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Whwwnwipp Ghpdwo E wypiwl ntidhimd hwdwlgqud Mg+C JtpwlwqGhsGtpnyg
unjhpntih  ppywolwyhG  dhwgmpymGGiph  dhwihmy  Jhpwiwlgiiwi  wpngtultph
nunuifwuppmpjulp b dwwghih  hmdipwjhG ptunipuGiphg  wwpg  wbfulninghwyny
unthpntiGh nt Gpu upphnh vnwgdwGn:

UnihpntGh U Gpw dhwgmpymGGaph vnwgiwl dhGy wjdd hwymGh wpmwnpuuG
tnu@wlG hp dbe plngpynid t puquwphy thmbp: Lwh dnjhppbGhunwihG hwipwlnpp
tipwplpynui £ dwlpwgiwl, HnumwghnG hwpuonmwgdwl, ppywghG Wywldwl, wjlnthtinl
onnui 500-650°C gtiptwuwhtwnud pafiwG wpyniipnid uvnwGnd b6 MoOs-h funwjnip:
dpghGu dywhmy &6 winGhwiwenny, yhpwonmd winGhnuth wwpwinthpnpunp (UNU,
(NH4)¢M07024), nph  pujpwynuihg umwlmd &G dwpmp  dnihpnGh (VD) opuhn L
Ytpwulglimu gpwolng Jud wotuwolny: UnhpnbGh Ynpquw G pupdp wnynu wuyyuwhn]tnt
hwidwp unjhpntiGhwnh pnfiwG wpquuhpltpp winGhwlwepny Wwlhtjng htn wlg LG
Juglnmu unquijh momypny Jud ppwlubugGnid unnquijh hbwm tewlwnd (700-750°C), nph
plipwgpmu winGhwhwepnid smoywo unthpnhilG wwpmGuynn ponp dhwgmpymGGtpp
thnfuwgnmuui G0 unnujh htan wnwowgGtmy Na,MoOs: dbpohGu (nphg Ytpwomu GG
wunhmuh wupudnihprunh, hsp vl wthuGnnghwwtiu ndqwp wpngbu k: Uhts wydyd
(runphnuih Unthprpuunh il hwdwp wnwyb) wpymGuytn tnuiwy sh wnwewplyt:

dtpp G2qwo wpngtul wpuwwmwwmwnp b, LGhipguunwp L puquuthmg, npuing
wuwjiwlwynpguo unjhpntlh b Gpu Jupphnh uvnwgiwl Gnp dnnbgmiGhph Glumdwtp
htwmwppppnipjnilin:

Lliphuwjwgynn wpfuwmnwipmy dnjhpntGh b Gpu jupphgh uvnwgnidG hpulw gyt t
pwpdp tipdwumhtwwjhl hipGwwwpwoynn uhGptgh (FhU) tnubwyny, npp sh wwhwi-
onui ttipquowfuutp b hpwhwlwimd E puwgwpwwbu tyqnptipd phthwhwl thnfuwg-
nignipjul dwiwlwy wigwwnywo gtpimpjul hwyhG: Lyqwod tnuwyh wowybnpynt-
(itiphg t Gwl wyG, np oquugnpoynid kG wuipg b ny pwlwpdtp vwppwynpndtp, hul wpn-
gtuh 4o wpwgnipyniGl wwwhnymd £ Gmpbph unwgdw6 puwpdp wpnwnponuiw Gnipym(:
®npéGwlwl htwmwgnnmpymbtphg wnwe hpwlwlwgyt; . MoOs;-Mg-C, UMU-Mg-C,
Na,MoO4-Mg L Na;MoOs-Mg-CaF, hwidwlwpgtiph ptpinghGudhuiut JapmnonpymG
Unthpntih U Gpw Yupphnh unwgdwl hGwpuwynpmpymGi wjpdw6 nkdhind wwpgtnt
hwdwp: QwnudGuuppgty ©gepp GQuwo hwdwlupgbph wypdwl ophGwswihmpyniGGtpp,
umwgynn  wpquuhplph  phihwlwl  pwnugpmpymGp L Shypnunngyuopujhb
wnwéGwhwwnynipyniGGtpp: Mupgqyty £ dh wpp Juplnp gnponGGtph (Gpughl fuwnGnnh
pununpmpjnil b quiquo, ntwlghwyh otipdwumphdwl, wpmwphG showjwjph G6ynui)
wqntignipjnilip yipewljnptiph phipwul pununpoipjuG b dhypnjunemgquoph Ypu:

