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FTOPEHUE HAHOMOPOLWIKA
ANIOMUHUA

I.1llysanos, k.m.H., U.KaekoskuH', A.abuH , d.¢p.-m.H.,
J. TuxoH06?, K.m.H./ dv_1@mail.ru

WUccnepoBaHue ropeHus Ha BO3AyXe HAHOMOpoLKa
ANIlOMUHUSA NO3BOJINIO YCTAHOBUTb XapaKkTep
npouecca ropeHus, onpepennTb CKOpoCTb
M3MEHEHUS NIOTHOCTU TeN/I0BbiX NOTOKOB,
npoaHanM3nMpoBaTb KOHEYHbIe NPOAYKTbl FOPeHUSs.
B paboTe ucnonb3losasncsa npubop "Tepmomet-1",
CO34,aHHbIN C Le/bio U3MEepPeHUS MNJIOTHOCTU
TennoBbIX MOTOKOB B Anana3soHe ot 10 go 100 BT/m?,
npu NpMMeHeHUN HaBeCoK Pa3/IM4YHOM MacCChl.

OPOLIKH aTIMHUHHUS IIHPOKO IPUMEHSIOTCS
B KauecTBe 06aBOK B paKeTHBIX TOIJNIMBAX
U [IHPOTeXHUYeCKUX cMecsix (1. C yBenudeHueM
IYCIIEPCHOCTH ITOPOLIKOB YMEHBIIAI0TCS IIOTEPH U YIyu-
IIAIOTCS JpyTHe XapaKTepUCTUKHU TOILIUB, HO CHHKa-
eTcsl cofepsKaHKe MeTa/IM4ecKoro aJlOMUHHUS U YBeJlU-
YHBAETCS BePOSITHOCTb I10SIBJIeHU S THPOYOPHBIX CBOKCTB
(2]. Henpro poBefleHHON B HAyYHO-aHAIUTHYeCKOM LieH-
Tpe TOMCKOT0 ITOIUTeXHHUYeCKOr0 YHUBEPCHUTETa PaboThl
SIBJISLTIOCH MICCIIe[IOBAHHE 0COOEHHOCTEH ITPoLiecca FopeHHst
Ha BO3/lyXe HaHOIIOPOIIKA aJTIOMHHU S (HIIA).

Hccnengyemelie 06pa3m>1 HIIA mony4eHsl C IIOMOLIbIO
3/1eKTPOB3PEIBHON 3KCIIePUMEHTA/IbHOHN YCTaHOBKH
YAII-4T (puc.l) [3, 4] c aBTOMaTH4eCcKoH Mofader IPoBo-
OHHKA IIPH 4acToTe 3/1eKTPoB3peiBoB 0,6-0,8 I'y. B kave-
CTBe B3PbIBaeMOI0 IPOBOAHKKA HUCII0/1b30BAJIACh IIPOBO-
7I0Ka fuameTpoM 0,35 MM C MacCOBOM [I07Ier aIIOMUHU S
99,8%.

B KauecTBe pabouero rasa IpuMeHsI/ICS aproH IIPH JIaB-
nenuu 0,6 MIIa. YcI0BHS ITOJTyYeHHS HaHOIIOPOIIKOB
IIpe/ICTaB/eHbI B Ta0/1.1. B3pbIBBI IIPOBOIHIIHCH B PEKHIMe

"6pIcTpOro B3phIBA" (5] M OCYIECTBIISIIUCE C AYTOBOM CTa-
Ouell. DHepruu - yaeabHas BBefieHHas (W/W,) 1 yroBok
craguu (W,/W_) peryiupoBanuch U3MeHeHHEM 3apsiji-
Horo HanpsokeHus (Uy) wnum anussl (1) mpoBogHKKa
(W -3Heprusi, BBeJleHHasl B TPOBOAHMK Ha CTaINH B3PbIBA,
W, - 5Heprus, BBefIeHHAs Ha CTa/IMH [ yTOBOTO pa3-
psna, W, - sHeprus cy6IMMaIiy B3pbIBA€MOT0 IIPOBO-
HHKa). MccaefoBascsi HAHOIIOPOIIOK, [1acCCHBHUPOBAH-
HBIM B CpeJle aprOHa C KOHTPOIHPYyeMBbIM Cofep>KaHHeM
BO3/yXa.

