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CHAPHAB UWIEJCUHBIX METAJMJA0B MPHBJICKAIOT BHHMAHUE  HC
caeloBareneid wa nporsykendn noura 150 ner. Bnepsiie B3anmo-
{eHCTBHE IMEJOUHBIX METa/J0B ¢ BOZODPOAOM .Habadann [lesn
8 I808 r. u mesaBucumo or Hero lei-/lioccak ¢ Teuwapom 8
1811 r. Oanako, Hava/jo Pa3BHTHS XHMHH THIPHIOB ULEJOUHBIN
METaMJI0B C/elyer OTHOCHTh KO BpeMeHH pador Myaccana, B Ko-
Topeix, moury 100 ner cmycrs nocde oTKpbiTHa [lesd, Obijia oit-
pelenena xuMuueckas dopmyaa ruipuzos MeH. B nanexedimem
bapaseaa, nposels 3AeKTPOJSH3 PACTBOPa FHAPHAA B 3BTEKTUK:
J0pHAOB KaJusa u JUTHS, OTpeienn/i BhIAeSeHHe BOLOpPOLA HE
aHoje. 1o YKasblBaeT Ha TO, YTO BOJOPOA B MOJEKYJaX CULPH
10B IUEJOUHLIX MET4JJI0B CYLIECTBYET B  BHAe OTPHIATEIbLHO
1apaKeHHOr0 THAPHA-HoHa H—.

Iuzpuanl mesounblx MeTadaoB fnpeictasiser co0ol KpHeTadl-
IHUeCKie COeJAHHEHHs, AaHaJOTuuible [0 BHEUIHeMY BHIY
CTPYKTYpE TajloTeHuaM 1IeJ0UHbIX MeTaaaoB. OHH KPHCTANINSY -
onca B KYOHUeCKOH TrpaHeleHTPHPOBAHHOH pellieTke THMA
NaCl. B runpuaax u rajoreHiiax CBf3b MEKAY IJIEMeH-
fAMH HOCHT TIpeHMYyUlecTBeHHO HOHHBI XapakTep, 0idH4KO, ¢
fo/ablnell 107éfi KOBAJASHTHOCTH V THIPHIOB, 0COOGEHHO Y THIAPHU-
1a JUTUS, KOTOPLIT B OTJHUHE OT APYLHX FHADHIAOB ILENOUHBIN
METANI0B HECKOALKO PACTBOPUM B OPraHHUeCKHX DACTBOPHTRINAX.

Ho 1937 roga npu MOJyYeHHH THAPHAOB H3 3JEMEHTOB [0
CTHTAlach JHIL He6OJbIIAas CTeleHb KOHBEDCHH MeTadsa B I'iil-
ouael. Ilpouecc npoBomndaca B craTHUeCKHX YCAOBHAX MEmIy
mapoM MeTanja W BOAOPOJIOM He3 pasMelldBanusi OCHOBHON Mac
CLI MeTaJa,

JInTepatypHble JaHHble Xacaslch, raaBHblM 00pPasoM, MOy
YeHHs rHApuAa HaTpud. VccnenoBaTenn oTMeuand HHEPTHOCTS
EeJ0UHBIX METAAJ0B [0 OTHOLIEHHIO K BOAOPOAY, NMPOTHBOpeYad-
uiyto Goaplioii ux Tensore oOpasopands. Hackoabxo TpyaHO
HIET B3aHMOIEHCTBHE KajHsg ¥ HATPHS € BOIOPOAOM BHIHO W3
HCTOPHE DA3BHTHST UX CHHTE3d.

B paGorax u natesrax 1930—1945 rozos copepmarncs 1o
NBITKH A9 HAHOOJee TOJHOTO 3aBeplIeHus pPeakiHH BOACPOLA
¢ META/I0M fIPAMERHTD TOBEPXHOCTHLIE HOCHTE/H: Mecok, NemMsy,
FAJIOCEHH B! WEJOUHBIX MeTaJI0B, NOPOIKeOGpasHLIH aTioMIHn#i
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H paHee NoJdyueHHble ruApHAb. C 3TOH &Ke Weablo Aas yBejaHye-
HESI MOBEPXHOCTH KOHTAKTA WIEAOYHONO MeTajja ¢ BOAOPOIOM,
ACTIOIb30BAMACH HEKOTOPBIE OpraHHueckHe MKHAKOCTH (mapagud,
KCHJIO0J, KepOCHH, MUHepasnbHble Macsaa u T. n.). Harpuii wan
Kamdil cHavana MpH mepeMellUBaHWH ANCNeprHpOBaflich, 4 3a-
réeM yiKe THIPHPOBANHCh HENMOCPEICTBEHHO B  OPraHHYecKof
cpene.

