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YNYYLWEHUE LIBETOBbIX XAPAKTEPUCTUK NPUPOHbIX CAM®UPOB
MALATACKAPA METO10OM MOHU3UPYIOLLEEF0 BO3OENCTBUA

9.A. Axmermina*, 1.A. Kiimmkuu**
Poccuiickuil xumuro-mexronoaudeckuil ynugepcumem umernu J{. M. Menoeneesa, 2. Mockea, Poccus
e-mail: 4966945@mail.ru*, klimkin.ivan.aleksandrovich@gmail.com**

AHHomayus. OKpacKa — samHetwud Kpumeputi oUyeHKU npupodHsix cangupos. [pu 3mom Kam-
Hu, Hanpumep, u3z Madaeackapa Yacmo 61edHooKpaLLeHs! unu becysemHsl, Ymo He coomaemcmayem
3anpocam nompebumeris, a Ux mepmMoobpabomKa He Bceada NpUHOCUM enaembill pe3yismam. B pa-
bome asmopamuU NOKA3aHA CXOKeCmb OKPACKU cangupos, nosy4aemMol 8 Xode peHmMaeHoBCKO20, 2aM-
Ma- U 371eKmpoHHo20 0b/1y4eHull — biedHo-20mybble KaMHU cmaHosamcs bosee cuHUMU, a becysemHbie
— KEMBIMU U 3e1EHBIMU. 3MU pe3yiemambl MO2Ym NPUMeHAMBLCA 0711 0671020parUBaHUA cangdupos.

Knioyesble cnosa: cangup, Madaeackap, okpacka, uoHU3Upyioujee so3delicmaue, peHmM2eHOBCKoe
u3sy4eHue.

IMPROVING THE COLOR CHARACTERISTICS OF MADAGASCAR’S NATURAL
SAPPHIRES BY IONIZING EXPOSURE

E.A. Akhmetshin*, .A.Klimkin**
D.I. Mendeleev Russian University of Chemical Technology, Moscow, Russia
e-mail: 4966945@mail.ru*, klimkin.ivan.aleksandrovich@gmail.com**

Abstract. All sapphires which in broad sense are transparent and brightly colored corundums can
be divided by the nature of the observed color into two groups: blue sapphires and fancy-sapphires. This
is directly related to the impurity composition of crystals.

Sapphire mining regions are located mainly in the countries of Southeast Asia, as well as in Africa,
Australia, America and Russia. However, the most promising region at that moment is Madagascar. At the same
time, the mined sapphires there are mostly pale-colored or colorless, and due to the reduced concentration of
chromophore impurities, only for 40 % of the raw materials heat treatment brings a positive result.

For the remaining 60 %, the most promising method of improving color characteristics may be
ionizing exposure, the most common form of which is X-ray radiation in reason of the simplicity and
availability of the required equipment.

The authors are demonstrating the similarity of the radiation coloring obtained as a result
of exposure to X-ray, gamma and electron radiation on nature pale-colored sapphires. During the
experiments, it was found that in all three cases, the radiation coloring obtained by jewelry corundums
was stable in time and was associated with the formation of hole centers of coloring and/or their
combination with chromophore centers of crystals.

The described method of improving the color characteristics is perspective and can be applied in
practice to obtain the popular color in natural initially pale-colored and colorless sapphires.

Keywords: sapphire, Madagascar, coloring, ionization, X-ray radiation.