COMBUSTION OF ALUMINUM
NANOPOWDER

C.Shuvalov, PhD., L.Klekovkinl, A.Ilyin , D.Sc.,
D.Tikhonov2, PhD. / dv_1@mail.ru

Research of combustion of the aluminum nanopowder
in the air allowed to determine the character

of the process of burning, the speed of a density
variation of the thermal flows and to analyze

the end products of burning. The instrument used

in this work, Termomet-1, was developed

for the purpose of measurement of the density of the
thermal flows within the range from 10 up to 100 W/m?
with application of attachments of various weights.

luminum powders are widely applied as

additives to rocket fuels and pyrotechnic mixes

[1]. An increase of dispersion decreases the
powders’ losses and improves the other characteristics
of the fuels, but, at that, the content of a metal
aluminum is also decreased and the risk of occurrence
of pyrophoric properties [2] is higher. The purpose of
the work undertaken in the scientific-analytical centre
of Tomsk Polytechnic University was research of the
specific features of the process of burning of aluminum
nanopowder (ANP) in the air.

The examined samples of ANP were obtained with the
help of electroblasting experimental installation UDP-4G
(fig.1) [3, 4] with an automatic conductor supply and with
the frequency of the electric blasts of 0.6-0.8 Hz. The
blast conductor was a wire with diameter of 0.35 mm and
content of aluminum of 99.8%.

The working gas was argon applied at pressure 0.6
MPa. The conditions for obtaining of nanopowders are
presented in table 1. Blasts were done in a quick explosion
mode [5] and carried out with an arc stage. Energies - the
specific entered energy (W/W,) and that of an arc stage (Wy/
W,) were regulated by changing the charge pressure (U,) or
the length (1) of the conductor (W - energy entered into the
conductor at the explosion stage, W, - energy entered at the
stage of the arc discharge, W, - energy of sublimation of the
blasting conductor). Under investigation was a nanopowder
passivated in the argon environment with a controllable
content of the air.

The phase composition of nanopowders was determined
with use of X-ray diffractometer Shimadzu XRD-7000
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Puc.1. Cxema ycmanosku YAI-4: 1 = 6A0K numakus; 2 = nyAbm ynpasAeHusl; 3 — 8biCOK080AbMHble Kabeau,; 4 — moKkosbil
WyHm; 5 - kamepa 8bICOK0B0AbMHO20 8800a; 6 — NPOXOOHbIE U30ASIMOPbI; 7 — pa3psiOHUK, 8 — 83pbl8HAS KAMepd;

9 - MexaHu3m nodaqu nposodHuka; 10 — seHmuasimop; 11 - puabmp-yao8umeb HAHONOpoWKa; 12 - c6OpHUK
HaHonopowka; 13 - popeakyymHbill Hacoc; 14 — 6annoH c 2a3om; 15 - mpy6onposod 0451 cbpoca 2a3a 8 8bIMSHKHYI0
geHmMuASIUK; 16 — 83pbisaroLyulics npo8ooHUK,; 17 — 3a3emMAeHHbIl 3Aekmpod; 18 —sakyymmemp; 19 - 0guzamenb
MexaHu3ma nodayu nposodHuKa, 20 — nyabm ynpasneHusi GopeakyymMHbiM HAcocom, 21 — 2a308ble KpaHbl

Fig.1. Scheme of UDP-4G installation: 1 - power unit; 2 - control panel; 3 - high-voltage cables; 4 - current shunt;

