https://www.doi.org/10.47813/sfu.mnfrpm.2023.258-265

NMPOLECCbI MEPEPABOTKU METAJJTMMECKOIO BUCMYTA
C NONYYEHUEM COEAUMHEHMU AN MEOULUHDI

Kosneoosa E.C., FOxun FO.M.
MHCTUTYT XUMUK TBepLoro tena u mexaHoxmumumm CO PAH, r. HoBocmnbupck, Poccus
naydenko(@solid.nsc.ru

Bucmyr - pemxmit mertamn, copep-
JKaHMe €Tr0 B 3E€MHOJl KOpe COCTaBjIAeT
210 % mo macce. ExxeromHoe MupoBoe
norpebeHne BUCMyTa coCTaByseT 17-21
ThIC. TOHH. [Ipy aTOM nopsnaka 77 % Bucmy-
Ta UCIIO/Ib3YeTCs B BUJie coefuHenmit [1].

[IpumeHsieMble B MeIMIIMHE COEMN-
HEHVSI BUCMYTa OTHOCATCS K BSDKYLIVIM,
00BONIAKMBAIOLIVNM ¥ AHTAUVUIHBIM Cpefi-
crBaM (BucmyTta cyOHMTpaT OCHOBHOIL,
Bucmyra cy6camununar ocHoBHON, Bu-
kanmmH, Buxanp, Ile-Hon, IIunopup, Kce-
podopm, [lepmaTton) wim mpoTuBocudu-
nutndeckum upemnapatam  (Buitoxunor,
Bucmosepon) (2, 3].

OCHOBHOJI IIPOMBIIIIEHHBINI  CIIOCO0
IIO/Iy4eHNsA COESVMHEHMI BUCMYTa KaK C
OPraHNYeCKUMU, TaK ¥ C HEOPTaHMYECKU-
MM aHMOHAMM — TULPOIUTUYECKOE OCaXK-
menne [4, 5]. BcmenmcTBue xopomreit pac-
TBOPMMOCTY BUCMyTa B a30THOM KUCIOTE
C TIPaKTUYECKOV TOYKM 3pEeHMA MHTEepec
IPEJCTaB/IAIT a30THOKNUC/IbIE PaCcTBOPHI,
OOBIYHO JCIO/Ib3yeMble B IIPOMBIIITIEHHO-
CTV IIPY TIOTY9EHNM COEAVIHEHUI BUCMYTA.
OO6BIYHO OCaXKfeHMEe BUCMYTa U3 PacTBO-
pOB BefyT f00aBIeHNEM ILEJIOYHBIX pea-
T€HTOB M/I COOTBETCTBYIOUINX PaCTBOPOB
OpraHMYeCKUX COEJVHEHUI IPU CTPOrOM
cobmonenny 3HadeHunit pH cpenbl u TeM-
neparypsl. IIpu aTom TpebyeTcs HonomHm-
TeJIbHBIN PACXOf 11€/IOYHOTO peareHTa i
HeMTpanu3aluy KUCIO0ThI, BbIIEAIOIIENCA
IIpY TUAPOIU3E BUCMYTa, X HE BCErja yaa-
€TCA TMONYYUTh IPOJYKT BBICOKOV YMCTO-
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THI, IIOCKOJIBKY IIPOMCXOJUT COOCaXK/IeHIe
C BMCMYTOM IIpMMeCHBIX MeTannoB (Pb,
Zn, Cu, Ag u fip.).

Tpe6oBauus, KoTopble NMpeNbABIAIOT-
Csl K COENVMHEHMUAM, VCIIO/Ib3YeMBbIM B Me-
IUILVIHE, — 9TO, B IIEPBYI0 OYepefb, BBICO-
Kas 4YICTOTA IO COAEPXKaHMIO IIPUMECHBIX
MEeTa//IOB U HUTPAT-MOHOB, @ TAaKXKe BBI-
COKasl TepaleBTMYecKas aKTMBHOCTb. Ta-
KM 00pa3oM, pa3paboTKa 9KOMOrMYeCKN
0e30IacHbIX TEXHOJIOTUI /I HONTy4YeHVs
COEJVHEHUI BMCMYTA BBICOKOV YUCTOTHI
SABJIAETCA AKTYa/IbHOI 3a/1a4eil.

