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N3BneueHne kapOGOHOBOM KUCNOTbI U3 €€ MarHMEBbIX CONIeN NyTeM
ocaxaeHusi C NPUMEHEHNeM XJIOPUCTOBOAOPOAHON KUCKOTbI, NPpUrogHoe ans

BblAeNeHUsi NPoAyKTa peakuun u3 pepmeHTaTMBHOro 6ynbLoHa

[aHHoe n3obpeTeHmne OTHOCUTCA K CNocoby nonyyeHns kKapOOHOBOW KMCNOTHI.
MonyyeHne kapOOHOBLIX KWUCMNOT NPUBOAUT K  0ODOpasoBaHWO  pPasnMYHbIX
HexenaTenbHbIX MNOBOYHLIX MNPOAYKTOB, OCOBEHHO ecrnv KX NonyyarT MnyTeMm
dhepmeHTaumn. [poueccel epMeHTaumn, B KOTOPbIX MUKPOOPraHU3Mbl Bbl4EeNaoT
KapOOHOBLIE KWUCNOTbI, NMPUBOAAT K CHWkEHMO pH. Tak kak Takoe cHwkeHne pH
MOXET HapyLmTb MeTabONNYECKNM NPOLLECC MUKPOOPraHnN3mMoB, OObIYHOM NPaKTUKON
apnaetca aobaBneHMe  OCHOBaHMS B (DEPMEHTaTMBHYHO  cpepdy, 4TOObI
HeuwTpanusoBate pH. B pesynbtate kapboHOBas kucnoTa, MOMyYeHHaa B
dhepmeHTaTBHOM Ccpene, OObIMHO NpPUCYTCTBYET B (opme conu  kapOoHOBOM
KMCIOTBI.

Hepoctatkom nonyyeHna kapOOHOBOW KUCMOTblI B pesynbTare npouecca
dhepmeHTaumm B popmMe conm KapOOHOBOM KUCMOTbI ABNSETCA TO, 4TOo Tpebyetca
ogHa unn Gonee AONONMHUTENBHBLIX CTaaANW ANS BblgeneHus kapboHOBOW KUCIOTbI U3
conu, T.e. ANS NpeBpaLleHnsa Conn B KapOOHOBYHO KMCMOTY, YTO ODbIMHO NPUBOAUT K
notepe kapboHOBOW KUCIOTbI U/Mnn conen KapOboHOBLIX KUCMOT U, Taknm obpasom, K
CHWKEHMIO BbIXoAa hepMeHTaLmm Unm npoLecca B LieNiom.

Ewe oaHMM HepocTaTKOM Takumx CTaaun SBNAETCA TO, 4YTO 3TO 0ObIYHO
NPUBOAUT K MOMYYEHUIO 3HauMTENbHbLIX OTXOA4O0B conen. Hanpumep, cragum
BblAENEHNA 4acTO BKMHOYAT NOAKUCNEHWE COonn  KapOOHOBOW KMCMNOTbl C
NCNONb30BaHNEM CEPHOW KUCIOTbI, YTO NPUBOAMUT K 0BpasoBaHmo cynbgaTHon conum
B Ka4eCcTBe OTXOA40B.

Llenbto faHHoro n3obpeteHns anaeTca obecnevyeHre cTtagum BolgeneHms, Ha
KOTOpOM KapOOHOBYKO KUCROTY BbIAENAT M3 pacTBopa Conn C NOAXOAALMM
BbIXO4OM.

Ewe ogHOM uenbto m3obpeteHusa spnsetca obecnedeHne crnocoba, He
AaroLLero, Unm no CyLwecTsy He AaroLero, 0TX040B COMu.

HaHHoe n3obpeTeHune Takke obecneymBaeT O4eHb HAAEXHbBIA B SKCMyaTaumm
cnocob, KOTOpPLIM AAET BO3MOXHOCTb BbIAENUTL LENEBYHO KapOOHOBYHO KUCIOTY M3

PacTBOPOB COJM, UMEIOLLMNX CYLLLECTBEHHO HMU3KOE KayecTBoO.



MO MeHbLUEN Mepe OOHOM U3 3TUX LUEenen gocturaroT nytem obecnedeHus
cnocoba nonyyeHns KapboHOBOW KUCIOTbI, KOTOPbLIA BKIOYAET cneayowme ctagun:

- obecneyeHne «kapbokcmnata wmarHusa, rge  kapboHoBas  KMCNOTa,
COOTBETCTBYHOLAs kapbokeunarty, obrnagaet pacTBOPMMOCTLIO B Boge npu 20°C 80
r/100 r BOAbI NN MEHEE;

- nogkucneHwe kapbokcunata marHuMa xnopucteim  Bogopogom  HCI,
HanpuMep, CONSIHOW KUCNOTOW, C NONyYEeHMEM pacTBOpa, Coaepxallero kKapboHOBYHO
KMcnoTy u xnopua marHma MgCly;

- BO3MOXHO, CTagu0 KOHLUEHTPUPOBaHUS, Ha KOTOPOM pacTBop, coaepxalimm
kapboHoByto kncnoty n MgCly, KOHLEHTPUPYHOT;

- ocaxpaeHne kapboHOBOW KMCIMOTbI M3 pacTBoOpa, CoAepXawero kKapboHOBYHO
kmcnoty n MgCl, ¢ nonyyeHnem ocagka kapboHoOBOM KMcnoThl 1 pacteopa MgCls.

Bbeino obHapyxeHo, uyto pobasneHne HCI k conu marHus BbiOpaHHOW
kKapOOHOBOM KMUCNOTbI M MNOCNEAyHLlee ocaxaeHne KkKapboHOBOM KUCNOTbl U3
pacTeBopa NpuBOANT K OYEeHb 3PIPEKTUBHOMY BblAENEHUIO KApOOHOBOW KUCNOThI N3
yKasaHHOro pacrtsopa kapbokcmnara marHms.

B uactHocTh, Bbino obHapyxeHo, 4YTO KapOOHOBYHD KMUCIOTY MOXHO OCaauTb
n3 pactBopa Kkapbokcunarta, nogkucneHHoro HCI, ¢ oO4eHb  BbICOKOW
apdpekTmBHOCTEIO. He xenas orpaHuumBatbeCa  Kakou-nmbo Teopuewn, aBTopbl
n3obpeTeHna npegnonararoT, YTO BbICOKas 3PPEKTUBHOCTE OCAKAEHUS ABMSETCS
pesynbTatom 0cOBeHHO BbICOKOro Bbicanuearowero adpdgekra MgCl, B pactsope. B
YaCTHOCTM npejnonararoT, YTO BbiCanMBaoWMA SPPEKT BbI3BAH KOHKPETHBIM
covetaHnem HCI, marHma n kapOOHOBOW KMCNOThI. Tak Kak sdpdeKT BbiCanmBaHUs
0ObI4HO TPYAHO NpeackasaTb, 0COBEHHO BbICOKMA 3hdEKT BbiCAnNMBaHUA ANS 3TUX
KMCNOT, HabnwgaemMbln B cnocobe no  pgaHHOMYy K30DpeTeHuo, SaBNSAeTCS
HEeOXNAaHHbIM.

