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Nwnuwuwuppyt £ dGnwnp gndwpwihtu Giph Ywiujwsdnieniup pndwfuwnunipnp
Ywqunn pwnwnphsubiph pwuwlwlwu hwpwpbpniueiniuhg, dwutwdnpuwbu * Bplueh
wwsbinubiph (Ywd Fe203-h), yepwlywuguhs Al-h, CaO-h, NaNOs-h b CaF-h pwuwlubphg:
Cun pnjwfuwnunipnh twiutwlwtu Unipwlwu hwodblonh hwoywpyutiph, 36,84% Fe L
63,16% Mo pwnuwnpnipjwdp $tipndnihpnbu hwdwénywséph unwgdwt hwdwp wwhwy-
ynn pnwfjuwnunipnh pwnunpngniup hbnlywu £ twjuwwbu dbluwtwwlnhdwugyws
Unthpnbuwiht funnwugnie -47,05%, bplweh wwbinubp -10,51 %, Al-h thnoh-18,99%,
NaNOs- 4,71%, Yhp-15,82% U CaF»-2,88%:

Pnpduwywunpbiu punpytip Bu pnwiuwnunipnh wynwhtwebpdwhtu Yyspwywugudwu
gnpdpupwgh (wjwpyqws wwpwdbnpbpp, hwdwdwiu npnug' pnjwiuwnunipnnud Fe0s-h
pwwlp wbinp b huh 15¢, Yupwlwuquhgh pwuwyp® 25% nwppwswhwiht pwtwlhg wytih,
huly CaO-U' 8gq, NaNOs-n' 10g L CaF>-p' 5q, hwpdwplywsd puwn 100g pndwfuwnunipnh
quiugwsh: Upryniupnid' unwgyby £ 95,6% bipny W dhypnhndngbu Ywnnigywdpny dnun-
$Gpndnihpntu, nph phdhwlwt pwnwnpnuegniuu £ 36,44% Fe, 63,16% Mo U 0,4% Al: Snyg
E wipyb, np nGwygynn uniebph nhuwbpunigjuu dGdwgdwu hwoyhtu Ywnbh £ 2powtgh
dnihpnbuwiht funwuyneh epddwu ndjwphtu b woluwwmwnwn gnpdpupwgp W hpwlwuwg-
ub| funwujnyeh ninnwyh dinwnwetipdwiht ybpwywuqunud: Pugwhwwnyt) t, np nhu-
whpuwjuniejwu dtdwgnip tywuwnnwd £ bwl yEpwlwuqudwu gnpdpupwgnid pupwgnn
nbwlyghwubiph huwnbuuhynipjwu dEdwgdwup:

Unwtgpuypti pwnbp. Gplwpeh wwobinubn, wynwihuh thngh, Yhp, $bipndnihpntu,
hwdwényjwdp, wynhuwebndwihu yepwlwugunid:

Lkpwénipyniu: dbpnhwdwdénywdpubph wpwwnpnigjwt hGnwulwpwht
ninnenu £ bwiwwbu dbjuwtwwlyunhjwgwsd dnjhpnbupunwiht funwunieh
dowlnuwp' hwdwnpwd pwpépobpdwunpbwuwiht hupuwwnwpwédynn uhupbigh
htwn (UU PhU): Yw eny| £ vwwihu unwtw] wnwuduwhwwnty wnhwh ujnyetp b
hwdwanywdpubp' qquihnpbu hotigubtny tubipgbnhlwywu dwfuubipp: Sunphpy
JEpwlywuquiwt nbwyghwih spdwugwinhs punyeh’ wju nbwlghwih pupwgpp
sh wwhwuontd [pwgnighs tubipgbinmpyulwu dwiuubp U pupwunud £ wujwnwpwu,
hp ubithwywu obpdnypjwu hwoyhtu, npp W d6§ wnwybinyeniu £ Juwgwd inbfuun-
(nghwubiph hwdbdww: Lwpuuwlwu nwnwWuwuppnyeinutbpp gnyg Bu wnybi, np
Lwjwuwnwuph <wupwybtinnigwu (Ftnnunp hwupwywiph twiuwwbu dGfluwtiw-
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wynphywgpwsd dnihpnbuwihtu funwunyehg unwgynd £ wdnpd dwpnip MoOs,
Gpp opowugynd | wugwulwiph SO.-h unwgdwu gnpdpupwgp: Upfuwwnwph
uwwuwwlu £ unwuwy unp, hndngbu Yunnigywdpny wpdpwynp dtipndnihpnbu’
wnwybjwgnyu Gijpny:

hvunph npywépp b dEpnnhlwih hhduwynpnudp: 36,84% Fe U 63,16% Mo
[1-3] pwnwnpnygjudp $bpndnppnttu hwdwénywoéph unmwgdwu twwwnwyny
htitmwgnunyb £ dtinnunp twhuwwbu dbluwuwwynpjuwgywsd dnhpnbuwhtu funw-
ujnyeh wynuihuwebipdwihtu ypwlwuqudwu gnpdpupwgp:

Cwwnyyt b punpyt £ pndwiuwnunipnp hbnlyw| punwnpnienitup. uw-
fuwwbu dEfuwuwwlywnhyugywd dnjhpnbuwht funwunye - 47,05%, Gplweh nw-
otinutip - 10,51%, Al-h thnoh - 18,99%, NaNOs - 4,71%, Yhp - 15,82% L CaF,-2,88%:
Lojwd pwnwnpnieniuubpny Yugqdwd pnuiuwnunipnp, pwgh dnjhpntuwhu
funwujniehg U GpYwph wnwotinubphg, wwpniuwyb) b uwl wy punwnphsubin:
Uwutwynpwwbu' pnwfuwnunipnh gbpdhynuegniup dedwgubint tywwnwyny wyb-
(wgyby £ NaNOs, huy npwbu fuwpwdwgnjugunn' Ca0:

btipndnjhpnbup unwgdwu jwpnpwwnnp PhU uwppp hpwlwyniu Ynuwlwu
hwuwnwwwun Ti-Hf-hg ywwnpwunywd huptwsbiu nbwywnnp t, npp dup hwpdw-
ptigywd £ hwupwwbwnnyeniunw ogunwgnpdynn gnpdwpwtwihu nGwywnnpht [4]:

Unwgywsd dbnmwnulwu quugwdp Yonybiinig hbunn Gupwpyybi b huswtiu
phdhwlwu, wjuwbu b nungbutwdwquihu b EGYwnpnuwht ujwuwgunn dwu-
punhwnwYwiht ybpnidnyejwu: Npnoyt| b dbwnwnh gndwpwiphu Gipp, npp thnpép
wpryntupnud dEnwnwywu $wgq wugwsd pninp dewnwnubph quugywdutph gni-
dwpp b nbuwywunpbu hwodwd dbunmwnubph quugywdubiph gnwdwph hwpwpb-
pnipinul | wpnwhwjndwsd wninynuubipny [4]:

Unwohtu fudpwpwuwyh thnpdwudnipubph ypw nwnwuwuppdb £ $bipn-
dnjhpnbuh Giph Ywiunwp Gplweh wwatinubiph pwuwlhg: $npdtipnud Gpluweh
wnwigbnubiph thnfuwpbu Ybipgyb) £ wybih Edwu Fe;0s: Cun wnbuwlwu hwydwpyp'
10,51q Gpywphu hwdwndtp k£ 15g Fe 03 tw nwppwswihwihu pwuwlyu £ (100%):
®npatipp hwdwp ybipgyt Gu Fe;03-h tnwppwswithwiht pwuwyhg pwpép twppbip
pwuwlubp: Pnwiuwnunipnp Yuqdnn duwgwd pwnwnphsubiph pwuwlubipp
wwhwwuyb) Gu pun Ybpp tpywd pwnwnpnipjw:

LEwnwgnuinyejutu wpyniupubpp: LY. 1-nwd ubplujwgywsd £ dEpndnihp-
nbuh Gpp’ Ywiugwsd Gpyweh opuhnh wwpptin pwuwlutiphg:
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U. 1. Sbpndnihpnbtip Gipp' Ywfudwé Gplweh opupnh ypwppbn pwlwlttphg, g

huswbiu Gpunud £ uy. 1-hg, tipndnjhpntuh Ynpqdwu wunmhbwutu hp wnwyb-
[waghyu wpdtipht hwuunw £ (84,5%) Fe;0s-h 100% wnwppwswithwiht pwuwyhg 30%
wybgnyh nbwpnid, nph wipryntupnd hwdwényywdpp hhduwlwund punyugws
Gpywpehg W dnjhpnbuhg’ wpnwhup susht wwpniuwynyejwdp: Fe;Os-h pwuwyh
htnwqw dadwgnuwip hwugbigunid £ $bpndnjhpntup Gph udugbgdwu, pwup np
dEnwnuwywu $wq § wugund bwl wynwhup, huswybu wofuwwnwup [4]-nud* Sbpn-
uhthghnuwip unwgdwu nbwpnid:

[ woluwwnwupnud nwnwduwuppydtb) b uwb $tpndniphpntuph Giph Ywiunwp
ybpwywuqupsh pwuwlyhg' Fe,03-h 15¢/100g pnwfuwnunipnh wwydwuubpnid:
huswbu Gpunw £ uy. 2-pg, Al-h 125% wwjdwuubipnud, wyupupt 25% wybgniyp
nbwpnw $tpndnippnbuph Ynpgdwu wunpbwut wnwybjwgnyuu £ U Juqdnd |
92,4%: dbpwlwugquhsh pwuwyh htnwgw wybjugnudp hwugbigunid £ dinwnp
Giph UGdwgdwu, uwlwju wju nbwpnd hwdwdénywdph dby wénw £ wynwhup
pwuwyp b mbuwlwu pwuwyhg 100% wynwhup wybigniyh nbwpnud hwuund |
hp wnwybjwgnyu wpdbtiphtu' dhusl 50% Al:
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UYy. 2. Sbpndnihpnboh pwbwlt puypn inbuwlwunpbt wuhpwdtoy Yapwlwaqthsh
pwbwlp (1) b uypwgywsd daypwnuwlwt pwgnid wynidpup pwtiwlyp (2)

Nwnuwuwuppyb £ bwl dGnwnp Gph Ywfundp CaO-h jwwpywsd pwuw-
Uhg' Fex0s-h 15¢/100g pnwluwnunipnp wwjdwuubpnd U dbpwlwugupsh 25%
wybigniyh nbwpnud (uy. 3): CaO-u fuwpwdwgnjugunn hwjwuinie §, npph pnyw-
fuwnunipnh dbg dingubiint hpduwlwu bwwwnwyp npnawyh haghywdbfuwuhyw-
Ywu punipwagpbpny fuwpwdwihtu hwinyph unwgndu £ b gnjugwd Al,Os-h nb-
nwihnfunipiniup fuwpwdh dbe' wnbnwowndtiny yapwlwugudwu nbwyghwih hw-
Jwuwpwlyannipjniup dwfuhg we:
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UY. 3. Sbpndnihpnbtp Giph Yuwpunidp CaO-p pwtiulihg' 8q wybigniyp nbwpnid’ puyp 100q
pnywpuwntnipnh pwbwlyh
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huswbu Gpunud £ uly. 3-hg, dtpndbjppntbup Gipu hp wnwybjwgnyu wndb-
phu £ hwuunw (93,5%) CaO-h 8% wybigniyh nbwpnid, puwn 100g pnjwfuwnuniypnh
quuqywdh: CaO-h htnwgqw wybijwgnidhg dbwnwnh Gpp ujwaqnud £

Nwnwuwuppyby £ $apndnippnbup Gpp pndwfuwnungpnnd’ Yufujwsd NaNOs-h
pwuwyhg (uy. 4): NaNOs-p dtdwgund § pnjwfuwnunipnp pbpdhynienitup, npp
hwugbigunud £ dbinwnh Ynpquwu wunphbwup dadwgdwu: NaNOsz-h wybjwugnidipg
dhusl 10%" puwn pnwuwnunipnh quugywsdh, bpndnihpnbup Ynpqiwu wuwnp-
dwup hwuund £ hp wnwybjwugnyu wpdbphu' 95,6%:

100

80 95,6%

40

Stpndnjhpnkuh Gipp, %

20

o T T T T T T
4 6 8 10 12 14

NaNOs-h pwtiwyp, g puwn 100q pnjwfuwnunipnh quuqyuésh
UY. 4. Sbpndnihpnbup Giph YGuwfunidp NaNOs-p pwtiwulihg' 10 q wybigniyh wwydwatbpnid

LY. 5-nud ubplujwgywsd Gu unwgywsd tplwpe-dnhpnbuwhtu hwdwany-
qwéph dnwnuywu (w) b fuwpwdwihtu dwabiph (p) dwypnyunnigwdppubinp,
npnup 2wwn udwu U Bplwe-uphghndwiht hwdwanyywdpubph dbnwnuywu b
fuwpwdwihtu $wgbtiph dwypnywnnigusdpubiphu [4]:

w) P)
UYy. 5. Upwgduws Gphuwp-dnihpnbuught hwdwédnydwdpp daypwnwlwt (w) b fuwpwduwghb
buwqtinh (p) dwlypnlunnigduéplbipp (x25)
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Gqpwlwgnieyniu: Ybpindniejwt wpryniupubpp hwuwnwwnw Bu, np thnpé-
uwlywunpbu Yuwpgqwynpbin wbluuninghwlwu wwjdwuubpp, huwpwynp k (36-
nnunh twjuwwbu dEuwuwwlyunpdugpwsd dnjhpnbuwihtu funwunysh wynwhuw-
obipdwjhtu yepwlwugqudwu tnwuwyny unwuw] wpdtipwynp $pndnjhpnbu’ 95,6%
dawnwnh Gpny' dhwdwdwuwy ndtiny puwwywhwwuwlwu fuunhpubp: <Gnlw-
pwp, 2unphhy dbfuwuwphdhwlwtu wynhjwgdwu [5-8], dnjhpnbuwiht funw-
ujnyeh wpnwWhuwebtipdwihtu ipwlwugudwtu nbwyghwubipp Ywpnn Gu pupwuw]
unp, Jhwugqwdwju suwjuwwnbudws pupwgpny, npp Yhwugbiguh dwpnip' fuwn-
unipnutiphg gbpd dewnwnwywu dbpndnjhpntu hwdwdénywdph unwgdwup: w
Ywplnp nbluuninghwwt upwuwynyenit niubignn hwpg £ dnjphpnbt wwpniuw-
Ynn opuhnwjht funwunietiph wynwWhuwebipdwihu ytpwywugqudwu ninnuyh wu-
Jwnwpwu hpwywuwgdwu gnpdpupwgnid, pwuh np huwpwynpieiniu £ uwnbnd-
Ynwi nbwlygynn ujnyetiph nhuwtpuniejwu dtdwgdwu hwoyhtu opowiugt dnjhpnb-
Uwjhu funwujnyeh ndqwnphu b woluwwnmwwnwp ppddwu gnpdpupwgp W uwnwpb)
funtnieh ninnuyh dEwnwnwebpdwihu ybpwywugunid:
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3.I'. 3BAKAPSH

HUCCIEJOBAHUE ITPOLECCA ITOJYUYEHUS ®EPPOMOJIMBIEHA
N3 NNPEABAPUTEJIBHO MEXAHOAKTUBUPOBAHHOI'O
TEXYTCKOI'O MOJIUBAEHUTOBOI'O KOHIHEHTPATA

W3ydyeHa 3aBHCUMOCTH OOIIETO BBHIXOJIA METAJIa OT KOJMYSCTBCHHOTO COOTHOIICHUS
COCTABJISIONIUX CIUIABA, B YACTHOCTH, OT KOJMYecTBa xkene3a (wim Fe203), amoMuHIeBOro
nopoika, CaO, NaNO; u CaF,. CoracHo pacueTam HayaJlbHOTO MaTepUANBLHOrO OanaHca
cMecH, coctaB (GpeppoMOIHOIECHUTOBOTO CILIaBa, HEOOXOAMMBI ISl IOJTyueHus cruiaBa (ep-
pomonubaeHa ¢ conepxanneM 36,84% Fe u 63,16% Mo, ciemyromuii: mpeaBapuTeIsHO
MeXaHU3UPOBaHHBIM KOHIEHTpaT MonmbaeHa - 47,05%, sxene3nbie ockonku - 10, mopomox
Al - 18,99%, NaNOs - 4,71%, n3Bects - 15,82%, CaF, - 2,88%.

