Peakuuuv TBepaoe + rBepaoe

OcobeHHoCTH:
1) Peakumnsi npoTekaeT Ha KOHTaKTax.
2) PeareHTbl nocrne Havana peakunu pasgeneHbl CrioemM npoaykra.

3) MNonoXxuTtenbHbIN TENNOBOW 3 dEKT

) Ponb KOHTaKTOB.

1. Ponb yncna KkoHTakToB

2. Ponb nnowaan KoHTakTa



II) PasgeneHne peareHTOB NO X04y Npouecca TBEPAbIM MPOAYKTOM.
TpaHCnopTHbLIE NPOLIECCHI.

[TyTn nopgaepXaHns peakunoHHOro pexmnma.
1.  Oudpdysna yepes crion npoaykra.
MexaHn3m npoLeccos.
[MyTn ynpaBneHus tBepaodasHbIM MpoLeccoMm.
[onnpoBaHue.
MexaHn4eckoe akTMBMpoBaHMe.

2. [lepeHocC peareHTa Yyepes rasoByto U XNOKYO dasbl

lll) TennoBbloenieHMe NoOxoay peakLmnu.

MpoLecchbl camopacnpoCcTpaHALLErocs BbICOKOTEMMNEPaTyPHOro CUHTE3a.

IV) [NonyyeHne HaHo4YacTUL Npu TBEPAOda3HOM CUHTES3E.




Formation of double or complex salts:

2AgI +Hgl, — Ag,Hgl 16
Reactions of free metals with reducible compounds:

Mn +Mn;04 — 4MnO; Fe + 2FePO4 — Fe;(PO,),17
Reactions of free metals leading to cation exchange:

Fe +PbSO, — FeSO, +Pb
Mg+ZnS — MgS +Zn!8

Double decomposition reactions:
BaO +PbCl, — BaCl, + PbO
CaO +NiCl, — CaCl, +NiO19
PbCl, +2KI — Pbl, +2KC(C]20

Direct formation of solid solutions (correctly regarded as a solid-solid
reaction):

CoO +ZnO — (Co,Zn)O 21

Reactions involving solid solutions in more complex processes:
2Cul +Ag,S — 2(Cu,Ag)I + (Cu,Ag),S 22
KCl +GCsBr — K(Cl,Br) +Cs(Cl,Br)23
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Abb. 33. Schematische Darstellung der aufein.
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Bynem cumrate nosepxmocrn CONPHKACAIOUIUMHCS, €CIH pac-
CTOAHHE MEXIy HMMH He IpeBhimaer pamHyca nedctBusi MoJseKy-
MAPHBIX CuJl. HI3BeCTHO, YTO' BedHumHa at0r0 pazuyca HaMmepsercs

: 4HTCTDEMaMH, T. e. HMeeT mops-
7ok 10~% cu. Pasmepnr sepen we-
XOLHBIX PEareHToB B COOTBET-
CTBHH C YCJOBHSIMH OCYLIECTBJIe-
HUSl Da3JIMYHBIX, OTHOCHMBIX K
TBEPAO(aA30BEIM, NPOLECCOR B
TEXHOJIOTHH CHJIHKATOB, TVIHHO3e-
Ma, SJIEKTPOTEDMHYECKHX M IpY-
THX TIDOM3BOACTB MOXHO CuH-
Tarth JIeXalUMH B npefenax
1—1073 cm.

Bepremes BHOBL k raamkum
CYXHM I0apo06pasHBIM yacTH-
LaM (sepHaM) omMHAaKOBOTO 1y-
-amerpa. Ilycte nBe Takue yacTu-
LBl PAJHYCOM. ¥ CONPHKACAIOTCS
Mexny co6oi B HeKoTopoii Toy-
ke A (puc. 10). O6osuaunm ye-

Puc. 10. Cxema KOHTakTa Mex- pes S pamuyc aeHcTBud MOJIEKY-

Ay nByMsa ma}‘r’:ﬁgp“m"”“ 2ep- JIAPHBIX CHJ M 0, — LeHTPAJIbHBI

- (Tenecnstit) yron, orpanuunsaio-

o KA NOBEPXHOCTHL 3eper, nona-

Hawouyio B chepy neficrsus MOJIEKYJISIPHBIX CHJ APYroro 3epHa.
Kocunye nonosunsr atoro YIJia MOXHO ONpPENeNHTb M3 PaBEHCTBA

S:r.(lmcos—;—). (14)