Takum obpasom, npu uKcnonb3oBaHUM crnocoba no M3obpeTeHurd, 0capok
KapOOHOBOM KUCMOTbl MOXHO MNOSMyYMTb C BbICOKMM BbIXOAOM U3 pacTBopa
kapbokcunata MarHus, KOTOPbIM SBMSETCH, Hanpumep, GepMeHTatMBHas CMECh,
nonyyeHHaa B npouecce depmeHTaumm. Kpome TOro, nonyYeHHbIM 0cafok
kapboHOBOW KMCNOTbI 0BnagaeT OTHOCUTENBHO BbICOKOWM YACTOTOW, Tak Kak CTagus
ocaxaeHunsa B crnocobe no M30BpeTeHnto He MNpMBOANT K ocaxaeHuo H60nbLuoro

KONMMYecTBa COEAWHEHWW, OTNU4YHBIX OT KapboHoBoW kucnotbl. Kpome TOro,



nony4yaroT pacTBop Xnopuaa MarHusa. JTOT pacTBOP MOXHO  AOMNOMHUTENBHO
nepepaboTtarb, Kak ONUCaHO HIKE.

Kpome Toro, koHkpeTHbIn BbIbop HCI n kapbokcmnara marHna obecneuvvsaeT
YMEHbLUEHNE OTXOAOB COMM, OCOBEHHO MpWM COYETaHUM CO CTaanen TEPMUYECKOro
pasnoXeHns.

MpepnoyTnTensHO cNOcob AOMONHUTENBHO BKMKOYAET Cneayrowme ctagmm:

- NpOBeAeHVE CTagum TEPMUYECKOro paanoxeHus pactsopa MgCl, npu
Temnepartype no meHbllen mepe 300°C, B pesynbTtate vero MgCl, pasnaraetcs go
okemga marHma MgO n HCI, n

- BO3MOXHO, pacTBopeHve o0Opa3oBaHHOrO Ha CTagum TEPMUYECKOro
pasnoxenna HCI B Boge ¢ nonyyeHrem pacteopa HCI, v

- BO3MOXHO, npuBegeHne MgO B KOHTakT ¢ BOAOM C NOJlyYeHWem pacTteopa
Mg(OH),, KOTOpbIM MOXHO MojaBaTh PEUMKIIOM ANA MCNONb30BaHUS B npouecce
dhepmeHTaymm, NpeanoYTUTENBHO B Npouecce PepmeHTaummn, ¢ NOMOLLBH KOTOPOro
obecneunBaroT kapbokcmnat MarHms Ha NePBOM CTagun.

MpenmyLlecTBO 3TUX [OMOMHUTEMbHBIX CTaAMA 3akNioYaeTca B TOM, YTO
MOXHO NOSy4YNTb CNOCOD, KOTOPLIN HE UMEET, UMK MO CYLLECTBY HE UMEET, OTXOL0B
conun. Pacteop HCI MoxHO nogaeaTtb peuuksioMm Ha CTaguio nogkucneHms cnocoba
no wmsobpeteHmno. Mg(OH), MOXHO nogaBaTh PELMKIOM ANS WUCMNOMb30BaHWUSA B
npouecce pepMeHTaumn.

TepmuH «kapbokcunaTr», Kak ero UCnomnb3yrT B TEKCTE AAaHHOrO OnmMcaHus,
OTHOCUTCS K COMPSPKEHHOMY OCHOBaHWIO KapOOHOBOWM KUCMOTbI, KOTOpoEe OBbIYHO
npeactasnatoT dopmynon RCOO". TepmuH «kapbokcunar marHua» OTHOCUTCA K
MarHMeBOn conn kKapOOoHOBOW KMCNOTbI, NONy4YaeMon cnocobom no n3obpeteHuto.

TepmuH «kapboHOBasa KMCNOTa, COOTBETCTBYOLLAA kapbokecunaty» OTHOCUTCA
K KapbOHOBOWM KUCMOTE, KOTOPYH MOXHO TMOMyYuTb MyTEM  MOAKWUCIEHUS
kapbokcunaTta. Takke oHa npeacraBnaetr cobom kapOOHOBYHO KUCNOTY, KOTopas
ABNAETCA nNpoaykToMm cnocoba no M300peTeHUo. JTOT TEPMUH MOXET Takke
OTHOCUTLCA K MOAKMCNEHHOMY  kapbokcunary. KapboHoByto  KMCROTY,
COOTBETCTBYHOLLYIO AaHHOMYy kapbokcunaty, MOXHO B o0OwemM npeacraBuTb
dopmynon RCOOH.

TepMUH «OCaXAeHWe», Kak ero MCnonb3yroT B TEKCTe AaHHOro OnucaHus,
OTHOCUTCA K OOpasoBaHWO TBEPAOro martepuana M3 MONHOCTBIO PacCTBOPEHHOIO

cocTosiHUSA. KapboHOBYHO KMCIOTY MOXHO 0CaauThb B KPUCTaNIMYeckon popme unm B



amoppHon dopme. Tytem ocaxaeHns KapOOHOBOM KUCNOTbI MO crnocoby
n3obpeTeHnsa kKapObOoHOBYHO KUCIOTY MOXHO Takke ouncTuTh. B cnyyae kapbokcunara
MarHMa pacTBOp COAEPXKUT pPacTBOPEHHbIE MNPUMECHK; OCaxieHne KapOOHOBOW
KMCNOTbI OObIMHO OTAENAET KAPOOHOBYHO KUCIOTY OT TaKMX NPUMECEMN.

