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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of geology and technical sciences in the Emerging Sources
Citation Index demonstrates our dedication to providing the most relevant and influential content
of geology and engineering sciences to our community.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npeonacaem xauecmeo u enyouHy Kommenma 0/ ucciedogamenell, dgmopoes,
uzoamenei u yupexcoenuil. Brxnouenue Uzeecmus HAH PK. Cepus eeonocuu u mexnuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



Bac penakrop

ZKYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FRUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akagemuri,
«Kazakcran Pecryonukacel ¥ ITThIK FhUTIM akajemusicby PKb-win npesuaenti, AK «JI.B. Cokonbckuit
aTBIH/AFI OTBIH, KaTaln3 jKOHE HIEKTPOXUMHS MHCTHTYTHIHBIH» Oac mupextopsl (AmMarel, Ka3akcTan)
H=4

FruibivMu xaTuibl

ABCAJIBIKOB BaxbiT Hapukdaiiyabl, TeXHHKa FBUIBIMIApBIHBIH JOKTOPHI, podeccop, KP ¥FA

JKayanThl XaTIbIchl, A.b. BekTypoB aTbIHIaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakuusaablK ajdka:

OBCAMETOB Mauic Kyasicyabl (6ac penakTopAblH OpbIHOAcaphl), T'€OJOTHSI-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, Tpodeccop, KP ¥YFA akamemwuri, «Y.M. AxwmencaduHa aTbIHIArbl
THIIPOTEOIOTHS KOHE TCOIKOIOTH MHCTUTYTHIHBIHY» TUPEKTOpHI (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpbIHOAcapbl), TIeOJOTrUs-MHHEPAIOTHs
FBUTBIMJIAPBIHBIH TOKTOPEI, mpodeccop, K.M. CarmnaeB ThIHIAFBI T€OJNIOTHS FHUIBIMAAPH HHCTUTYTHIHBIH
nmupektopsl (Anmarel, Kazakcran) H=2

CHOY /[Iaunen, Ph.D, kaysiMaacteipbutran npogeccop, Hebpacka yansepcuretinia Cy FBUIBIMAAPHI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, TaOuru Tapux MmypaxalblHbIH JKep Typajisl FeUIBIMIAp OeriMiHze
TIETPOJIOTHS XKSHE Taiiiasibl Ka30aiap KeH OpBIH/APBI CaachIHAAFEl 3epTTeyinepain kerekmrici (JIonmon,
Anrnus) H =37

MMAH®UWJIOB Muxauna BopucoBud, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPBI, HaHcH yHHBEpCHTETIHIH
npodeccops! (Hancu, @panmms) H=15

HIEH IMun, Ph.D, KpITaii reoorusuibIK KOFaMbIHBIH Tay T€0JIOTHSICHl KOMUTET] TUPEKTOPBIHBIH OPbIH-
Oacapbl, AMEpUKaH/IBIK YKOHOMHUKAJIBIK T€OIOTTap KaybIMAacTeIFbIHBIH Mymeci (Ilexun, Kpirait) H = 25

OUIIEP Axcean, Ph.D, [Ipe3neH TeXHUKAIBIK YHHBEPCUTETIHIH KaybIMIACTBIPBUIFAaH POpeCcCcophl
(dpesnen, bepmun) H=6

KOHTOPOBHUY Aujexceii IOMHIbeBUY, T'COJOIHS-MUHEPATIOIUs FbUIBIMIAPBIHBIH JIOKTOPBL,
mpodeccop, PFA akagemuri, A.A. Tpodumyka aTbIHOaFrsl MyHai-ra3 TeolOTHACH XoHE Teodusnka
nucrutyThl (HoBocubupcek, Peceit) H = 19

ATABEKOB Baagumup EHoxoBUY, XMMUS FRUIBIMIAPBIHBIH JOKTOPEI, benapycs ¥FA akagemuri,
JKana MaTepunaniap XMMHUSICBI HHCTUTYTBIHBIH KYpMeTTi JupekTopsl (Munck, Bernapycs) H = 13

KATAJIUH Credan, Ph.D, JIpe3nes TexHUKaIbIK YHIBEPCUTETIHIH KaybIMAACTBIPBUIFAH PO eCCOphI
([pesnen, bepimmu) H =20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOT s FHUTBIMAAPBIHBIE JIOKTOPBI,
npodeccop, KP ¥FA koppecnonnent-myteci, K.M. Carnaes atbiaaarbl [ €00rus FoUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyici (Anmarsl, Kasakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, xaysimaacteipsurran npogeccop, Hazapbaes ynusepcureri (Hyp-
Cyurran, Kazakcran) H = 11

®OPATTUHMU Maomo, Ph.D, bukokk MunaH yHUBEpCHTETI KaybIMIACTHIpbUIFaH podeccops! (MuaH,
Wranus) H =28

«KP YFA» PKb Xaoapaapsbl. ['eosiorust xoHe TeXHHKAIBIK FHLIBIMAAP CEPUSICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecryOnukachiHBIH ¥JITTHIK FRUTBIM akageMusicky PKB (Anmarst k.).
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Mep3iMAiTiri: )KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuenT POO «HaunonansHol akagemun Hayk Pecriyonukn Kasaxcran», renepanbubiii aupexrop AO
«MHCTUTYT TOTUMBA, KaTaiu3a U anekTpoxumun uM. J1.B. Coxonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cexpeTrapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UuctuTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarel, Kazaxcran) H=15
PenakxnuunonHas KoJJerus:

ABCAMETOB Manuc KyapicoBud, (3aMeCTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOrOMUHEPAIIO-
THYECKHUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTAa THAPOTEOIOTUU U TEOIKOTOTUH MIM.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb TNABHOTO pENAKTOpa), JOKTOP T'EOJOTOMHHEPAO-
IMYeCKuX Hayk, npodeccop, mupekrop MHcruryra reonmorndeckux Hayk nm. K.M. CarmaeBa (Anmarsl,
Kazaxcran) H=2