Bce npupoznHbie candupsl, IpeiCcTaBisIonue co00i Npo3payHyIo U SIPKOOKPAILEHHYIO pa3-
HOBHJHOCTh MHUHEpasa KOPyH/Ia, MOXKHO Pa3/ieIUTh Ha ABE OONBIINE TPYIIIBI: COOCTBEHHO call-
(hupbl nimm cuHKe candups! ¥ haHTazHHHO OKpalleHHble Wi (Gencu-candupst [2]. Takoe nenenune
CBA3aHO C XapaKTEPOM HaOIIFONaeMOi OKPACKH, a CIEN0BATEIbHO, C IPHMECHBIM COCTABOM KaM-
Heil. B cunnx candupax npeodianaror nonst Fe? u Ti*!, koTopble COBMECTHO 00pa3yOT LICHTPBI
OKpACKH, HOIIONIAOIINE B CHHEM JMAIa30He [IBETOBOTO CIEKTpa. Y (heHcH-candHupoB ImpHMec-
HbIIi COCTaB ropaszio pa3HooOpa3Hee U MOXKET BKIIIOYATh B Ce0sl TOMMMO yKa3aHHbBIX BbILIE HOHOB
d-anementoB apyrue, k npumepy, Cr**, V3, Fe**, Mn*', a taxske ux kombunarmu [1].
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KopyHn siBasieTcst pacnpocTpaHEHHBIM MHHEPAJIOM M 100BIBACTCS B MHUPE MOBCEMECTHO,
OJIHAKO €ro I0BEIUPHbIE PA3HOBUAHOCTH BCTPEUAIOTCS 3HAUUTENILHO peske [4]. Hanbonee npes-
HHE MECTOpOXJIeHUs candupos pacnonaraiorcs B crpanax KOro-Bocrounoit Asun — Unaus,
Masiama, [lpu-Jlanka u mp. [Ipeamnonaraercs, 4o 100b14a TaM MPOBOAUTCS CO BPEMEH OPOH30-
BOTO Beka [4]. 3HaYMTEeIbHO MO3HEe OBUTH OTKPBITHI MECTOPOXK/ICHHS caripupoB B ABCTpAIINH,
D¢wuonun, Hurepuu, Mozambuke, CLLIA u Poccun [4].

Ha nanHbIii MOMEHT Haubolee NepCHeKTHBHBIM PETHMOHOM 110 J100bIYe candupoB SBISET-
cs Manarackap, Tak Kak 3a nocieguue 20 JIeT, 3Ta CTpaHa CTaja OCHOBHBIM MOCTaBIIMKOM
IOBEJIMPHBIX PA3HOBUIHOCTEH KOPYH/a HA MHPOBbIE phIHKHU [6]. KpynHelimue MecTopoxkIeHust
Mapnarackapa, Harpumep, Mnakaka, sSIBISIOTCS COBOKYIMHOCTSIMH POCCHITIEH Pa3IUYHOTO THIIA,
B KOTOPBIX JJ0OBIBAEMOE KPUCTAIIOCKIPhE caridupa B Macce CBOEH MPEACTABIISET OSCIBETHYIO
nH OIeTHOOKPAIICHHYIO TalbKy pa3MepoM B cpeqHeM oT 15 mo 17 mum (puc. 1) [6].

Puc. 1. Breonookpawennvie canpupvr Unaxaxu

Taxue cangupuvl noosepearom naubonee NPOCMOMY U paAchpOCHPAHEHHOMY MEMOOY YIyHULeHUs
16emosbIX Xapakmepucmuk — mepmoodpabomxe. OOHAKO NONOACUMENLHBLE USMEHEHUS 6 OKPACKe
Hadmoodaiomes 6 cpeonem auutb y 40 % o6paboTaHHOTO CHIPBS. Y ocTanbHBIX 60 % candupos mBeT
700 MEHSETCS COBCEM HE3HAYNTENBHO, TM00 KaMHH OcTatoTcs OeciBeTHbIMU. [IpuunHoii sBser-
Cs1 IOHIDKECHHAs KOHLIEHTPAII XPOMO(OPHBIX IpUMeceii BHyTpH KpHCTAILIOB [ 1, 2].