B paborax nmocaeiuux Jer HALLIH NpHMEHeHHe aKTHBATOPSL
100aBiende KOTOPHIX B KoaudecTBe 1—5% cmocoGerBoBano
B3AHMOACNCTBHIO KHAKHX LIETOUHBIX METAJJOR ¢ BOJAOPOAOM BO
peeff ux Macce, OcHOBHbIe YC/I0BHSA peakidH KOPOTKO OMHCAHD!
B MaTeHTHOIl JHTeparType. B KaveeTBe akrnBaTopor XaHcaefi, Ha
NpHMEp, HCHONb30OBAJ HATPHEBhle COAH MAJbMHTHHOBOH M crea
PHHOBOH KHCAO0T, (WIIOOPEH, (PeHaHTpeH H aHTPAlleH, a Y4exoC/o-
BallKHe XHMHKH — JAHCYJb(pHIB BoJb@pama H MojubGaera. B
npoBejeHHOl Hamu paHee coBMecTHO ¢ B. M. Muxeepoii u T. H
I{biMoBoit paGoTe Mo B3aHMOAEHCTBHIO HATPHS C BOAOPOJAOM MO-
Ka3aHo KaTanuTHueckoe BAMAHHe jJoGapienus 3% aurpanena
uan 1Y% mamuuHoro mMacia. BeIO BBISICHEHO, UTO HAHGOJBLIIET
AKTHBHOCTHIO ofsazaer (pakiusi MallHHHOTO Macsa «0eH30/b-
Hag apoMartHkay», Hanbonee Goraras apoMaTHUGCKHMH HeHACLl-
WeHHbIMY coeauHennamu. Iloayuennsfi nmpolaykT cojepxan A0
96% runpuna uarpus. Bnocnenersun T. H. doivosolin w A, A
BoitreciaBIeBpIM MOKA3AHO, UTO METAJJIHYECKHH HATPUN MOmkKer
OLTH MPOMMAPHPOBAH U B OTCYTCTBHH KaTa/AM3aTOPOB, €CaAH [IPH-
MEHUTH CICHHAJbHOrO BHAA «IEPHCTYIO® MeHlanky, obecneun-
BaIOWY0 3¢ (QeKTHBHOe pasMelllBaHHe 3aTycTeBAIOLIEro Mo Me-
pe THADHPOBAHHS HATpHA.

BsauMo/ieficTBHe MHAKOTO KaJHsi ¢ BOJAOPOAOM B OTCYTCTBHH
AKTHBATODOB B JIHTEpaType He OTPAXEHO, XOTs 3T0 H TMpPencTas-
JAAET UHTEpec {7 MONYYeHHs THAPHAA KaJHs BHICOKOH YHCTOTH

Muapuabl  WeTOUHBIX METAAJIOB UCTOAb3YIOTCA B  CHHTe3e
COeMMHEHHH, NPUMEHAOWHUXCS B PasAHYHBIX 06JacTaX HOBOW
TEXHHKH, H TIPEACTABASIOT HHTEPEC, Kak /s opramwecxoﬁ. Tak
M HEOPraHuYecKoH XUMHU.

Peakuusamu ruapuios ¢ 60pocofepKailAMK BellecTBAMHE 110-
JAYUYEeHbl HeHHble M0 CBOHM HBﬁHpﬁTe.finbIM BOCCTAIlOBHTEJABHbIM
CTBOHCTBaM JHGOpaH H GOPOTHAPHAL! IMEJOYHBIX MeTansoB. Ilo-
clieHue ABJIAIOTCH, KPOMe TOr0o, MCXOXHBIMH BEUIECTBAMH st
NOJNyYeHHsd, BBICOKO KaNOPHHHBIX KOMMOHEHTOB peakTHBHBIA
TONJIHB. Peakuyn rujpu1os LENOUHLIX METalJ0B ¢ FaJOreHHLa-
MH aJIOMHHHA 1AKT BOSMOMHOCTH MOAYYHTE ANIOMOTHAPHAHL M
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AX IPOU3BOAHDLIE, 4 PeaKLUU{ C COBRMHEHUSIMH KPEMHUS — Kpew
HEeBOJIOPOAHLIE COelHHEHHS.

PactBopul rugpHia HATPHsA B PACMJABIEHHOH IMHIPOOKUCH
HaTpug NPHOOPETAOT B HACTOAUlEe BPeMfA NpaKTHUECKOe 3Haue-
une. B meraaaypruu 2% pacrsopet NaH B NaOH ucnonbayior
oA Ajsi OYHCTKH H3Neanii oT OKHCJOE B3aMEH KHCIOTHOTO TPas-
JEHHS, a TaK:Ke NpH MOJAYYEHHWH YUCTHIX METajaoB H3 HX OKUC
JdoB. Onuako, B ANTepaType HeT TAHHEIX MO PacTBOPHMOCTH THIl-
PHIOB B FHIPOOKUCAX B AOCTATOUHO IIHPOKOM HHTEpPBAJE TeM-
neparyp M KonleHTpanui.

Fuapuab! LeTouHBIX METANI0B SIBASIOTCA TAKiKe KOMIAKTHbI-
MH # 3(hQerTHBHBMH HCTOYHHKAMH BOJOPONA, KOTOPHIH BbLIES-
JASETCH Kak AIpH X TEePMHYECKOM DA3JIOMKEHUU, TAK W TPU B3i
wMonelicTBUH ¢ Bogoi. Peakuna ¢ BOZONl NPOXOHHT 'oueHb Oyp-
HO, ¢ MOYTH MFPHOBEHHBIM BBIJEJE€HHEM BOJOPOAA B KOJHYECTBE
sABoe GoablleM, YeM NpH TEPMHUECKOM pA3IOKeHHH (HA eIHHH
uy Beca rumpujia). IlosromMy xapaxrTep nNpoTekauds peaxuuy
FHAPHIOB HATPUS W KAJAHsS ¢ BOAOH BO BPEMEHH TaKike TIpeCTAR
iIIeT HeCOMHEHHBIH HHTEpec.

