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OTXOAbI BOPHOTI'O ITPON3BOACTBA KAK CBIPBE JUIA ITOJTYYEHUA
COPBEHTOB!

AnHotanus. CraThsi TOCBAIICHA WCCIEIOBAaHUIO BO3MOXKHOCTH TIOJNyYEHHsS] COpPOIIMOHHBIX
MaTepHaJIOB HAa OCHOBE CHJIMKATOB KaJbI[US W3 OTXOJOB IPOU3BOJCTBA OOPHOM KHCIOTHI
(6oporurica). B 3aBUCHMOCTH OT YCJIOBUI CHHTE3a CHIIMKATHO-KAIBIIMEBBIX COPOCHTOB (pa3inyHast
TeMIeparypa U IpOJOJDKUTEILHOCTh) MOJYYCHBI JaHHBIC 10 WX (Pa30BOMY COCTaBy, INIOTHOCTH
Y YACTHbHOW TOBEPXHOCTH. Y CTAHOBJIEHO, YTO OCHOBHBIM MEXaHH3MOM COpPOIIMHM MOHOB TSDKENBIX
METAJUIOB SIBJISETCS KATHOHHBIN OOMEH, YTO MOATBEPKICHO METOIaMU PEHTI€HO(A30BOT0 aHAIM3a,
aTOMHO-a0COpPOIIMOHHON CHEKTPOMETPHUH W DJIEMEHTHOTO aHanu3a. l[lokazaHo, 4To copOus
METHJICHOBOTO CHHEro MPOTEKAeT II0 MOHOCIOMHOMY MEXaHU3My U YJOBIETBOPHUTEIBHO
OTIMCBIBAETCSI MOJIENbI0 JIeHrMIOpa, a KHHETHKa MpoIlecca — MOJIENBIO TICEBIO-BTOPOTO TIOPSIIKA.
HccnenoBana 3pPpeKTUBHOCTH aIcOPOLIMU MATOTEHHBIX U YCIOBHO-TIATOT€HHBIX MUKPOOPTaHU3MOB
(Escherichia coli, Bacillus subtilis) cuHTeTHUeCKUME CHIMKAaTaMH KaJbLUsA: HaHOOJbIIAS
copOumonHas crnocobHocth (>90 %) mocturHyra no ortHomenuro k Escherichia coli, npu stom
oOpa3ipl U3 OOpOrunca MpeBOCXOAAT U3BECTHBINM AHTepocopOeHT «beinbiil yrompy. [lomydeHHbie
pe3yabTaThl  CBUJETEIBCTBYIOT O MEPCHEKTUBHOCTH  MCIIOJIB30BaHMUA  OTXOJIOB  OOpHOTO
MIPOM3BOJICTBA JUIS CO3JAHHSI COPOCHTOB MJISi OYMCTKM BOJHBIX CpEI OT TSDKENBIX METaslloB,
Kpacureneid 1 MUKpOOPTaHU3MOB.

Kniouesvie cnosa: GOpOTHIIC, CHIMKATHl KalblWs, COpPOLWS, MEXaHW3M, KHHETHKA, TSDKENbIe
METaJUIbl, METUJICHOBBIA CUHUNA, MUKPOOPTaHU3MBI.
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BBenenue

CHeKkTp CHJIMKATOB KaJbIMS W TPOU3BOIHBIX MAaTEPHAJIOB, HCIIOJIb3YEMBIX
B KauecTBE COPOCHTOB, BEChbMa pazHo00pa3eH. X MpUMEHSIOT U aKTUBHO HCCIEAYIOT
JUTS U3BJICYCHUS M3 O0OBEKTOB OKPYIKAIOMICH CpeIbl IUPOKOTO KPyra MOJUTFOTAHTOB:
TSDKEJBIX METaJUIOB, JIOJTOKUBYIIMX PaJIAOHYKIUIOB, IECTHUIMIOB, KpacHTEJCH,
(GeHOJIOB, HEOPTAHWYECKUX aHMOHOB, a TAK)KE MAaTOTEHHBIX W YCIIOBHO-TIATOT€HHBIX
MUKpOOpranu3mMoB. Cpeau UCCIeIyeMbIX COCAMHCHHWH JIaHHOTO Kjacca —
ruapomeracuankar kanslius CSH (1), o-C,SH, CsS, kconommt Cag[SigOi17](OH)2,
11 A tob6epmoput Caio[Si12031](OH)s-8H20, Bomnactonut CasSicO1s, prBepcaiimut
Cas[SisO16](OH)2:2H, 0 u ap. [1-9]. B mocienHee BpeMsl aKTHBHO HMCCIEAYIOT
COpOIIMOHHBIC MaTepUabl HA OCHOBE CHUJIMKATOB KaJIbIlMs, B KaueCTBE MPUMEPOB
MOYKHO TPHBECTH KOMIIO3UTHBIM COpPOSHT Ha OCHOBE KaJbLIUTA, THUAPOCHIIMKATA
kanpiusg C3S WM CHIIMKArels; MarHUTHBIA HAaHOCTPYKTYPHUPOBAHHBIA THIPOCHIUKAT
KaJIbIIHS, KOMITO3UTHBIC aCOPOSHTHI Ha OCHOBE THIPOKCHAIIATHUTA/THApATa CUJIMKATa
kanbpius (HAP/C-S-H) u ¢dropamarurta/ruapara cunmkara kameius (FAP/C-S-H);
HAHOCTPYKTYPUPOBAHHBIN THUIAPAT CUIMKaTa Kaimbius, moauduimpoBanubii Fe(Ill)
Y HAMAarHWYCHHBIH ~ KOMMEPYECKMMH WM  CHHTETHYCCKUMH  HAHOYACTHUI[AMH
MarHeTUuTa, HEMOIU(PHUIIMPOBAHHBIN W MOIUGUIIMPOBAHHBIN IOJMATHICHUMHHOM
ruapocwnkar Kaigbiuss CSH (l); cwmmkar kambiwst, (QyHKIMOHATM3UPOBAHHBIM
THOJIOM; HAHOCWJIMKAT KaJbIHsI, MOAH(DHUIMPOBAHHBIA OKCHIOM MEIH; KOMIIO3MT,
COCTOSIIIMA W3  KPUCTALIMYECCKHX IICOJUTOB  (CTWJIONT H  TETPAHATPOJIHT)
u amopdHoro ruapara cuinkara kanbius C-S-H (1) u ap. [10-17].