TepMUH «pacTBOp, N3 KOTOPOro NPOBOAAT OCAXKAEHMEY, KaK €ro UCMONb3YIOT B
TEKCTe [aHHOro OnucaHus, OTHOCUTCA K pacTBOpYy, KOTOPbIA noaBepraroT
ocaxgeHno. OBbIMHO 3TOT TEepMWMH OTHOCUTCA K pacTBOpy, coaepxaliemy
kapboHoByto kmcnoty n MgCly, nony4yeHHOMyY nocne NoOAKNUCNEHUS; BO3MOXHO, Nocne
TOro, Kak STOT pacTBOp MOABEPIiM CTaguy KOHLEHTPUPOBAHUA W/WUNKM CTaguu, Ha
KoTopoun fgobasnatoT gononHutensHoe konuydectso MgCl,. OgHako B criyyae BTOpOun
UKW 4OMNONHUTENBHOM CTaaun OCaXAEHUA, TEPMUH «PacTBOp, U3 KOTOPOro NpOBOAAT
ocaxgeHne» otHocutca K pactesopy MgCl;, nonyyeHHOMy nocne KOHEeYHOW Wnu
camon nocneaHen cragun OCaxKaeHUs, BO3MOXHO NOCNe TOro, Kak pacTBop npoLuen
CTaguMlo  KOHUEHTpUMpPOBaHWA  wwnn  ctaguio, Ha  KoTopon  pobasnstoT
pononHutensHoe konuyectso MgCl,. Takve pactBopel MgCl, Moryt Bce xe
copepxatb KapbOHOBYHO KACIOTY, KOTOpasa MOXeT ObITb NMosyYyeHa npy NpoBeaeHUN
BTOPOW NN AOMONHUTENBHOW CTaann OCaxaeHus.

MoxxHO ncnonbsoBatb nobor kapbokeunat MarHus, KOTOpPbIA B NOAKUCIIEHHOMN
dopme (T.e. rge MNpUCYTCTBYET COOTBETCTBYHOLAA kapboHOBas KUCNOTa) WUMEET
pacTBopuMOCTb B Boge, ©Onumskyro Kk pactsopumoctn MgCl, wvnm  Huxke.
CneposarenbHo, kapboHOBas KMCNoTa, ocaxgaemMasa B cnocobe no naobpeteHunto,
MMeeT pacTBopumocTb B Boge npu 20°C 80 r/100 r Boabl unu MeHee. KapGoHosas
kMcnoTta, obnagarowian pacTBOPUMOCTBIO B BOAE, 3HAYUTENBHO MpEBbIWAoLLEN
pactBopumocte MgCl,, HenpurogHa ana ocaxgeHnsa cnocobom no n3obpeTeHuto,
NMOCKOSbKY B 9TOM Crlydae npu oCaxaeHun kapboHOBOW KMCNOThI ByaeT ocaxaaTbes
MgCl, B OOnblIOM KONMWYECTBE, MOSTOMY HE TMOMyYMTCA COOTBETCTBYHOLLENO
pasgeneHus.

MpepnoytutensHO kapboHOBas KWUCMNOTa, COOTBETCTBYHOLAA kapbokcunaty
obnafaetr pacTBOPMMOCTBIO, KOTOpas Hwke, 4em pactsopumocte MgCly,
namepeHHas B Boge npu 20°C, T.e. obnagaeT pacTBOPMMOCTLIO B Boge mpu 20°C
MeHee 54,5 /100 r Boabl (gng gervgpatvpoBaHHOro BewlecTtsa). bonee
npeanoytTuTensHO kapboHoBasa kucnota obnagaeT pacTBOPUMOCTBID, KOTOpas
3HaunTensHo Hwxke, dYem y MgCly, Tak 4to MgCl, He ocaxpaeTcsa M3 pacrteopa

BMECTE C KapOOHOBOW KWUCNOTOWM Ha CcTagum ocaxiaeHus. [lostomy kapboHoBas



KWUCNoTa NPeAnoYTUTENBHO UMEET pacTBOPMMOCTL B Boge npu 20°C meHee 60 /100
r Boabl, Bonee npegnoytTuTensHo, MeHee 50 /100 r Boabl, ewe 6onee
npegnoyTuTensHO, meHee 40 r/100 r Boabl, ewwe 6onee npeanodTnTensHoO, meHee 30
r/100 r Boabl, ewe Bonee npegnoyTuTensHo, meHee 10 /100 r Boabl, ewe Gonee
npegnouTuTensHo, MmeHee 7 /100 r Boabl. HWKHAS rpaHMua ona pacTBOpUMOCTMU
KapOOHOBOW KMCNOTbI HE ABNAETCA ONpeaens oMM NMPU3HaKOM.

KapboHoBas kucnoTa, nonyyvaemas cnocobom no n3obpeTteHnto, MoxXeT ObiTb
BbibpaHa 13 rpynnbl, COCTOAWEN M3 SHTAPHOM KUCMOTbl, aguUnMHOBOM KUCIOTbI,
NTakoOHOBOW KWUCNOTbI, 2,5-bypanankapboHOBOM KUCNOTbI, PyMapoOBOW KUCIOTbI,
NIMMOHHOM  KUCINOTbI, ManenHoOBOW KUCMOTbl, [MNyTapOBOM KWUCNOTbI, MaroHOBOW
KMCMOTbI, LaBeneBoOM KUCNOTbl U XUPHbIX KUCMOT, umerowmx Bonee 10 atomos
yrnepoga. Xopowuve pesynbTaTbl MOMAyYeHbl C  WUCMNONb30OBaHWEM KapOOHOBOW
KMCNOTbI, BbIOPAHHOW U3 rpynmnbl, COCTOALLEN N3 agUNMHOBON KMCNOTbI, UTakOHOBOW
KMCNOTbI, 2,5-bypaHankapboHOBOW KUCNOTbI U hyMapoBOU KUCNOTbl. B ogHOM w13
NPUMEPOB BOMMOLLEHNSA KapOOHOBAas KMCNOTa HE ABMSETCA AHTAPHOW KUCIOTOWN.

Kapbokcunar marHus, ucnonb3yemMbii B U30BpeTeHnn, MoXeT ObiTb BbibpaH
N3 MarHMeBbIX CONEW BbILLEYNOMAHYTLIX rpynn KapOOHOBbLIX KMCHOT.