Jns ynyuwenus y6emosuix Xapakmepucmux HOOOOHbIX Canghupos Memoo UOHUSUPYIOU 20 603-
Oeticmeus modicem Obims Haubonee nepcnexkmushvim. K HeMy OTHOCSAT PEHTTEHOBCKHE H FaMMa-ITy-
YH, a TAKKE MOTOKH IEMEHTAPHBIX YACTHIL: IEKTPOHOB, IIPOTOHOB, HEHTPOHOB U ailb(ha-vyacTUIL
[2]. HanbGomnblnee pacnpocTpaHeHHe U3 BCEX MEPEUNCICHHBIX METONOB IOIYYMIO PEHITCHOBCKOE
U3JTyYeHHe 10 MPUYMHAM JIOCTYITHOCTU M IPOCTOTBI MCHONBb30BaHUs TPpeOyeMoro o0opy/oBaHuUs
— PEHTTEHOBCKOH TPyOKH. ['aMMa- 1 9IeKTPOHHOE U3ITyUeHHs TakKe YacTO IPHMEHSIOTCS UL MO-
JM(UIMPOBAHKS LBETOBBIX XapaKTEPHCTUK OJIEHOOKpAICHHBIX cardUpoB, OIHAKO TPEOOBAHHS K
anmaparHoMy obecredeHmo Ooree criermduuHble: pagroakTuBHbIii m3oton Co® 1o yckopurens
yactuil [2, 5]. ITyuxn HeHTPOHOB, NPOTOHOB U allb(ha-yacTHUI] IPUMEHSIOTCS PEXKe BCeX IepedrCiIeH-
HBIX BBIIIE METOOB U3-3a BBICOKOI CIOKHOCTU M HEIOCTYITHOCTH TPeOyeMOro 000pyIOBaHHs UL
IIMPOKOTO KpPyTa I0JIb30BaTeiel — yalie BCero 5To 9KCIepUMEHTAIbHBINA PEaKkTop, JOCTYI K KOTOPO-
My NIPaKTHYECKH BCEria 3aKpbIT. K ToMy ke, HonoOHOE U3ITydeHIe MOXKET BBI3BaTh OCTATOYHYIO Pa-
JIMOAKTUBHOCTbH B MaTepHalie, KoTopast OyJIeT UMEeTh IaryOHOe BIIMSHUE Ha OpraHu3M uesioBeka [3, 5.

ABTopaMu ObLIa IPOBEJEHA CEPHS SKCIIEPIMEHTaIbHBIX paboT o obmydeHnio Maarackap-
CKHX OECIBETHBIX M OJI€THOOKPAIICHHBIX candypoB, paHee NOJABEPraBLIMXCs TEPMOOOpabOTKe.
Jls1 310T0 OBLIO IPOCMOTPEHO 0KOIO 200 KPUCTAIIIOB, U3 KOTOPBIX 0ToOpaHo 10 HanMeHee HH-
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TEHCHUBHO OKPAILICHHBIX, CXOKHX 110 Macce ¥ pasmepaM. CTOMT OTMETHTb, 4TO BEIOpaHHBIE 00pa3-
16l paHee ObLIM TEPMHYECKH 00pabOTaHbl B OKHCINTEIBHBIX U BOCCTAHOBUTENIBHBIX CPEiax IpH
temmeparype 1100 — 1600°C, HO 3aMeTHBIX U3MEHEHHUI B OKPACKE BBISBICHO HE OBLIO.

[Tocne BeIOOpKH carupsl ObUTH H3MEpEHbI U B3BelIeHbI. OIeHKa 11BeTa OJIeTHOOKpaIIeH-
HBIX carupoB MpoBoaAMIach o cucreme GIA ¢ npumMeHeHneM Majoro Habopa 3tanoHoB «GIA
GemSet». B nponecce paboTsl y HEKOTOPBIX 00pa3oB ObLIO OTMEYEHO HAINYHE OTYETIMBON
30HAJILHOCTH OKPACKH M Ta30-)KMKOCTHBIC BKJIIOUSHUS B BUJIE LITOP.

JIy1s mpoBeIeHNs CIICKTPAIbHBIX aHAIN30B M3 OTOOPAaHHBIX car@upoB ObUIM N3rOTOBICHBI
IUIOCKOTIApaJUIeNIbHBIE MTOJUPOBAHHbIC HUTU(EI (pUC. 2) MUJUIMMETPOBOI TOJIIMHBI, KOTOPHIE
BIOCJICJICTBHH TaK)Ke ObUIN MOBEPTHYThI BBILICYTOMSHYTBIM [IPOLEAYPaM.