3anaua Hacrogmefi paGoThl COCTOANA B H3YUEHHH YCJAOBHH
UpoTeKaHUA peakuuu Kaaus u soyopona. Ilapannenbuo, pomosn
HUTEJBHO K Haled mnpeiblayllell paGoTe Hayuajlch HEKOTOPBlE
BOBMOMKHOCTH TMOJYyUeHHs THApPHAA HaTpusa. Yacte paborel mo-
CBSIIEHA HCCAeNOBaNHI0 (DH3HKO-KMMHYECKUX CBOHCTB THAPHILOS
Aarpust v Kajgus. C NOMOWIBIO PEHTTeHOrpa(piueckoro HCciens
BAaHWA ONpefeneHo HaMeHeHHe MAPaMETPOB KPUCTAANHYECKOM
PELIeTKH FHAPHOOB HATPHA M KaJHa B MHHTepBade TeMmepatTyp
ot 20° go 400° 1 ¥z 5THX LAHHBIX BBIMHC/EHH MJOTHOCTL B KOG
dhUMeHTH  NUMHEHHOrO paclinpeHus sTux Beuwiects. Meronem
TepMoOrpagHuu M penrrenodasoBOro aHannza HayueHa DacTBOPH
MOCTh THAPH/IOB HATPKA M KajHsd B CHADOOKXHCAX Tex JKe Merad
JOB, a TaKkxKe MPOBEAEHO OCHUIJOPpapHUecKoe H3YyUeHHE peak
IHH THAPHAOB HATPHS U KAJNHA ¢ BOLOH BO BpEMEHH.

SKCNEPUMEHTAJIbHAS YACTb
BsaumopeiicyBie KaJiusi u HATPUSL ¢ BOZOPOAOM

MAng noayyeHus FHAPHAA KalHud WHAMBHAYAJLHOH YHLTOTH!
cHavana ObuIO M3Y4eHo B3auMOjeliCTBHE Kajud ¢ BOLOPOZOM b
CTATHUECKUR YCAOBUAK, T. e, Oe3 MepeMelIuBaHis,

OnsiTel NPOBOAHIHCL HA YCTAHOBKE, MOSBOAAIOLIEH mnomepe-
MEHHO ¢03/1aBdaThL paspemenye 10 10— mm ¥ moBHIWATE 4R



1enue Bogopoda po 760 mum. pryru. Ilepenaasaennnii noi saky
YMOM KaaHil MoMellancs B HarpeBaemMylo 2JeKTporedb KBap-
LEeBYI0 TPYOKY.

B craTHyeckux VCJAOBHAX peaKLHH LIeN0Yioro mMeraata W
BOJIOPOAA NMPOXOAHT B OCHOBHOM B mapoofpasiioii (ase, YTo BHL-
HO Mo 00pasoBaHiio GeJOCHEKHOr0 KPHCTadIuueckoro cyoanma
1a CHApHLa B Oodee XOJ0AHOI YacTH peakUHOHHOH TpPyOKH.

ConepaHue ruapuaa, ¢Bo6OAHOTO IIEJOUHOTO MeTanna u
THAPOOKHCH B NPOAYKTAX THIPHPOBAHUA PACCYHTHIBAJIOCH 15
ROJIOMOMETPHUECKHX ¥ aLHIOMETPHUCCKHX [TaHHbIX,

JaMeTHOe TOTOLMIEHHE BOAOPOLA Kaauey HaulHaJ och Ipu
300°, npu HOBBINEHAH TeMIeparTyphl BBIX0L PHAPHAA  yBeJHYH-
pascst n npu 400° mocruraa 18Y% npu umcrore 999%. Ilpn Gosaee
BHICOKOIl TeMmepaType UHCTOTA MPOAYKTA CHH2KAJ4Ch 3a CHer
VBENHUEHHsT COMeps:KaHua MeTajJHueckoro kKaJuaus. Panee mpo-
BeJIeHHOE HAMH HCCJAeN0BAHUE N0 UONIOULEHMIO BOAOPOLA HAT-
pHeM I[10Ka3a]0, YTO THAPH HATPHS NoJyuascs ¢ HaubOJbIIHM
suixollom H—7Y npu Temmeparype 420°.

Peaxnus mexay RHIKHM LULEJOYHBIM METaMI0M H BOLOPOILOM
B YCJOBHAX HenpepbiBHOrO pasmeinnBanus, Oesycaosno, Gogee
3 (eKTHRHA, TAK KAK NPH 3TOM THIPHPOBAHHe MOMN(ET NPOTeKaTs
BO Bcell Macce MeTanna.

PQaKLLHH KaJjug ¢ BOAOPOAOM HNPOBOAHJIACL B aBTOKJdBe 101
JAapBlleHHeM 1o 5 atM, mpH MMepeMellHBanHN «IepHCToi» MeiaJ-
xoil. Bniio ompenedeHo BiAHSHHEe TeMOepaTypbl, CKOPOCTH nepe
MeIIHBAHHsST ¥ BPeMeHH Ha COCTaB KOHEYHOro MPOAYKTa,

[lpu ckopoctn mepemeinuBanusa 300—400 o6/MuE Kamuit pea-
rHpyer IOJHOCTBIO TOJNbKO B HPHCYTCTBHH AKTHBATOPOB: MALIHH-
HOro mMacaa B KoamuectBe 1% or Beca xaaug, uau 0,569% ero
¢pakuun, HaunGosee G0OraTo apoMaTHUECKHMH COEJUHEHHAMM,
TAK HA3bIBAeMOH «6eH20/MbHOH apomathkoii». OnTHManbHAs TeM-
neparypa THIPHPOBAHMS Kajusg B THX onetax Owna 250° mnpu
BpeMeHH THApHpoBaHua 2 uaca. [losyuenublil cepblii MOpOIIKY-
ob6pasHeiil npoayKr cojepzkaa o 96% KH n ob6nanan wenpust-
HbIM CBOHCTBOM 3aropaThCsi B TPHCYTCTBHH MaJeHuIuxX CJaelosn
BO3/yXa H BJaard (HampuMep, B HEIOCTATOYUHO CYXOil KaMepe.
HATIONHEHHOH a30TOM).