CHOY JIpuued, Ph.D, acconmupoBanublii npodeccop, nupextop Jlaboparopun BOIHBIX HAYK YHUBEP-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJIbTMAH Peiimap, Ph.D, pykoBoauTens ucciaej0BaHUN B 007aCTH METPOJIOTHU U MECTOPOKICHHUN
MOJIe3HBIX HCKomaeMbIx B OTaene Hayk o 3emie Myses ecrectBenHor uctopuu (Jlonnon, Aurmus) H = 37

MNAH®HUJIOB Muxaua BopucoBud, J0KTOp TEXHUYECKUX HayK, mpodeccop YHuBepcutera Hancu
(Haucu, ®panmus) H=15

HIEH ITun, Ph.D, 3amecturens nupexropa Komutera o ropHoii reosiornn Kuraifckoro reooruueckoro
oOmiecTBa, WieH AMEpPUKaHCKON acconuanuu skoHomuueckux reonoros (Ilexkun, Kurait) H = 25

OUIIEP Axcenn, accoumupoBanHblii npodeccop, Ph.D, texumueckuil yHuBepcurer Jlpesnen
(dpesnen, bepmun) H=6

KOHTOPOBHUY Auekceii DMWIbeBHY, JIOKTOP I'€OJIOr0O-MHHEPAIOTHYECKUX Hayk, mpodeccop,
akanemuk PAH, MuctuTyT HedrerasoBoit reomoruun u reodusukn um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccus) H=19

ATABEKOB Baaaumup EHokoBHY, TOKTOp XMMHYECKUX HayK, akaneMuk HAH benapycu, moueTHsii
nupekTop MHcTuTyTa XMMHuN HOBBEIX Matepranios (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, accounuposanusiii nmpodeccop, Texuuueckuii yausepcuret (pesneH,
Bepmun) H =20

CEMTMYPATOBA eonopa KOcynoBHa, J0KTOp re0I0ro-MHHEPATOrHUeCKHX HayK, podeccop,
uneH-koppecrionienT HAH PK, 3aBenyromas naboparopun MuctuTyTa reonmorndeckux Hayk nm. K.M.
Carnaea (Anmarsl, Kazaxcran) H=11

CATUHTAEB Kanaii, Ph.D, accorunpoannslit npodeccop, Hazapbaes ynusepcurer (Hypcynran,
Kazaxcran) H =11

®PATTUHU Ilaoao, Ph.D, accommupoBanHbIi npodeccop, MuimaHckuil yHUBEpPCUTET BHKOKK
(Munan, Utanus) H =28

«H3Bectuss POO «<HAH PK». Cepusi reo10ruy 1 TEXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H = 11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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© A.S. Mussina', G.U. Baitasheva'”, B.S. Zakirov %, Ye.P. Gorbulicheva', 2024
1Kazakh National Women’s Teacher Training University, Almaty, Kazakhstan;
2Institute of General and Inorganic Chemistry of the Academy of Sciences of the Republic
of Uzbekistan, Tashkent, Uzbekistan.

E-mail: mussina_as@mail.ru

CONDITIONS FOR PREPARING THE SURFACE OF CONTACT PARTS FOR
WETTIBILITY WITH MERCURY

Mussina Aitzhamal — Doctor of Technical Sciences, Associate Professor of the Kazakh National Teacher
Training University, Almaty, Kazakhstan

E-mail: mussina_as@mail.ru, https://orcid.org/0000-0002-4140-4816;

Baitasheva Gaukhar — candidate of agricultural sciences, Associate Professor of the Kazakh National Teacher
Training University, Almaty, Kazakhstan

E-mail: baytasheva.gauhar@qyzpu.edu.kz, https://orcid.org/0000-0002-1299-4896;

Zakirov Bakhtiyar — Institute of General and Inorganic Chemistry of the Academy of Sciences of the Republic
of Uzbekistan, Tashkent, Uzbekistan

https://orcid.org/57112722800;

Gorbulicheva Yekaterina — 4nd year student, the Kazakh National Women’s Teacher Training University,
Almaty, Kazakhstan

E-mail: yekaterina.gorbulicheva@gmail.com, https://orcid.org/0000-0001-8002-3322.

Abstract. The paper provides a scientific analysis of the behavior of the iron group
metals and alloys on their basis in the processes of chemical preparation of surfaces prior to
applying stable mercury coatings to create a new generation of switching devices, represent-
ed mainly by mercury wetted reed switches. The existing difficulties are determined by the
problematic operation of reed switches with solid-state contacts, associated with the signal
bounce, unstable contact resistance and wear of contact surfaces. To solve these problems,
the use of liquid metal microswitches has been proposed, where a liquid-liquid contact is
used, which is necessary to ensure a trouble-free operation of the devices. For these purpos-
es, the behavior of the iron group metals and alloys on their basis in the processes of chemi-
cal preparation of their surfaces prior to applying mercury coatings has been studied. For the
both stages of chemical processing - etching and polishing - the thickness of the removed
layer of the material has been determined, and in case of alloys, the ratio in which the metals
go into the solution has also been determined. The behavior of the iron group metals and
alloys on their basis in the processes of etching and polishing indicates that during chemical
treatment the surface is completely cleaned of oxides, and the correspondence of the ratio of
the layer surface to their chemical composition is achieved.

Keywords: mercury, amalgamation, chemical treatment, etching, polishing, reed
switch, contacts
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© A.C. Mycunal, I.Y. Baiitamesa'’, b.C. 3akupos?, E.Il. ['op6yninuena’, 2024
'Ka3ak YITTBIK KbI3Zap MeIarorukaiblK yHUBepcHTeTi, AnMatel, KasakcraH;
’O30ekcTan PecnyOmmkace! FrutbiM akageMuschiHbIH JKammsl )koHe OefopraHuKaIbIK
XUMHUsSI MHCTHTYTHI, TalKkeHT, ©30eKcTaH.