[pu S=10-% ciu.u r=10-'—10-3% cx'ua ypaBHenus (14) noay-
14€M, UTO 0. MOXKET HMETh BeJIHYHHY OT HECKONbLKHX (1--2) cexynn
AO HECKONILKHX MHHYT, Yemy COOTBETCTBYET TEODETHUECKH BO3MOK-
Has MOBEPXHOCTh KOHTaKTa MEXAY YacTHUAMU or 107 no 10— non-
HOW NOBEDXHOCTH 3THX uacTHL, - : o

~ Pesyabrars PAna ucenenopanuit [47, 58, 59] nokaseiBamoT, yro
B pPeajIbHbIX Maccax HOBEPXHOCTH KOHTAKTa MEeXIy HX 3epHaMH H3-
MEPACTCA  MHJTHOHHBLIMY H laxe JNeCATHMHJIHOHHBIMH JOJNSIMK
NOJTHO¥ NOBEPXHOCTH 3epeH,
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4Agl + Hg** —-» 2Hgl, +2Ag* —»
Ag Hegl +2Ag* Ag.Hgl, +Hg"*

Figure 9.4. Schematic of a solid-state addition reaction, showing ionic motions
and reactions at the interfaces with the assumption that both cations are mobile
' in the product phase.



AgCl+Na* —» NaCl+ Ag*

Nal + Ag‘: — Agl+Na*

Figure 9.5, Schematic of a solid-state double decomposition reaction, showing
lonic motions and reactions at the interfaces.



Agtte —» Ag

Figure 9.6. Schematic of solid-state reaction re-
quiring flow of electrons through product phases.
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Puc. 2.22. Mexanusm peakuuii apoitsoro oﬁuena_ no Hocry (a) u Baruepy (6)

Na++ AgCI=Ag++ NaCl

NaCl
Na®
AgC1 Ag' Na' Nal
{ . J
~ Ag—
Agl
Ag+Nal=Na +Agi
Puc. 2.23. Cxema TBEPJIDCIJ&SHDI‘O B3auMOfelcTBHA AgCl+NaCl—AgI+NaC] no
Baruepy.
2AgCl1= 2Ag(8AgCD+ Co'(u3 CoO)+ Cup0=
Pb+2CI™ (u3 PbCl)y  +2CI"(8PbCL,) 2Co = =2Cu*(8 Cu,0 +Co0O
=PbCl,+2¢” =2C0o%" (8 CoO)+2¢
Pb PpCl, AgCl Co CoO Cu,0
e——— 2C1 2 Co®*
r.- ; ﬁ 5 C W +
2e 2Ag 2e 2Cu
2e” J L——-—-—ze"—————)-o)
Ag Cu
26+2Ag" (n3 AgC) = 2Ag

2e”+2Cu’(M3 Cu,0)=2Cy

PHc. 2.24. Cxema TBeprodashmx peakuu# Pb +2AgCl=2Ag+PbClg (@) 1 Co+Cu,0=
=C00+2Cu (6) mo Barwuepy,



Puc. 2.25. CxeMa xopoTKo3aM-
KHYTHIX JIOK4MBLHHIX 3JIEMEHTOB B
[IDHMEHEHHH K peaklUHH ABOHHO-
ro. o6Mena AgCl+Nal=Agl+
+ NaCl B nopomkoo6pasnnix
CMecCHX. .
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Fig. 5 Marker position and

morphology for the reaction

CoO(SC)+ Al,04(SC) =

COA.1204.

SC

SC

SC



Fig. 3 The solid -vapour and solid-solid reactions involving
| 4-diazabicyclo[2.2.2]octane with formation of a lin-
ear chain of hydrogen-bonded
[Fe(n*~CsH,COOH)(n"~CsH,COO)]™ anions and
monoprotonated [N(CH.CH,);NH]" cations.

From [15] reproduced by permission of the Royal
Society of Chemistry



grindin

R

A pictorial representation of the process leading from
[Co™(n’~CsHsCOOH)(n-CsH,COO)] and Csl to
[Co™(n’~CsH,COOH)(1)~-CsH4CO0) ] Cs T

From [15] reproduced by permission of the Royal Soci-
ety of Chemistry
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Fig. 1. The scheme of equipment used for the study of radiation-thermal processes (1 — body, 2 -
water jacket, 3 — foil, 4 — nozzle of air-blow of a foil, 5 — frames, 6 — a sample with a thermocouple
introduced, 8 — heater, 9 — branch pipe for gas supply and exhaust, 10 — thermocouple introduction,

11 - electron beam).
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Fig. 2. The scheme of device for concentrated outlet of the beam. 1 — branch pipes for exhaustion,
2 — diaphragms, 3 — electron beam. Residual pressure: in the first stage — 5Pa, second - 10~ 'Pa,

third - 10™*Pa, fourth — 10~ %Pa.