Kapbokcunatr wmarHma MoxeT Obitb  obecneuyeH B TBEpaon (T.e.
Kpuctannuyeckon) popme. B anbTepHaTtMBHOM criydae, kapbokeunart MarHnsa MoXeT
ObITb NpeacTaBneH B pacTBOPEHHOU (PopMe, HanpuMmep, Kak COCTaBnAaAwLas 4actb
pactBopa WKW CyCneH3MWn. Takou pacTBoOp WM CyCrneH3us, coaepxalime
pPacTBOPEHHbIN KapOoKCHUnaT marHus, MOXeT ObiTb BOAHLIM, U €ro, B 4acTHOCTW,
MOXHO MONy4YuTb B npouecce depmeHTaumn. [NMpumMepom CycneHsnm MoXeT ObiTb,
Hanpumep, CyCneH3ns, cogepXallas pacTBOpPeHHbIM Kapbokcunatr marHua Ww
HepacTBOPEHHYHD Buomaccy, Takasa kak, Hanpumep, depmeHTaTvBHbiM OynboH. B
cnyyae, korga kapbokcunart marHus obecnedeH B pacTBOpPeHHOU hopme, pacTBop
UnNn cycneHsmsa kapbokcmnarta MarHua MOXeT MMETb KOoHueHTpauuro 1-700 r,
npegnoyTuTensHo, 100-600 r, Gonee npegnoutmutensHo, 200-500 r kapbokcunara
MarHusa Ha NUTP pacTeBopa UNN CyCneH3nm.

B cnyyae, ecnn kapbokcunar obecneyeH B Buae pactsopa UM CyCrneH3uu,
KOHUEeHTpaumsa kapbokcunara MarHuis, Mnpu  KOTOPOM MPOUCXOAUT OCaxAeHwue
KapOOHOBOM KMCNOTbI NPW MOAKWUCIEHUM, MOXET 3aBUCETb OT KOHueHTpauum HCI.
Hanpumep, npu ncnonb3oBaHum ana nogkucneHms kapbokcunara pactsopa HCI ¢

BbICOKOM KoHUeHTpaumnen HCI (Hanpumep, ot 20 po 30% macc.), ocaxpeHue



KapOOHOBOM  KUCNOTbl  MOXET  MPOUCXOAWTb  MPU  OTHOCUTENMBHO  HU3KMUX
KOHLEeHTpaumsax kapbokcunara (Hanpumep, okono unu B gnanasone 1 — 10% macc.).
OpHako npu ncnone3oBaHnn Bonee HM3kon koHueHTpauun HCI (hanpumep, ot 10 go
20% wmacc.) gna npoTekaHnsa ocaxaeHus MoxeT notpeboBaTbcs Bonee BbICOKas
KOHUeHTpauma kapbokcunara (Hanpumep, ot 10 go 50% macc.). N3 npakTnyeckux
COODpaKeHNN, BEPXHUM MNPELENOM KOHUEHTpauum kapbokcunara wmarHmsa B
pacTBope WM CyCneH3un kapbokcunara MarHuMa SBnseTcs  MakCumarnbHas
pacTBOPUMOCTb Kapbokcunata MarHus npu  MakcumanbHOW Temnepatype 75
rpagycoB Llenbcma. 3Ta KoHueHTpaums oObiMHO cocTtasnsetr okono 20% macc.
kapbokcunata MarHus Mnum MeHee, B pacyete Ha OOLyt0 maccy pactBopa Mnm
cycneHaun. OaHako OHa MOXET M3MEHATLCA ANS KOHKPETHOrO MCMNOSb3yemMoro
kapbokcunaTta. KoHueHTpaumm Bbiwe 20% macc. moryT noTtpebosatb, 4TOOBI
pacTtBop umen Temnepatypy 75°C unu Bbiwe, 4TOObI UMETL kapbokcunaT MarHsa B
MONHOCTBLIO PacTBOPEHHOM BUAE, a 3Ta Temneparypa He aBnseTca dnaronpusaTHOM
Ana obopynoBaHWa, C TOYKM 3PEHNA YyBCTBUTENBHOCTM K KOPPO3UWM Matepmanos,
ncnonb3yembix B npucytcramm HCI.

Ana Toro, 4ytobbl NOCNe NOAKUCIIEHUS N OCaXAEHUS MOMYYUTb Kak MOXKHO
Bonblwe KapOOHOBOM KUCMOTbI, KOHUEHTpaumsa kapbokcunara, nocTynarowero Ha
NoagKNUCNEHWE, NPEeanoYTUTENBHO AOMKHaA ObiTb Kak MOxHO ©Gonee Bbicokown. B
cnyyae, ecnm kapbokcunar marHus obecnedveH B BUAE pacTBoOpa, BEPXHUW Npeaen
KOHLEeHTpaumm kapbokcunaTta MarHms onpegenseTcs pPacTBOPUMOCTbIO
kapbokcunata MarHuma KU TemnepaTypon, npu KOTOpown obopyaoBaHME BCe eLle
ABNSETCA 4OCTATOMHO CTOMKMM K KOppo3un nog sosgenctenem HCI. B cniyuae, ecnu
kapbokcunaTt obecneyeH B BUAE CyCMNEH3UU, BEPXHUA npeaen obbl4HO onpeaenseT
CnocoBHOCTb CyCrneH3mMM K nepemewmBaHuio. B cnyvae, ecnn  kapbokcunat
obecneyeH B BUAE TBEPAOro ocagka, BEPxXHMM npepen obblMHO OonpeaenswoT
pasgeneHve TBepaoe BELLECTBOSKMAKOCTb U MOSTyYEHHOE KOMMYECTBO OCTaTOYHOW
Bnarn. Ytobbl noppepxatb BbICOKMA BbIXOh KapOOHOBOWM KUCMNOTblI Mocne
NOAKMUCIIEHNA W ocaxieHunsa, KoHueHTpauma HCI npegnoytuTensHO sBnseTcs
HaCTONbKO BbICOKOW, HACKOMBbKO 3TO BO3MOXHO C 3KOHOMMUYECKOM TOUKU 3PEHUSA, Tak
KaKk BBEAEHWE M3NULLHEro KONMYecTBa BOAbl MPUBOAUT K pasbaBneHuo CUCTEMBI.
CoueTaHre BbIWEYNOMSAHYTLIX MCXOAHbIX KOHUeHTpauun kapbokcunata wn HCI
AOMKHO BnaroTBOpHO ckasbiBaTbCca B TOM, Yto MgCly ocTtaeTca B pacTtBope, a B Xxo4e

cTagnun OCaXAEHUA OCaxAaeTca Kak MOXHO ©onbwe KkapOOHOBOM KMUCHOTbI.



Cneumannct MOXET U3MEHUTb 3TW ABE KOHLUEHTpauuKn, YToObl NONyYUTb XKenaembin
pesynbTtat. Hanpumep, xopowwwe pesyneTartbl Obinv NonyYeHbl C UCMNOMb30BaHUEM
covetaHuna 15-25% macc. HCI n koHueHTpayum kapbokecunara marHmna 20-50% macc.

B cnyyae, korga pactBop unuv cycneHauio kapbokcmunara marHma nonyyarT 13
npouecca d¢epMeHTaumMm, KU 3TOT pPacTBOP HE WMEEeT [OCTaTOYMHO BbICOKOW
KOHLUEeHTpaumm kapbokcunara mMarHus, ero MOXHO CKOHLIEHTpUpOBaTb, Hanpumep,
BbINapyBaHWeM.