5 - chamber of high-voltage input; 6 - feedthrough insulators; 7 - discharger; 8 - blasting chamber; 9 - conductor feeder; 10 - fan;
11 - filter-catcher of nanopowder; 12 - collector of nanopowder; 13 - forevacuum pump; 14 - gas cylinder; 15 - pipeline

for exhaust of gas into ventilation; 16 - blasting conductor; 17 - earthed electrode; 18 - vacuummeter; 19 - engine

for the conductor feeder; 20 - control panel of the forevacuum pump; 21 - gas cocks

®a30BBIM COCTAaB HAHOMOPOLIKOB OIpeensiacs
C MCIIOJIb30BAHHEM PEHTIeHOBCKOI0 AHUPpPaKTOMETpa
Shimadzu XRD-7000 (CuKa). Pazmep u dpopma 4acTHLL
aHaIM3UPOBAJIMCH C IIOMOIIBIO PACTPOBOTO MHUKPOCKOIIA
Jeol JSM-7500FA. Ilnommaab yAeNbHOM I10BepPXHOCTHU (Syﬂ)
M3MepsIach HU3KOTeMIIepaTyPHOM aficopbLieit a3oTa
o meTony B3T. PeakunoHHas criocobHocTs HITA ompe-
Iessiach 110 XMMUYeCKOH aKTHUBHOCTH [6] ¢ yueToM TeM-
IlepaTypbl Hadasla OKUC/IeH s, MAKCUMaJIbHOM CKOPOCTH
OKHMCJIeHMS, CTelleHH OKKCIeHHOCTH HIIA u ymenbHoro
TEIJIOBOr0 3¢ deKTa OKUC/IeHU . [IJ1g pacyeTa HUCII0Ib30-
BaJIMCh TEPMOI'PAMMBI, II0JIyYeHHBbIE C IIOMOLIBIO TEPMO-
a”anu3aropa Q600.

JlJ1s1 ©3MepeHHMsI MOLTHOCTe! TeIlJIOBBIX II0TOKOB IIPU
cropanuu HITA ncrnionp3oBascs mpubop “Tepmomet-1" (TM-
1) [7], KOTOpBII ITpefBapUTEIbHO KaJIHOPOBAJICS C IIOMO-
IIbIO YCTAaHOBKHU YTM-1 C TerioMeTpHUUeCcKoM KaMepoH,
obecreurBaoIeH CO3JaHUe TeIIOBOr0 IOTOKA IJIOTHO-
cThI0 0T 10 10 2000 BT/M2. B COOTBETCTBUH C METOJUKOM

n3MepeHus o FOCT 1855-88 (morpernHocTh He boree 1,5%)

Tabauua 1. OnmumanbHble Xapakmepucmuku Npo8ooHUKA
Table1. Optimal characteristics of a conductor
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(CuKa). The size and form of the particles were analyzed by
means of raster microscope Jeol JSM-7500FA. The area
of the specific surface (Sy,) was measured by a low-
temperature adsorption of nitrogen by BET method.
The reactionary ability of ANP was determined by the
chemical activity [6] with account of the temperature
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IJ1sI OTIpefieIeH U sl IeCTBUTENbHOM IVIOTHOCTH TeIJIOBOTO
II0TOKA B pabouert KaMepe YCTAHOBKH HCIIONB30BAJICS 9Ta-
JIOHHBIM JaTYuK DJTII 0924,

SKCMEPUMEHT
[lepen momemeHueM obpasna B Kamepy TM-1 3anu-
ChIBajiaCch TePMOTpaMMa M PAacCUMTHIBAIMCh Ilapame-
TPhL akKTUBHOCTH HIIA (puc.2). B pesy/braTe ompesens-
J1ach ero yCTOMYMBOCTD (TMPOPOPHOCTD) ITPHU KOMHATHOM
TeMIIeparype.