Ilpn yBenHueHHH CKOpPOCTH MepPEeMEelLIHBAHHA PEAareHToB 19
1.500 o6/Mun Ham YAAJA0Ch NPOBECTH PEAKUHIO KaJdus H HATPHA
¢ BOJOPOLOM [0 KOHIA H B OTCYTCTBHH KaTaauaatopos. Bpemn
peaKly 110 CPABHEHHIO ¢ MNPEIBIAYIIHM METOA0M MHAPHPOBAHH
3HAUNTEJNbHO CHH3WJOChL: OPU ONTHMAJabHOH Temnepartype 200—-
250° kanwuit ¢ BONOPOIOM MOJNHOCTBI) pearnpoBan 3a 7—10 MHHV?
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{(zabn. 1), a warpnii 3a 2025 munyr. [lonyueHnble cBetsioce:
pble TOpOILKH conepxkanu ao 97 % MeH.

Tadanaa |

F'uppupoBaHne HATPHA H KalHa 6es KATAIH3ATOPOR TpH
cropocTH nepemeumnsanua 1.500 o6 /v
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InapupoBanue Kasusi ¥ HATPHsl [IPOBOAMAOCH TAKIKE 0.
AaBaenuem 150 aT™ B NPHCYTCTBHH OKHCH YIIepOAa KaK aKTH-
satopa. Kaauii nau Hatpuii B xonnyecrse 100—300 r. sarpymxa-
JUCh BO BpallawUHiicst aBTOKaaB cO CTaJbHBIMH mapamu. [lai-
Hble 3THX ONLITOB (TabJ. 2) onpeAe/HJH ONTUMAJbHLIE YCIAOBHU I
noJayyeHdss CHAPHAOB HaTpHsi H Kanna. Tesmmeparypublil untep-
BaJ HHTEHCHBHOIO NONJOLUIEHHS BOLOPOAA KajlHeM COCTaBJs1
68—170°, a ans Harpus 170—230°, npu Bpemenn 5—10 MHHYT.
Onnaxo, Ansi GoJiee NOJANOTO 3aBEPLICHHS PEAKUHH HEOOXOAHMO
BbIEPKHUBATE PeaKUHOHHYI0 cMmech B Teuenue 3020 mumyr npu
remnepatype 170° (nns xanus) u 300° (was matpus). [Tomyueu-
Hble MPOAYKTHl copepxann 90—96Y9% rmapuna w  uMmean Buu
TOHKOJHCLEPCHBIX Beqblx IOPOLIKOB.

[eiicTBHe NpPUMEHEHHBIX B HACTOsUIEH paboTe aKTHBATOPO:S
(anTpaueHa, MHHEPAJNbHOIO Mac.aa, ero (gppakuul «GeH30/bHOH
4POMaTHKH» H OKHCH yraepoaa), 0eayc/OBHO, CBA3AHO € HeHa-
CHINIEHHOCTLIO YIIEPOJAHBIX aTOMOB, CHOCOOHBIX K JOKAAU3OBAH-
HOH YacTH MOJEKyJas (HKCHPOBATHL HA KOPOTKOE BPeMsl aToM
HAaTpHsg 1 BOAOPOAA C MOCHEAYIOIHM MX OTLIeNJeHHeM B  BHIE
ruapuia. Tag, manpumep, B paHee NpoBeieHHOW mamMu pabote
10 R3AUMOJEHCTBHI0 HATPUSA C BOTOPOAOM NOKA3aHO KaTAJHTH-
Jeckoe jdedcrsue 2—3Y% aurpallena Mpy THIPHPOBAHUM HATPHS.
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Tatauiga 2

CRppHpoBatHe HATPHA M HAJHA ¢ [00ABROH ORHMCH YTJEpOAa.
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[Tpn BaawmoneficTBHY LLENOUHBIX METAJNJIOB € OKHCBIO YIae-
pojia o6pasyloTcs aueTHISHH/IbI;
4 Na+43 CO <« C3Nay+Na;COs,
KOTOpBle MOTYT, mpu Bcefi BepOATHOCTH, PEATHPOBATHL BOAOPO
oM mo cJenyrolleli cxeme:

C2N32+H2 b CQHNH+N8H
C;HNa+H, -~ CyH,+NaH

OGpasyiowiniicss aueTHJen ¢ HarpeThim HATPHEM  JIeTKO MOMKer
1aTh CHOBA AUETHJEHHJ HATPHS,

C Npyroii CTOpOHEI, 3aC/yXHBAeT BHHMAHHS TOT (AKT, HTD
PHADHD! UCIOUHBIX METanIoB CayKaT WHHUHATOPAMH NMpH v
JAHMEPHIAUNK OKHCH YTaepona W rHHPOTeHH3ailii apoMaTHYCCKHY
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coefHHEHHH, B YACTHOCTH, AHTPAlleHa. JTH KOHKPeTHble [PHMepL
KaTaJUTHUECKOro NeHCTBMA THIPHIOB IIEAOUHBIX METAJ/JIOB Mpu
CHHTE3e OPramHyecKHx BELIEeCTB OYEeBHIHO MOMKHO CBA3aTh ¢ HA
fipaBjeHieM BHOOPA HHHUHATOPOB THAPHPOBAHHMA  INEAOUHLIX
METaNJI0B,