E-mail: mussina_as@mail.ru

JKAHACY BOJIIIEKTEPIHIH BETIH CBIHABIIEH CYJIAYFA JAWBIHIAY
INAPTTAPBI

Mycuna AlT:kaMaJd — TEXHHUKA FBUIBIMAAPBIHBIH JIOKTOPHL, Ka3zak YITTBIK KbI3Jap IeJarornKalibik
yHHBepcuTeTiHiH nmpodeccopsl, AnMatsl, KasakcTan

E-mail: mussina_as@mail.ru, https://orcid.org/0000-0002-4140-4816;

BaiitameBa TIayxap — aybll mapyamlbUIBIFBl FRUIBIMAAPBIHBIH  KaHIUIATel, Kazak YITTBIK KbI3map
TeJarOrMKaJIbIK YHUBEPCUTETIHIH JOIeHTi, AnMatel, Kazakcran

E-mail: baytasheva.gauhar@qyzpu.edu.kz, https://orcid.org/0000-0002-1299-4896;

3akupoB baxtusap — O30ekctan PecryOnukacel FrutbiM akaneMuschiHbIH JKamIbl jkoHe OelopraHUKaIbIK
XHUMHUS HUHCTUTYTHI, TamkeHT, ©30ekcTan

https://orcid.org/57112722800;

I'op6ysmueBa ExaTtepnna — Kazak WITTHIK KbI31ap MeJaroruKkaiblK YHHBEPCUTETIHIH 4 Kypc CTyAeHTi, Al-
Marsl, Kasakcran

E-mail: yekaterina.gorbulicheva@gmail.com, https://orcid.org/0000-0001-8002-3322.

AHHoTamus. Makanaga Temip TOOBIHIAFbl METaaJap MEH OJIapIblH HEri3iHie
JKacaraH KOPBITIATAPILIH TYPAKTHI CHIHANTHI KAOBIHAAPILI JKaryFa JCHIHTI OeTTepi
XUMUSUIBIK TalbIHAAY MPOIECTEPiHAe HETI3IHEH CHIHANTHI TePKOH AKBIPATKBIIITAPHIMEH
VCHIHBUIFAH KOMMYTAIFSUIBIK KYPBUIFBUIAPABIH JKaHAa OYBIHBIH KYPyFa FBUIBIMHU Tajaay
OepinreH. bap KUBIHABIKTAp CHUTHAIABIH CEPIUIICIMEH, TYPAKChI3 JKaHacy KeJeprici
KOHE JKaHacy OeTTepiHIH TOo3ybIMEH OalIaHBICTHI KATThl KYHZEri KOHTakTiiepi Oap
TEPKOH aKBIPATKBIITAPABIH MPOOIEMANBIK KYMBICBIMEH aHBIKTaNanbsl. byi Mocenenepai
MIENTy VIIiH JKaHacyaa KOJIAHBUIATHIH CYHBIK-CYHBIK MUKpOOaFmIapiIaMaliapblH KOJIIaHy
VCBHIHBUIIBI, OVJT KYPBUTFBIIAPIBIH aKayChI3 )KYMBICEIH KAMTaMachl3 €Ty YIIiH KaxeT. OChl
MakcaTTapja TeMip TOOBIHBIH METaJIaphl MEH OJIAPABIH HETI3IHAETI KOPBITHATIAPIbIH
CBHIHAMTHI JKAOBIHAAP/IbI JKaFy aljblHAa OCTTEPIH XUMUSUIBIK JAalbIHAAy HpPOIeCTepiHIeri
JKaFIalbl 3epTTeNi. XUMISUTBIK OHICYIIH €Ki CATBICHI VIIIH — OHACY JKOHE JKBUITHIPATY
— MaTepHalblH JKOMbUIFaH KaOaThIHBIH KaJIbIH/BIFBI, ajl KOPBITIIAJap JKarJalbIH/a
MeTaJIIap/blH EPITIH/Ire TYCY apakaThlHAChl Ja aHbIKTaNabl. Temip TOObIHA >KAaTaThIH
METaJIapAbIH JKOHE OJIApPABIH HETI3IHIETI KOPBHITHANAPABIH OHJCY JKOHE >KBUITHIPATY
MPOLIECTEPIHACTI KaF1alibl XUMUSUIBIK OF0 Ke31HIe OCTTIH OKCHUATEPICH TOJIBIK Ta3apThLIbIII,
Kabat OCTiHIH OJapIbIH XUMUSIIBIK KypaMblHa KaThIHACKIHA KOJ JKETKI31JIETIHIH KOpCeTe/I.

Tyiiin ce3nep: cbIHAI, aMaTbraMHUPOBAHUE, XUMUSIIBIK OHJACY, OI0, KBUITHIPATY,
repKoH, OailiaHpIcTap
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AHHOTauus. B crarbe npoBesieH HaAyUYHBIM aHAIU3 MOBEICHUS METAIOB IPYIIIbI
JKelea U CIUIAaBOB HAa MX OCHOBE B MPOIECCaX XMMUYECKOW IMOATOTOBKH TOBEPXHOCTEH
nepea HaHECCHUEM YCTOI\/’I‘H/IBBIX PTYTHBIX HOKpI)ITI/Iﬁ JJIA CO34aHUs HOBOI'O ITOKOJICHUA
KOMMYTHPYIOIUX MPHOOPOB, MPEICTABICHHBIX B OCHOBHOM PTYTHBIMH TE€pPKOHAMHU.
CymecTByromue TPYIAHOCTH OINPEIEISIOTCS MPOOIIEMATHYHOCTBIO PadOThl TEPKOHOB
C TBEPAOTCIBbHBIMU KOHTAaKTaMM, CBSI3aHHBIC )lpe6e3r0M CUrHalia, HeCTa6I/IHLHBIM
KOHTAKTHBIM COIIPOTUBJICHUEM U HM3HOCOM KOHTAKTHBIX HOBerHOCTefI. 21)'[5[ PEUICHUA OTUX
npoOJeM TMPeJUIOKEHO HCIOIb30BaHUE >KUAKOMETAUNTMIECKUX MHKPOIIEPEKIFoUaTeNe,
rae HUCIOJIB3YETCA KOHTAKT XUIAKOCTb-XKUIAKOCTD, HeO6XOJII/IMBII>'I JJIsL obecrieueHust
0e30TKa3HOTO CcpadaThiBaHUs NMPUOOPOB. B 3THX 1EnsSX M3ydeHO MOBEJCHHE METaJUIOB
Tpynmnbl XKEJI€3a W CIUIABOB Ha HMX OCHOBE B IIPpOLECCAX XUMHYECKON IIOATOTOBKH HX
MTOBEPXHOCTEH Tepe/; HaHeCEHHEM PTYTHBIX MOKPHITUH. [ o0enx crafmii XUMHUYECKOi
00paboOTKN — TpaBliCHHS W TIOJIMPOBAHMS — OIPEIENICHbl TOJIIMHA CHUMAEMOTO CIIOS
MaTepuaia, a B ClIydae CIUIaBOB — TAK)KE COOTHOILIEHHE, B KOTOPOM METaJUTbl MIEPEXOIsT
B pacTBOp. [loBezieHe METAJUIOB T'PYIINBI XKelle3a U CILUIAaBOB Ha WX OCHOBE B TPOIIECCax
TPABIICHUSI ¥ TOJIUPOBAHUSI CBHJECTEIBCTBYIOT O TOM, YTO TPU XUMHYECKOH 0OpaboTke
IMPOUCXOAUT IIOJIHAA OYMCTKA MOBEPXHOCTHU OT OKCHJIOB U JOCTHUIa€TCA COOTBETCTBUC
COOTHOIICHUSA IMMOBEPXHOCTH CJIOA C UX XUMHUYCCKUM COCTaBOM.