OCHOBHOM TeIlIOBOM IOTOK oT HITA Habmromaercs
0 660°C. OH BHOCHUT IVIAaBHBIM BKJIAJ B 00II[ee TeIlIOBbI-
Je/ieHre: OKUCIISeTCs 68,9% MeTa lyInYecKoro alloMUHU L
(Tabs.2) v BeIfEIISAeTCS 5956 JI5K/T TEIIOTHL.

Ob6paser; HITA B3BeNIMBaJICS Ha 37IeKTPOHHBIX Becax
(AND, WTB-200). 119 BocIIaMeHeHUs HaBeckd HITA
HCII0/Ib30BaJICSI KPACHBIM IIOMTYIIPOBOJAHUKOBBIH J1a3ep
MOIITHOCTHIO 200 MBT. ITpu ropexnu HIIA cUIrHaI Hamps-
SKeHUSI C LIeHTPaJIbHOr0 JaTYKKa B BepXHEeH YacTH KaMepsbl
TM-11i0maBasics Ha KOMIIbloTep Yepe3 AL 1 HellpephIBHO
perucTpupoBascs Bo BpeMeHHU. [Ipyu M3MepeHHH Terio-
BBIX IIOTOKOB OT FOPSIITHX 06pa31ios HIIA HCII0/TB30BaTHCh
HaBeckH oT 0,2 1o 0,8 r. TUIMYHAs 3aBUCUMOCTD H3MeHe-
HH S MOLIHOCTH TEIJIOBOIO [TI0TOKA OT BpeMEeHHU IIPU rope-
HuH HIIA nioka3aHa Ha puc.3.

MakcuMasibHas CKOPOCTh BO3PACTaHUSA IIJIOTHOCTH
TEeIIOBOTO [TOTOKA 3aBUCHUT OT BeIMYKHBI HABeCKH (Tabr1.3).
Ilpu sToM 1 HIIA XapaKTepHBI iBe CTaAMK TOPEHHU:
HavaJIbHasl OTHOCUTEILHO Me/IJIeHHA ~ C MOMEHTA 3a5KHU-
raHus 10 20-1 ceKyHBI, ¥ 6otee 6pIcTpast - ¢ 20-1 ¢ 10 30-11
CeKyH/bI. JI/15 IepBOM CTAJUU IIPU HaBecke 0,8 I Xapak-
TepHa CpelHsA CKOPOCTh BO3PaCTaHU A IIJIOTHOCTH TeILIO-
BOT'0 [T0TOKa 2,19 BT/c:M?, a 7151 BTOPOH - 3,79 BT/c:M?.

ITocne cxxuranus HITA B kKamepe TM-1 ¢pa30BbIH COCTaB
IIPOJYKTOB CTOPAHM S aHATU3UPOBAJICS C IIOMOIIBIO PEHT-
reHodasoBoro aHanu3a (PPA). Kak mokasaHo Ha puc.4,
OCHOBHasl KpUCTa/I/IMYecKas ¢pasa B IPOAYKTaX TOPeHHU S ~
HUTPU/J, aIOMUHHUS. HeobXonuMO TaKkKke OTMETUTD, YTO
B 3THUX [IPOJyKTaX IIPUCYTCTBYeT UCXonHbIK HIIA B cpas-
HHMBIX C HUTPUJIOM KOJTMYeCTBaX.