Puc. 2. Ilonuposannvie waugel u3 0moopanibix candupos

CrektpodoTomerpudeckuii aHanu3 Obul ocyiiecTBnéH Ha crekrpodoromerpe UNICO
2800 UV/VIS B guanazone 200 — 1100 M ¢ ucnonb3oBaHueM Juadparmel JHaMETPOM 2,5 MM.
JlarHble 00pabaThIBAINCh KOMITBFOTEPOM € IporpaMMHbIM obecnieuernem OriginPro 8. Tlomy-
YEHHBIC PE3YJIbTaThl aHAIN3a CBUACTEILCTBOBAIIN O TOM, YTO HabIIoaeMast OJICJHOCTh OKPaCKH
BCEX OTOOpaHHbBIX carnUpOB CBsI3aHA C TIOHMKEHHBIM COIEPKAHUEM XPOMO(OPHBIX pUMeceit
— 3HAYCHUSIX ONTHYECKUX IUIOTHOCTEH OJMM3KH K HYJIIO, a MUKW IOMIOMIEHHs XPOMO(DOPHBIX
LIEHTPOB TOJIOTH U C11a00 BBIPaXKEHBI (CM. puc. 4, Kpusas A).

PeHTreHoBckoe o0nyueHue carnupoB IPOXOJUIO HA CHELHAIM3HMPOBAHHON YCTaHOBKE C
KaTOMHOM TPYOKOHM CIEeAYIOINX MapamMeTpoB: MOIHOICHOBBII KaTon, HanpsukeHune — 40 kBT,
cmita Toka — 50 MA, sHeprust peHTreHoBcKoro m3nydenus — 20 k3B. Bpems obiyuenus cymmap-
HO cocTaBmio 18 yacoB. BennurnHa normoméHHON 1036l UCCICYEeMbIMU 00pa3iaMu paBHSIET-
cst 194,4 xI'p. Ilocne npoBeneHus SKCriepuMeHTa ObliIa IPOU3BEAEHA OLEHKA NPHOOPETEHHOTO
1BeTa y 00ay4€HHBIX can(upoB ¢ UCIOIb30BaHMeM Habopa 3tanonoB «GIA GemSet».

B pesyibrare o0imydeHus 00pa3ibl IPUOOPEIN BbIPaXKCHHBIH KEITOBATHIl OTTEHOK (PHC.
3). YV HekoTophIx canupoB HAOIIOAACTCS YCUICHHE HCXOMHOW CHHEH, CHHEe-3e1EHON COCTaB-
JSIOIIeil OKPacKy, a OTMEe4aeMasi paHee IIBETOBAs 30HAIBHOCTh HE TOJIBKO COXPAHMIIACH, HO U
cTana 0osiee BRIPaKEHHOM.

Puc. 3. Cangpuposvie winughvl nocie penmaeHo8cko20 o0yveHus

[Nocne mpouenyps! OIEHKH MPUOOPETEHHOTO IBeTa 00pas3loB ObLT MPOBEAEH MOBTOPHBII
creKTpo(hOTOMETPUICCKH aHau3 (CM. puc. 4, KpuBast b) ¢ 11ebi0 BRISIBICHUSI TPUYHH 00pa3o0-
BaHMs HaOMonaeMoit okpacku. OH 1oKa3a CyIeCTBEHHOE BO3PACTaHHEe 3HAYEHUH ONTHYECKOMH
IUIOTHOCTH Y carupoB, BIPAXKAIONIEECs B YBEIMUYCHUN OOIIEH HACBIIIEHHOCTH [[BETAa KPHCTAI-
110B. [TprurHOI MOXKET OBITh HE TOJIBKO 00pa30BaHKE TOYCYHBIX PAMAMOHHBIX Ie(hEKTOB, HO 1
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UX CBSI3bIBAHUE C XPOMO(DOPHBIMH LIEHTPAMHU MCCIIETyeMbIX 00pa3LoB. BrlieneHHbIe KU 10110~
LIEHUsI T10CIe HKCIIEPUMEHTA CTallk 00Jiee BEIPAKEHHBIMU. DTO MOATBEPIKIACT ClEaHHbIe paHee
HaOJIONCHNS YCHIICHUSI CHHE-3eIEHOM COCTABIISIIOIIEH OKPACKU Yy HEKOTOPBIX Can(UpoB.

B pesynbrare ObLI c/ie/1aH BBIBOJ O TOM, YTO L[BETOBAs raMMa, IiprodperaemMas carndupamu
B pe3ysbTarte HOHU3UPYIOIIETo BO3ACHCTBHS, BEPOSTHO CBS3aHA HE TOJIBKO ¢ 00pa30BaHUEM JIbl-
POUHBIX LIEHTPOB OKpacku [O7], HO U ¢ B3aUMOJEHCTBHEM PEHTIEHOBCKOTO M3JTyYEeHHs U XPOMO-
(dhopHbIX 1eHTpoB Kpuctamwios [Fe¥'] u [Fe?'— Ti*"].