B nanHOW cTaThe MpeacTaBlIeHbI OCHOBHBIC PE3YNBTAThI IO HCIOIb30BAHUIO
MaTEpHUaJIOB Ha OCHOBE CHJIMKATOB KaJIbIIHS, TIOJYYSHHBIX U3 OTXO0B IPOU3BOJICTBA
OopHOM KHCIOTHI (OOporurica) B pa3IMUHBIX YCJIOBHUSX B KaueCTBE COPOCHTOB.
[TpuBeneHbI pe3ynbTaThl HCCIACAOBAHNN COPOIIMOHHBIX CBOMCTB CHJIMKATOB KaJIbIIHS
10 OTHOIICHUIO K MOHAM TSKEIIBIX METAJIOB, METUJIICHOBOMY CHHEMY, ITaTOTCHHBIM

U YCJIIOBHO-TIATOreHHBIM MuKpoopranu3mam Escherichia coli u Bacillus subtilis.
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OTXOI[LI IIPpOU3BOACTBA 60pHOﬁ KHCJIOTBI (C COACPIKAHNCM OCHOBHBIX

KOMITOHEHTOB, Macc.%: SiO; — 26-28; CaO — 26-28; SO, — 38-40; Fe,O3; — 1,8-
2,0, Al,Os; - 0,6-0,8; B,O; —0,7-1,2; MnO - 0,2; MgO - 0,1-0,2) cmemmBanu
C pacTBOPOM THJAPOKCHAA Kaius KBAIU(UKAIMUA «Y.]1.2» B CTEXHOMETPUUECKOM
COOTHOILICHUH.

JlanHpie 10 (a30BOMY COCTaBY HCCIEAYeMBbIX 00pasloB, HUX IUIOTHOCTU

Y yJIeJIbHOM MOBEPXHOCTH MpUBEIEHHI B Ta0i. 1 [2, 18].

Tabmuma 1
YcnoBus cuHTe3a U XApPaKTCPHUCTHUKA CUIIMKATHBIX COp6€HTOB n3 60pOFI/IHC21
Temneparypa u YneanHas moBepx-
COpﬁeHT Bpems Oﬁpaﬁo”f— ®a3oBblii COCTAB IPOAYKTA HOCTb, MZ/I‘;
KH OTXO0/I0B IVIOTHOCTD, I/cM°
BI' CK 20 20-25 °C, Awmopduas daza, CaCO3
yabTpa3BykoBas | (kaipuuT), SiO2 (kBapin) 50 m?/r
o0paboTka, 6 u
BI'CK 118 AmopdHas da3za, KaTbIUT 22,0-40,0 mM?/t;
CaCOs, kBapi SiO> 2,25 rlem®
BI' CK 120-24 120 °C, kanpiut CaCOs, kBapir SiOy,
aBTOKJIABHAs To6epmopuT 9A 2,22 r/em?®
obpabotka, 24 u | CasSisO16(OH):
BbI' CK 200-24 | 200 °C, kcoHOTIIUT CasSisO17(OH)2,
aBTOKJIaBHAsI To6epmoput 9A 259 r/em®
obpabotka, 24 u | CasSieO15(0OH)2-5H20,
ckoytut CarSig018C03-2H20
BK CK 220-3 220 °C, Amopdnast dasa, TobepmMopuT 102.4 v2/r
ABTOKJIaBHAsI 9A Cau(SisO15)(OH).-5H,0 ) 6’5 o 3
, cM
o0paboTka, 3 u
BbI' CK 220-6 220 °C, amopdHnas ¢paza, ToOepMOpUT 155.2 v2/r
aBTOKJIABHAS 9A Cau(SigO15)(OH)2-5H20; 3 1’ omd ’
00paboTka, 6 U kcoHOTIIUT CasSis017(0OH)z2; ’

Kak BHgHO W3 mpencTaBieHHON TaOMUIbl, (GOPMUPOBAHUE KPUCTALTUICCKUX
CHWIMKATOB Kayblus (ToOepMopuTa) 3adUKCHPOBAHO B YCIOBUAX aBTOKJIABHOU
obpabotku Ooporunca npu Temmeparype 120 °C. Ilpu 200 °C HabmromaeTcs
CasSigO17(OH), wu CazSigO15C0O3-2H,0.

N3BectHo, uto KCcOHOTIHT CasSisO17(OH),; oOpasyercs mpu 0Ooiiee BBICOKHX

0 6p a30BaHHC KCOHOTIHUTA CKOYTHUTA
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TeMIiepaTypax, yeM TOOEpMOpHUT, MpHUYEeM paBHOBecHas (a30Basi TpaHUIlA MEXKIY
STUMHU JByMsI MUHEpajlamMH HpOXOAWUT npu Temmeparype okoio 140 °C [19, 20].
Jlns ckoytuta CazSig018C03:2H,0 obOpasoBanue cmsizano ¢ npucyrctBuem CO;
u H,O B u30bITKe. CKOYTHT MOXET OBITh CHHTE3UPOBAH IpU Temreparypax oT 175
10 300 °C, HO OOBIYHO JAe€T CMECh CKOYTHUTa C TOOEPMOPHUTOM, KaJbIIUTOM W/WIU
kcoHoTuToM [21]. IIpu 220 °C obGpazoBanue ckOyTUTa HE (PUKCUPYETCS, YUTO MOXKET
OBITH CBSI3aHO C HEJJOCTATOYHOM MPOOIKUTEIHHOCTHIO aBTOKJIABHON 00pabOTKH.

[TonyueHsl JaHHBIE IO COPOLUM psAga MOHOB TshKelnbix Merawios Co?t Cd#
Pb? Zn?" Ni?* Cu?* Sr** uccnenyembiMu copbenTamu. COpOLMOHHAS €MKOCTh
CIJINKATOB KaJlbLIUS B 3aBHUCHMOCTH OT THIA COpPOEHTa, yCIOBUI €ro IMOJy4eHHUS,
ycnosuii copoumm Bapeupyer ot 0,1 mo 4,04 mmons-Tt. HamGonbpmme 3HaueHUS
COpOLIMOHHON €MKOCTH MoJTy4eHsl 11 noHoB Co?* (~ 4,1 mmons/r) [22], uro nermno
B OCHOBY pa3paboTku coctaBoB Ha ocHoBe CaCoSi;Og nns moigydyeHuss METOJIOM
HCKPOBOIO IJIa3MEHHOTO  CIIEKAHHS TBEPAOTENBHBIX KEpaMUYECKHMX MAaTpHIL
IUTSI UMMOOUITM3alMM  KOOaJIbTa, CBOMCTBA KOTOPBIX COOTBETCTBYIOT TpeOOBaHUAM
I'OCT P 50926-96 myist oTBep K ICHHBIX BHICOKOAKTHBHBIX 0TX010B [23].