PE3VY/IbTATDI

Ecniu Mmacca HaBecku uU3MeHsaach ot 0,800
1o 0,812 r (Tabsn.3, 06paswbl 1-7), To CKOPOCTH POCTA IIJIOTHO-
CTH TeIlJI0OBBIX ITI0TOKOB ropsiuero HITA usmeHsnach ot 1,68
1o 2,65 Br/c:m?. Ha mepBo¥i cTaguu HabmI01am0Ch HeCTa-
LIOHapHoe ropeHue HIIA [8] 1 IpoKCX0Oq1I0 BRITOPaHHe
BOZOPOZA, 06Pa30BBIBABLIEIOCS IIPH ALCOPOIIUK U SUCCO-
I[MALIMH MOJIEKY/I BOZLBI Ha [TOBEPXHOCTH HAHOYACTHL] ITPH
IIacCHBUPOBaHUU. [locie nudpdy3nu IIPOTOHOB BHYTPb
HAHOYACTHUIIBI IPOMCXOZIHIIO BOCCTAHOB/IEHHE IIPOTOHOB
0 aTOMOB BOZIOPOJia M OKKC/IeHHe MeTaslIa [9]. MaccoBast
norsi abcopbupoBanHoro Bomopona B HITA mocturana 1,5%.
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Fig.2. Thermogram of ANP at the speed of heating
of 10°C/min in the air

of the beginning of oxidation, the maximal speed of
oxidation, the degree of oxidation of ANP and the
specific thermal effect of oxidation. For calculation
the thermograms obtained by means of Q600
thermoanalyzer were used.

For measurement of the power of the thermal flows
during combustion of ANP Termomet-1 (TM-1) device
[7] was used, preliminary calibrated by means of
UTM-1 installation with a thermometrical chamber
ensuring a thermal flow with density from 10 up to
2000 W/m?. According to the measurement technique
corresponding to GOST 1855-88 (error not more
than 1.5%) for determination of the actual density
of a thermal flow in the working chamber of the
installation EDTP 0924 master transducer was used.

EXPERIMENT

Before a sample was placed in TM-1 chamber, a
thermogram was recorded and parameters of
activity of ANP (fig.2) were calculated. As a result, its

Tabauua 2. lNapamempel akmusHocmu HIA
Table 2. Parameters Off;CtIVlty of ANP

T, °C
T:, oC 450
a,% 0o 660 °C 68,9

a,% below 660 °C

Vg MI/MUH, (T, °C)

Vg mg/min, (T, °C) 0,08 (450-650)

AH, /T

aH. /g 5956
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Puc.3. 3asucumocmb nAOMHOCMU MenA08020 NOMOKA
om 8pemeHU npu 2opeHuu HIMA (Hagecka 0,812 2)

Fig.3. Dependence of the density of a heat flow on the time
during burning of ANP (attachment of 0.812 g)

DHTa/TBIIHS CTOPAHUS AIIOMHUHHUS Ha IIePBOM CTaAUHU
3aBUCHUT 0T GOPMBI HABECKH, €e IIJIOTHOCTH U COflepyKaHU s
BOZOPOZIA, II03TOMY HabJIIONA/ICS 3HAYKTebHBIE pa3bpoc
IUIOTHOCTH TEIJI0BOTO IIOTOKA. AHA/IOTHUHBIe Pe3y/IbTaThl
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stability (pyrophoric ability) was determined at a room
temperature.

The major thermal flow from ANP is observed at
temperatures below 660°C. It brings the main contribution
to the total thermal emission: 68.9% of the metal
aluminum is oxidized (table 2) and 5956 ]/g of heal are
emitted. A sample of ANP was weighed on electronic scales
(AND, WTB-200). For ignition of the attachment of ANP
a red semi-conductor laser was used with power of 200
mW. During burning of ANP a signal of voltage from the
central gauge in the top part of TM-1chamber was sent toa

0 20 40 60 8 100 120 140 160 180 computer through ADC and continuously recorded in time.
TBPGNEH. C) For measurement of the thermal flows from the burning
Ime (sec

samples of ANP attachments from 0.2 up to 0.8 g were
used. A typical dependence of variation of the rate of a heat
flow on the time during burning of ANP is shown in fig.3.

The maximal speed of growth of the density of a heat
flow depends on the size of the attachment (table 3).
At that, two stages of burning are typical for ANP: the
initial one is rather slow - from the moment of ignition
up to the 20th second, and a faster one - from the 20th
second up to the 30th second. The first stage with
attachment of 0.8 g is characterized by an average speed
of the growth of the density of a heat flow of 2.19 W/s'm?
and the second - 3.79 W/s'm?.