B npegnoytutensHOM BOMMOLWEHMM A[aAHHOTO m3obpeTeHus kapbokcunar
MarHMa nony4arT npm GepMeHTaumm C UCNOoNb30BaHMEM OCHOBaHWS Ha OCHOBE
MarHuMa Ans HeuTpanusauuM, 4Tobbl HENOCPEeACTBEHHO MonyYuTb KapbokcunaT
MarHus, B NPOTMBOMOJSIOXHOCTb MPOBEAEHUIO CHadana QepmeHTayun, a 3atem
fobaBneHna ocHoBaHWS ANA NonydeHus kapbokcunarta marHus, 4tobbel obecneynTb
Hanbonee npocton cnocod n nsbexats AONONMHUTENBHBIX CTagun oBpaboTku.

BblleynoMaHyTyto  (PepMeHTaumio Ha OCHOBE MarHua Takke MOXHO
OCYLLECTBNATE B TakMX YCMOBWUAX, YTO MOJNYYEHHbIA MPOAYKT depMeHTaumm
npeacraenaer cobon cmecb KapOOHOBOM KMUCMOThI M Kapbokcunara marHus, YTo
NPUBOAUT K MEHBLLUEMY KONMNYECTBY NOAKNCASEMOro U ocaxaaemMoro kapbokecunara.

Cnocob no mn3oBbpeTeHno AOMOMHUTENBHO BKOYAET CTagukd NOAKUCNEHUS,
Ha KoTopoum kapbokcunat marHua nogkmcnart HCl ¢ nonydeHvem pacTtsopa,
copepxaulero kapboHoByto kmucnoty n MgCly. Beino obHapyxeHo, 4to HCI asnseTcs
nNpeanoYTUTENbHbBIM MOAKWUCAAIOLLEM areHTOM MO CPaBHEHWUIO C APYIMMWN KMCNOTaMmu,
Hanpumep, HSO4. Bo-nepsbix, ncnonb3osaHne HCl obecneunBaeTt sddekTmBHOE
ocaxieHune, Hanpumep, NPeuMyLLECTBEHHbLIN SPdPEKT BbiCanMBaHWA, OMMCAaHHbIN
Bblwe. B uvactHocTun, npucytctBue MgCl, CHmKaeT pacTBOPUMOCTb kapOoHOBOW
KMCNOTbI, YTO NpUBOAUT K Bonee ahdPEKTUBHOMY OCaXAEHUKO KMCNOTbI. Kpome Toro,
peakuna kapbokcunata wmarHma ¢ HCI npuBogut Kk o0OpasoBaHWo conm C
OTHOCUTENBHO BbICOKOW pacTteopumocTeio (MgCly), ocobeHHO no CcpaBHEHWIO C
ApyrmMu conaMmu marHus, Bkrrodas MgSQOy4, a Takke no CpaBHEHWHO CO MHOMVMMM
kKapboOHOBbIMM  KMCnoTamu. BbicOkas pacTBOPUMOCTE COMKW, MOMYYEHHOW Mpw
NOAKMUCIIEHUW, SABMNSETCA KEeNnaTenbHOW, TaK Kak Ha CTagum OCaXAeHWs AOITPKHO
ocaxaTtbCa Kak MOXHO MeHblle 3Ton conu. CnepoBaTenbHO, MakKCUManbHYH
KOHLUEHTpaumo  KapboHOBOW KMUCNOTblI B pacTBoOpe, W3 KOTOPOro MNpOBOAAT
ocaxieHune, onpeaensaeT, B 4aCTHOCTWU, pPacCTBOPUMOCTb COMW, MONYYEHHOW Ha

cTagum nogkucnenms. Takum obpasom, ecnm comnb UMEET BbICOKYHD pacTBOPMMOCTb,



BbICOKYI0 KOHLEHTpaLMo KapbOHOBOW KMCNOTblI MOXHO MNONy4nTb ©e3 ocaxaeHus
COMKn, YTO NPUBOAUT K 3PDEKTUBHOMY OCaXKLEHNIO KAPOOHOBOW KMCMOTbI.

MoakncnerHne obbIMHO NPOBOAAT C Mcnonb3oBaHMeM m3bbiTka HCI. N3bbirok
npeanoyvTUTEnbHO aBnseTcsa HebonblwuMm, Tak 4to pacteop MgCly, nonyyveHHbIN
nocrne nMOAKUCNEHUS, He SABNAETCA CUNBbHO  KUCMbIM, 4YTO MOXeT ObITb
HexenaTtenbHbIM C TOYKM 3PEHUSA AOMNONHUTENBHOM 06paboTknm 3TOro pacrteopa.
Hanpumep, mncnonsdyemoe msbbiTovHoe KonndectBo HCI moxeT ObiTb Takmm, 4TO
nonyyeHHeln pactsop MgCl, nocne ocaxaeHna umeeT pH, paeHbIn 1 MK Bbile,
Hanpumep, pH okono 1,5. Cneumannucrtam M3BECTHO, Kak HA OCHOBE CTEXMOMETPUN
peakunm paccumMtartb MakCuManbHO AOMNYyCTUMbIM M3BbITOK ANS nonyyYeHna pH,
paBHoro 1 wnu Bblwe. [na nonyyYeHus [OCTaTOMHO MOMHOro  NOAKUCMEHUS
nonyyeHHen pactsop MgCl, npegnoytutensHo umeetr pH Hwke 4, 6Gonee
nNpeanoYTUTENBHO, HUXe 3.

Mopkmucnenne HCI MOXHO, Hanpumep, NPOBECTW, NpuBoAA KapbokcunaT
mMarHua B koHTakT ¢ HCI, Hanpumep, npmeoas kapbokcunaT marHua (B TBEpAOM BUAE,
B BMAE CYCMNEH3MM UM pacTBOpa) B KOHTaKT C BOAHbIM pactsopom HCI, nnu npueoas
pacTBOpP U CYyCNeH3no kapbokecmnara MarHis B KOHTakT ¢ razoobpasHeiv HCI.