OCHOBHBIM MEXaHU3MOM COPOLIMM SIBJIETCS KaTUOHHBIM oOMeH moHOoB (Ca*!
Ha HOHBI COOTBETCTBYMIOIIETO Metamia Me*'. dopMupyeMble B JaHHBIX YCIOBUSX
CIJIMKATHO-KaJIbLIUEBbIE COPOEHTHl MPEACTABIAIOT COO0M MHOTOKOMIIOHEHTHBIE
CHUCTEMBI, UTO 00YCIOBIUBAET HEOOXOAMMOCTh y4eTa BO3MOXKHOTO B3aUMOJICHCTBUS
coe meramioB ¢ ruapocuiaukatom Kambmusa, CaCOs, SiO. m CaSO4-2H-0
IpU UCCIEIOBAaHUM  MEXaHW3Ma  COpOLMHM  HMOHOB  TSDKENBIX  METaJlJIOB
U paAuoOHYKIUA0B. BrimosHeH pacueT 3HadYeHUM cBoOOaHON »sHepruu ['nbb6ca
(AG®X.p) AJig COOTBETCTBYIOIINX XUMUYECKUX peaknuii. JlaHHbIe peHTreHo(Pa30BOTro
ananu3a (P®A) ocaakoB mocie copOIuu MOATBEPKIAIOT MPEIBAPUTEIbHBIE PACUETHI
AG®Xx.p, XapakTepu3ywollue HauOoJiee BEPOATHBIE peakuuu  OoO0pa30BaHUsA
COEIMHEHHI B paccMaTpuBaeMbIX Ipoueccax. Ha mudpakrorpaMmax ocaakoB Mocie

copO1uu uAeHTUGUIMPOBAHBI CIEAYIOIIKNE KpUucTainyeckue (aspl: B onbitax ¢ Cd**
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— CdCOs; ¢ Pb?** — PbSO4 u PbCOs; co Sr** — SrSO4 m SrSi0s; ¢ Cu** — CuCO:s
n CaCuQO:. IlockonabKy THAPOCHIMKATHI CBUHIIA, MEIH, LIUHKA, HUKEIS U KaaMUS
peHTreHoaMopdHbl, HX HJIACHTH(UKAIIUS B COCTaBE OCAAKOB MeTojaoM POA
HeBO3MOXkHA. [lomyyeHHble [daHHBIE MOATBEPKIECHBI ATOMHO-a0COPOIMOHHBIM
aHAJIM30M JAMHAMUKHA KOHIEHTpauuu HOHOB Ca®*" B (QuubTpaTax mociie copOLuH,
a TaKX€ AJIEMEHTHBIM aHAJIM30M TBEPABIX OcaakoB [2, 18, 24]. IloaydeHbl JaHHbBIC
10 KHHETUKE COPOIMM HMOHOB  TSDKEIBIX METAIOB  CHUJMKATaMH  KaJbIUS
u3 6oporurca [18, 25].

CopOLMOHHBIE CBOMCTBA CHHTETHYECKUX CHUIMKATOB Kaiblus (00pasibsl BK
CK 220-3, BI' CK 220-6, bBI' CK 120-24, BI' CK 200-24) Obl1n H3y4YeHBI
Y Ha MOJIETLHOM KpacHuTelie — METUJIEHOBOM CHUHEM. B HaydHOU nuTepaType onucaH
IMUPOKUH CHEKTP MaTepHalioB HAa OCHOBE CHJIMKATOB KaJbIUs, W3yYEHHBIX
B oTHOIIEHUU copOuuu MC B pa3IWyHBIX YCJIOBHUSAX: TOOEPMOPUT, COPOEHT
Ha OCHOBE KBapIila, KpUCTOoOANnTa, KaJIbIIMUTA U TOOEPMOPUTA; KOMIIO3UT Ha OCHOBE
AKTUBUPOBAHHOTO YIUIAI M THIpokcuanarura ¢ goOasneHuem CaSiOs; amopdHbIe
CSH w3 pucoBoil  COJIOMBI,  KOMIIO3UTHBIE  aJCOPOEHTHI HAa  OCHOBE
ruapokcuanarura/ruapara cuaukata kanbiusa (HAP/C-S-H) u ¢ropanatura/ruapara
cummkata kaieims (FAP/ C-S-H) m np. [2, 17, 26-28]. CopOimoHHass €MKOCTb
CHUJIMKATHO-KaJIBIIUEBBIX MaTeprayioB 1o oTHomeHuo k MC cocrasiser 6—147 mr/r
B 3aBUCUMOCTH OT COCTaBa HCXOJHOTO ChIPbS, YCJIOBHI CHHTE3a U OCOOCHHOCTEU
MoAU(UITMPOBAHKS MaTepUaa.

beiio  ycranoBneHo, uro  copbumst  meruieHoBoro  cuHero  (MC)
Ha UCCIIelyeMbIX oOpasllax u3 OOporurica MPOUCXOJUT IO MOHOCIOHHOMY
MEXaHU3MY, YTO TOJITBEPXKIACTCS BUIOM HM30TEPMBI, B IIEJIOM COOTBETCTBYIOIICH
Mojenu Jlenrmiopa. 3HaueHus: cOpOIMOHHOM eMKocTH 110 MC 17151 BhIlIeyKa3aHHBIX
00pa31ioB BapbUpyIoT OT 18,2 10 24,4 Mr/T.