bpuu Gugyty t dnjhpntGh (VI) opuhnh b winGhnuth wwpwinthpnuwnh dwqGhghni-
dw- Juppnplipd Yipuulqinud wypiwl dind otipdwumhdw GuwyhG wuydwGikpnd wnwbg
hwytjuymptph YhpuniwG: MoO;(UMU)+C pmyj Eygnptpd ntwlghwl gmgnpntinyg
MoO;(UMU)+Mg fupumn Eyqnptipd (Tuy~3000-3500°C) ntwlghwjh htan hGupuynp b gt
hpwhwlwglby dnthpniGh L Gpuw Yupphnh uhGplqp Yupquynpynn wjpdwl nkdhinnd
hwitdwnwpwp dbnd m phjuwjupth  ghpdwumhwluihG wwjdwiGepny, dhowg Gk
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Jtpowlympnd GuuumwlwjhlG Gmph qulquowihG pwdhlp ququjhl wpguuhplph
(CO/COz) wnwowgiw G hwpyhl, Gu kgt dwqltqhnuih Swuup, wnwewgnn MgO-h Jug-
dwl Ypw owfuuynn ppyh pw Gl m wpuwnmwdwiwuyp: GGty GG dnhpntitGh U Gpu
Jupphnh unwgiwG ownhiwy wwydwGitpG pun tjwyhl pweninpnh pununpmpjuG (Mg-h
L C-h hwpwpbpwygnipjwl), wpmwphlG dshowywjph dGdwl L Giniyh wpwiwgoh; Mo-h
hwdwp' MoO;+1.5Mg+1.25C (UMU+17.5Mg+3.5C), P=2 Mlla (P<2 UMNuw); Mo,C-h hwdwp’
MoOs+1.5Mg+2C (UNU+11Mg+18C), P=5 UNw, D>40 i (P > 2 UNw L D = 40 u):

NuunuiGwuhpyt E yipowlymp hanlinhuwgnn dnihpntth b dwgqltqhndh opuhnh wgnti-
gnipynilip MoOs+1.5Mg+1.25C fuwnGmpnh wypdwG 9tipdwjhlG ntidhdGtph Jpw: Gwiuuo
hwytijuGymph pwGuwlympjnilhg quGyt) &6 tptp ehpdwumhdw GwjhG whpnypltp (pupén
etipdwuwmhGuGuyhG, hwumwnm ghpiwunhdwGwghl, gwop 9tpdwumhdwbwjhb), npnlp
wmwpphpymy GG whin wpguuhpGtph pununpmipjudp, vhijpnjuenigquopny, hGywbu Gub
plnipugnynud GG wyptwl whpmu nhwqliGunGtiph mwpwgiwl fuhun mwpplpynn wpwgni-
pymGitpny: 9-Guhwwmyt] &6 wypiwG wihph wwpwoiwl wpugnipjul hwdwp wunnwu-
[uwGuwnm phwhghwGbph tHyumhy wimpyuwgiwl tGipghwjh wpdtplipp pupép ghpdwu-
whtwlwihG (I - 110 4/n) L gwodnp ghptwumphGwGuyhG (I - 52 yLAIn) wmhpmypltph
hwdwp:

MpngtutinG owwhiwy phdhinud juquuybpybn L pwGwlwliwG Gpm] Mo-h L
Mo,C-h  uplipigi ppwjwGuglGhim hwiwp nmuniGuuhpgtp £ MoO3(UMU)-Mg-C
hwdwlunpgbpnud plpwgnn ntwlghwGtph hGwpwynp mnnmpjnGGtp G n
hwonpyujulmpyniGp mwpwgiwl wpwgmpymGitph pwjulwGhi @yl whpmypmd
(qiphwwnngpuphwiul  tnuGwyn]  Ve=10-20°pnugl, Tmax—=1000°C,  wpuqugnpd
otpiwumhw Gwjhl uwatpn] (HSTS-1)' Vw=240-hg 1500°/pnujti, Trmix=1300°C, hGsujtiu Gul
pml wypiwl phdhinud): Puguwhwjnyt; L MoO3(UMU)-Mg-C hwidwljupgtipmu plpugnn
thnfuwpynuiGiph hwenpuwlmpynilp, wnwewnlyty t thnjuwgntignpyjul dkfuwGhquip,
hwdwdw) nph UNU-h Jipulwlglinuip mbtnh £ nGiGnid htnbyug hwonpnuijuil thm jipny
UNU-h pwjpwymyd dhGsk dnjhpntGh (VD) opuhn, wwyw YtipohGhu thnfuwqnbgmpymGl wo-
fuwdGh htan® UnjhpntiGh (TV) opuhnh wowewgiwdp: Ujlnthtinl, MoO;-p dwqlitghnidwpbipd
JtipwlwiqGiwG thongny Ytpwoymd bt unppntlh, huy wotuwobh wybkjgnijujhl pwlw-
Ynipjul wwjydwliipmd MoOr-h dlwgwo dwup b wnwowgwd dnhpntlp, thnfuwg-
ntigmpjwl vte dnlbjng wotuwdGh htw, wewewglnud GG Unthpntith Yupphn (Mo,C):

NuumiGwuppyty k Na;MoOs-h dwglitighniwptpd Yepwlulqinil wjpdwl nidhimd.
gnyg L wpyh by whluGmnghwiwG wpngiumd  thnptGdwG  dnthpntG  unwGugn
hGwpwynpnipjnilp, wewownplyt) L thnfuwgntgnipjwl hGwpuwgnp dhjuwGhqup: Gt GG
unjhpntiGh Swipwihnynt (hwwhyh swihup' 1-2 W) vnwgiwl hwdwp owywhiwy wwjdw -
(ip pun GuyghG fuwnGmipnh pununpnipjwG Na;MoOs+3Mg+CaF,, Gunigh funnipjul’
;)22q/ud3, hwph wpwiwgoh™ D>4004, hGswbu Gul hGhipn qugh GGvwG’ P=2-3 UNw:
QuphJuungpuphuljul httmwgnump niGGtph hwiwéw)G Na;MoO4+3Mg+CaF,
luwnGmpnmd wpngbup uyqpGulwG thmmd wtnh £ mGhGnd CaF-h b Na;MoOs-h
thnfuwgntignipyniG’ uighnuih dnjhpnuwh wewgwgiwip, nphG hwenpym b dwqGaghnuih
hunuip b CaMoOs-h m dGwgwd Na,MoO4-h dipuljuGgimip hupwo dwglhghniing dhGyh
unjhpnt:

Uywlyuo dnntigmiGipnG m vnwgguo ghnwliuwl wppmplitpp Jupbh £ Ghpuntp
wj] wlgnuiwghG dkwmwnGtph (GupphnGtph)’ wypiwG pidhinnd dhwthn unwgiw G hwdwp:
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AYDINYAN SOFIYA VARDGESI

THE REDUCTION OF OXYGEN-CONTAINING MOLYBDENUM COMPOUNDS BY
COMBINED REDUCERS AND OBTAINING OF Mo AND Mo,C BY COMBUSTION
SYNTHESIS

RESUME

The work is dedicated to the one-stage reduction of oxygen-containing molybdenum
compounds by combined reducers in a combustion mode and preparation of molybdenum and
molybdenum carbide fine powders by simple technology.

The production technology of molybdenum and molybdenum compounds includes several
stages. Firstly the molybdenite mineral is exposed to grinding, flotation, acid treatment, and then
roasted in an air at temperature 500-650°C obtaining MoOj3 concentrate. The latter dissolves in
ammonia solution forming ammonium paramolybdate (APM, (NH4)sM070,4), which decomposes
to pure molybdenum (VI) oxide (250-350°C) and reduces by hydrogen or carbon. To provide high
percentage of molybdenum extraction, roasted products pass to the alkali solution or sinter with
soda at 700-750°C, during which all molybdenum-containing compounds react with the alkali
forming sodium molybdate. The latter again is converted into the ammonium paramolybdate, but
it is a technologically difficult process. More efficient way for the processing of sodium
molybdate is not suggested yet.

The above described process is laborious, energy-consuming and multi-stage, that’s why it's
important the develop new approaches for the production of molybdenum and molybdenum
carbide.