B Hacrosieit paboTe mpuBefeHBI pe-
3y/IbTaThl MCCIENOBAHMII 110 IepepaboTke
METAJ/INYECKOTO BUCMYTa C IONTyYE€HUEM
COoemMHEeHNIT BbICOKON YMCTOTHI JJII MeI-
IIHBI.

[TokasaHo, 4TO BUCMYT B PacTBOpax
XJIOPHOV ¥ a30THOV KMUC/IOT IPY KOHIIEH-
Tpauuu 6onee 5-10* monb/n B ob6mactu pH
0-1 cymecTByeT B BUjje TeKCasJepHOTO I'M-
npoxcokomItekca cocrasa [BigO,(OH) 4|6+,
JlaHHBIVI KOMIIJIEKC OKa3bIBAeT OIpPefesis-
IOLIYI0 POJIb IIPU OCAX/IEHUM BUCMYTa U3
XJIOPHOKUCTIBIX ¥ a30THOKMCIIBIX PacTBO-
POB U NIpUHUMAET aKTMBHOE y4acTue Ipu
OCX/ICHUM VW/IV SKCTPAKL[MM BUCMYTA U3
PacTBOpPOB B BUJie COEAMHEHMII pas/iny-
HOro cocrasa. I[Ipu aTOM B mpouecce ru-
npomsa B komiekce [BicO,(OH),]% me-
HAETCS MIIb COOTHOIIEHJE MOCTUKOBBIX
OKCO- U TUPOKCOTPYIII C COXpaHEHUEeM
octoBa BigOg** KOTODBI ABIAETCA LiEH-
TPaJIbHBIM CTPYKTYPHBIM 3BEHOM.



[IpoBeneHHbIe WMCCIENOBAHMS IIOKa-
3a/y, 4TO IIPefBapUTE/IbHOE OKIC/IeHVe
MeTaJ/INYeCKOr0 BICMYTa JJO OKCUJIA BBe-
[IeHVeM B ero pacIUlaB IIpM TeMIeparype
320 °C u mepeMelMBaHUM TEXHUYIECKOTO
OKCHJla BUCMYTa C IOC/IEAYIOUVIM IIOBBI-
IIeHNeM  TeMIepaTypbl ¥ [Ja/bHelmei
00pabOTKOI IIONy4YEHHOTO TEXHIYECKOTO
OKCHJ]a BMCMYTa KOHIIEHTPUPOBAHHBIMU
pacTBOpaMu a30THOWM KMC/IOTHI IIPU TeM-
neparype (25+5) °C mosBossfeT HOMTy4yarhb
BUCMYT a30THOKMUCTIBI ISITUBOLHBIN CO-
craBa Bi(NO;);-5H,0 u ycTpannuthb BbIge-
neHyue B aTMoc(depy TOKCMYHBIX OKCHJOB
a30Ta. YCTAHOBJIEHO, YTO B pe3yJIbTaTe I'i-
IAPOTUTNYECKOV OYMCTKYM BUCMYTA OCAXK-
JIeHNeM €ro 13 a30THOKMC/IBIX PacTBO-
pos npu Temmneparype 50 °C u Bbille B
Buae coemuHenus coctaBa [BiO,(OH),]
(NO3)¢H,O ¢ mnocnenpyromeit o6pabor-
KOl KOHI[EHTPMPOBAHHBIMU PACTBOPAMI
a30THOJ KUC/IOTBI MOXKET OBbITb IIONy4YeH
BUCMYT a30THOKMC/IBIN MATUBOIHBIN BBI-
COKOJ 4MCTOTBI.