Ha puc. 1 nmpuBenensr kunerndeckue kpusbie copoumuu MC copbentamu BI'

CK 120-24 (xpuBas 4), bI' CK 200-24 (xpuBas 5). Jlyisi cpaBHEHUS NPUBEIACHBI

745


https://technosphere-ing.ru/

VIIPABJIEHUE TEXHOC®EPO 2026. T.9. Bem. 3. https://technosphere-ing.ru

KUHEeTHU4YecKre KpuBble copbuun MC cUIHMKaTHO-KaJIbIMEBBIMU COpOEHTaMH,
MOJIYYCHHBIMA B YCIIOBHUSIX aBTOKJIABHOW OOpaOOTKM W3 pPa3IUYHBIX CHIPHEBHIX
KOMIIOHEHTOB: MOPCKUX pakoBuH, AuaromuTa 1 NaOH (kpuBas 1), peaktuoB CaCly,
SiO2, NaOH ¢ mocnenyromum obxurom mpu 1000°C (kpuBast 2), 3061 pUCOBOMU
menyxu, CaCl, u NaOH (kpusas 3). Jlns obpasios bBK CK 220-3, BI' CK 220-6
kuHeTndeckre KpuBble copbumu MC omucansl B [18]. Kak BugHo wu3
MIPEICTABJIICHHBIX 3aBUCUMOCTEH, BPEMs JJOCTIKCHUS PABHOBECHSI JIJIsl BCEX 00pa3IioB
cocraBisier  npumepHo 10-15 wmwunH. Kunetmueckue  KpuBble  copOUUU
MC marepuanamu BK CK 220-3, BI' CK 220-6, bI' CK 120-24, bBI' CK 200-24
MIPOAHAIM3UPOBAHBI B COOTBETCTBUU C MOJICIISIMHU TICEBIO-TIEPBOTO M TICEB0-BTOPOTO
MopsiJiKa:
kl

2.303

: (2)

log(A, - A) =log A, - t (1)

t 1 1
—= > +—t
A KA A
rne Ki — KOHCTaHTa CKOPOCTH COpPOIMHM MOJIENH TICEBIO-TIEPBOTO TMopsiaka, K, —
KOHCTaHTa CKOPOCTH COpPOIMU MOJEIHU TICeBAO-BTOporo mopsiaka;, A Ar —
COpOLIMOHHAs €MKOCTh B COCTOSSHUM paBHOBECHsI W B MOMEHT BpeMmeHu
COOTBETCTBEHHO.

Kaxyiuecss TceBI0-CKOPOCTHBIE KOHCTaHTBI, Ki W Kz, COOTBETCTByMOIIHE
KBaApaThl KOX((QUIMEHTOB KOppelmsuuM R?, MNOKa3pIBAIOIME NPABUILHOCTD
COOTHECEHUS C KUHETUYECKMMU MOJEISIMU TICEBIO-TIEPBOrO M ICEBIAO-BTOPOTO

MOPSIIKOB, PUBEJICHBI B Ta0II. 2.
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Puc.1. KuneTnueckue KpuBbie COpOIUN METHIEHOBOTO CHHEI0 CUJIMKATAMM

KaJIbIUs U3 PAa3JIUIHBbIX UCXOIHBIX KOMIIOHEHTOB

Tabauna 2

Pe3ynbpTaThl 00pab0OTKM KMHETHYECKUX KpUBBIX aacopormu MC auaToMuToM

MOACIILIMHA XUMHUYECKON KUHETUKH

Kunernueckasi MmoaeJnb

IlceBno- IlceBno-
Temnepatypa, °C NMePBOro NOopsaAKa BTOPOI0 NOPSIAKA
ki, Mus ! R? kfi 1 R?
I"MMOJIb —* MHUH
bK CK 220 0,15 0,8295 0,008 0,9902
BbI' CK 220-6 4 0,073 0,6468 0,01 0,9876
BI' CK 120-24 0,10 0,9900 437 0,9860
BI' CK 200-24 0,035 0,9900 3,72 0,9960

W3 maHHBIX, IPEACTABICHHBIX B Ta0J.2, CIEAYyeT, YTO MpOoIecC copOmmu st

COpOCHTOB W3 OOporurica HauWIydlIdM OOpa30M OIHUCHIBACTCS MOJICNBIO TCEBIO-

BTOPOTO I1OpPsAJAKa, O 4YCEM CBUACTCIILCTBYIOT COOTBCTCTBYIOIIUC KOBCI)(l)I/IHI/IeHTBI

KOPPEJSIUU.

B Hacrosimee BpeMsi aKTHMBHO HCCIEIYETCS B3aUMOAEHCTBHUE IPUPOIHBIX,

CHHTCTHUYCCKHUX u

MOAU(PUIIMPOBAHHBIX
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C pa3IUYHBIMU MUKPOOPTaHW3MAaMHM, BKJIFOYAsi TTATOTCHHBIE U YCIOBHO-TTATOTCHHBIE,
YTO pacImupseT 00JIaCTH X MPUMEHEHHs — HallpuMep, B Ka4eCTBE SHTEPOCOPOCHTOB
C COpOIMOHHO-IETOKCUKAIITMOHHBIMKI CBOMCTBAMH M JUISI OUUCTKH BOABI [29—36].

B Tabn.3 npuBeneHsl ngaHHble MO 3(PPEKTUBHOCTH afcopOuuu OakTepuit
Escherichia coli u Bacillus subtilis cunmuxaramu kansims BK CK 220-3 u BI' CK 220-
6 B CpaBHCHHH C CHJIMKATOM KaJbI[Hs, MOTYYCHHBIM B THIPOTEPMAIBHBIX YCIOBHIX
npu 220 °C B MozenpHOI MHOTOKOMITOHEHTHOU cucteMe CaS0O,-2H,0-Si0;-nH,O—
KOH-H;0, ananoru4Hoii mo coctaBy cucreme «ooporurc — menodb (KOH)» (nanee
— MOJIeNbHEIA oOpasen). VYenbHas NOBEPXHOCTH MOJEILHOro obpasua 146,4 M/,
da3oBeli coctaB: amopdHas ¢aza u ¢as3pl Boyuactonnta CaSiO3 MOHOKIMHHON
moaudukamyu, ruapocuminkara kaibimsg Cap sSiOs;5°-XH,0/1.5Ca0-Si0;,'xH,0 u
To6epmoputa 9 A Cay(SisO15)(OH),-5H,0 [36].