In this work the preparation of molybdenum and molybdenum carbide was carried out by
applying self-propagating high-temperature synthesis (SHS) method, which does not require
energy consumption and is realized exclusively due to the heat of chemical interaction, besides,
simple and inexpensive equipment are used to organize the process and high speed of process
provides high productivity of materials production.

For the realization of the purposed work, preliminary thermodynamic analyses were
performed for the systems MoO3;-Mg-C, APM-Mg-C, Na,MoO,-Mg and Na,MoO4-Mg-CaF, to
determine the possibility of molybdenum and molybdenum carbide formation in the combustion
mode. Combustion laws, chemical and phase composition of final products, and their
microstructure characteristics were investigated for the all mentioned systems. The influence of
various important parameters (composition of green mixture and its mass, reaction temperature,
inert gas pressure, etc.) on the chemical and phase composition, and microstructure of final
products were determined.

The reduction of molybdenum (VI) oxide and ammonium paramolybdate were performed
by Mg-C mixture in a mild and controllable combustion mode without additives. The coupling of
low exothermic MoO3 (APM) + C and MoO3 (APM) + Mg high exothermic (Ta ~ 3000-3500°C)
reactions makes possible the synthesis of molybdenum and molybdenum carbide in a controllable
combustion mode in a relatively mild temperature conditions, allows to increase product yield due
to the formation of gas products (CO/CO,) and simplify the process of acid washing. Optimum
conditions for the preparation of molybdenum and molybdenum carbide according to the initial
mixture composition (the ratio Mg/C), inert gas pressure and sample diameter were determined:

for molybdenum: MoOs +1.5 Mg +1.25 C; P =2 MPa
APM +17.5 Mg +3.5 C; P <2 MPa,
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and for Mo,C: MoO; +1.5 Mg +2 C; P =5 MPa, D > 40 mm
APM +11 Mg+18 C; P =2 MPaand D > 40 mm.

The influence of inert diluents (Mo, MgO) on the combustion temperature regimes of
MoOs; +1.5 Mg +1.25 C mixture was studied. Depending on amount of inert additives, three
temperature areas (high-temperature, constant temperature, low-temperature) were found, which
differ by composition and microstructure of solid products, and characterize by very different
heating rates of reagents in the combustion wave. For the high-temperature and low-temperature
areas the effective activation energy values (E=110 and 52 kJ/mol correspondingly) for the
reactions, which are responsible for the combustion wave propagation, are estimated.

In order to explore the mechanism of phase formation at non isothermal conditions the
experiments were performed with MoO3(APM)-Mg-C systems in a wide range of heating rates
(by derivatographic method: V4=10-20"/min, Tma=1000°C, and high-speed temperature scanner
(HSTS-1): V=240 to 1500°/min, Tma=1300°C, as well as in the combustion mode). As a result,
the reactions sequences in the MoO3(APM)-Mg-C systems were revealed, the interaction
mechanism was suggested, according to which the reduction of APM takes place by the following
stages: APM's decomposition to molybdenum (VI) oxide, MoOj3 interaction with carbon resulting
molybdenum (IV) oxide, then it is converted to molybdenum through magnesiothermic reduction.
In the excess amount of carbon the rest MoO» and molybdenum interact with carbon, leading to
molybdenum carbide (Mo,C) formation.

The reduction of sodium molybdate by magnesium in the combustion mode was studied
too; the opportunity of obtaining powdered molybdenum in a one technological process was
shown and possible interaction mechanism was suggested. Optimum conditions for the
preparation of molybdenum fine powder (1-2 um) were found: by the composition of initial
mixture (Na,;MoO4s+3Mg+CaF;), sample density (p > 2 g/em?), sample diameter (D > 40 mm), as
well as inert gas pressure (P = 2-3 MPa). Derivatographic analysis shows, that in the
Na,MoO4+3Mg+CaF, mixture, at the initial stage CaF, and Na,MoOy interaction takes place
resulting to calcium molybdate, then followed by the reduction of rest Na2MoO4 and CaMoO, by
melted magnesium up to molybdenum.

The developed scientific approach and the results obtained can be applied to the one-stage
preparation of other metals (carbides) in a combustion mode. B
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