Cy1ecTByeT MHEHHUE, YTO PAUALlMOHHAsT OKPAcKa KPUCTAIUIOB MOXKET ObITh HEYCTOMUMBOM
[2]. B cBsi3u ¢ 3TM OBLT IPOBEIEH IKCIICPUMEHT, 3aKJTFOUABIINIICS B BBIICP)KUBAHUU 00TyUEH-
HBIX Can(upoB Ha COJHEUHOM CBETe B TeueHHe IoiyTopa mecsues. [To ero oxonuanuio 00-
pasiibl ObUIN MOABEPTHYTHI AOMOIHUTEILHOMY CHEKTPAILHOMY aHAIIH3Y, Pe3yJIbTaThl KOTOPOTO
OBbUIM COOTHECEHBI C MOJIyYeHHBIMH paHee JaHHBIMU (CM. puc. 4, KpuBas B).

4.5 I ——Kpueasn A - mo obmyuenns

e ——Kpueaa b - nocne obmy4enus
| ——Kpueaa B - covem 1.5 mecsma
3,5
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Puc. 4 Cnexkmpoghomomempuueckue anausvl canpuposvix wiaugos: kpusas A — 0o oonyuenus;,
kpusas b — nocne obnyuenus; kpusas B — cnycms 1,5 mecsiya

CriekTpo(h)OTOMETPUYCCKAI aHANIN3 MOKa3al HE3HAYUTEIbHOC CHIKCHHE ONTHYECKOMH
IUIOTHOCTH y OOJIy4EHHBIX canHpoB 10Cie AIUTEIBHOIO BO3AEHCTBUS HAa HUX COJHEYHOIO
CBETa, OJIHAKO MOJIOKEHHUSI U Pa3Mepbl MUKOB MOMIOLICHHsT XPOMO(OPHBIX IIEHTPOB OCTAIUCH
HEU3MEHHBIMH. B CBA3U ¢ 3THUM MOXKHO CZIeJ1aTh BBIBOJL, YTO paJHallMOHHAs OKpACKa, I10TyYeH-
Has C OMOIIBIO PEHTIEHOBCKOTO M3JTyUEHHUs, SBIISETCSl yCTOWYNBOM BO BPEMEHH.

ITonoGHble pe3ynbraTel ObLIM MONYYEHBI B Ipyroi padore. B Hell aBTopamu nposoauiach
cepHs IKCIEPUMEHTOB 110 FaMMa- U JIEKTPOHHOMY 00TyUeHHIO OJISTHOOKPAIICHHBIX carpupoB
Maparackapa. B kauectBe 000py/10BaHMs HCIOJIB30BAINCH JIBE ycTaHOBKH: «PXM-ramma-20»
(MCTOYHUK MOHM3MpYIomero usnyderus — Co®, sueprust usnydenus — 1,25 MoB) mist ram-
Ma-M3Jy4eHus ¥ JIMHEHHBIN ycKkopuTenb yacTull (3Heprus dactui — 10 MaB) juist anexkrpon-
HOTo n3ny4deHus. Huwke npencraBieHsl pe3ysbTaThl MPOBEIEHHBIX KCIIEPUMEHTOB: TabJIHIa ¢
OKpacKaMH 3TaJIOHHBIX U 00myueHHbIX candupos 1o cucreme GIA GemSet (Tabnuna) u cxema
HU3MEHEHHS X OKpacok (puc. 5) [1].
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Tabnuna.
Oxkpacka TAJIOHHBIX ¥ 00, Ty4eHHbIX 00pa310B LBeTHBIX candupos [1]