Hab6aronaercs Kak 6bl B3aHMHOe KaTANH3HPOBAHHE: C OIHOW
CTOPOHBI, KAK NMOKAa3aJ i HALIH ONLITHI, IPH NOJYYEHHH FHAPUIOH
UEJOUHBIX METasJI0B OpraHHYyeckHe COeTHHEHHS ¢ HeHAChIIe-
HBIMH YTJEPOAHBIMH CBA3SMH M OKHCBIO Yriepoja yCKOPAIOT
rHAPUPOBAHHE, a ¢ APYroil CTOPOHL!, TPH THAPOreHONH3e WJH
NONMMEDHIAUKE THX COSIHHEHHH THIPHAb TakKiKe VCKOPSIOT
pouecc.

B nenom, onbiTh 10 B3aANMOIEHCTBHI0 HATPHA H Kajus ¢ Bo-
AOPOAOM B PA3NMUHBIX YCJAOBMAX MOKa3anH OoJbIUYI0 aKTHE-
HOCTb KaJiHsl [0 OTHOLIEHHIO K BOXOPOLY. :

IaapApoBaHne B CTATHYECKHX VC/AOBHSIX H B aBTOKJaBe CO
cKkopocThio mepememuBanus 1.500 o6/MuH Moxer ObITbL NpHME-
HeHo B NaGopaTOpHM NPU TIOAYYEHHH HeOOABIIOrO KOJHYeCTRA
YACTOPO THAPHIA, a Mg MPOMBIILIEHHOTO NoJydeHus HauGonee
yno0HO B anmapaTypHOM OTHOIUEHHW THADHPOBAaHHE NOA AaBJe
arem 150 aT™M B WPHCYTCTBHHM OKHCH YrlepoAa.

K Bonpocy 06 MHEPTHOCTH WENOYHBIX METaAJOB N0
OTHOLIEHHWI0 K BOJOPOAY; DPeHTreHorpaduyeckoe HCCJel0BaHHE
FHAPHIOB HATPHS ¥ KaJaus

[1pn npoBeneHuy ruApHPOBaAHHA HATPHS M Kajus HaMM, raw
K€ Kak H MHOTHMM JPYTHMH aBropamiu, Oblla OTMeueHa H<
HHEPTHOCTL Mo OTHOLIEHHIO K ‘BOJOPOJY, XOT TePMOXHMHUCCKHE
MCCNRIOBAHHA YKA3BIBAIOT HA 3HAYHTENbHYIO TEMAOTY Pearimmu:

Nasfid Hy—NaH4 13/ % K0
2 MOJIB
A : K Kad
n K + = Ho=KH-+14,1 ———— (no naunsiv Meccepa u ap )

2 MOJIb
HabaoneHHe mokasbiBaeT, YTo MO Mepe THIPHPOBAHUS LIC
10YHBIX METAJI0B peakilHOHHAs Macea 3arycreBael H Bfi3KOCTo
2¢, [0 CPABHEHHIO ¢ YHCTBIMHU MeTajjdaniu, veennuuBaerca. Kpo-
Me TOro, Ha HEKOTOpPBIX TepMOorpavMMax THADHI0B HaG/01aMacH
sdpexr B oGaacru 100—120°,
S1o MobyauJa0 HAC MPOBECTH  peHTreHorpaguueckoe usyde
HUe NPOAYKTOB MHAPHPOBAHNHA HATPHS M Ka/hs B HHTepBaJje TeMm
nepatyp or 20° no 400° ¢ Henbo ONpeTeNeHHs] BO3MOIKHBIX THIL-

i
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PDUAHBLX Lbaa, CYIIECTBOBAHHE KOTOPDIX Ipeanoaarajoch HeKs
r‘OphIMﬁ HeeneoBaTedsiMu,

OnmTH NPOBOAWINHCE B BBICOKOTEMIEPATYPHOH KaMepe KOH-
crpykunn B. T. KysHeuoBa no Merojy nopoumikos ¢ 06paGoTKo#
MOAyUYeHHBIX peayabTratoB no meroay Crpaymanuca. Pesyabra-
TH paGoTL TIOKA3bIBAIOT, UTO C NOBBLIUEHHEM TeMOepaTypel Ky-
fuuecKas rpaHelleHTPHPOBAHHAA pelleTKa FHADHIOB He H3Me-
HeTCa. DT0 yKa3blBaeT Ha OTCYICTBHE HOBLIX THADHIAHLX (has.
HOSTOM}’ AHAKTHBALLHA HAaTPHg H KaJHd OpH B3aUMOICHCTBHH €
BOAOPOAOM BBISbIBACTCA, MNo-BUIHMOMY, oﬁpas{maﬁnem TPYIHO
MPOHMUAEMBIX Jijisi BOAOPOAA THAPHINHBIX IMJEHOK, DTHM  0OBAC-
HAETCH, B Y4ACTHOCTH, OJH30CTE ONTHMAJBHBIX TeMmepaTtyp CHA-
PHPOBaHUY HaTpHdA H KajHa B CTaTHYECKHX YCJAOBHAX K TeMIle-
pa'rypaM [MOJHON AUCCONMaLHH FHAPHAOB HaTPHA H KadJdHdA: IJ1eH -
Ka FHApHIa 3a CUET TePMHUYECKOH AMCCOLMAalHH paspymaercs
obsieruaercss HCHapeHde MeTasla ¢ ocBoDOJAMBIIEHCS TOBEPX-
gocTH., C Apyroii CTOpPOHBI, MHTEHCHBHOE pasMelliBaHHe pac-
IJ1aBJIeHHOI'c MeTaJiia BbI3LIBAET 0OHOBJEHHE €ro CcBOOOIHON
OBEPXHOCTH, UTO NPHUBOAHT K NONHOMY THAPHPOBAHUIO 2KHIKOTO
MeTaJja Bo Becell ero macce jake B OTCYTCTBHH aKTHBATOPOB.