Tabauua 3. DHepzemuyeckue xapakmepucmuku HIA npu zopeHuu
Table 3. Power characteristics of ANP during burning

1-acragus, V, 29 g_?é"l':‘;" Vi q'g:;gggrﬁb
- Bt/c:m? /2 B'rlc~M2z second Vep.s BTIc~M22 3Heprum, A x/m? Eé"" A)KIngz
irststage,V, V_,,W/s'm stage, V, V... W/sm Density av.s Jim
W/s-m?2 W/s-m?2" of the heat
energy, J/m?
1 0,812 1,68 2,42 699,52
2 0,807 2,47 4,81 623,80
3 0,807 2,65 4,84 622,80
4 0,801 1,53 2,19 3,18 3,79 672,08 661,16+38,36
5 0,804 2,40 3,88 699,20
6 0,808 2,28 4,16 676,96
7 0,800 2,34 3,28 641,90
8 0,700 1,34 4,17 603,29
9 0,600 2,13 1,94 535,33
10 0,500 1,12 2,54 422,44
m 0,400 1,54 - 1,95 - 489,62 -
12 0,400 1,32 2,78 337,68
13 0,300 0,88 1,76 249,54
4 0,200 0,93 1,32 172,92
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Puc.4. PeHmzeHozpamma npodyKmoe c20paHusi HAHONOPOWKA
Fig.4. Roentgenogram of the combustion products of a nanopowder

10Ty Y€HbI Ha MEHBIITHX HaBeCKAX (Tabn.3, 06p. 8-14), X0Ts
IJIOTHOCTD TaKOI'0 II0TOKA, COIVIACHO IIOJYYeHHBIM JaH-
HBIM, [TOHIKAETCs C yMeHbIIeHeM Macchl 06pasLios.

Bropas ctapus ropenus HIIA mpotekaet 6onee HHTEH-
CHUBHO, W IVIOTHOCTH TEIIJIOBOI'O II0TOKA B CPeHEM yBe-
nu4uBaercs B 1,5 pasa. IIpu 3Tom pa3bpoc MI0THOCTH
He YMeHBIIIAJICS ~ SKCIIePUMeHTa/IbHbIe JaHHbIe Pa3JIHt-
YaOTCs IPUMEPHO B [iBa pa3a. CpegHMe 3HAYEHHUS CKO-
pocTH pocTa IVIOTHOCTH TEeIJIOBBIX IIOTOKOB [IJIS IIep-
BOM U BTOPOM CTafuu ropeHus HITA coCTaBISIOT COOT-
BETCTBEHHO 2,19 u 3,79 Br/c:m?. CpenHee 3HAUEHUE IIOT-
HOCTH TeIlJIOBOM SHepruu npu ropeHur HIIA B mepBon
CepUHU 3KCIIEPUMEHTOB (HaBecku 0,800-0,812 r) cocTaB-
n15eT 661,16+38,36 JIk/M?2.

Takum obpasom, ropeHue HIIA Ha IepBOH U BTO-
PO CTaAMAX OTIMYAeTCd OT TOPeHMs FOPIOUUX MaTe-
pHajIoB B MaCCHMBHOM COCTOSSHHUM HECTAILIMOHAPHOCTEIO.
XapakTepHoe cBOXCTBO HIIA - 3aBUCMMOCTb CKOPOCTH
HM3MeHeHU S IVIOTHOCTH TeIlJIOBBIX IIOTOKOB OT MacCChl
HaBeCKH. [I7TOTHOCTD TEIIOBOH SHEPTUU 3aBHUCHUT OT COOT-
HOIIIeHH S OKCHUJA U HUTPUIA aTIOMHUHUS B KOHEUHBIX
IIPOAYKTaX CCOPAHU .
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After burning of ANP in TM-1 chamber the phase
composition of the combustion products was analyzed
with the help of a roentgenophase analysis (RPA).
As fig.4 demonstrates, the basic crystalline phase
in the combustion products is aluminum nitride. It
is necessary also to point out that the initial ANP is
present in those products in quantities comparable
with the nitride.