[ToxasaHa 11€/1ecO06pasHOCTb IUAPOTIN-
TUYECKOI IepepabOTKM MeTajUINuecKoro
BUCMYTa C NTOJTy4YeHMeM OCHOBHOTO HUTpa-
Ta U OKCUJA PEAKTUBHON YMCTOTHI, OCHO-
BaHHas Ha PacCTBOPEHMM OKCUJA BUCMYTa
TEXHUYECKOJT YMCTOTHI B a30THON KUCTIOTE
C KOHIL|eHTpaluueir 7 MOJb/J, TULPOIUTH-
YeCKOJl OYVMCTKe BUCMYTa OT NPYMECHBIX
MeTa/nIoB JobaBIeHNeM pacTBOpa HUTpa-
Ta BUCMYTa B Harpetyto 1o 60 °C Boy npu
00BEMHOM OTHOIIEHMY BOJBI U BUCMYT-
copiepxaiiero pacrsopa 9 : 1 ¢ mocneny-
IolMM JoBefeHueM pH cmecu BopHBIM
pacTBOpoM ammumaka o 1. [l nonydeHus
MEJTKOKPUCTAJINYECKOTO OKCHJIa BUCMYTa
0CaJl0OK OCHOBHOTO HMTpaTa BUCMyTa 00-
pabarsiBany pacTBOPOM KapOOHaTa aMMO-
HVSI ¥ TIPOKa/IMBa/Iy OCHOBHOM KapOoHaT
BucmyTta coctaBa (BiO),CO; po oxcmpma
npu Temneparype (380+20) °C.

Pesynbratsl nccnenoBanusA NpoueccoB
OCX/JIeHNA BUCMYTa I3 XJIOPHO- ¥ a30THO-
KJIC/IBIX PacTBOPOB II0Ka3as, 4YTO B 3aBU-
CYMOCTH) OT KOHILIEHTpaluu 00aB/IseMoit
B CUCTEMY JIMMOHHOJ KVC/IOTBI U Te€MIIe-
paTypsl mpoiecca ujieT obpasoBaHue Tpex
COENVIHEHMII PasnM4HOro cocrasa. Ilpu
OCKJIEHUN U3 XJIOPHO- ¥ a30THOKMCIIBIX
PacTBOpPOB f0OaBIeHNEM K HYIM PacCTBOPOB
JIVIMOHHOJ KMCIOTBI VUIM LIMTPaTa HaTpuUA
npu temreparypax (23+2) n (60+1) °C n
OTHOUIEHMM LMUTPAT-MOHOB K BUCMYTY,
MEHbIIUX MM paBHbIX 0,7, BUCMYT OCaX-
llaeTcsl B BUJIE PEHTIeHOAMOP(HOIO IIpo-
nykra coctaBa Big(OH)(C4H50,)6H,0.
ITpn Temmepatype mnpouecca (23+2) °C
Y MOJIIPHOM OTHOIUEHMM LUTPaT-MOHOB
K BUCMYTY B pacTtBope He MeHee 1,0 oH
OCAKJJAeTCSI B BUJE COEAMHEHMA COCTa-
Ba BiOC,H,0,-H,0, a npu temneparype
(60+1) °C ocaxxgaeMoe COeNHEeHNE IMEET
coctaB BiCcH;0,. Takxe nokasaHo, 4To B
cllydae NMPOBENEHM Ipoliecca OCaXKIeHN
BJICMYTAa 13 a30THOKNC/IBIX PaCTBOPOB IIpU
MOJIbHOM OTHOIIEHUM TMMOHHOV KJMCIOTbI
K BuUCMyTY, paBHoM 0,90-0,99, u Temnepa-
Type npouecca 50-90 °C ynaeTcs Kommde-
CTBEHHO OCaJiUThb BUCMYT B BUJE LUTpaTa
cocrasa BiCsH;0,, mpu atom yBenm4uBas
IIOJIHOTY VICIIO/Ib30BAHMA JIMMOHHOM KIC-
JIOTBI U TIONTy4ast OoJiee YUCTHI IO copep-
JKaHMIO IPMIMECHBIX METa/JIOB IIPOAYKT.

IlokasaHa TaKXXe BO3MOXXHOCTb IIO-
Ay4eHMs BUCMYyTa LUTpaTa COCTaBa
BiC¢H;0O, BbICOKOI YMCTOTHI IO COfEPIKa-
HIIO IIPMMECHBIX META/JIOB C COfEep>KaHM-
eM HUTpaTr-uoHOB MeHee 0,05 % B pe3ynb-
TaTe B3aMMOJENCTBMA BUCMYTa OKCUAA C
PacTBOPOM JIMMOHHOJ KMUC/IOTBI IIPU MO-
JIAPHOM OTHOIIEHUM KUC/IOTBI K BUCMYTY,
paBHoM 1,0-1,15, 1 KOHLIEHTpaL Uy MOJIOY-
HOII KUCNIOTHI B pactBope 0,5-1,1 Monb/7.