KnawueBbie cjoBa: pryTh, aMalblraMUPOBaHHE, XUMHUecKas 00paboTKa,
TPAaBJICHUE, [IOJUPOBAHNE, TEPKOH, KOHTAKTBI

Introduction

Currently, in the world and domestic technology, switching microdevices with lig-
uid metal contacts are mainly represented by mercury wetted reed switches. The existing
mechanical devices, using solid-state contacts, have the problems associated with unreli-
ability of their operation, including unstable contact resistance, signal bounce, general loss
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of performance during use, and limited service life, caused by mechanical fatigue and wear
of the contact surfaces. To solve these problems, the use of liquid metal microswitches, us-
ing a liquid-liquid contact, has been proposed (Kondoh, 2005).

Upon manufacturing of such reed switches, considerable attention is paid to the
development of effective amalgamation methods to obtain stable mercury coatings on the
working surface of the contacts, where a contact (contacting and separation) is carried out
due to the mercury film in contact with the liquid metal conductive medium (mercury)
(Mussina et al., 2019). Taking into account the rapid pace of discovery and growth of new
proposals in this field, the up-to-date presentations of the latest advances in methodologies,
sensors, detectors, and microchips are necessary (Wang, Joseph, 2000).

Along with this, when choosing contact materials, it is necessary to have informa-
tion on the corrosion resistance in mercury of metals and alloys, used in the manufacture
of contact parts and to identify the nature of the processes, occurring on their surface upon
contact with the liquid metal medium.

Particular attention is paid to the selection of new materials as substrates for mercu-
ry coating and their formation processes, as well as new developments, associated with the
creation of new modifications of devices (Economou, Anastasios, Fielden 2003).

Only the works, devoted to the formation of a mercury film during the manufacture
of electrodes on metallic silver and silver-coated glassy carbon substrates, related to the
materials, wetted by mercury, are known (Lexa, Jifi, 1985).

One of the few works also includes a research on the creation of micromechanical
relays, switched by moving a mercury microdrop, which has proposed the use of mercury to
eliminate the common problems of solid contact switches. Although microrelays have been
repeatedly used in MEMS, they are all based on solid-state contacts with their characteristic
negative performance (Simon, Jonathan, 1997).

As for difficult-to-amalgam metals and alloys, there is virtually no information on
reliable methods of amalgamation, i.e. creating stable mercury coatings on their surface,
which would open the way for recommendations for use in the contact technology, where
mercury and amalgams are used as a conductive medium.

It should be especially noted that a serious problem in the development of new mod-
ifications of mercury-containing switching devices, design and manufacture is the creation
of conditions for wetting and the formation of a stable mercury film on the surface of the
contact parts made of metals, which are sparingly soluble in mercury. The known amalga-
mation methods are not effective enough. Besides, there is practically no reliable informa-
tion on their behavior in mercury. Such data are extremely necessary to clarify the nature of
the processes, occurring on the surface of metals and alloys upon the contact with mercury.
They will make it possible to make the correct choice of the contact parts when designing
devices and selecting optimal operating conditions. The reliability of contact devices is
largely related to the process of amalgamation of the contacting material, and the quality of
the resulting mercury film.

As is known, wetting of a solid with mercury occurs under the conditions, which
provide the possibility of creating a liquid film on the solid surface. A significant role is
played by such factors as the magnitude of the surface energy of the solid metal and its affin-
ity for mercury (Goryunov, 1972). The films widely used in technology are usually applied
to a metallic or nonmetallic base. The resulting connection between the film and the base,
i.e. adhesion, affects the quality and properties of the product, in our case, devices and parts
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for them, which come into contact with mercury. To ensure good wetting of a solid surface
with a liquid, it often becomes necessary to thoroughly clean it first. The work discusses the
basic techniques, used in practice for these purposes. In this case, the main attention is paid
to obtaining mercury coatings with the formation of stable films and methods of determina-
tion (Mussina et al., 2019).

Materials and basic methods

As is known, a proper preparation of the surface of metals and alloys prior to ap-
plying galvanic coatings, in our case mercury, ensures the strongest adhesion to the base
metal. One of the mandatory operations after mechanical grinding, degreasing in various
ways (rinsing in solvents, alkaline solutions, emulsion cleaning, electrolytic treatment) is a
special surface treatment, which further ensures reliable adhesion of the mercury coating to
the base - metal or alloy (Griliches, 1961; Griliches, 1977; Innes, 1987).