Jannble mo agcop6imu 6aktepuit cunukaramu kainbius BK CK 220-3 u BI'
CK 220-6 B TeueHue 2 4 npuBeCHBI B Ta0II. 3.
Tabmuua 3

CopO1ust MUKPOOPTaHW3MOB CHHTETHYECKUMH CHITMKATaMH KaJIbIIHAS

KyabTypa dddexTBHOCTH copOuUM, Yo
MUIPOOPTAHKIMOB MO BK CK 220-3 BI CK 220-6
Escherichia coli 89,3 94,3 96,4
Bacillus subtilis 66,7 62,5 76,5

Kak BHIHO W3 MPEACTaBICHHBIX JaHHBIX, HAMOOJbINAs COPOIMOHHAS EMKOCTh
HaOJroMaeTcss Mo oTHomeHnto K Oaktepusm Escherichia coli mas uccmemyembix
oOpasioB. HanbosbIyro copOMOHHYI0 €eMKOCTh 10 oTHomeHuIo k Escherichia coli
(>90 %) mnposiBisitoT 00pasil U3 Ooporunca. DddexkruBHocTh coporumu Bacillus
subtilis mns Bcex oOpasioB Huke 1o cpaBHeHuto ¢ Escherichia coli. HauGomnbimeit
COpOLIMOHHOM €MKOCThIO XapakTepuszyetrcsi oopazenr bI' CK 220-6. B kauectBe
o0pasiia cpaBHEHHSI MCIOJIb30BAIN U3BECTHBIM M IIMPOKO MCIIOJIb3YEMbIH Mperapar-

3HTCpOCOp6CHT Ha OCHOBC JHOKCHJAa KpPEMHHSA C APKO  BBIPpAXXCHHBIMHA
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COpOIIMOHHBIMA CBOMCTBAaMHU, KOTOPBIM BBIMYCKAETCS IMOJ TOPTOBBIM Ha3BaHUEM
«benplil yroap». YCTaHOBIEHO, 4TO mociie 24 4 KOHTaKTa JIaHHOTO Ipernapara
C KyJIbTypaMd MHKPOOPTaHU3MOB €ro 3(PQPEeKTUBHOCTh HWXE IO CpPaBHEHUIO
¢ obpasmamu u3 Ooporunca. DddextuBHOCTh copormu Escherichia coli u Bacillus

subtilis mpemaparom «besbrit yromb» cocraBiser 85,8 % u 45,8%, cooTBeTCTBEHHO [2].

3akiroueHue

[TpoBeneHHbIE HCCIEIOBAHUS TOKA3ald, YTO OTXOJbl IPOU3BOACTBA OOPHOM
KUCJIOThI  (OOpOTHIIC) SIBISIIOTCST  TEPCHEKTUBHBIM  CHIPHEM  JUISL  TIOJyYCHHSI
CUJIMKAaTHO-KaJbI[MEBbIX COpPOEHTOB. B 3aBUCHMMOCTH OT YCJIOBUM CHHTE3a
(Temneparypa, MPOJOJLKUTENIBHOCTh, BUA 00paOOTKH) (OPMHUPYIOTCS MaTepuabl
C pa3M4YHbIM ()a30BbIM COCTAaBOM — OT aMOP(MHBIX 10 KPUCTAUIMYECKUX CUIIMKATOB
KaJIbLIHsI (TOOEPMOPUT, KCOHOTJIHUT, CKOYTHT).

VYcra"oBieHo, 9To copOIus HOHOB Tshkenblx MeTamuioB (Co*t, Cd**, Pb*", Zn*,
Ni**, Cu?*, Sr*") npoTekaeT NperuMyIECTBEHHO M0 MEXaHW3MYy KaTHOHHOTrO OOMeHa
Ca*" na uoHbI MeTajuia; copOImoHHasi eMKocTh Bapbupyet ot 0,1 1o 4,04 MMonb 1.
Pacuétel cBoOOHOI 2Heprun ['n66ca u nanueie POA noarsepkmaroT oOpa3zoBaHue
kpuctayuinueckux $az (CdCOs, PbSOs, PbCOs, SrSO4, SrSi0s, CuCOs, CaCuOs.),
a pe3ynbTaThl aTOMHO-a0COPOLIMOHHOTO U 3JIEMEHTHOTO aHajdu3a — 3aMelIeHHe
KaJIbLIMSI B COCTaBe COPOCHTOB HA KATMOH COOTBETCTBYIOIIETO METaIaA.

[ToxazaHo, 4yTO COpOIMS METUICHOBOTO CHHETO HCCIEAYyEeMbIMH MaTepHalaMu
MIPOUCXOJNUT TI0 MOHOCJIOMHOMY MeXaHu3My (Mojenb JleHrmiopa) ¢ copOIMOHHOM
eMKocThlo 18,2-24,4 Mr/r; KuHEeTHKa Ipolecca HAWIy4IlIuM 00pa3oM OIMCHIBAETCS
MOJEJIBIO TICEBJIO-BTOPOTO MOPsJIKa, BpEMs JOCTHKEHHUS paBHOBECHS cocTaBisieT 10—
15 muH.

BoisiBiena BbicOKas 3()(PEKTUBHOCTh CHUHTETHUUECKUX CHIIMKATOB KaJbIUs
u3 boporurnca B OTHOLIEHUU MaTOT€HHBIX u YCJIOBHO-TIATOT€HHBIX

MUKpoopranu3MoB: cop6iust Escherichia coli npessiraer 90 %, Bacillus subtilis —
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62—76 %, YTO MNPEBOCXOIUT IMOKA3aTEIM HU3BECTHOrO 3HTepocopOeHta «benbii
yroib» (85,8 % u 45,8 % COOTBETCTBEHHO).

Takum 00pa3oM, CHITMKATHO-KAJIbIIUEBbIE COPOCHTHI, MOTYyYEHHBIE U3 OTXO0B
OOpHOTO  MPOM3BOJACTBA,  MOTYT  paccMaTpuBaThCsi  Kak  3(pekTHuBHBIC
Y DKOHOMHUYECKH IIeJIecoOOpa3Hble MaTepHalibl Uil OYUCTKA BOJHBIX Cpen
OT TSDKEJBIX METAJIOB, PAAHUOHYKIIUIOB, KpacuTeleld U MUKpoopraHu3MoB. Bmecrte
C TeM JEeTajlbHOE M3YYCHHE MEXaHM3MOB COPOILMU B Ka)XJIOM KOHKPETHOM CIIydae
TpeOyeT MPOBEICHUS TONOTHUTENbHBIX UCCIIEOBAHUM.

HccnenoBanus no qanHoi npobieme BxoasT B miian Hayunoro copera PAH
1o (pU3NYECKOU XUMUHU (CEKIIUS «AJICOPOIMOHHBIE SIBIICHUS).

Paboma evinonnena 6 pamkax coc. 3aoanua Uucmumyma xumuu /[BO PAH
Ne FWEN (0205)-2025-0002 (mema 2, pazoen 3, 5).