HpOBeHeHHble nccnenoBaHsa CBUIOE-

TE/IbCTBYIOT, YTO IIpK 00paboTKe LmTpara
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BJYICMYTa pPacTBOPOM TUJPOKCUAA Kalus
MOTYT OBITH ITOJTy4€HBI PACTBOPBI C KOH-
neHTpauueit BucmyTa 61 r/n. IlokasaHo,
YTO JICIIO/Ib3yeMBbII1 B MEVIVIHE NIPYU TIPU-
TOTOB/IEHNM TIPOTMBOA3BEHHBIX JIEKap-
CTBEHHBIX CPEJICTB LIUTPAT BUCMYTa-Ka/lns
MOXXeT OBITD ITOJTy4€H B BYJie MOHOTUApATA
cocrasa KBiC4H,O,-H,O kak B pesynbrare
ylIapuBaHUsA JaHHBIX BUCMYT-Kaaui-Lu-
TpaTCOfiep>KalllX PacTBOPOB, TaK U IIpuU
006paboTKe BOHBIM PACTBOPOM TMAPOKCHU-
I KajuA quTpaTa BUCMyTa IIpY MOJIIPHOM
U BECOBOM MX OTHouUIeHuu, pasHoM 1,0. B
IOCTIeHEM C/Iy4ae CTeleHb M3BIeYEHUS
BJMICMYTa B IIPOJYKT COCTaBJI€T He MEHee
99,9 % u TpebyeTcs MUIIb CyLIKa IIONTY-
YeHHOTO IacTOOOPa3sHOro MpOAYKTa Ipu
(70+£3) °C.

YcTaHOB/IEHO, YTO B pe3ynbrare obpa-
OOTKM LU TpaTa BUCMYTa KOHLIEHTPUPOBAH-
HBIMM PacTBOpaMy I'MJPOKCHU/Ia aMMOHUA
MOTYT OBITD IOy Y€HBI PaCTBOPBI, COfiepKa-
mue 210-360 r/n Bucmyra. Ilokasano, 4ro
npu 06paboTKe UUTpaTa BUCMYTa BOJHBIM
PacTBOPOM I'MJIPOKCHU/IA aMMOHMA IIPU MO-
JIIPHOM OTHOIIEHUM TUAPOKCHA aMMOHMNA
K BUCMYTY, paBHOM 1,1-1,2, 1 1py BeCOBOM
OTHOUIEHNM BOJHOIO PacTBOpa IMIPOKCH-
Ja aMMOHUA K LIUTPaTy BUCMYTa, paBHOM
2,0-4,0, c mocrepyro11Ieil CYIIKO ITOTy4eH-
Horo npopaykra mpu (90 £ 10) °C obpasy-
€TCs BUCMYT-aMMOHMII IUTpaT COCTaBa
(NH,)BiCcH,0,-3H,0, a cTenens usBede-
HIIS BUCMYTa B IPOJYKT cocTaBseT 99,5%.