T'amma-o0nyueHne DIeKTpOHHOE 00ITydeHHe
9TAJOHHBIE 00ITyueHHBIC 9TaJOHHBIE 00JTy4eHHbIE
GB/BG 5/2 vstbG 3/2 yG 3/2 styG 4/3 u 5/3

styG 5/2 gY 4/2 yG 4/2 yG4/3u5/3
Y 4/5 Y 4/5 Y 4/4 Y 4/6
yO 3/4 yO 5/5 oY 4/4 oY 4/5
- - yO 4/4 yO 5/4
HachitlléHHOCTD 1]12|3]14([5]6 1]2]3[4]5(s
1[2]3]4]5]6] [1 1
1 2 - )
= ‘; 3 31
P 4 4
5 5 4 5
6 [ 3
ITEEEEl o |
1]2[3]4]5][6 1[2]2]4]5]s 1]2]3]4]5]6
1 1 1
2 1 2
3| | 3LIN i
4] [ Bl AN 4| T
5 . 5 ¥ 5
[ [3 6
gY
112|3|4(5|6 1(2]|3]4]|5(6 1)12|3]4(|5|6
1 1
2 2 2
3 \ 3 —
4 o |w]4 ) 4 v
5 5 5 - |+
6 [3 6
b4 oY

Puc. 5 Cxemamuueckoe uz00padicenue usMeHeHus OKPACKU YEEMHbIX Cangupos nocie obnyueHus no
cucmeme GIA. Cepvie cmpenku — eamma-o0nyuenue, yepHvie CMpeiKku — snekmponnoe oonyuenue [1]

Kax BuIHO 110 puC. 5, ©3MEHEHHE B OKpacKe car(upoB MOCHIe raMMa- U IEKTPOHHOTO BO3-
JIEUCTBUH CXOKH C TEMH, YTO OBLIM MOTYUYEHBI TPU PEHTTEHOBCKOM M3JTyUeHUH — HAOIIOIaeTCst
o01ast TeHACHIIMS K CMELICHHUIO [IBETOBOH TaMMbI 00pa3IioB B KENTYIO 4acTh criekrpa. CTOUT
TaKoKe 00paTUTh BHUMaHNE HA MEXaHU3MbI PaJHAIlMOHHOTO OKPAIIUBAHUSI KPUCTAIIOB. B ciry-
4yae PEHTTCHOBCKOTO M raMMa-BO3JCHCTBUI HAOIIOaeMblIii JKENTHIN LBET carndupoB CBsi3aH C
00pa30oBaHKEM B KPUCTAJUIAX JBIPOYHBIX IIEHTPOB okpacku [O]. Takoe OKpaliMBaHue sSBISETCS
00paTUMBIM ¥ MOXKET NCYE3HYTb ITPpU HarpeBaHuu [2]. JKEThIi e LBET, OTy4YEHHBIH B pe3yiib-
Tare BO3ACHCTBUS MyYKa JIEKTPOHOB, MOXKET SIBJISATHCS PE3yJIBTaTOM 00Pa30BaHUEM JIBIPOUHBIX
LEeHTpOoB okpacky [O] n/uim ux acconnaros ¢ XpoModopHbIMHU dlieMeHTaMu carpupos. K romy
JKe, He NCKIIFOUEHO, YTO JIAHHBIN BUJ U3IYYSHUs, 10 BCeH BUAMMOCTH, 3aTParuBaeT BaJeHTHOE
COCTOSTHHE XPOMO(OPHBIX LIEHTPOB KPHCTAJUIOB 1 HHUIIMUPYET Pa3JINYHBIC DJICKTPOHHBIE Iepe-
XOJIBI, YTO B CBOIO ouepe/ib aéT Ooee cToiikoe okpammiBanue [ 1, 2].