RESULTS

If the mass of an attachment varied from 0.800 up to
0.812 g (table 3, samples 1-7), the speed of growth of
the density of the heat flows changed from 1.68 up to
2.65 W/s'm?. At the first stage a nonstationary burning
of ANP was observed [8], and the oxygen, which
accumulated during adsorption and dissociation of
the molecules of water on the surface of nanoparticles
during passivation, burnt out.

After a diffusion of the protons inside of the
nanoparticles there happened a restoration of the
protons up to the atoms of hydrogen and oxidation of
a metal [9]. The mass share of the absorbed hydrogen
in ANP reached 1.5%. The enthalpy of aluminum
combustion at the first stage depends on the form of
an attachment, its density and content of hydrogen,
therefore a considerable difference in the density of a
heat flow was observed. Similar results were obtained
with smaller attachments (table 3, samples 8-14),
although, according to the received data, the density of
such a flow goes down with the reduction of the weight
of the samples.

The second stage of ANP burning goes on more actively
and the density of a heat flow increases on average 1.5
times. At that, the spread of the values of density did
not decrease - the values of the experimental data differ
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IIOBepXHOCTH, 4.2. - M: MJI, 1963, c.275.

NNAA3SMEHHO-3JIEKTPOJIUTUYECKOE MOAUOULLUPOBAHUE
MOBEPXHOCTU METAJIJIOB U CIJIABOB (B 2 TOMAX). T. 1
W.B.CymmHoB, MN.H.BenkuH, A.B.3nenbdensa, B.6.oguH, 6.J1.Kput, A.M.5opucos
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roughly two times. The average values of the speed of
growth of the density of the heat flows for the first and
second stages of ANP burning are equal, correspondingly
to 2.19 and 3.79 W/s'm?. The average value of the heat
energy during ANP burning in the first series of
experiments (attachments of 0.800-0.812 g) equals to
661.16+38.36 J/m?.

Thus, burning of ANP at the first and second stages
differs from the burning of combustible materials in a
massive state by its nonstationarity. A characteristic
property of ANP is dependence of the speed of change
of the density of the heat flows on the weight of an
attachment. The thermal energy density depends on a
correlation of the aluminum nitride and oxide in the
combustion end products. u

M.: TexHocdepa, 2011 - 464 c.
ISBN 978-5-94836-266-3 (06LL.)
T.1-ISBN 978-5-94836-267-0

B KHUre paccMOTpeHbI IBNEHNS KAaTOAHOTO M aHOAHOTO HarpeBa TOKOMPOBOASLLMX MATEPUANOB B BOAHDLIX PACTBOPAX HNEKTPO-
JIUTOB; MPOLIECChI JIOKA/ILHOTO BCKUMAHMS 3NEKTPONTOB B OKPECTHOCTM 3EKTPOAA C MO MOBEPXHOCTbLIO; hOPMUPOBAHME
CMIIOLLHO W YCTOR4MBOIA MApOra3oBoii 060/104KM; INEKTpUYECKast IPOBOANMOCTb B MApOra3oBoii Cpese; Tennopusnyeckue