Ecnn pactBop HCI wumcnone3ytoT Ha CcTtagum  NOAKUCIEHWS,  OH
npeanoyvTUTENBHO  COAEPXKUT nNO  MeHbwen Mepe 5% macc., OGonee
npeanoYTUTENBLHO, N0 MeHbLen Mepe 10% macc., n ewe Bonee NpeanoYTUTENBHO,
no meHbwen mepe 20% macc. HCI. Takve KOHUeHTpaumm OObIMHO SBMAOTCS
AOCTaTOuHBIMM ANA NogkucneHns kapbokecmnara marHma. Ms-3a BbileynoMAHYTOro
abdekTa BbicanmBaHna MOXET ObITb XXenateneHa Bbicokas koHueHTpauua HCIl. Us-
3a Huskon Temnepatypbl kuneHna HCI n aseotpona HCI/H,O, koHueHTpauma HCI B
pactBope 06bl4HO cocTaBnseT He Bbiwe 40% macc, ocobeHHo ecnm pacteop HCI
MCNonb3yT Npu atmocdepHoM AasneHun. NpeanoytutensHo mcnone3yroT HCI ¢
KOHUeHTpaumen 15-25% macc., B pacdeTte Ha obuyyto maccy pacteopa HCl. Tem He
MeHee, MOXHO Takke mncnonesosate HCI ¢ koHyeHTpayven o 100%; B aTom cnyvae
pactBop HCI| 0BblMHO MCNOMB3YOT NPWY NOBbLILLEHHOM Aa@BRAEHUU (HanpuMmep, Bblle
aTMocepHOro paeneHnda) WUunu npu HU3KUMX TemnepaTypax (Hanpumep, Huxe
20°C).

B cnyyae wucnonb3oBaHus rasoobpasHoro HCI, ero MOXHO npuBOAUTbE B
KOHTaKT C pacTBOPOM WnM CycneHsnen kapbokcunara. B uacTtHocTM, rasoobpasHbin

HCI mMoxHO npoayBaTb 4Yepes pacTBOp MMM CycrneHauto. B cnyyae mcnonb3oBaHuA



razoobpasHoro HCI, HClI wmoxeT ObITb nomnyyYeH Ha CTagun TEPMUYECKOro
pasnoXeHWs, Kak, HanpumMep, ONUCaHo HUXKE.

MpeanoYTUTENBHO MOAKUCIIEHWE MPOBOAAT Mpu Temnepatype 75°C, wnm
meHee. [lpu 6Gonee BbICOKMX Temnepatypax CTaHOBUTCA HESKOHOMUYHbBIM
npucnocabnmeate 0DOPyAOBaHME K XECTKUM YCRoBUAM. YuuTbiBas Temnepartypy
3aMep3aHus BoAbl, MOAKUCIEHWE OObIYHO MPOBOAAT Mpu Temneparype Bbie 0°C.
Temnepatypa Bbiwe 20°C MoxeT ObiTb MNPEAnOYTUTENbHOW ANS TOro, YTOOLI
n3bexartb NPUMEHEHMS XONOAMNbHBLIX YCTaHOBOK. TemnepaTtypbl nopsaaka 40°C vnm
Bbile, unu gaxe 60°C vnn Bbille, SBNAOTCA elwe Gonee npeanoyTUTENbHBLIMU,
MOCKONBKY MPU  3TUX BBICOKUX TemnepaTypax MOXHO pacTBoputb 6Honbluee
KONM4ecTBO kapbokcunarta wmarHua. Temnepatypa pacTtBopa WK CyCrneH3uu
kapbokcunata wmarHmsa OBbIMHO OnpefenseTca  TEemnepaTtypon, npu KOTOpou
NPOBOAAT NOAKNCIEHME, N COOTBETCTBYET EN.

Cnoco6 no n3obpeTeHnto MOXET BKYaTb CTaAUKO KOHLEHTPUPOBaHWA, Ha
KOTOPOM KOHLEHTPUPYHOT pacTBop, NonyveHHbln nocne nogkucnenna HCI. Bbonee
BbICOKAs KOHUeHTpauus kapbOHOBOW KMCMOTbI B  pacTBOpe  yBenuuvMBaeT
3P PEKTUBHOCTE OCaxXaeHNa KapboHOBOM KUCNOTbl. CTaguilo KOHLEHTPUPOBaHUS
MOXHO NPOBOAUTE MYyTEM BbiNapmMBaHMa. Ha CTagnmm KOHLUEHTPUPOBAHUA MOXHO
yoanute 10-90% ot obuwero konuyectea BOAbl, MPUCYTCTBYHLLUEN B PacTBOpE.
OpHako npepgnoyTuTenbHO, 4YTOObI B pesynbrate KoHueHTpupoBanHus MgCly He
ocaxgancs. osToMy nonyyYeHHbIN NOCne NOAKUCAEHUS pacTBOP NPEeanoYTUTENBHO
KOHUEeHTpupoBaH fo cogepxanna MgCl,, paBHOroO unmM  Hwke npegena
pactsopumoct MgCly.

Cnocob no n3obpeTeHnto ONOMNHNTENBHO BKIOYAET OCaxaeHne kapboHOBOW
KMCNOTbl M3 pacTBopa, MOMyYEHHOro Ha CTaguM NOAKUCNEHUS, UKW U3 pacTBopa,
MONYYEHHOro Ha CTaAun KOHLEHTPUPOBAHWA, €CNW OHa NPUCYTCTBYET. JTY CTaauio
MOXHO HaseaTb (nepBon) cTagmen ocaxaeHusa. OcaxaeHue MOXHO NpOBOAUTL
nocpeacTsoM Noboro MeToga OCaxAeHWs, U3BECTHOrO B YPOBHE TEXHUKW, Hanpumep
PEaKUMOHHOrO  OCaXAEeHWs WUnnu  nNyTeM  OXNaXAEHUs,  KOHLUEHTPUpPOBaHUS,
BbiMapuBaHWA pacTBopa, M3 KOTOPOro AOIMKHO ObITb MPOBEAEHO OCaKAEHME, UNK
nytem pobaBneHna aHTMpacTBOPUTENS K pacTBOpy, M3 KOTOPOro npoBeasT
ocaxieHue.

OcaxpeHve npeanoyTUTENBHO NPOBOAAT NMyTEM MOAKUCNEHUS kapbokcunarta

mMarHna HCIl. 3TOT TMn ocaxkaeHUs MOXHO Ha3BaTb peakUMOHHbIM ocaxaeHueM. Mpu
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PEaKkUMOHHOM  OCaXAEHWUWN, OCaKAEHME TMPOUCXOANT B XOA4E  MOAKMUCINEHUS.
CnepoBarenbHO, MOAKUCNEHME Kapbokcmnara MarHua U OCaKAeHWe NOnyYeHHOU
Takum obpasom kapOOHOBOW KMUCNOThI NPOBOAAT B OAHY cTaguto. COOTBETCTBEHHO,
cnocob no m30bpeTeHno BKMKOYaeT ctagum obecnedeHns kapbokcunara marHus,
Nofy4YeHHOro, BO3MOXHO, B npouecce depmeHTaumm (Kak onucaHo BblWe), W
nogkmcnenua kapbokcunarta marHma HCl (Hanpumep, BogHeim pactsopom HCI), ¢
nonyyeHnem ocapka kapboHoBou kmcnotbl n pacteopa MgCl,. OTmeuyeHo, 4TO B
pesynbTate CTaguu OCaKAEHUSA aKTUYECKM MONy4aroT CYyCNeH3MK0 C OCaaKOM
kapbOHOBOM KMCNOThI, Haxoaawmmes B pactsope MgCls.