This kind of surface preparation of materials is carried out mainly by the chemical
and electrochemical methods.

The study has been devoted mainly to the issues of the chemical preparation of the
surface of metals and alloys for the application of mercury coatings, taking into account the
assessment of their strength, and determination of the corrosion resistance of materials in
mercury. Accordingly, the selection and development of the appropriate experimental tech-
niques have been established.

The objects of the study have been metals of the iron group - Ni, Fe and alloys on
their basis - 29NK, 52N, 47ND, Monel NM-40A, nickel silver, steel 13X, used as the con-
tact parts in the manufacture of liquid metal switching devices, the composition of which is
presented in Table 1.

Table 1 - Chemical composition of the studied alloys.

Material Content of the components, wt.%

Fe Ni Co Cu Cu Mn Zn Mo
29HK, kovar 53 29 18 18 - - - -
52N, permalloy 48 52 - - - - - -
47ND 48 47 - - 5 - - -
Steel 13X 87 - - - - - - -
Monel NM — 40A 2 68 - - 28 2 - 0.05
Nickel silver 0.5 15 - - 65 0.3 20 -

Preparation of the samples, sealed in ampoules

The samples of the materials under study in the form of wire (0.4 - 1 mm, 1 =2.0
- 4.0 cm) or plates (S = 5-6 cm?, 1 = 3-4 cm) were sealed in glass ampoules (15 mm); then,
after degreasing, they were etched and polished.

The methodology for assessing the quality of the surface treatment of the material
samples at the stages of chemical preparation was carried out on the basis of the data of an
analysis of the etching and polishing solutions after the treatment and visual observation of
the surface condition.

The solution after each treatment was analyzed for the content of alloy components,
using the atomic absorption method. By the amount of the found metals, their ratio when en-
tering the solution and the thickness of the removed layer were calculated. The observation
of the state of the surface of the samples was carried out, using a MIM-7 (x140) microscope,
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while simultaneously fixing it on the photographic film. To detrermine the effect of the seal-
ing operation on the state of the surface of the materials, the determinations were carried out
on the samples both sealed into ampoules and unsealed.

Experimental part

When processing metals and alloys at the stages of chemical preparation of the sur-
faces, prior to applying metal, in particular, mercury coatings, a change of the composition
and micro-relief of the surface layer of the samples occurs. The chemical methods consist
of treating the surface with the aggressive solutions of various compositions, under the in-
fluence of which the processes of etching and polishing proceed.

When etching, the surfaces of metals and alloys are freed from oxides, grease res-
idues and other foreign substances. In this case, the crystalline structure of the material is
exposed with some micro-leveling of the surface, reaching roughness class 9.10. At the
polishing stage, a finer leveling of the micro-relief occurs and smoothing of the surface
roughness. At the same time, the processing class increases accordingly to 12—13.

There is no such information in the literature for the contact materials, which we
have studied. In this regard, it is very relevant to study their behavior in the chemical prepa-
ration processes in order to clarify the nature and depth of the corrosive effect of the etching
and polishing solutions on the surfaces of the materials being processed.

This approach was used previously, when using steel as machine components or
structures, which often broke prematurely due to corrosion. To overcome these problems,
the HDG method was applied, beginning with a pre-treatment process, which included
polishing, degreasing, rinsing I, etching, rinsing II, fluxing and drying (Gapsari, Femiana,
2019). But for the formation of stable mercury coatings, this approach was unacceptable.
Therefore, there was a need to select special methods for preparing the surface of diffi-
cult-to-amalgamate materials to ensure ideal wetting conditions.

We selected the optimal compositions of the solutions for etching and polishing
the iron group metals and alloys on their basis prior to electrolytically applying a mercury
coating. The photographs are presented in Figures 1-6.

The main indicator of the quality of chemical processing of the materials should be
the final result - the stability of the mercury film, as a result of which the effectiveness of
the performed operations should be assessed mainly according to this criterion. In our case,
the three compositions of the etching solutions, consisting of a mixture of acids, were used
to carry out etching:

1) HNO,:H,SO, = 1:1 at 303K;

2) H,SO:HCL:H,O = 2:1:2 at 293K,

3) HCI (100 g/1) at 293K.

Unfortunately, the use of these solutions for etching did not give positive results.
In this regard, the possibility of using a more concentrated HCI = 1:1 for etching was in-
vestigated. The obtained results showed that such processing of the material resulted in a
higher-quality mercury coating, however, the data on the stability of mercury films after
centrifugation were not always reproduced. This can be explained by the fact that when the
used solutions were at the room temperature, the oxide films obviously were not completely
removed from the treated surfaces, and therefore their complete wetting with mercury was
not ensured. Taking into account the above, the temperature regime for carrying out the
etching process in a solution of the composition recommended in (Technical Guides of the
Ministry 1968): H,SO,:HCI:H,O = 2:1:2 was used, but at a higher temperature of 343K.
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Processing time was two minutes. As a result of this treatment, the surface of the alloy ma-
terials became rough, which could be easily eliminated by subsequent polishing.

In our case, to level the micro-relief of the surface of the etched samples, we used
the process of chemical polishing according to the known methods of processing the iron
group metals and alloys on their basis (Technical Guides of the Ministry 1968, Reference
Guide to Electroplating 1972, Nagai Yasusu, Wachi Hiroshi 1984, Kubo Hidefumi, Nakami
Hajime 1985, Scientific technical report 1987).

The optimal composition of the polishing solution was established:

HCL:HAc:HNO,, = 1:70:30.

The treatment in this solution was carried out at the temperature of 343-353 K for
4-6 seconds. As a result of the use of such processing, it was possible to obtain a high-qual-
ity stable mercury film, which evenly covers the surface of the samples made of various
materials (Table 1).