DKCIIepUMEHTAIFHO BBHIOpPAaHBI ONTHMANBHBIE ITApaMeTPHI TIpoIecca aTFOMHHOTEPMHE-
YECKOT'O BOCCTAHOBIIEHUS TOPIOUEH CMecH, COTIIacHO KOTOphIM KojimdecTBo Fe,O3 B cmecn
JTIOJDKHO COCTABIATH 15 2, KOmmaecTBO BOCCTAaHOBHTEIS — 25% B M30BITKE OT CTEXHOMETPHH,
a konuuectBo CaO — 8 2, NaNO; - 102 u CaF, — 5 2 B nepecuere Ha Maccy 100 2 cmecu. B
pe3ynbrare ObUT HOIyYeH MOHO(EPPOMOJIMOIEH C MUKPOTOMOTE€HHOM CTPYKTYpoit 95,6%,
XMUMHUYECKHI COCTaB KOTOpOro cieayromuii: 36,44% Fe, 63,16% Mo u 0,4% Al. ITokazano,
YTO 3a CUET YBEIUYCHHS JUCIIEPCHOCTH PEAreHTOB MOXKHO OOOWTH CIIOXHBIA M TPYIOSMKUIN
IpoIiecc OT)KUra MOJHOICHOBOIO KOHIICHTPATA, BBHIIIOJIHUB MPSIMOE METaNIOTEPMUIECKOE
BOCCTaHOBJICHHE KOHIIeHTpaTa. OOHApYKEHO, YTO YBEINICHUE TUCIIEPCHH TAK)Ke yBEIMIHU-
BaeT MHTEHCUBHOCTH PEaKIHil B IIpoIiecce BOCCTAHOBICHUS.

Knroueevie cnosa: xene3Hple ONMUIKHU, ATFOMAHUEBBIN TIOPOIIIOK, H3BECTH, (heppomo-
TUOJeH, CIUIaB, aTFOMHHOTEPMHYECKOE BOCCTAHOBIICHHUE.
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E.G. ZAKARYAN

INVESTIGATING THE PROCESS OF OBTAINING FERROMOLYBDENUM
FROM PRELIMINARY MECHANOACTIVATED TEGHUT
MOLYBDENITE CONCENTRATE

The dependence of the total metal yield on the quantitative ratio of the alloy
components, in particular on the amount of iron (or Fe;Os), aluminum powder, CaO,
NaNOs and CaF,, is studied. According to calculations of the initial material balance of the
mixture, the composition of the ferromolybdenum alloy required to obtain an alloy of
ferromolybdenum with 36,84% Fe and 63,16% Mo is as follows: pre-mechanized molybdenum
concentrate - 47,05%, iron fragments - 10, Al powder - 18 , 99%, NaNO3 — 4,71%, lime —
15,82% and CaF; - 2.88%.

The optimal parameters of the aluminum-thermal reduction process of the combustion
mixture are selected experimentally, according to which the amount of Fe,Oj3 in the mixture
should be 15g, the amount of the reducing agent - more than 25%, and the amount of CaO -
8g, NaNO; - 10g and CaF, - 5g, calculated by mass of 100g of mixture. As a result,
monoferromolybdenum with a 95,6% microhomogeneous structure was obtained, the chemical
composition of which is 36,44% Fe, 63,16% Mo and 0,4% Al. It has been shown that by
increasing the dispersion of the reactants, the difficult, labor-intensive process of annealing
the molybdenum concentrate can be bypassed by direct metallo-thermal recovery of the
concentrate. It has been found that increasing the dispersion also increases the intensity of
the reactions in the recovery process.

Keywords: iron scrub, aluminum powder, lime, ferromolybdenum, alloys,
aluminothermic reduction.
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