Table 2 Solid state reactions proceeding under RT-conditions

O O o

2Ca0 + 810,

s N32003 -+ F6203

Nagco:?, + A1203
CaO + NaAlSiO4

Ca0O + Al,O3 + Fep, O3 + 510
' B&CO3 = F9203
. SrCO3 + Fe;03
. 2BaCO3 + SrCO3 + WO3
. SrMoO4 + SrWO,

. PbO 4+ MoOj;

. PbO + WOg3

. Ca0 + Fe;03

1 ngCO3 + F&203
Li,CO3 + Fe;0O5 + TiO»
. BaO + Ti0O,

. KQCO3 s F8203
. K3CO3 = Al;03

Ca28i04
2N3.F802
2Na,A102
CaQSiO4, Na.A102
cement

Ba.FemO 19
SrFe12019
BaQSrWOe,
Sr(Mo,W)O,
PbMoO,
PbWO,
Ca.Felzolg
LiF@Og; LiFe503
Li(Fe, Ti)xOy
BaTiO3

2KFeO,
2KALO,
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Fig. 3. Dependence of rate constants 5{5‘- on temperature of radiation-thermal (r—t) and thermal
(t) synthesis of calcium orthosilicate.
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Fig. 4. Synthesis of strontium hexaferrite by accelerated electron beam (continuous lines) and
during conventional thermal heating (dash lines). 1 - initial Fe2Og, 4 — and strontium hexaferrite,
2,3 - intermediate long-living phases. Qualitative X-ray phase analysis. Conditions of thermal
treatment: RT-synthesis-independent samples; 156 min; thermal synthesis: 973K - 5 hr, grinding

+ 5 hr at 1073K, grinding + 6 hr at 1173K, grinding + 5 hr at 1278K + 5 hr at 1373K = 5 hr at
1473K.
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(a) (b)
Fig. 5. The scheme of formation of point defects under irradiation of a solid. (a) the mechanism
of Varli, (b) relaxation of self-captured exciton in the lattice.
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Fig. 6. Diffusion of reduced metastable cations. (a) dlﬁ'u&uon via product layer {8} — Fe?t o — Fe3t,
@ — Ba™, O —Ba?t, (b) periodical potential during Fe?t and Fe3t movement in the lattice.
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CH(OH)Q +S10; - 05H20
or

Ca0 + 8i0, + H,0

Fig. 5. Scheme of processes in the system Ca(OH), —SiO,-0O, 5H,0
and Ca0-Si0, —H,0.
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Puc. 1.1. CTpyxTypa ¥ OCHOBHbIE XapaKTEPHCTHKH BOJHb! FOPDEHHA.
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Puc. 2.6. Cxema mpollecca CHHTE3a CKMIaHHEM TiAl. @ — 3aroroBka T < 932 K);
§ — HavaJ0 ONaB/ieHHs 4acTHL AMOMHHHA (T = 932 K); ¢ — mnpouecc CHHTE3a
932 < T < 1750 K); 2 — rorosbiit mpoaykt (T = 1750 K).
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Puc. 3.4. CxeMa peaklHn CHHTE32 COKUTaHUEM B CaMOpacnpoCTpPaHArolEMCs peXHME.