Thus, the method of chemical preparation of the surface of the material, in addition
to degreasing, includes two successive stages - etching with a solution of H,SO,:HCI:H,O
= 2:1:2 and polishing in a solution: HCl:HAc:HNO, = 1:70:30. As the observations under a
microscope showed, the state of the surface of the materials at the etching stage was deeply
worked with the formation of roughness in the form of wide grooves. Subsequent polish-
ing ensured the alignment of the micro-relief and composition of the surface layer of the
processed material. The mercury coating applied to the materials prepared in this way was
stable, well adhered to the amalgamated surface. The used techniques should be considered
as the most appropriate when preparing the surface of contact materials from the iron group
metals and alloys on the basis for amalgamation.

Results and discussions

Available information on the effects of hard substrate surface preparation: industrial
alkaline degreasing, acid etching and mechanical preparation (polishing) has been limited to
mild steel, the most widely used steel in the world for industrial and domestic applications,
but not relevant to switchgear where, as it has been noted earlier, it is necessary to maintain
ideal surface cleanliness (Atmani, Poelman, 2010).

In this work, the quality of the surface of material samples at the stages of chemical
preparation has been judged on the basis of the data of an analysis of the etching and polish-
ing solutions. Tables 2 and 3 for all studied materials have shown the results of determining
the thickness of the layer being removed and the ratio of the metals, which have gone into
the solution at the both stages of chemical treatment. The values have been calculated on the
basis of the data of an analysis of the etching and polishing solutions after the processing
operations on the material samples.

When etching nickel and iron samples, sealed into glass ampoules, a layer of metal
with a thickness of 8 is removed: Ni= 110* cm, Fe = (2-3)10”° cm (Table 2, 3).

Table 2 - Thickness of the removed layer after the chemical treatment of the Ni samples, sealed into ampoules
(q=0.56 mm).
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Experiment No. Sample area S, cm? Thickness of the removed layer
Upon etching Upon polishing
§-10%cm d-10*cm
0.512 1.03 2.73
2 0.530 0.64 1.87
3 0.530 0.91 3.19

Table 3 - Thickness of the removed layer after the chemical treatment of the Fe and 13X steel samples in the
form of plates

Experiment Name of the Sample area Thickness of the removed layer at different

No. material stages, cm

S, cm? B .
etching polishing
610° cm 610 cm
4 1.20 11.70 2.87
5 0.96 18.00 3.82
6 8 0.84 18.00 3.82
7 g 1.05 28.80 3.17
8 g 0.78 0.29 433
9 g = 1.12 0.20 5.75
g 3
10 = g 1.12 0.20 7.31
11 g 1.12 - 6.30
12 5 1.20 0.19 4.63
13 A 136 2.89 4.67
14* 1.52 4.17 3.13
15% 1.25 - 3.81
16 1.75 1.71 6.91
17 ENY 1.75 1.81 6.86
O o
(Z —

Note: x) at etching t =90 min;

With an increase in the duration of etching of the Fe samples up to 90 min (accord-
ing to the method t = 30 min), the thickness of the crushed layer by an order of magnitude
increases, and in this case its value approaches 6 for the unsealed samples - (2-3)10* cm. At
the polishing stage on the both metals, a layer of approximately the same thickness (3—5-10
cm) is removed. The micro-relief of the surface of the samples reflects the degree of pro-
cessing at the stages of etching and polishing (Fig. 1 a, b; Fig. 2).
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Figure I — The Fe area after the treatments:

a) etching, 6) polishing

Figure 2 — The surface of nickel after polishing

The effect of the etching solution on steel 13X leads to the transition of only iron
into the solution, while the thickness of the removed layer is of the same order as in the case
of pure iron = 2:10-° ¢cm (Table 3).

The authors (Bezuidenhout, Martin, 2020) have assessed the effectiveness of pol-
ishing by removing the mass and reducing the surface roughness. The samples polished in
various solutions have had fewer surface crack initiation sites than in the initial state, but
their stability over time has not been confirmed.

The solutions have been analyzed after chemical treatment for the content of alloy
components, using the atomic absorption method. Such studies have been carried out on the
example of the alloys on the basis of iron and nickel - permalloy (52N) and kovar (29NK),
most widely used as the contact parts in the manufacture of reed switches, beds of nails
and other switching devices (Table 1). In the chemical treatment of the metal surfaces and
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alloys, along with a change in micro-relief, there can also be a change in the composition of
the surface layer of the material, which is determined by the nature of the chemical process-
es, occurring during this process. For this purpose, the solutions have been analyzed for the
alloy components after processing the materials according to the above methods. Based on
the amount of metals, found in the solutions after etching and polishing, the ratio of compo-
nents during their dissolution and the thickness of the removed layer have been calculated.
To make some comparisons, some experiments have been carried out on the images, both
sealed and not sealed in glass ampoules (V = 7-8 cm?).

As can be seen from Table 3, when etching the 52H alloy, the ratio of the compo-
nents, which have gone into solution, does not correspond to the initial composition of the
alloy; a higher nickel content has been found (62.54 + 1.6) wt.%, compared to iron (38.3 +
2. 1) wt.%, the thickness of the removed layer corresponds to the value 6 = (2.5+0.8)10*
cm?®. This can be explained as follows. As is known, there is a layer of insoluble oxides on
the surface of the alloy, and it has been noticed that upon the effect of the etching solution
upon the sample, a mechanical removal of this layer occurs, apparently consisting mainly of
iron oxides. In this regard, the following surface layer is correspondingly enriched in nickel.
Therefore, during etching, an increased amount of this component passes into the solution
as compared with its initial content in the alloy.