Haiisentple mo pesyJbTaTaM pPEHTreHOrpapuyeckoro Hece-
AOBAHHs TOCTOSIHHbIE PELIETKH ay, C MOBBLIIIEHHEM TeMIepary-
DB BO3PACTAOT [0 JHHEHHOMY 3aKOHY, a BLIUHCJIEHHAS M3 3THN
LAHHBIX MJAOTHOCTE o VMeHbluaercs (rafa. 3).

Tadauua 3
NocToARHBIe PEMIETKH H IJOTHOCTh THAPHIOB
HATPHA ¥ KaJHA

t°C f 20 ’150 200 | 210 | 300 Iam ,390 '400 420
o - )
1y NaH 14.872 14,893 4,035 |4,949 ’4,98 s 14,99 5,00
agx KH 5,698 15.724 5,736 | == |7.7564 . — 5,781
p NaH 1,370 | — 11,818 {1,307 II,283 } - 11,275 (1,264
¢ KH 131 11,410 |1 405 ! 1,394 | li,374 |

PaccudTaHHbe MO 3THM pesyiabraraM KoaQGhHUHEeHTH TepMH-
JecKOro pacilMpeHus rHIAPHAOB HATpPHd M Kaausg COOTBETCTBEH-
HO PaBHEI

20—400 20300

. o 5 2 = Q- (3
L — 64 - 10 H A H ota g ION (U0
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a2 HCXOJHBIX METaNIOB OHHU pag == 702 1079 u a, = 8310~
Takum ofpasom, MeXAy FHIPHAOM Ka/dHs H MeTaJJHYeCKHM Ka-
1HeM HMeeTcs 3HaudtesbHo GoJbllee pasiinude B Koa(phuiuex-
rax TepMHUECKOro PacllHpeHHs fieM MeMAy HATPHEeM H ero THj-
PHOOM, 3’]‘0 HECOMHEHHO BEIEeT K paSPBTXJ!EI-[H]O I‘I’IJlI)H,[I[—IOﬁ nJen-
KM Ha KaJjuu B GoJblleli CTENeHH, YeM HA HATPUM ¥ cHocofer-
Byer Hapsiiy ¢ Dogabiiefi XMMHUECKOH aKTHBHOCTBIO Kajus, 060-
1ee JIeTKOMY €ero I‘HILpHpOBaHHEO.

PacTBopumMocTh rMAPHAOB HATPHA M KaJdua B
FHIPOOKUCAX HATPHS U KAJUs

Meronamu TepMorpadiH ¥ PEHTreHO(A30BOT0 aHAAH3d H3Y-
denpt cHcreMsl NaOH—NaH no 60Y% NaH w KOH-KH a0
48% KH. C pocrom Temmepatyphl B 00€HX cHCTeMax HaGamoja-
A0Ch HENpepbIBHOE BO3pACTaHHE TeMIepaTyp 3aTBepaeBannst u
MOHMXKEHHe TeMnepaTyp noaunmopdubix npespawenuii NaOH u
KOH. 3910, a Takike JaHHble peHTreHO(DA30BOro aHa/lH3a yKa-
JBIBAIOT Ha CYLIeCTBOBAHHE TBEPABIX pACTBOPOB THIAPHIOB Ha
ocHose THApookucefi. OGe CHCTEMBI MOMKHO XapaKTEPH30BATH
TePHTEKTHYECKOH 1HarpaMMoOH ¢ orpaHuueHHoif o0JaacTbio TRep-
IBIX PACTBOPOB.

B cucreme NaOH—NaH rowmoreunas oGaacTb o — TBep-
AbIX PACTBOPOB [POCTUpAETCH TIPH KOMHATHOH TeMIepaType v
18%, a mpu 200° — a0 309 NaH. B cucteme KOH-KH ona
aoxozur npu 20° no 149 KH.

CocraBbl ¢ cogepanuem rugpuia 10 30% NaH repmuuecku
yeroiiunebl A0 5007, Tak Kak KOJNHUECTBO BEIAEJUBIUETOCH MNpPH
34MMCH Ha mHpoMmeTpe Bojxopona Vi, MeHblle ero paccuuTaH-
HOTO cofepiKaHus V.

MoxHO peKOMEHIO0BATL HA OCHOBAHHA AHATPAMM [JABKOCTH
METOJ TpurorosiaeHus [,5—2Y% pacrBopoB THApPHIA HATPHSA B
pacnuiaB/jeHHO} ruApooKHcH 13 roroBoit auratypsl (30% NaH a
70% NaOH), xoropyio cielyer nonyyarh THAPHPOBAHHEM CMeECd
HAaTPHA H THApaTa OKHCH B aBTOKJaBe. ITOT cnocol mgaer BO3-
MOZKHOCTb H36exkaTh ONACHYIO ONEpalMio 'HAPHPOBAHHUA HATPMS!
HA TOBEPXHOCTH KayCTHKA, NPeLJOKEHHYI0 AJeKcaH1epoM.