Tabnuna 3.2. XHMHueckue peaKUMH NPH CHHTE3€ KEPAaMHUKH CXKHIaHHEM

Ti + 2B —+ TiB;
Zr + 2B — ZrB;
Ti + C = TiC
Zr + C = ZiC
Ta + C — TaC
Ti + 0,5N; — TiN
3Si + 2N, — SiiN,
Al + 0,5N, — AIN
B + 0,5N; — BN
Ti + Ha — TiH:
Mo + 2Si — MoSi;
3Ti + NaNj; — 3TiN + Na
4Ti + NH4Ny — 4TiN + 2H:
Ti + C + Ny — TiCN,
Zr + N + H, — ZrN,,Hy
TiO; + B20: + SMg — TiB; + 5MgO
Ti + B:0y + 3Mg — TiB2 + 3MgO
Si0; + C + 2Mg — SiC + MgO
2B,0; + C + 6Mg — B,C + 6MgO
TiO; + C + 2Mg — TiC + 2MgO
B,O; + N; + 3Mg — 2BN + MgO
Cr;0; + 4B — 2CrB + B0,
Cr;0; + 6B — 2CrB: + B20;
MoO; + SMo + 5B -+ 3Mo:B + B20s;
Fe,O3 + 4Fe + 8B — 6FeB + B20»
3Fe;0s + BAl — 4A1L,03; + 9Fe
FezOJ + 2Al1 — ALO; + 2Fe
MoO; + 2A1 + B = MoB + ALO;
MoO; + 2Al + 2Si = MoSi: + ALO;
3V,0s + 10Al + 3Nz — 6VN + 5ALO;
3Cr;0: + 6AIl + 4C — 2CrC2 + 3A1:0;
CrO; + Cr,0s + 4Al1 + 2C — Cl‘3C2 + 2A1,0,

Ba(Q; + TiO
BaO; + 0,5Ti + 0,5TiO:
3Cu + 2Ba0; + 0,5Y203 + O,

BaTiO;
BaTiO;
YBazCU307 —-x

o

!



Ta6nuua 1

N° Peakuusa Ta,:u.s K Q, Pexyum MexXaHo-
KJDHK/MONb | CHHTE3a
1 PbO + SiO, = PbSiO, 600 50 nIIaBHbIH
2 PbO + TiO, = PbTiO, 950 - 65 TO Xe
3 PbO + MoO, = PbMoO, 1400 160 v
4 Ca0 + MoO, = CaMoO, 1420 167 »
3 SrO + MoO, = StMoO,, 1600 205 ”
6 PbO, + MoO, = PbMoO, 1650 180 ”
7 PbO, + WO, = PbWO, 2200 310 ”
8 PbO, + SiO = PbSiO, 3300 460 CBC
9* PbO, + 0,5(Ti+ TiO,) = PbTiO, 3300 430 TO XKe
10 BaO, + SiO = BaSiO, 3400 550 ”

* CornacHo {2, 9], peakuus 9 M0 BOSMOXHOCTH peaTU3alHN »naceuyeckoro” [4, 5] CBC 3xBHBaNeHT-
Ha peakuuu PbO, + TiO = PbTiO,.
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No. Composition of mixtures P/kPa Ty/°C Umms~' Combustion products
1. CdA(NO3),+1.1INH4NCS 3039 1350 3.6 ao-CdS

2. Cd(NO;),+1.3NH;NCS self-ignited

3. CdA(NO;),+1.5NH4NCS self-ignited

4. Cd(NO;),+1.8NH/NCS 3039 1400 4.7 a-CdS

8 Cd(NO;),+2.5NH,NCS 3039 980 2.5 o-CdS

6. Cd(NO;),+3.0NH;NCS 3039 600 1.3 a-CdS; B-CdS

7. Cd(NO»),+4.0NH,NCS 3039 420 0.39 B-CdS; a-CdS




o eSO WM T o bR e RS
Fig. 1 Micrographs of CdS crystals, obtained at different pressure values:
a—P=101.3 kPa; b — P=506.5 kPa; ¢ — P=1013 kPa; d - P=3039 kPa
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2FeCl; + CoCl, + Ca(OH), + 3Na,CO, = )
= CoFe,0, + CaCl, + 6NaCl + 3CO, + H,0, '

FeSO, + 2FeCl, + 8NaOH =

2
= Fe30, + Na,S0, + 6NaCl + 4H,0, a

LiCl +5FeCl, + 8Na,CO, =

3
= LiFe;Og+ 16NaCl + 8CO,, &
MgCl, + 2FeCl, + 4Na,CO, = "

= MgFe,0, + 8NaCl + 4CO,,

MnO, + 2FeCl, + 6NaOH =

= MnFe,0, + 6NaCl + 0,50, + 3H,0,

CuCl, + 2FeCl; + 4Na,CO; = 6
= CuFe,0, + 8NaCl + 4CO0,. (©)



Puc. 1. DNeKTPORHRO-MHKPOCKONHYECKOE H300pakKeHHe NOPOIIKOB HAHOPA3MEPHBIX OKCHIHBIX (eppuMarHeTMKoB
a — Fe,0,, 6 — CoFe,0,, ¢ — MgFe,0,, 2 — LiFe Oy