Oxkpacka, 1oydaemast cardupamu B pe3y/bTaTe HFOHU3UPYIOLLEro BO3ICHCTBYS, SIBIISIETCS BOC-
TpeOOBAHHOI 10 TIPUYMHAM SIPKOCTH, YCTOHYMBOCTH, HECMOTPSI HA €€ HE3HAUMTENIbHOE OCIadNeHne
BO BPEMEHH, a TAK)Ke TPYAHOCTH €€ JMarHOCTHPOBaHUS — apTe(aKThl 00IaropaXKuBaHHs OTCYTCTBY-
0T M MOJTy4aeMblii LIBET FOBEIUPHBIX KOPYH/IOB BeCbMa OJTM30K K IPUPOIHOMY. B kauecTBe mpume-
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pa MPaKTUYECKOTO BOIUIOLICHHS PEATM3AlMH TEXHOIOTHH YIyUIIEHHUs [IBETOBBIX XapaKTEPUCTUK
OJIe/THOOKPAIIICHHBIX Car(upoB METOIOM HOHU3HUPYIOIIETO BO3ACHCTBHUS ObLIT IPOBEAEH TOTIOIHHI-
TEINbHBII YKCIIEpUMEHT. MIcXoHO OecIBETHYO rajibKy cardupa MecTopoxaeHus Mnakaka maccoi
1,7 r (cMm. puc. 6A) noaBeprM TepMOOOPaOOTKE B BOCCTAHOBHUTEIBHON Cpesie MPH TeMIIepaType
1600°C. Kpucramt npuoOpén OneaHo-naBaHI0By0 OKpacky (cMm. puc. 6b). Takoit nBet mMano Boc-
TpeOOBaH, MOCKOIBKY MMEET HU3KYIO HACBIIICHHOCTD U SIBJISCTCS THOPUIHBIM — CMECHIO PO30BBIX
1 (proNeTOBBIX OTTEHKOB. PeHTreHoBckoe e oOmydeHue sHeprueit 20 k3B 3a 3 yaca mo3Bomino
TIOJIYYUTh y KaMHS HACHIIICHHBIN M YHCTBIH SPKO-OpaHKeBbIi, MaHIapUHOBBIN IIBET (CM. puc. 6B).

Puc. 6. llpumep uzmenenus yeema canghuposoti 2aibku mecmopodxicoenus Mnakaka 6 3a6ucumocmu om
npumensiemozo ozoevicmeusi. A — ucxoonuiii yeem, b — yeem nocie mepmoobpabomku; B — yeem nocne
obryuenus

OCHOBBIBAsICh Ha aHAJIN3€E OIYYCHHBIX PE3y/IBTaTOB, MOXXHO C/IEIATh CIIELYIOMINE BBIBOIBL:

1) IIpu Bo3aeHCTBMM PEHTIEHOBCKUM, TaMMa- M JIEKTPOHHBIM M3JTy4eHUsIMU Ha OJIeHOO-
KpalleHHbIC 1 OeCIBETHBIC Ca(hHPhI IPOUCXOAUT 00pa3oBaHNE KENTOMH, xKENTO-3eIEHOM OKpa-
cku. ITosryqaemsblil 1IBET SIBJISICTCSl YCTOHUMBBIM, HECMOTPSI Ha €r0 He3HauMTeIbHOE ocnadeBa-
HHE B TCUCHHUE NICPBBIX JIBYX HEJICTb.

2) HaBenénuast okpacka, BEpOSITHO, CBsi3aHA ¢ 0Opa30BAHMEM TOUCUYHBIX PAAUALMOHHBIX
Je(heKTOB MITH paNallHOHHBIX IEHTPOB OKpacky [O] /Uiy NX KOMOHHAIINH ¢ XPOMO(OPHBIMHI
uenTpamu kpucraia [Fe*'] u [Fe**— Ti*].

3) Okpacku candupoB, IOIydaeMble C TOMOIIBIO PEHTTEHOBCKOI0, FTaMMa- U 3JIeKTPOHHOTO
U3JTyYEeHHUH CXOXKH MEKLy COOOH, Tak Kak BO BceX TPEX ciryuasx Iocie o0iydeHus: Hablronaer-
Csl CMEIIICHNE UCXOTHO OJIeTIHO cepo-ToNry0oii IIBETOBOH raMMBbI CarupoB B jKENTO-3ENEHYIO.
OnHaKo OKpacka, MojyyaeMasi ¢ HOMOIIBIO BO3/ICHCTBUS ITy4Ka 3JIEKTPOHOB Ha KPHCTAILI, MO-
XKET 0Ka3aThCsl OoJee yCTOIYNBOM, He TONBKO IO IPHYNHE, YKa3aHHOU BBIIIE, HO 3@ CUCT U3-
MEHEHHS BaJICHTHOTO cocTaBa XpoModopHbIX mpumeceii: Fe'' nepexoaut B Fe?'. Hecmotpst Ha
3TO, 0XKMIaeMOTr0 (GOPMUPOBAHUSA CTOMKOIO CHHETO OKPAIINBAHUSA Y Call(GHPOB HEe HAOMIOMACTCS
n3-3a Heocrarka noHoB Ti*". IIpu atoM oOpasytorcs apyrue neHTpsl okpacku: [h-Fe*'] u [Fe?'-
Fe’*], koTopble 1ar0T jKENTHIE U KEITOBATO-3EIEHBIE OTTEHKIL