HccnenoBanusi  BBINOJHEHBI C  HCMNOJb30BaHHEM oOopynoBanus LIKII
JlanbHEBOCTOUYHBIN LEHTp CTpYKTypHbIX uccieaoBanuii X JIBO PAH wu IIKII
[IprMOpCKHUI LEHTP JIOKAIBHOTO, AIEMEHTHOIO U n3oTonHoro aHanusa JIBI' JIBO

PAH.
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P.V. Gritsenko, S.N. Danilova

BORON PRODUCTION WASTE AS A RAW MATERIAL FOR OBTAINING
SORBENTS

Abstract. The article is devoted to studying the possibility of obtaining sorption materials based on
calcium silicates from boric acid production waste (borogypsum). Depending on the synthesis
conditions of calcium-silicate sorbents (varying temperature and duration), data on their phase
composition, density, and specific surface area were obtained. It has been established that the main
mechanism of heavy metal ion sorption is cation exchange, which is confirmed by X-ray phase
analysis, atomic absorption spectrometry, and elemental analysis. It is shown that the sorption of
methylene blue proceeds via a monolayer mechanism and is satisfactorily described by the
Langmuir model, while the process kinetics is described by the pseudo-second-order model. The
adsorption efficiency of pathogenic and opportunistic microorganisms (Escherichia coli, Bacillus
subtilis) by synthetic calcium silicates was studied: the highest sorption capacity (>90 %) was
achieved with respect to Escherichia coli, with borogypsum-based samples surpassing the well-
known enterosorbent "Belyi Ugol" («White Coal»). The results obtained indicate the prospects of
using boron production waste to create sorbents for the purification of aqueous media from heavy
metals, dyes, and microorganisms.

Keywords: borogypsum, calcium silicates, sorption, mechanism, kinetics, heavy metals, methylene
blue, microorganisms.

For citation: Yarusova S.B., Gordienko P.S., Panasenko A.E., Kharchenko U.V., Beleneva I.A.,
Gritsenko P.V., Danilova S.N. [Boron production waste as a raw material for the production of
sorbents].  Upravlenie  tekhnosferoi, 2026, wvol. 9, issue 3.  pp.741-761.
DOI: 10.35634/UdSU.2026.94.80.011

REFERENCES

1. Gladun V.D., Akat'eva L.V., Khol'kin A.l. Sinteticheskie silikaty kal'tsiya. [Synthetic Calcium
Silicates]. Moscow: IRISBUK, 2011, 232 p. (In Russ.).

2. Ekologicheskie issledovaniya na Dal'nem Vostoke Rossii: istoriya i sovremennost':
monografiya [Environmental Studies in the Russian Far East: History and Modernity:
monograph]. In V.Yu.Tsygankova, S.B.Yarusovoi (eds); Vladivostokskii gosudarstvennyi
universitet. Vladivostok: Izd-vo VVGU, 2023, 370 p. DOI: https:doi/org/10.24866/0685-5-
2022-380.

756


https://technosphere-ing.ru/

VIIPABJIEHUE TEXHOC®EPO 2026. T.9. Bem. 3. https://technosphere-ing.ru

10.

11.

12.

Papynov E.K., Trukhin I.S., Mayorov V.Yu. et al. Sorption of Phosphates on Macroporous
Synthetic Calcium Silicates, Doklady Physical Chemistry, 2017, vol. 473. part 2, pp. 61-65.
DOI: 10.1134/S0012501617040030.

Ma J., Qin G., Zhang Y. et al. Heavy metal removal from aqueous solutions by calcium silicate
powder from waste coal fly-ash, Journal of Cleaner Production, 2018, vol. 182, pp. 776-782.
DOI: 10.1016/j.jclepro.2018.02.115.

Shao N., Li S., Yan F. et al. An all-in-one strategy for the adsorption of heavy metal ions and
photodegradation of organic pollutants using steel slag-derived calcium silicate hydrate, Journal
of Hazardous Materials, 2020, vol. 382, p. 121120, DOI: 10.1016/j.jhazmat.2019.121120.

Qi F., Zhu G., Zhang Y. et al. Eco-utilization of silicon-rich lye: Synthesis of amorphous
calcium silicate hydrate and its application for recovering heavy metals, Separation and
Purification Technology, 2022, vol. 282, p. 120092, DOI: 10.1016/j.seppur.2021.120092.

Liu X., Feng P., Chen J. et al. A critical review on the interaction between calcium silicate
hydrate (C-S-H) and different ions, Construction and Building Materials, 2024, vol. 413,
134931, DOI: 10.1016/j.conbuildmat.2024.134931.

Svedaite E., Baltakys K., Levisauskas D. et al. Effect of temperature and P>* ions concentration
on the phosphorus adsorption mechanism by synthetic calcium silicate hydrates, Journal of
Hazardous Materials Advances, 2026, vol. 22, p. 101159. DOI: 10.1016/j.hazadv.2026.101159.
Hashem A.A., Mahmoud S.A., Geioushy R.A. et al. Adsorption of malachite green dye over
synthesized calcium silicate nanopowders from waste materials, Materials Science and
Engineering: B, 2023, vol. 295, 116605. DOI: 10.1016/j.mseb.2023.116605.

Chen Q., Hills C.D., Yuan M. et al. Characterization of carbonated tricalcium silicate and its
sorption capacity for heavy metals: A micron-scale composite adsorbent of active silicate gel
and calcite, Journal of Hazardous Materials, 2008, vol. 153, no. 1-2, pp. 775-783.
DOI: 10.1016/j.jhazmat.2007.09.023.

Zhang Z., Wang X., Wang H. et al. Removal of Pb(ll) from aqueous solution using
hydroxyapatite/calcium silicate hydrate (HAP/C-S-H) composite adsorbent prepared by a
phosphate recovery process, Chemical Engineering Journal, 2018, vol. 344, pp. 53-61.
DOI: 10.1016/j.cej.2018.03.066.

Briso A., Quintana G., Ide V. et al. Integrated use of magnetic nanostructured calcium silicate
hydrate and magnetic manganese dioxide adsorbents for remediation of an acidic mine water //
Journal of Water Process Engineering, 2018. vol. 25, pp. 247-257.
DOI: 10.1016/j.jwpe.2018.08.010.

757


https://technosphere-ing.ru/
https://doi.org/10.1016/j.jclepro.2018.02.115
https://doi.org/10.1016/j.jhazmat.2019.121120
https://doi.org/10.1016/j.jwpe.2018.08.010

VIIPABJIEHUE TEXHOC®EPO 2026. T.9. Bem. 3. https://technosphere-ing.ru

13.

14.

15.

16.

17.

18.

19.

20.

Valenzuela F., Quintana G., Briso A. et al. Cu(ll), Cd(ll), Pb(ll) and As(V) adsorption from
aqueous solutions using magnetic iron-modified calcium silicate hydrate: Adsorption Kinetic
analysis, Journal of Water Process Engineering, 2021, vol.40, p. 101951.
DOI: 10.1016/j.jwpe.2021.101951.