[Tokasana BO3MOXXHOCTb ITOTy4EHMS
BUCMYT-KaIuU-aMMOHUI-IIATPATCOEP-
JKallX PpacTBOPOB IIyTEM PacTBOPEHMA
JIMMOHHOJ KVC/IOTHI B BOJe, HOOaB/IeHM-
€M K IIOTyYeHHOMY PacTBOPY TIMPOKCU-
JOB Ka/Msg M aMMOHMA C IOC/IENYHIUM
nobaBneHyeM 1pu Temieparype (85+3)
°C n pH 9 okcmupa BrucMyTa. YCTaHOBIIE-
HO, 4TO OKCHJ, BUCMYTa JJiA IONTy4E€HUS
BUCMYT-KaIuU-aMMOHUI-IIUTPATCOLEP-
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JKalllIX PacTBOPOB JOJ/DKEH Y[ OBJIETBO-
PATH C/IEAYIOUIIM TPeOOBaHNAM: YeNbHas
MOBEPXHOCTb Oosee 0,7 M?/T M HACBITHAS
IIOTHOCTb MeHee 1,4 r/cm’. Ilpm stom
BUICMYT-Ka/lINil-aMMOHUII-UUTPATCOREP-
JKall[yie PacTBOPbI MOTYT OBITb VICIIOJIb-
30BaHBI I HOMy4YeHMs CyOCTaHIMM I
IPOTUBOA3BEHHOIO JIEKAPCTBEHHOI'O Cpefl-
crBa tuna [e-Hon (Hupepnanpabl) myrem
ero Kpucramsanyy npu (65+5) °C wm
pacopiurenbHONM cymky npu 200 °C, a
TaK>Xe B BIJI€ XUAKOTO BUCMYTCOJEpPrKa-
mero cpencrsa. Ilpm sToM copepxaHue
HUTPAT-MIOHOB B 00pa3lax BUCMYT-Ka-
JINIT-aMMOHMI LUTPATOB He IIpeBbILIAET
0,03 %, 4TO MO3BONAET PEKOMEHOBATH
MaHHbIE TPOAYKTBl I IOMY4YeHUA 4YU-
CTOTO II0 COMlep>KAaHMI0O HUTPAT-VIOHOB
BJMICMYT-KaJIMil-aMMOHUII UTpaTa.

[TokasaHa 1e/1ecOOOpPasHOCTb IONY-
YeHMsI OCHOBHOTO Ca/lMUMIaTa BUCMYTa
BBICOKOJ YMCTOTBI IO COAEpP)KaHUIO TPU-
MECHBIX METa/I/IOB ¥ HUTPAT-MOHOB [JIf
MeJVIVHBl IyTeM IepeBOfia OCHOBHOTO
HuTpata BuUcMyTa cocTtaBa [BicO5;(OH);]
(NO;)s-:3H,0 B okcup obpaboTkoit pac-
TBOPOM TUJPOKCHJIAa HAaTpus IPU MOJIb-
HOM COOTHOIIEHUM TUAPOKCUAA HATPUS
K OCHOBHOMY HUTpaTy BUCMYTa, paBHOM
6,0-12,5, 1 ganee B OCHOBHOM Ca/IMIIUIAT
BucMyTa cocrtaBa BiC,H;0, B pesynbrare
00paboTKM OKCHAIA BICMYTa MOJIOYHO-Ca-
JUIVTIOBOKVCIBIM PacTBOPOM IIPU MOJIb-
HOM OTHOIIIEHU CaTUIIVIOBON KUCTOTHI K
OKCUJY BUCMYTa, paBHOM 2,1-2,3, 1 Temie-
paType npouecca 60-85 °C.

[Ipepnoxxen  BapuMaHT  TUPOIUTH-
YeCKOil IepepaboTKM  MeTaIn4ecKOro
BUCMYTA C IOTY4eHMEM OKCOTUIPOKCOTPU-
O6pomdeHonsATa BIIcMyTa papMaKONeiTHOro
cocraBa [BigO4(OH),](C,H,Br;0),, ocHo-
BAaHHbBII Ha PAaCTBOPEHNM OKCHJIa BUCMYTa
TEeXHUYECKOV YMCTOTHI B a30THOV KUC/IOTE
C KOHIIeHTpamyeil 7 MOJb//, TUAPOIUTHU-



YeCKOJ OYMCTKE BUCMYTA OT IPUMECHBIX
MeTaJ/IOB J100aBIeHNEeM pacTBOpa a3oT-
HOKJCJIOTO BMCMYTa B HarpeTyio no 60 °C
BOJY IIpM 00'beMHOM OTHOIIEHWV BOJBI U
BUCMYTCoOZiepKalero pacrtsopa 9 : 1 ¢ mo-
cnenyomuM poBefieHneM pH cmecn Bo-
IHBIM pacTBOpoM aMmmaka o 1. Ocagok
BJMCMYTa HUTPATa OCHOBHOT'O IIPOMBIBA/IN
Bogoit nipu 60 °C, pacTBOpsAIN €ro B a30T-
HOJl KIC/IOTEe C KOHIJeHTpauuen 7 MOIb/IL,
IOOAB/IANMN K IOJTy4eHHOMY PacTBOPY VK-
CYCHYIO KVCTIOTY, pacTBOp TpubpompeHo-
NATa HATPUA U ycTaHaBnuBaau pH peaknu-
OHHOJI CMeCy IOCTENIeHHBIM J00aBIeHeM
pacTBoOpa rMApOKcuza HaTpuA 6,5-7,5 nmpu
temneparype 25-35 °C. IlocreneHnHo mo-
BBIIIA/IN TEeMIIepaTypy peaKlMOHHOI CMe-
cu o 90-95 °C, nognepxuBasa pH 6,5-7,5
mo6aBleHMeM pacTBOpa TUJPOKCHUA Ha-
Tpus. Ocajok UIbTpoBanyu, MPOMbIBAIN
BOJIOJ M CYIINM/IM HAa IPOTUBHAX U3 KOPPO-