PeakumoHHOe ocaxaeHne MOXHO MPOBOAUTb, BbiOMpas Takue ycnoBus Ha
cTagmm noakucneHus, 4tobbl MOMMO  MPOUCXOAUTb MIHOBEHHOE OCaXKaeHWe
kapboHOBOM KMCNOThLI. Cneynannuctam M3BeCTHO, Kak yCTaHOBUTbL Takme ycrnosusa. B
YaCTHOCTW, KOHUEHTpaUuo kapbokeunara MarHMss MoXHO BbibpaTh Takmm obpasom,
ytobbl nopkucneHme HCI npvBOAMNO K KOHUEHTpauum KapOOHOBOW KUCNOThI,
NpeBbIlLAOWEN  Mpeaen  pacTBOPUMOCTM  KapOOHOBOW  KMUCMOThL.  TO4Has
KOHUEeHTpaumMsa KapbOHOBOWM KUCMOTblI MNPV Npefene pacTtBOPUMOCTU  MOXKET
N3MEHATLCA B 3aBMCUMOCTU OT NMPUMEHAEMOMN KapOOHOBOW KMCNOTbI.

Ctagnio ocaxxgeHnsa MOXHO Takke NpoBOAUTbL MYyTEM OXNaXAEHWa pacTBopa,
N3 KOTOPOro MPOBOAAT OCaXAEHWe, Hanpumep, pactBopa, MOMy4YeHHOro Ha cTagum
NOAKMUCIIEHNS, UK PacTBOpa, NOMYYEHHOro Ha CTagun KOHLUEHTPUPOBaHNSA, €Cr OHa
NPUCYTCTBYET. OTOT TUM OCaKAEHMNS MOXHO Ha3BaTb OCaKAEHMEM MPW OXNaXAEHUN.
Cragma oxnaxaeHna MoxeTt notpeboBaTb, UTODOLI pacTBOp, M3 KOTOPOro NpPOBOAAT
ocaxieHne, CHadana Harpenu [o TemnepaTtypbl, NpyM KOTOPOM MO CyLIeCTBY
pacTtBopstoTca Becb MgCly n kapboHoBas kucnota. Pactsop, 13 KOTOpOro NnpoBoOAAT
ocaxieHne, MOXHO OxNaguTb OT  TemnepaTypbl Bblle  Temneparypbl
3apoablweobpasoBaHus ANa kapOOHOBOM KUCMOTbI B pacTBOpe A0 Temnepartypsl
HWKEe TemMnepaTtypbl 3apopabiweobpasoBaHms kapOOHOBOWM KUCMNOTblI B pPacTBOpE.
TemnepaTtypa 3apogbilueobpasoBaHnsa SABMASETCA CaMOWM BbLICOKOM TeEMMNepaTypou,
npy KOTOpoM 0OpasyoTca TBepable BewecTBa, B 4aCTHOCTW, OcCagoKk. JTa
Temneparypa, NOMMMO MNpPOYero, 3aBuMCUT OT KoHueHTpauum MgCly, kapboHoBowm
KMCMOTbl U OT NPUCYTCTBUA LPYTMX KOMMOHEHTOB. [103TOMYy HEBO3MOXHO NMPUBECTU
€AMHCTBEHHOE 3Ha4YeHne TemnepaTypbl 3apoabiweobpasosanHmsa. OgHako B obLiem,
pacTBOp, M3 KOTOPOro MNPOBOAAT OCaXAEHWe, OxnaxgaroT OT TemnepaTypbl Mo

MeHbluen Mepe 35°C po Temnepatypbl Hwke 30°C, npeanoyTUTENbHO, OT MO
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MeHbLuel mepe 40°C ao Temnepartypbl Huke 25°C. Bonee sHauMTenbHbIE PA3HOCTM
Temneparyp AaroT BO3MOXHOCTb YBENUYUTL BbIXO4 Oocafka KapboHOBOW KUCNOThI. B
crniydae OCaKAeHUs NPy OXNaxAeHWW, KOHUEeHTpaumsa kapOOHOBOW KUCNOTbI nepen
oXnaxgeHnmem  npeanodvTUTENBHO  AomkHa  ObITb HAcTONbKO  OnKM3kouM K
pPacTBOPUMOCTW, HACKOMLKO 3TO LenecoobpasHO M3 3KOHOMUYECKMX COODparkeHun.
KoHueHTpauua kapOOHOBOW KMUCNOTbl MOXeT ObITb paBHa TOYKE HacbIWEHWA ANnA
kKapBOHOBOW KMUCNOTLI, K BbITb BNMAOTL 40 5, npegnoyTuTensHO, BrNnoTe 4o 10 r/n
HWXKE TOYKM HacbILEHNA Ans KapOOHOBOW KACTOTBI.

Kpome TOro, ocaxgeHve MOXHO MPOBOAUTL MYTEM KOHLEHTPUPOBaAHUS
pacTtBopa, cogepxawjero kapboHoyto kucnoty n MgCly, npegnodtutensHO nytem
BbiNapueaHund. BbinapvBaHue 4acTn pacTBOpUTENS U3 pacTBopa, CoAepallero
kapboHoByto kucnoty u MgCly, npuBoaut Kk 6onee BbICOKOW KOHLEHTpauuu
kapOOoHOBOW KNCNOTbl U Bonee cunbHOMY SOdEKTY BbICanMBaHUA, YTO yrydllaeT
ocaxieHue.

Kpome TOro, ocaxgeHne MOXHO npoBecTn nytem  pobaBneHus
aHTUpacTBOPUTENA K pacTBOpYy, W3 KOTOPOro crnegyetr MpoOBECTU OCaKAeHUe.
Mpumepamn aHTUpacTBOPUTENEN ABMASIOTCH CNVPTHI, 3PUPbI N KETOHBI.