Boabliass Tepmuueckas ycTOHNYHBOCTL ¥ 0e30MacHOCTb B 00-
pailleHun, — 3HAYHTEJbHOE IIPEeHMVINEeCTBO TBEPLBIX PACTBOPOB
PHAPHIOB B TFHAPOOKHCAX Mepej YHCTHIMH I'MAPUAAMH B OTHO-
IWEHHH MX [PAKTHYECKOro HCMONb30BAHUS B METaJAYPTHH H B
XHMHYECKOM CHHTE3e,
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W3yueHue peakuun THAPHAOB HATPHA H KAJIMA C BOJNOW
npy 20° @ 90°

Ing usyuyeHus 3aBHCHMOCTH CKOPOCTH BblJeJeHHA BOAOPOAL
apu peakunn NaH n KH c Bojoll OBl npuMeHeH MeTOI OCHHA-
norpadun. Mamenenue AaBieHHs B CTajbHOM peakrope, npeid
BAPHTENLHO HANOJHEHHONM a30T0M, (QHKCHPOBAIOCH € NOMOUIB
eMKOCTHOTo Jatyika #a niedke ocunanorpada MIIO-2. THaua-
JIOM DPeaxiup CUHTANCs MOMeHT pastuBaunus ammyasl ¢ THAPH-
10M.,

BaanMoaeHcTBHE THAPHAOB HATPHUS H KaaHsi ¢  M3ObITOUHBIM
N0 CpPaBHEHHIO €O CTexHoMerpueli KomiuecTBoM BoAbl (400 mn
soabl Ha 0,7-—1,5 r ruapuaa), xak npa 20°, Tak u npu 90° moa-
HocThio dasepmanocs 3a 0,2—0,3 cekynupl. Kpusble 3aBHCHMOCT
CKOPOCTH Peakliiy OT BPeMeHH HMeIOT napaboaHueckuil B

OnbiTel MOKA3aJH, UTO THAPHA Kanus Gonee axkTuBey Mo of-
HOLIEHHIO K BOJE, UeM THADIHI HATPHUS, TaK KaK CHOPOCTh peak-
uun, U, B cTanuoHapol ee uacTH Oojbkile v THAPHIA KaAud
Tar npn Bpemenn

2 cex. U s I L
=002 Qo U= T e
KT
cM® ceK. MOJIb.
HATPHUS W Ka/jud ¢ BOAOR Majo 3aBHCHT OT TeMIEPATYPhI, Tan
KaK SHeprus AKTHBANHH, BLIUHCJAENHAA [AJs CTALMOHAPHOH A
CTH PEeaKUUH, COCTABAALT IJsd THAPHIA NATPHH BCETO  TOJBLKD
Kikan
MOJb

[Tpn B3auMoaeHictBUY ¢ BOZOH TBEPAbLIX PaCTBOPOB THAPHAOS
HATPHSE W Kajaus B COOTBETCTBYIOIIHNK THAPOOKMCAX CKODOCTL pe-
aKUWK, OTHECeHHas k | r BenlectRa, najaer ¢ YMeHblleHHew
KoHUeHTpauuyu ruapuna, Ho npu oTHeceHuu CKOpOCTH rHAPOIH-
3a K | r-mMoJam PHApHAA TOKA3aHO 3HAYHTENLHOE YBEeJHUeHHE
CKOPOCTH PEAKOHH PACTEOPOB B THIAPCOKHCAX 110 CPABHEHHIO «
UHCTBIMH THADPHIAMH.

Jro obbACHAETCS He TOJLKO NOBLILIEHHEM TeMiepaTyphl sa
cuer TemJAOTH THAPaTALMH PHAPOOKHCEN, HO M TeM, YT0 PHAPH
Okt TIpH PacTBOPEHHH B THAPOOKHCAX HeCOMHEHHO NEepexoidar B
fHMHUeckn GoJee aKTHBHYKH (OpMy 00 CPABHEHHID C XOMIAKT
HREIM KPHCTAJJHUECKHM COCTOAHUEM.

Ugpy = 66 . Ckopocth  peakuyfi  THIARHILOS

2 KKan/Moaw, a AJs THAPHAA KaJds RiBoe MeHbHie — |
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SAKNIWHEHMUHE

B peayabrate Hacrosieii paGoThl H paHee NPOBEAEHHOH OU
FHAPULY HATPHsSl ompeienelll YCAOBHS MPaKTHYECKH KOJAMYECT-
BeHHONg TEpeR0ota HATPHA ¥ KalHs B FHADPHAB NPH HX B3AHMO-
neficteAy ¢ BoAopomoM, PaspaGoraunble MeTOAB MOIYT HalTu
npUMeneHue npH NoJNyueHnl PTHAPHACE WeT0YHbIX MEeTa/JI0E, KaK
B 1ab60paTOpHOIl MpaKTHKe, TAK H B NPOMBIIIEHHOCTH, H Aaior
BCE OCHOBAHHA lonararh, YTo LIEJOUHLle THADHIABLL BIOJHE MO-
CYT CTATL OCHOBHLIM UCTOYHHKOM THJAPHAHOrO BOAOPOJA B MPO
MBIILJEHHOM MPOH3BOACTBE APYPHX HEOPramudyeckKHX THAPHIOB k
AX TIPOH3BOJHBIX.