4) MeTox MOHU3MPYIOILETO BO3ACHCTBUS — MEPCIIEKTUBHBIA METOA YJTyUIISHHs [BETOBBIX
XapaKTEePUCTUK OJIeJHOOKPANIEHHBIX Call(UpoB, KOTOPBI MOXKET IPIMEHSTHCS Ha IPAKTHKE.
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YNYYWEHME LIBETOBbIX XAPAKTEPUCTUK NPUPOOHbIX TYPMAJIMUHOB
METOZ10M TEPMOOBEPAEOTKU

9.A. Axmermins, K.H. Kymunii
Poccutickutl Xumuko-mexronoeuyeckuil ynueepcumem um. J{.1. Menoeneesa, 2. Mockea, Poccus
e-mail: 4966945@mail.ru, kkupchiy@mail .ru

AnHomayus. OcHoBHbIM HedocmamKoM 3abaliKaibCKUX mMypMasiuHos 3bbaumoso2o padd, 8 om-
OestbHbIX C1yHasnX, AB/IAEMCA YPe3MEPHAR HACLILUEHHOCMb UBema, 0m4ea0 KpUCMasIibl Bbl2IA0AM «2/1y-
XUMU» U MeMHbIMU, MaKUM 06pa3soM, CmaHoBAMCA Maso80cmpebosaHHbIMU. Haepes npupodHsix myp-
MQ/TUHOB-3/1660UMOB MEeMHO-KOPUYHEBbIX, KPACHO-KopU4HesbIX yaemos 8 duanazoHe om 480 do 600°C
npuBooUM K 3aMemHOMy U3MeHeHUI0 UX Usemosbix xapakmepucmuk. ObpabomaHHsle makum obpazom
MypMauHb! UMelom SPKUE PO3080-KPaCHble, KpACHble Usema ¢ ONMUMA/ToHOL HACbILEHHOCMbIO.

Knioyessle cnosa: mypmasiuH, 3nebaum, 3abatiKanse, 0brigeoparusaHue, mepMoobpabomkKa.

ENHANCEMENT THE COLOR CHARACTERISTICS OF NATURAL TOURMALINES
BY HEAT TREATMENT

E.A. Akhmetshin, K.I. Kupchii
Mendeleev University of Chemical Technology of Russia, Moscow, Russia
e-mail: 4966945@mail.ru, kkupchiy@mail.ru

Abstract. The main disadvantage of gem quality tourmalines-elbaites of Malkhan (Transbaikalia) is
their color: low-grade dark, almost black in saturation, red-brown, brown and gray colors dominate. Due
to the excessive color saturation, tourmalines look “muted” and become in little demand in the jewelry
market. Taking into account the fact that during the mining of the deposit, the reserves of optimally
colored raw materials are decreasing, and there are no industrial methods for producing tourmalines, the
demand for brightly colored stones is greatly increasing. The most promising way of ennobling can be
various methods of heating excessively saturated in color elbaites. In total, about 150 samples of pre-
prepared tourmalines were processed, including those with sections parallel and perpendicular to the
optical axis C. Heating in the range from 480°C to 600°C allowed them to significantly change their color,
which was demonstrated for all used in experiments. Changes in color were observed already when heated
to a temperature of 460°C: tourmalines became noticeably lighter. With an increase in temperature, the
color acquired a light shade, and in some cases, it was possible to obtain polychrome differences. When
studying the impurity composition of elbaites, two impurity elements responsible for their dark color, Fe
and Mn, forming their own color centers, were identified. Using optical-spectral analysis, it was found that
the mechanism of color change may consist in the “reconstruction” of the Mn** and Fe* color centers.
Thus, heat treatment makes it possible to noticeably enhance the color characteristics of tourmalines-
elbaites: dark, red-brown stones turn bright pink, and gray - bright greenish-yellow and yellow. Obtaining
brightly colored tourmalines in this way solves the problem of the presence of low grades of raw materials
in the field, increasing demand and increasing its cost characteristics.

Keywords: tourmaline, elbaite, Transbaikalia, refining, heat treatment.
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