Table 3 - The results of the analysis of the etching solutions after the chemical surface treatment of the 25N
and 29NK alloys

Material Sample Etching
The ratio of Me in the solution, wt.% Removed layer,

Fe Ni Co 5.10%*. cm

52H Not sealed in the 38.37+2.1 62.54+1.6 2.5+0.8
ampoule

Sealed in the 49.45+4.6 50.84+4.8 3.30+0.3
ampoule

29HK Not sealed in the 49.74+1.0 35.74£1.2 14.53+0.4 0.25+0.1
ampoule

Sealed in the 55.84+1.2 30.94+1.1 13.21£1.3 1.15+0.3
ampoule

When processing the samples sealed in ampoules, the ratio of the alloy components
in the solution approaches the original composition: Fe (49.45+4.6)%; Ni (50.84+4.8)%.
It can be assumed that this is a consequence of the thermal effect to which the contact is
exposed when sealed into the ampoule. In this case, a layer of oxides of the both metals is
formed, which, when separated during the etching process, bares the surface of the alloy
of the original composition. The thickness of the removed layer is slightly less than 6 =
(1.5+£0.4)10* cm (calculated without taking into account the amount of the insoluble scale)
than in case of the etching samples in the non-sealed ampoules. Thus, it is the conditions for
sealing the samples that should further determine the selection of the optimal composition
of the etching mode: the less the possibility of oxidation of the samples during sealing, the
more effective the conditions developed by us and recommended in the literature may be.

In case of chemical preparation of the samples from the kovar alloy during etch-
ing (Table 3), a transition into the solution of metals in a ratio slightly different from the
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initial composition of the alloy is also observed: Fe (49.74 + 10.36)%; Co(14.5210.39); Ni
(35.74+1.24)%, i.e. an underestimated amount for cobalt and an overestimated amount for
nickel. However, the thickness of the layer removed from the surface 6 = (2.5+£0.7) 10 cm
is an order of magnitude lower than when etching the alloy with permalloy.

To clarify the nature of the effect of the etching solution on the surface of the mate-
rial, the behavior of the 29NK alloy in it, sealed in an ampoule, has been studied, for which
the chemical treatment has been carried out in two stages. At the first stage, the sample has
been kept in the solution for 20-30 seconds until the layer of oxides (scale) has been sep-
arated, and at the second stage, it has been placed in a fresh solution and etching has been
continued, bringing the total duration of treatment to 2 minutes.

An analysis of the etching solution has shown the following metal content in the
removed layer:

Stage 1 - Fe (64.02+0.95)%, Co (17.76+0.96), Ni (18.19+0.98)%, 6 = (3.39+0.98
)10*cm;

Stage 2 - Fe (43.49+0.95)%, Co (17.6940.98), Ni (38.90+£0.99)%, 6 = (2.18+0.98
)10 cm - without taking into account the metal located in the insoluble residue of scale
(Fe,0,).

As can be seen, at the first stage of etching, an increased content of iron and a
decreased content of nickel are found in the solution, as compared with their ratio in the
original alloy. Since at this stage there has been mainly a dissolution of metals from the film
oxides, this indicates that it largely consists of iron oxides. Accordingly, the subsequent lay-
er under the scale should be enriched in nickel and somewhat depleted in iron. An analysis
of the etching solution after the second stage of processing has confirmed our assumption:
indeed, there is an overestimated (up to 39 %) nickel content, and a reduced iron content
(43.5 %) relative to the initial composition. The thickness of the removed layer at the two
stages of etching 6 = 0.7-10* cm is of the same order as for one-stage etching 6 = 1.1-10*
cm. During the subsequent polishing of the kovar (Table 3), the following results have been
obtained for the metal content in the removed layer, %: Fe (60.00+=0.93), Co (12.94+0.77),
Ni (27.05+0.94), 6 = (9.26+0.95)-10* cm. These results are in good agreement with the data
on polishing the 29NK alloy, carried out after one-stage etching. Some differences in the
behavior of the 29NK and 52N alloys in the etching solution are probably explained by the
structure of the alloys. According to the state diagram of the Fe-Ni system, the 52H alloy is
a solid solution. In the alloy 29NK, which is a ternary Fe-Ni-Co alloy, slightly higher bond
strength of the components is expected due to the influence of the superstructure of the Fe—
Co binary system (Kornilov, 1951).

And when processing the samples of the both types of materials in a polishing solu-
tion (Table 4), the alloy components dissolve in a ratio close to the original: Ni (51.443.0)%;
Fe (48.53+3.0)%, the thickness of the removed layer is of the same order as during etching
8 =(3.3940.9):10* cm. This is quite consistent with our ideas: when polishing, the cleaned
surface of the alloys, which does not contain oxides, comes into contact with acids.
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Table 4 - The results of an analysis of the polishing solutions after the chemical surface treatment of the 25N

and 29NK alloys
Material Sample Etching
The ratio of Me in the solution, wt.% Removed layer,

Fe Ni Co §.10% cm

52H Not sealed in the 51.00+1.2 49.06+1.4 3.39+0.9
ampoule

Sealed in the 48.50+3.0 51.47+3.0 3.30+0.3
ampoule

29HK Not sealed in the 60.57+14.2 26.68+2.1 11.4542.1 7.80+0.9
ampoule

Sealed in the 57.92+1.9 29.57+1.5 12.51+1.0 7.88+1.8
ampoule

In the contact technology, along with the indicated materials 52N and 29NK, other
metals and alloys are widely used. In particular, these include Fe, Ni, alloys 47ND, Monel
40A, nickel silver, steel 13X, etc. The listed materials have been subjected to chemical pro-
cessing, like kovar and permalloy in the etching and polishing solutions.

Polishing ensures smoothing of all surface roughness by removing a larger layer of
material 8 =7 .10* cm (Fig. 3).

Figure 3 — Surface of 13X steel after polishing

When etching the samples of the 47ND alloy, only nickel and iron pass into the
solution (Table 5).
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18 0882 | 3566 6440 = | 673 3960 5550 465 |75
19 +158 | 36:84 6316 = |699 5332 4155 512 |88
26 +632 | 3756 6256 = | 654 517 435t 53t | +68
2t +682 | 4+86 5814 = | 648 516 4350 534 |26+
22 +007 | 41+40 5859 = |53 5126 4322 558 | 225
23 +007 | 4+18 5882 = |62 5689 438t 529 |6t
average | 1028 | 39:06 6694 088 4956 5418 522 | 186
The-samples;sealedinthe-ampoutes
24 0:666 | 6196 3828 = 515 5516 3949 54t |58
25 063t | 5267 39:94 799 | 599 46:0t 49-68 460 |1+56
26 0710 | 5653 430t 645 | 786 477+ 4769 483 | 344

The ratio of these metals in the solution (39 % Fe and 61 % Ni) is slightly different
from that in the original alloy (47 % Ni, 48% Fe, i.e. 1:1). In case of etching the samples
sealed into ampoules, in addition to nickel and iron, copper is also fixed in the solution.
The etching process is accompanied by the formation of small symmetrical grooves on the
surface of the material being processed, the thickness of the removed layer reaches the fol-
lowing values: unsealed samples - 3 = 0.9-107° c¢m; sealed - 8 = (5-7)'107° cm.

