amopd w - - - 094 | 0,78 | 0,87 | - 4,17-10"
7 | Ta-Cd+Nb Amopd Ta - - - 088 | 080 | 093 | - 3,99-10°
8 | Ta-Cd+Mo Amopd Ta - - - 090 | 081 | 092 | - 0,12:10°
3akiioueHue

- IMony4enbr 00pa3ibl «OeNIbIX» HHTEPMETAIBHBIX MOKpbITHI Ha 06a3e CUAI, nerupoBaHHbIC
Ti, Cr, Ag. IToka3aHo, 4T0 JerupoBaHKe 100aBKaMK yXy/aIIaeT morpedurensckue coiictea TPIL

- Ilomyuensl o0Opa3Ubl «4EpPHBIX» TMOKPHITHA M3 TMOPUCTHIX TaHTala U BOJb(ppama,
JIETUPOBAHHBIX HUOOMEeM M MosimOaeHoM. Iloka3zaHo, YTO JErMpOBaHHUE TPETBUM U YETBEPTHIM
KOMIIOHCHTOM TOHWXAeT KO3(PPHUIIUEHT OTPaKEeHUSI.

- YceranosneHo, yto nonydeHusie TPII o6nanaroT xopoleil mpoBoIuMOCTBIO
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KATAJIMTUYECKOE OKHUCJIEHUE TAXEJIBIX HE®TAHBIX OCTATKOB

E.A.Axka3un, E.K.Ourap6aes, E. Tuiieyoepau, 3.A.Mancypos
KazHY um. ane-@apabu, Uncmumym npobuem copenust, Erdos.Ongarbaev@kaznu.kz

W3ydeHn XuMH3M TIpoliecca KaTamuTHIeckoro okwucienus KapaxanOGacckoit HedTH, ee Ma3zyra U MasyTa
[MaBnomapckoro HeTEXMMHUUECKOTO 3aBOIA.

The process of catalytic oxidation of fuel oil black oil refineries of the Republic of
Kazakhstan was studied.

B mactosiiee BpeMsi CYIIECTBYIOT pa3IMYHbIE METOJbI TOBBIMIECHUS 3((HEKTUBHOCTH
OKHCJIEHHUs, B YAaCTHOCTH, YBEJIIMUEHHE MOBEPXHOCTH KOHTAKTa (a3 3a CUET COBEPIICHCTBOBAHUS
YCTPOWCTB MOJA4M BO3/yXa, MCIOJB30BaHUS JUCIEPTaTOPOB BO3AYIIHOTO MOTOKA. OmTUMH3aIus
MapaMeTpoB TEXHOJOTHYECKOTO Tporiecca W MOJ00p ONTUMAIBHOTO COCTaBa CHIPhS TaKkKe
OKa3bIBAIOT TMOJIOKUTEIbHOE BO3AeHcTBUE. OIHMM W3 IyTEH COBEPIIEHCTBOBAaHUA IIpoliecca
MOJTYy4YeHUST OUTYMOB SIBJISIETCSI TPUMEHEHUE KaTaIM3aTOPOB OKUCIICHUS U CIICIIHATIBHO BBOJMMBIX B
CHUCTEMY OKHUCIIUTEIEH.

[lo nuTepaTypHbIM W TPEOBIAYLUIUM SKCIEPUMEHTAIBHBIM JaHHBIM CaMbIMH aKTHBHBIMU
OKa3aJINCh U 3a pyOe)oM B IPOU3BOACTBO BHeApeHbl xiopu xenesa (III) u dochopras kucnora,
KoTopble OblIM BbIOpaHBI B KauecTBe KaTanuszartopa. McciemoBanoch BIUSHHE 3THUX BEIIECTB Ha
nporecc okucienus Kapaxkanbacckoit Hedptn m mazyroB HII3 PK. Ilpu stom Owuia crmenana
MOMBITKA OLEHUTh XHWMHU3M KaTaIUTUYECKOTO OKHUCICHHS HEPTH M Ma3yToB Uil TMOJyYCHHS
OUTYMOB.

Cytb mpoliecca OKHUCICHHS 3aKJIIOUaeTCsl B YBEJIMYEHUU COACPKAHHS apoOMaTHUYECKUX U
KHCTIOPOACOACPKAIMX COCAUHEHUN B OUTyMme, (DYHKIMOHAJIbHBIE TPYMHIbl KOTOPHIX BCTYHAIOT B
CBSI3b C MHUHEPAJIbHBIMU MaTepuaiaMu B cocTaBe ac(anbToOeTOHHBIX cMmecel. [l ycTaHOBICHHS
XMUMHYECKUX MPEeBpaIeHUIl B cocTaBe HE()TH U ee Ma3yTa BO BPEMsI UX OKHUCIICHUS MPOBOJAUIICS
HUK-cnekrtpockonmyeckuid  ananmu3  KapaxanOacckoit  Hedtn, wmasyra  IlaBmomapckoro
He(TEXUMUYECKOTO 3aBOJIa M MPOJIYKTOB MX OKHUCIIEHHUS, Pe3YJbTaThl KOTOPOTO IMPEACTaBICHBI B
tabnuue 1. Hambonpiime wu3MeHEHUs HMHTEHCHMBHOCTEW TMOJIOC TMOTJIOIIEHUs HAOMIoAalTcs B
unrepsaie 1500-1700 CM'l, i€ TOTJIOMIA0T apOMAaTHYECKUE U KUCIOPOICOACPKAIINE COSAMHEHUS.
[ToaTomy, 06 U3MEHEHUSX, MPOUCXOAALIUX MIPU OKUCICHUH, CYIUIN 110 BOJHOBBIM yuciaM: 720 cMm’
! . MasTHHKOBBIC KONCOAHMS METHICHOBBIX rpynn -CHy B JUIMHHBIX LIEMAX yriaeBoaopoaos; 1600
cM™ - BaNCHTHBIC KOIEOAHHS apomarnueckux C=C-cpszeit; 1720 cM™ - BaneHTHBIC KOICOAHHS
kapOoHwibHOH rpymmbl. [To otHOmeHusIM Kc=0=D1720/D720 1 Kc=c=D1600/D720 ol1cHUBaIHN CTENEHD
OKHCJICHHOCTH U apOMAaTUYHOCTH CHIPbSI U MPOJIYKTOB (37ech D - omTuyeckasl MIOTHOCTh MpPU
COOTBETCTBYIOIIMX BOJHOBbIX uuciax). CpaBHUBas 3HAYEHUs MPUBEJICHHBIX ONTUYECKHUX
mnoTHocTer Ke=c 1 Kc=p 17151 ChIpbsl U IPOYKTOB €r0 OKUCJIEHUSI U OTHOIIEHUHN KnC=C/ KCI,IpI,eCZC u
KNCZO/KCHPWCZO, KOTOpbIE TIOKa3bIBAIOT BO CKOJIBKO pa3 YBEIWYMBAETCS COACPKAHUE HSTUX
COCIMHEHUI B MPOAYKTaX OKHUCJIEHHS IO CPaBHEHUIO C HMCXOJIHBIM CBIPHEM, MOKHO CJlieJaTh
3aKJIIOUEHUE O TOM, YTO TMpPH Mepexojie OT He(hTH K Ma3yTy KOJUYECTBO KaK apOMATUUYECKUX, TaK U
KHCIIOPOJICOAEPKALIUX COCIMHEHUM M3MEHSeTCS HE3HAUYMTENIbHO, TOrJa Kak MpU TEpexXoJe OT

WHCcTUTYT Npo6JsieM ropeHus
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