3MOHHOCTOMKON CTaly IPYU TeMIlepaType
90-110 °C.

[IpoBeneHHbIE  UCCTENOBAaHUS  CBU-
JIeTe/IbCTBYIOT, 4YTO MOJNy4YeHye JaKTara
BucMmyTta cocraBa BiCoH,;0y nemecoo-
OpasHO OCYILeCTB/IATH B pe3y/bTaTe B3au-
MOJIeVICTBYSI OKCHJIa BUCMYTa C PaCTBOPOM
MOJIOYHOI KICTIOTBI IPY MOJIIPHOM OTHO-
IIEHNN JIAKTaT-MIOHOB K BUCMYTY, PaBHOM
3,0 n temmeparype mpouecca (55+3) °C
C TOC/efyoLeil TPOMBIBKOI IPOAYK-
Ta M30MpPONWIOBbIM crproM. [Tokasana
BO3MOXKHOCTb IIOJIy4€HMsI BOJHBIX U aM-
MOHUICOMIEP)KAIINX PACTBOPOB JIAKTAaTa
BUICMYTa, KOTOPbIE MOTYT OBITH MCIIONb30-
BaHBI /IS IPUTOTOBJIEHN S IEKAPCTBEHHBIX
CPeJCTB, a TAK)Ke METKOKPUCTAIINYECKOTO
OKCHJJa BUCMYTa TEPMUYECKUM pasyioxe-
HJIeM JIaKTaTa BUCMYTA, KOTOPBI/I MOXXET
OBbITh WCIIONB30BaH [IsI HPUTOTOBJIEHUS
(bYHKIMOHAIBHBIX MaTepUAaIOB.
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Bismuth is one of rare metals, its content
in the Earth’s crustis 2-10-> wt. %. The annual
world consumption of bismuth is 17-21
thousand tons, and bismuth compounds
account for about 77 % of this amount [1].

Bismuth compounds applied in
medicine relate to binding, coating and
antacid agents (basic Bismuth subnitrate,
basic Bismuth subsalicylate, Vicalin, Vicair,
De-Nol, Pilorid, Xeroform, Dermatol)
or antiluetic drugs (Biiochinolum,
Bismoverolum) [2, 3].

The main industrial method to obtain
bismuth compounds with organic and
inorganic anions is hydrolytic precipitation
[4, 5]. Due to the high solubility of bismuth
in nitric acid, the solutions in nitric acid
that are usually used in industry to obtain
bismuth compounds are of significant
interest from the practical point of view.
Bismuth is wusually precipitated from
solutions by adding alkaline reagents or
the corresponding solutions of organic
compounds with the strict control of pH and
temperature. An additional consumption of
the alkaline reagent is required to neutralize
the acid released during bismuth hydrolysis,
and it is not always easy to obtain high-
purity product because of bismuth co-
precipitation with impurity metals (Pb, Zn,
Cu, Ag, etc.).

The requirements applied to the
compounds used in medicine include first
of all high purity with respect to extrinsic
metals and nitrate ions, as well as high
therapeutic activity. So, the development of

environmentally friendly technologies for
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obtaining high-purity bismuth compounds
is an urgent task.

In the present work, the results of studies
aimed at metal bismuth processing with the
formation of high-purity compounds for
medicine are presented.