You W., Hong M., Zhang H. et al. Functionalized calcium silicate nanofibers with hierarchical
structure derived from oyster shells and their application in heavy metal ions removal, Phys.
Chem. Chem. Phys, 2016, vol. 18, pp. 15564-15573. DOI: 10.1039/c6cp01199c.

LihuaL., Li T., Yang G. et al. Synthesis of thiol-functionalized mesoporous calcium silicate
and its adsorption characteristics for heavy metal ions, Journal of Environmental Chemical
Engineering, 2017, vol. 5, pp. 6201-6215. DOI: 10.1016/j.jece.2017.11.046.

El-khalafawy A., Hashem F.S., Hassan H.S. Tracking the Adsorptive properties of modified
nano calcium silicate/CuO composite for Cs(l) and Co(ll) uptake from waste stream,
Microporous and Mesoporous Materials, 2024, vol. 371, 113074.
DOI: 10.1016/j.micromeso.2024. 113074.

Agourrame H., El Amri A., Ez-zaki H. et al. Synthesis and characterization of a new inorganic
material of fluor/hydroxyapatite- C-S-H mixtures from blast furnace slag and their application
in the removal of a cationic dye (methyleneblue) in aqueous solution, Inorganic Chemistry
Communications, 2025, vol. 175, 114163. DOI: 10.1016/j.inoche.2025.114163.

Kompleksnaja pererabotka borsoderzhashhego mineral'nogo syr'ja i tehnogennyh othodov:
monografija [Comprehensive Processing of Boron-Containing Mineral Raw Materials and
Technogenic Waste: a monograph], the team of authors; In P.S. Gordienko (ed); managing
editors, In S.B. Jarusova, l.Ju. Buravlev (eds). Vladivostok: Publ. VVGU, 2024, 198 p.
DOI: 10.24866/9736-0725-8.

Shaw S., Clark S.M., Henderson C.M.B. Hydrothermal formation of the calcium silicate
hydrates, tobermorite (CasSisO16(OH)2-4H20) and xonotlite (CasSisO17(OH)2): an in situ
synchrotron study, Chemical Geology, 2000, vol. 167, issue 1-2, pp. 129-140.
DOI: 10.1016/S0009-2541(99)00205-3.

Andryushchenko E.N., Dostovalov D.V., Zamaraeva A.V. et al. Poluchenie tobermorita iz
otkhodov bornogo proizvodstva. Materialy 3(74-i) regional’'noi itogovoi nauchno-prakticheskoi
konferentsii prepodavatelei i studentov BGPU (g. Blagoveshchensk, 24 aprelya 2025 g.).
[Proceedings of the 3rd (74th) Regional Final Scientific and Practical Conference of Teachers
and Students of BSPU]. Blagoveshchensk: Blagoveshchenskii gosudarstvennyi pedagogicheskii
universitet, 2025, pp. 254-256. (In Russ.).

758


https://technosphere-ing.ru/
https://doi.org/10.1016/j.jwpe.2021.101951
https://doi.org/10.1016/j.jece.2017.11.046
https://doi.org/10.1016/j.micromeso.2024.113074

VIIPABJIEHUE TEXHOC®EPO 2026. T.9. Bem. 3. https://technosphere-ing.ru

21.

22.

23.

24,

25.

26.

27,

Zhang Y.-Q., Radha A.V., Navrotsky A. Thermochemistry of two calcium silicate carbonate
minerals: scawtite, Caz(SisO18)(CO3)-2H20, and spurrite, Cas(SiO4)2(CO3), Geochimica et
Cosmochimica Acta, 2013, vol. 115, pp. 92-99. DOI: 10.1016/j.gca.2013.03.031.

Yarusova S.B., Gordienko P.S., Buravlev I.Yu. et al. Chapter 18. The use of ultrasonic
treatment in technological processes of complex processing of industrial waste: Energetic
insights, Energy Aspects of Acoustic Cavitation and Sonochemistry. Editor(s): Oualid
Hamdaoui, Kaouther Kerboua, Elsevier, 2022. pp. 299-313. DOI: 10.1016/B978-0-323-91937-
1.00008-6.

Shichalin O.0., Yarusova S.B., Ivanov N.P. et al. Calcium silicate solid-state matrices from
boric acid production waste for 60Co removal and immobilization by spark plasma sintering,
Journal of Water Process Engineering, 2024, vol. 59. 105042.
DOI: 10.1016/j.jwpe.2024.105042.

24. Yarusova S.B., Gordienko P.S., Azarova Yu.A. Issledovanie sorbtsii tyazhelykh metallov
sorbentami na osnove silikatov kal'tsiya, poluchennymi iz tekhnogennykh otkhodov pererabotki
borsoderzhashchego mineral'nogo syr'ya. [Investigation of heavy metal sorption by calcium
silicate-based sorbents derived from industrial waste generated during the processing of boron-
containing mineral raw materials] Collection of materials of the XVI International Scientific
and Practical Conference-Competition of Scientific Reports of Students, Postgraduates and
Young Researchers "Intellectual Potential of Universities for the Development of the Far
Eastern Region of Russia and the APR Countries". Vladivostok: lzd-vo VGUES, 2014,
pp. 147-156. (In Russ.).

Yarusova S.B., Gordienko P.S., Yudakov A.A. et al. Kinetika sorbtsii ionov tyazhelykh
metallov sorbentom, poluchennym iz otkhodov proizvodstva bornoi kisloty [Kinetics of
sorption of heavy metal ions by a sorbent obtained from boric acid production waste].
Khimicheskaya tekhnologiya. [Chemical engineering], 2015, vol. 16, no.10, pp. 620-624. (In
Russ.).

Li M., Ren Z., Gao H. et al. Preparation of tobermorite onto flux-calcinated diatomite surface
and the adsorption properties and mechanism of methylene blue, Desalination and Water
Treatment, 2020, vol. 188, pp. 247-256. DOI: 10.5004/dwt.2020.25430.

Zhang Y., Jing Z., Li Y. et al. Hydrothermal synthesis of tobermorite from diatomite and its
adsorption performance for methylene blue, Materials Research Innovations, 2015, vol. 19: S2-
63-S2-69. DOI: 10.1179/14328917152.0000000001312.

759


https://technosphere-ing.ru/

VIIPABJIEHUE TEXHOC®EPO 2026. T.9. Bem. 3. https://technosphere-ing.ru

28.