11 INEKTPOXMMUYECKME ACMEKTbI AHOAHOTO BApUAHTA HATPeBa. JlaH KpUTUUECKA 0630p Pe3ynbTaToB MPUMEHEHNS aHOJHOMO
HarpeBa AN 3aKanki, HUTPO3aKa/KN CPeAHEYTNIEPOANCTLIX UAW MHCTPYMEHTANIbHBIX CTA/eN, LieMEHTALMN U HUTPOLIEMEHTA-
LM KOHCTPYKLIMOHHBIX CTA/IEN WAV XeNe3orpaduToB, OKCUAUPOBAHMS CTa/IbHBIX MW TUTAHOBbIX CMNaBOB. OnKcaHbl haso-
BbII COCTAB, CTPYKTYPA 1 3KCMIIyATaLMOHHbIE CBOMCTBA YNIPOYHEHHBIX MATEPUANIOB. M3N0XEHBI CIOCO6LI 1 YCTPOACTBA AN
HarpeBa MeTa/I/IOB 1 CM/IABOB B JEKTPONIATE, PEXNMbI 06pabOTKM, COCTABbI 1EKTPONMUTOB 1 Pe3ybTaTbl UX MPAKTUYECKOrO
WUCMONb30BaHWS. [L19 HAy4HbIX PABOTHUKOB, MHXXEHEPOB, A TAKOKE NPeNnoAaBaTeNell, acMMpaHTOB U CTYAEHTOB GU3NYECKUX,
XUMUYECKNX W TEXHUYECKIX CMIELMAbHOCTEN.

NAA3MEHHO-3/IEKTPOJIMTUYMECKOE MOAN®ULINPOBAHUE
NOBEPXHOCTU METAJIJIOB U CNIABOB (B 2 TOMAX). T. 2
11.B.CymuHoB, M.H.5enkuH, A.B.3nensdenns, B.b.MoguH, b5.J1.KpuT, A.M.Bopucos

M.: TexHocdepa, 2011 - 512 c.
ISBN 978-5-94836-266-3 (06LL.)
T.2 - ISBN 978-5-94836-268-7

Bo BTOPO# 4aCTI KHUMN CUCTEMATN3NPOBAHLI CBEAEHMS O COBPEMEHHOM MeTOZe MOBEpPXHOCTHON 06paboTky 1 ynpoyHe-
HWS METaIIOB, MO3BONSIOLLEM NOAYYATb MHOMO(YHKLIMOHANbHbIE 3LMTHBIE NOKPLITYS, — MUKPOZYrOBOM OKCUAMPO-
BaHu1 (MJ0). PaccMOTpeHa 1CTOpyS Pa3BUTHS UCCNIERO0BAHMIA MO AAHHOMY BOMPOCY, MeXaH!3M GOPMUPOBAHNS AHOL-
HbIX OKCUAHLIX M/IEHOK, CUCTEMA METaN~0KCUA-3NEKTPONUT 1 ee 0CO6EHHOCTM, ACUMMETPUS NIPOBOANMOCTY B 3TOM
cucTeme, Npoboit aHOAHLIX OKCUAHBIX MIEHOK W MCKPeHWe, OCHOBHbIE NpeaCcTaseHus o npotecce MAO 1 ero MexaHus-
Me, po/ib pa3psiAa W AVHAMKKA ero passuTus Npyu GopMUpOBaHUM MOKPLITHIA, MONY4aeMbix MeTofom MAO, knaccudu-
Kawus MUKpON/Ia3MeHHbIX METO/0B, 0CHOBbI TexHonorun MO (371ekTponnTbl, pexvmbl), 060pyL0BaH1e MUKPOAYTo-
BOr0 OKCUAMPOBAHNS. [IaH CPAaBHUTE/IbHBIA QHA/IN3 PA3INYHbIX METOAOB aHOAMPOBAHNS U MUKPOZYTOBOT0 OKCUAVPOBAHMS,
MpoaHa131poBaHa NpakTMka MUKPOAYrOBOrO OKCMANPOBAHNS. MOAPOBHO paccMOTpPeHbI COCTAaB, CTPYKTYPA M CBOICTBA
M/IO-MOKPLITUN.

[In9 MHKeHepHO-TeXHNYECKIX U Hay4HbIX PABOTHUKOB, CTYAEHTOB TEXHUYECKMX BY30B.

LleHa 583 py6.
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