In the polishing solution after processing the both types of the samples, the ratio
of the metals is close to the initial composition of the 47ND alloy. The thickness of the
removed layer in this case 8 = (1.6-2)103 cm is higher than in the case of Fe, Ni and 13X
steel, due to this, the deep surface treatment is ensured (Fig. 4).

a) 0)
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Figure 4 — The surface of the alloy 47ND after the treatments:

a) etching, b) polishing

The behavior of the alloys containing the Monel 40A copper and nickel silver

When processing the Monel 40A alloys and nickel silver by the etching solution, the
main components of the alloys are released into the solution: copper and nickel in case of
the Monel 40A, and in nickel silver, zinc is also fixed (Tables 6 and 7).

Table 6 - The results of an analysis of the solutions after the chemical treatment of Monel NM 40A alloy (q =

0.042 cm)
Experiment | Sample area Etching Polishing
No.
S, cm? - - - -
The ratio of the met- | Thickness The ratio of the Thickness of the
als in the solution. | of the metals in the solu- | removed layer
wt.% removed tion. wt.%
layer 51073 cm
Cu Ni 5103 ecm Cu Ni
27 0.50 - - 1.30 38.00 62.00 0.56
28 0.49 - - 1.15 36.90 63.10 0.59
29 0.53 44 .44 55.56 0.96 36.36 64.64 0.64
The samples, sealed in the ampoules
30 0.41 41.40 53.20 5.72 29.63 70.37 0.56
31 0.43 41.18 53.03 8.64 27.93 72.07 0.72
32 0.39 39.06 55.56 5.57 29.34 70.65 0.66

Table 7 - The results of an analysis of the solutions after the chemical treatment of nickel silver alloy (platinum
0.4x3) prior to amalgamation

Experiment | Sample area Etching Polishing
No.
S, cm?
The ratio of the metals in the | Thick- | The ratio of the metals in | Thick-
solution. wt.% ness of | the solution. wt.% ness of
Cu Zn Ni | there ooy zn | N |there
moved moved
layer layer
5107 51073
cm cm
33 2.28 53.36 2421 2242 |1.15 59.74 22.98 17.28 1.12
34 2.64 54.93 23.94 21.13 | 1.26 62.50 21.88 15.62 1.06
35 2.45 50.23 22.37 27.40 | 1.05 61.53 20.51 17.96 1.16
36 1.58 50.81 22.58 26.61 |0.92 66.64 24.15 13.55 1.03
37 1.60 49.22 25.00 25.78 10.94 62.90 20.97 16.13 | 2.26*

The thickness of the removed layer is of the order of (1-1.3)10° c¢cm for the both
materials. The behavior of these alloys in the polishing solution is the same. The ratio of the
components, passing into the solution is close to the original composition of the materials,
and the thickness of the removed layer is almost two orders of magnitude higher than during
etching: Monel 40A — 6 = (0.6-0.7)-10 cm; nickel silver — 6 = (1-1.2)-10~* cm. Processing

181



ISSN 2224-5227 4.2024

in the polishing solution ensures a deep surface treatment, due to which its composition and
micro-relief are leveled. As can be seen from Figures 5 and 6, the surface of the samples
becomes smooth, uniform and shiny.

a) 0)
Figure 5 — The Monel 40A alloy surface after the treatments:

a) etching, b) polishing

a) 0)

Figure 6 — The nickel silver alloy surface after the treatments:
a) etching, b) polishing

Conclusion

The behavior of the iron group metals and alloys on their basis in the processes of
chemical preparation of their surfaces prior to applying mercury coatings has been studied.
For the both stages of the chemical processing - etching and polishing - the thickness of the
removed layer of material has been determined, and in case of alloys, also the ratio in which
the metals go into the solution has been determined. The optimal conditions for polishing
iron, 13X steel and nickel silver alloy have been selected. It has been established that during
the etching process of Ni, Fe, 47ND a layer with a thickness of 6 = (1-2)'10** cm is removed,
and for steel 13X 6 = 2.10”° cm, and during polishing a deeper development of the sample
surfaces occurs. The thickness of the removed layer on Ni, Fe is 6 = (3-5) ‘10 cm, and on
13X and 47ND, respectively, 710 cm and (1.6-2) ‘10 cm. In case of processing the 47ND
alloy, iron and nickel pass into the solution, and during etching the Fe:Ni ratio is 1:1.6, and

182



Reports of the Academy of Sciences of the Republic of Kazakhstan

during polishing it is 1:1, i.e. close to the original alloy composition.

During the chemical preparation of the copper-containing alloys — Monel 40A and
nickel silver, the main components of the alloys — copper and nickel, and nickel silver also
contain zinc — are transferred into the solution. The thickness of the layer, removed on the
both materials during etching, is of the same order, and during polishing it is 6 = (1-1.3)-10-°
cm, i.e. two orders of magnitude higher, and the ratio of the components, which have gone
into the solution is close to the original composition of the alloys. Processing in a polishing
solution ensures a good preparation of the surface of the alloys, due to which its composition
and micro-relief are leveled.

Thus, the data obtained on the behavior of the iron group metals and alloys on their
basis in the processes of etching and polishing indicate that during the chemical treatment
the surface is completely cleaned of oxides, and the ratio of the layer surface to their chem-
ical composition is achieved.

The final conclusion about the suitability of the developed conditions for the chemi-
cal preparation of the surface of metals and alloys can be made only on the basis of assessing
the quality of the mercury film during subsequent amalgamation.
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