Penrrenorpaduueckoe uayueHue FHADHAOB HATPHS W KaJany
B HHTepBane Temneparyp ot 20° go 400° He moaTBEpIHMAO CYLILE-
CTBOBAHHA XHMHUECKHUX COeIMHEHHI HATPHsA H KajiHg ¢ BOAOPO-
10M MHOTO mo cpaBuenuic ¢ Mell cocrapa, Ho oaHako Mo3BOIM-
10 06DbSCHITE OOABIIYVIO AKTHBHOCTE 110 OTHOLIEHHIO K BOLOPOAY
Kanua no CPAaBHEHHIO ¢ HATPHEM.

Meromoy NMAABKOCTH H PEHTreHO(A30BOrO aHajaH3a onpese-
JEeHbl TPAaHHIBL PACTBOPHMOCTH PHAPHJAOB HATPHA H KalHd B
PRIPOOKHCSX, Ma OCHOBaHMM 4Yero paspafoTaH palHOHAJbHBL
Mero/ loayuYeHuss pacTBOPOB CHAPHAOB 3A0aHHOTO cocTasa »
PHIPOOKHCSX,

IlpumeneHne ocuuaaorpadHueckKoro Meroia MO3BOJKHA0 H3Y-
YiTh B3aMMOjelicTBHE THAPHIOB HATPHA M Kaaua ¢ BoaoH Bo
BpeMeHH, BBIUHC/AHTL CKOPOCTh PEaKL{H M ee H3MEHEeHHe C TeM-
flepatypoii. DToT MeTo] MO3BOJMJ CHeNaTh BBIBOL 0 Mepexone
PHAPHAOB TPH PacTBOPEHHH B THAPOOKHCAX B GoOJjiee aKTHBHOE
COCTOSTHAE, YeM YHCTble THAPHIE,

BblB O I bl

1. Mayueto B3auMOLEHCTBHe KaJiHs H HATPHSA ¢ BOLOPOLOM B
pas3nHUHBIX YCJIOBHSAX.

a) Onpeneseubl ONTHMAaJbHBEE YCJAOBHS NOJYYEHHS THIPHOA
kanus yuctoToit 99% B CTaTHYECKHX YCAOBHSX.

6) IlpoBemeHo KONHUECTBEHHOE THAPHPOBAHHE HATPHA H Ka-
nus noj AasjaeHdeM Bozopoga 1560 aTm.

B) Iano oGbsacHenue poau aKTHBATOpPOB («BGeHsonbHOl apo-
MATHKH» ¥ OKHCH YIJEpoaa) NpH THADHPOBAHHH HATPHS H Ka-
s, -

r) Iloxazano, uro KanaHil NpH HHTEHCHBHOM PA3MELIMBAHHH
MOXKeT NOJHOCThIO PearupoBaTe ¢ BOAOPOZOM Ge3 KaTajH3aTo-
POB,
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9. C MOMOILbI0 PEHTTEeHOrpaHUecKOro H3YYeHHs pH remne
parypax or 20° no 400° moxasano, 4TO (pasoBhie MPEBPALIEHHS
y THIPHOOR HATPHH H Kajus OTCYTCTBYIOT H HHAKTHBAIMIO HAT-
pUsi ¥ KaJaus, M0 OTHOWLIEHHIO K BOJLOPOAY CJeAyerT 00BSCHATH
nOpa3oBaHHEM MOBEPXHOCTHLIX THAPHAHBIX IMJIEHOK.

3. BuiumcaeHpl NJAOTHOCTE H  KO3(DHUIHEHTE  TEPMHYECKOr o
paciiHperus THAPHIOB HATPHS ¥ Kanua B HuTepBaje Temmepa-
ryp ot 20° 1o 400°C.

4. MetomamMu TepMorpadui H pPeHTreHO(Aa30BOrO  aHaAH3d
nayuens cucrems NaOH—NaH 1o 60% NaH n KOH—KH 1o
489 KH.

a) Haiigeno, yro paBHOBecHe B 3THX CHCTEMAX MOMKHO O
CaTh TEPHTEKTHUECKO!l nmarpaMMmoil ¢ orpaHHuyeHHoll oGaacThbio
00pasoBanyus TBePALIX PACTBOPOB.

6) Ilokasano, uTo TepMHYecKas ycroHYMBOCTH TFHAPHIOB MpH
pacTsOpeHHs B THAPOOKHCSAX MOBLIIAETCH W, TeéM CaMblM, pac-
WHPSAETCs TeMNEepaTypHLIl HHTepBaJ HX mpuMeHenus no 500°.

5. Msyueno B3anMozeificTBUe THAPHIOB HATPHA H  KaJdHd
#80J10f Bo BpeMeHH ¢ perucrpauuell 1apjeHHs NPH  NOMOMIH Ou-
auagorpada,

a) YCcTaHOB/EHO, YT0 CKOPOCTH FHAPOJH3d THIPWIOB HATpILA
B KaJmus ¢ BOJOH Mano 3aBHCHT OT TeMMepaTyphl, Tak Kak sHep
(Mg agTnpannpg Maga ENaH — 2 E@—‘ln EHHlehaﬂ

MOJh MO

0) CxopocTb B3aHMOAEHCTBUA C BOJOH THApHAA Kaaua &
CTAUOHADHON YACTH peakUunn OoJblle, ueM IHADHIA HATPHUSA,

6. IMoaydennble pe3yabTaThl MOTYT HalTH HENnoCpeicTBEHHOC
(IpUMeHeHHe B NPOMBIIIICHHOCTH TPH MOAYYSHHH THAPIILOB HAT:
PHA W KaJjus M HX TBEPABIX PACTBOPOB B IHAPOOKHCHX, 4 TAKMO
MpH WX HCMOJIL30BAHHN B KAuecTRe HCTOUHIKOB BOAGPOLA
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