It is shown that bismuth exists in the
solutions of chloric and nitric acids in the
concentration higher than 5-10% mol/L
within pH 0-1 in the form of hexanuclear
hydroxocomplex with the composition
[BiO4(OH),J¢". This complex plays the
decisive part in bismuth precipitation
from perchloric and nitric acid solutions,
and actively participates in bismuth
precipitation or extraction from solutions
in the form of various compounds. During
hydrolysis, only the ratio of bridging oxo
and hydroxo groups varies in the complex
[Bi;O,(OH),]¢*, with the conservation
of BiO4** scaffold, which is the central
structural unit.

The studies show that preliminary
oxidation of metal bismuth to form the
oxide by introducing technical-grade
bismuth oxide into bismuth melt at 320 °C
under mixing, followed by temperature rise
and subsequent treatment of the resulting
technical-grade bismuth oxide with the
concentrated solutions of nitric acid at
a temperature of (25+5) °C, allows us to
obtain bismuth nitrate pentahydrate with
the composition Bi(NO;);-5H,0 and to
eliminate the release of toxic nitrogen oxides
into the atmosphere. It is established that
high-purity bismuth nitrate pentahydrate
may be obtained as a result of the hydrolytic



purification of bismuth through its
precipitation from nitric acid solutions at a
temperature of 50 °C and higher in the form
of [BigO4(OH),](NO;)s-H,O, followed by
subsequent treatment with the concentrated
solutions of nitric acid.

The relevance of hydrolytic processing
of metal bismuth with the formation of
basic nitrate and the oxide of reagent-
grade purity is demonstrated, based on
the dissolution of technical-grade bismuth
oxide in nitric acid with the concentration
of 7 mol/L, hydrolytic purification of
bismuth from impurity metals by adding the
solution of bismuth nitrate to water heated
to 60 °C, at the volume ratio of water to
bismuth-containing solution 9 : 1, followed
by bringing pH of the mixture to 1 with the
aqueous ammonia solution. To obtain fine-
crystalline bismuth oxide, the precipitated
basic bismuth nitrate was treated with
ammonium carbonate solution, and then
basic bismuth carbonate (BiO),CO; was
calcined at a temperature of (380+20) °C to
form the oxide.

Studies of the processes of bismuth
precipitation from chloric and nitric
acid solutions show that three different
compounds are formed, depending on
the concentration of citric acid added into
the system and on process temperature.
During precipitation from chloric and
nitric acid solutions by adding citric acid
or sodium citrate at a temperature of
(2342) and (60+1) °C, with citrate ion to
bismuth ratio lower than or equal to 0,7,
bismuth precipitates in the form of an X-ray
amorphous product with the composition
Bis(OH)((C4H50,),-6H,0. At the process
temperature of (23+2) °C and the molar
ratio of citrate ions to bismuth in solution
not less than 1,0, it precipitates in the
form of the compound BiOC.H,O,-H,0,
while at a temperature of (60+1) °C the

precipitated compound is BiC,H:O,. It is
also shown that bismuth precipitation from
nitric acid solutions at the molar ratio of
citric acid to bismuth equal to 0,90-0,99,
and process temperature 50-90 °C, results
in the quantitative precipitation of citrate
BiC¢H;0,, thus the completeness of citric
acid consumption is enhanced, and the
purity of the product with respect to
extrinsic metals is higher.

The possibility to obtain high-purity
(with respect to extrinsic metals) bismuth
citrate BiC,H;O, with nitrate ion content
less than 0,05 % as a result of bismuth
oxide interaction with citric acid solution
at the molar ratio of the acid to bismuth
equal to 1,0-1,15, and with lactic acid
concentration 0,5-1,1 mol/L in solution is
also demonstrated.

The results of studies provide evidence
that the treatment of bismuth citrate with
potassium hydroxide solution may lead
to obtaining the solutions with bismuth
concentration 61 g/L. It is shown that
bismuth-potassium citrate, which is used in
medicine to prepare antiulcer agents, may
be obtained in the form of monohydrate
KBiC,H,0,-H,O either through
evaporation of these bismuth-potassium-
containing solutions or through the
treatment of bismuth citrate with potassium
hydroxide at their molar and weight ratio
equal to 1,0. In the latter case, the degree
of bismuth recovery into the product is not
less than 99,9 %, only the pasty product is to
be dried at (70+3) °C.