29.

30.

31.

32.

33.

34.

35.

36.

Moreno-Santos A., Rios-Hurtado J.C., Flores-Villasefior S.E. et al. Hydroxyapatite Growth on
Activated Carbon Surface for Methylene Blue Adsorption: Effect of Oxidation Time and
CaSiOs Addition on Hydrothermal Incubation, Applied Sciences, 2023, vol. 13, 77.
DOI: 10.3390/app13010077.

Vezentsev A.l., Trubitsyn M.A., Kormosh E.V. Montmorillonitovye gliny kak potentsial'nyi
sorbent patogennykh veshchestv i mikroorganizmov [Montmorillonite clays as a potential
sorbent of pathogenic substances and microorganisms]. Sorbtsionnye i khromatograficheskie
protsessy. [Sorption and Chromatographic Processes], 2012, vol. 12, vol. 6, p. 998. (In Russ.).
Kubota M., Nakabayashi T., Matsumoto Y. et al. Selective adsorption of bacterial cells onto
zeolites, Colloids and Surfaces B: Biointerfaces, 2008, vol. 64(1), p. 88.
DOI:10.1016/j.colsurfb.2008.01.012.

Li G.L., Zhou C.H., Fiore S. et al. Interactions between microorganisms and clay minerals:
New insights and broader applications, Appl. Clay Sci, 2019, wvol. 177, p. 91.
DOI: 10.1016/j.clay.2019.04.025.

Zhao W., Liu X., Huang Q. et al. Interactions of pathogens Escherichia coli and Streptococcus
suis with clay minerals, Applied Clay Science, 2012, wvol. 69, p. 37.
DOI: 10.1016/j.clay.2012.07.003.

Kharchenko U.V.,  Arefeva O.D., Panasenko A.E. et al. Sorbtsionnye svoistva
kremniisoderzhashchikh obraztsov po otnosheniyu k bakteriyam [Sorption properties of silicon-
containing samples with respect to bacteria]. lzvestiya vuzov. Prikladnaya khimiya i
biotekhnologiya. [Proceedings of Universities. Applied Chemistry and Biotechnology], 2020,
vol. 10, no. 4, pp. 603-612. (In Russ.).

Zemnukhova L.A., Kharchenko U.V., Beleneva Il.LA. Biomass derived silica containing
products for removal of microorganisms from water, International Journal of Environmental
Science and Technology, 2015, vol. 12, pp. 1495-1502. DOI 10.1007/s13762-014-0529-8.
Nikolaev V.G., Mikhalovskii S.V., Gurina N.M. Sovremennye enterosorbenty i mekhanizmy
ikh deistviya [Modern enterosorbents and mechanisms of their action]. Efferentnaya terapiya.
[Efferent Therapy], 2005, vol. 11, no 4, pp. 3-17. (In Russ.).

Yarusova S.B., Somova S.N., Kharchenko U.V. et al. Vliyanie uslovii sinteza silikatov kal'tsiya
na kinetiku protsessa mikrobiologicheskoi ochistki vodnykh sred [Influence of synthesis
conditions of calcium silicates on the kinetics of the microbiological purification of aqueous
media]. Zhurnal neorganicheskoi khimii [Russian Journal of Inorganic Chemistry], 2021,
vol. 66, no 8, pp. 1025-1031. DOI: 10.31857/S0044457X21080316 (In Russ.).

760


https://technosphere-ing.ru/

VIIPABJIEHUE TEXHOC®EPO 2026. T.9. Bem. 3. https://technosphere-ing.ru

Received: 11.09.2026

About the Authors

Yarusova Sofya Borisovna

Candidate of Chemical Sciences, Associate Professor, Senior Researcher; Head of the Base
Department of Electrochemical and Chemical-Technological Processes (EEPKhT), Vladivostok
State University (VSU). Institute of Chemistry, Far Eastern Branch of the Russian Academy of
Sciences (IC FEB RAS), 159 100-letiya Vladivostoka Ave., Vladivostok, 690022, Russia;
Vladivostok State University, 41 Gogolya St., Vladivostok, 690014, Russia.

E-mail: yarusova_10@mail.ru

Gordienko Pavel Sergeyevich

Doctor of Technical Sciences, Professor, Head of Laboratory. Institute of Chemistry, Far Eastern
Branch of the Russian Academy of Sciences (IC FEB RAS), 159 100-letiya Vladivostoka Ave.,
Vladivostok, 690022, Russia.

E-mail: pavel.gordienko@mail.ru

Panasenko Alexander Evgenievich

Candidate of Chemical Sciences, Senior Researcher, Head of the Laboratory of Rare Metal
Chemistry, Institute of Chemistry, Far Eastern Branch of the Russian Academy of Sciences (IC
FEB RAS). Institute of Chemistry, Far Eastern Branch of the Russian Academy of Sciences (IC
FEB RAS), 159 100-letiya Vladivostoka Ave., Vladivostok, 690022, Russia.

E-mail: panasenko@ich.dvo.ru

Kharchenko Ulyana Valeryevna

Candidate of Chemical Sciences, Researcher, Laboratory of Electrochemical Processes. Institute of
Chemistry, Far Eastern Branch of the Russian Academy of Sciences, 159 100-letiya Vladivostoka
Ave., Vladivostok, 690022, Russia.

E-mail: ulyanakchar@mail.ru

Beleneva Irina Alekseevna

Candidate of Biological Sciences, Senior Researcher, Laboratory of Marine Microbiota. A.V.
Zhirmunsky National Scientific Center of Marine Biology, Far Eastern Branch of the Russian
Academy of Sciences, 17 Palchevskogo St., Vladivostok, 690041, Russia.

E-mail: beleneva.vi@mail.ru

Gritsenko Polina Vladimirovna

Engineer, Laboratory of Rare Metal Chemistry. Institute of Chemistry, Far Eastern Branch of the
Russian Academy of Sciences, 159 100-letiya Vladivostoka Ave., Vladivostok, 690022, Russia.
E-mail: polina.gritsenko.00@inbox.ru

Danilova Sakhayana Nikolaevna

Candidate of Technical Sciences, Senior Researcher, Postdoctoral Researcher; M.K. Ammosov
North-Eastern Federal University, 46 Kulakovskogo St., Yakutsk, 677000, Russia. Harbin Institute
of Technology, 73 Huanghe St., Nangang District, Harbin, Heilongjiang Province, China.

E-mail: dsn.sakhayana@mail.ru

761


https://technosphere-ing.ru/