It is established that the treatment of
bismuth citrate with the concentrated
solutions of ammonium hydroxide may
give the solutions containing bismuth in
the concentration of 210-360 g/L. It is
shown that bismuth-ammonium citrate
(NH,)BiC¢H,0,-3H,0 may be obtained by

the treatment of bismuth citrate with the
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aqueous solution of ammonium hydroxide
at the molar ratio of ammonium hydroxide
to bismuth equal to 1,1-1,2, and at the
weight ratio of the aqueous ammonium
hydroxide solution to bismuth citrate
equal to 2,0-4,0, after subsequent drying of
the product at (90 £ 10) °C; the degree of
bismuth recovery into the product is 99,5%.

The possibility to obtain bismuth-
potassium-ammonium-citrate-containing
solutions by dissolving citric acid in
water, adding potassium and ammonium
hydroxides to the solution, and then adding
bismuth oxide at a temperature of (85+3) °C
and pH 9 is demonstrated. It is determined
that bismuth oxide for obtaining bismuth-
potassium-ammonium-citrate-containing
solutions should meet the following
requirements: specific surface area is to be
more than 0,7 m?/g, and packed density
less than 1.4 g/cm?®. Bismuth-potassium-
ammonium-citrate-containing  solutions
may be used to obtain the substance for an
antiulcer pharmaceutical agent like De-Nol
(the Netherlands) through crystallization
at (65%5) °C or spray drying at 200 °C, or
in the form of a liquid bismuth-containing
agent. The content of nitrate ions in the
samples of bismuth-potassium-ammonium
citrates does not exceed 0,03 %, which
allows us to recommend these products for
obtaining bismuth-potassium-ammonium
citrate which would be pure with respect to
nitrate ion content.

The reasonability to obtain basic
bismuth salicylate, with high purity
against the content of extrinsic metal
ions and nitrate ijons, for medicine by
transforming  basic  bismuth  nitrate
[Bi,Os(OH),]-(NO,):-3H,0  into  the
oxide through the treatment with sodium
hydroxide solution at the molar ratio of
sodium hydroxide to basic bismuth nitrate
equal to 6,0-12,5, and then into basic
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bismuth salicylate BiC;H;O, as a result
of bismuth oxide treatment with a lactic-
salicylic acid solution at the molar ratio
of salicylic acid to bismuth oxide equal to
2,1-2,3, and process temperature 60-85 °C.

A version of hydrolytic processing of
metal bismuth to obtain pharmacopeial
oxohydroxotribromophenolate of
composition  [BigO4(OH),](C4H,Br;0),
is proposed on the basis of the dissolution
of technical-grade bismuth oxide in nitric
acid with the concentration of 7 mol/L,
hydrolytic purification of bismuth from
extrinsic metals by adding the solution of
bismuth nitrate into water heated to 60 °C
at the volume ratio of water to bismuth-
containing solution 9 : 1, and subsequent
addition of the aqueous solution of
ammonia to reach pH 1. The precipitated
basic bismuth nitrate was washed with
water at 60 °C, dissolved in nitric acid
with the concentration of 7 mol/L, then
acetic acid and sodium tribromophenolate
solution were added, and reaction mixture
pH was adjusted to 6,5-7,5 by the gradual
addition of sodium hydroxide solution
25-35 °C. The temperature of reaction
mixture was increased gradually to
90-95 °C, while pH was maintained at
6,5-7,5 by adding sodium hydroxide
solution. The precipitate was separated by
filtering, washed with water, and dried on a
drip pan made of corrosion-proof steel at a
temperature of 90-110 °C.

The investigation provides evidence
that it is reasonable to obtain bismuth
lactate BiCoH,;O, through the interaction
of bismuth oxide with the solution of
lactic acid at the molar ratio of lactate
ions to bismuth equal to 3,0 and process
temperature (55+3) °C, with subsequent
washing with isopropyl alcohol. The
possibility is demonstrated to obtain
aqueous and  ammonium-containing



solutions of bismuth lactate that may be which may be used to prepare functional
used to prepare pharmaceuticals, as well materials.

as fine crystalline bismuth oxide, through

thermal decomposition of bismuth lactate,
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