MpepnouytutensHo pacteop MgCly, NonyyYeHHeIM NOCNe OCaKAEHUS, MOXHO
noABEPrHyTb BTOPOU W/MNN AONOMNHUTENBHOW CTaaANN OCaXAEHNA, (POPMUPYSH, TaKUM
obpasoM, L[OMONHUTENbHBLIM 0CafoK KapbOHOBOW KUCMOTbl W BTOPOW  wW/unu
pononHuteneHein  pacteop MgCl,. BTopyto vnn AONONHUTENbHYHO  CTaauto
ocaxaeHs MOXXHO NPOBECTU ANA N3BIEYEHUS MO MEHBLLEN MEPE YacTn kapboHOBOM
KMCNOTbI, ocTaBwenca B pactsope MgCl,, nonyyYeHHOM Ha npegbigylwen craguu
ocaxgeHnda. B 3Tom cnydae 3Ty NpeaLlecTBYHOLYH CTaaAU0 OCaXAEHNA NO AaHHOMY
N300peTeHNo MOXHO HasbiBaTb MNepBoM cragmen ocaxgeHunda. Pactsop MgCly,
MONYyYEHHbIM MPWU NEPBOM OCaKAEHMM MO AaHHOMY crnocoby, MOXeT BCe eLle
cogepxatb HebonbLIoe KONMMYECTBO KapOOHOBOM KUCNOTbl. UTOObI M3BneYb no
MEHbLUEN MEPE YacTb 3TOM KapOOHOBOW KMCMOTbI, MOXHO MPOBECTU BTOPYH CTaaWNIO
ocaxgeHna. Takyto BTOPYH CTagu OCaXAEHWA MOXHO MPOBOAUTL MPWU YCIOBUSX,
CXOOHbIX C YCMOBUMAMM MEPBON CTaguM  OCaXAEHWd, BKMOYaa CTaguio
KOHUeHTpupoBaHua mn/mnn pobasneHns MgCly, ocywiecTBnsemMble nepep craguven
ocaxXaeHus.

B npeanoytutensHOM BOMMAOWEHMM CNocob no M300peTeHuo BKYaeT

NepBYI0 PeakLmo OCaXAeHUs, KOTopasa NpeacTaBnseT cobon CTagumio peakLMoHHOro
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ocaxgeHnda, nocne kotopoun pactBop MgCly, nonyyYyeHHbIM Ha 3TOW CTaguu,
noaBeprarT CTagun oOxnaxaeHus uunm eeinapmeanma. CTagum oxnaxgeHus nmnm
BblMNapuBaHWAa NpeacTaBnsatoT cobor AONONHUTENBHBLIE CTaaMM OCaKAEHUS, B XO4e
KOTOpPbIX OCaXKAarT AOMOMHUTENBHOE KOMMYECTBO KapOOHOBOWM KUCMOTbI, U TakuMm
oBpasom, CHWUXKaKT NOTEPM KapOOHOBOW KMCMNOThLI M NOBbLILLAKT BbIXO4 NpoLecca.

Mepen nobon cragmen ocaxaeHus K pacTBOpy, W3 KOTOPOro npoBOAAT
ocaxgeHue, nnun k pacteopy HCI moxHO fobaBuTb xnopua marHms. JOTOT pacTeop,
M3 KOTOPOro MpPOBOAAT OCaXAEHME, MOXeT nNpeacTaBnatb cobon pacTsop,
copepxawmn pacteop kapbokcunara marHus (Hanpumep, B Cnyyae peakumoOHHOro
oCaxXAeHnda) unuM pacTBop, COAepXalimnh kapOOHOBYHO KUCMOTY M Xnopwua MarHus
(nony4eHHble Ha cTagum noakmcnenuns). Takom fobaBneHHbIA XNopua MarH1a MOXeT
yBenuumBaTb 3deKkT BbICanuBaHusa, ynydwasa, Takum oOpasom, ocaxaeHue
KapBOHOBOM KMUCNOTLI.

MpepnoyTnTensHO cNOcob AOMONHUTENBHO BKMKOYAET Cneayrowme ctagmm:

- NpOBeAeHVE CTagum TEPMUYECKOro paanoxeHus pactsopa MgCl, npu
Temnepartype no meHbllen mepe 300°C, B pesynbTtate vero MgCl, pasnaraetcs go
MgO v HCI, un

- pactBopeHne HCI, obpasoBaHHOro Ha CTagmm TEPMUYECKOrO PasfnoXeHUs, B
BOAe, C nony4yeHnem pacrteopa HCI, n

- npuBepeHmne MgO B KoHTakT ¢ Bogou ¢ nonyveHmem Mg(OH)».

Kak onucaHO Bblwe, MPenMyLiecTBO 3TUX AOMNONHUTENbHBIX  CTaguw
3aKnyaeTca B TOM, YTO MOXHO MOMyYMTb CNocod, KOTOPbIA He mMmeeT (UM o
CYLLIECTBY HE MMEET) OTXOA0B COMNEN.

Tepmuyeckoe  pasnoxeHve  xmopuaoB B oblwemM  M3BECTHO U3
cTanennasunbHOW NpoMblwneHHocT, rae xnopug xenesa (lll) (FeCls) Tepmuyeckm
pasnararor Ha xnopug xenesa (ll) (FeCly) n rasoobpasHein xnop (Cly). B aton
oTpacnM W3BECTHO Takke Tepmumyeckoe pasnoxenme MgCl, go HClI mn MgO,
Hanpumep, 3 GB 793700. Tepmuuyeckoe pasnoXeHue, OnucaHHoe B 3TOM
AOKYMEHTE, MOXHO TakKe COOTBETCTBEHHbIM 0Opa3oM MpUMEHSTb K crnocoby no
n3obpeteHnto. COOTBETCTBEHHO, TEPMUYECKOE pPasfioXKeHWe, WCMNonb3yemMoe B
n3obpeTeHnn, MOXHO NPOBECTU NyTeM pacnbineHms pacteopa MgCly B KOHTakTe C
NMOTOKOM ropsYero rasa. TemnepaTypa ropayero rasa paBHa Temneparype, npu

KOTOPOW MPOBOASAT TEPMUYECKOE Pa3NOXKEHME, KaK OMMCaHO HUXE.
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Hackoneko W3BECTHO 3asBUTENIO, COYETaHME TEPMUYECKOrO PasfnoOXeHusa C
OTAENEHNEM KMCNOTbI OT COnu Ansa kapbokcunaTta marHus, nonyyYeHHoOro B npouecce
depmeHTaymm, He BbINO onmcaHo paHee. bbino obHapyxeHo, yto MgCl, mMoxHO
TEPMUYECKM PasNOXUTb MNyTeM NUMPOrMAPONnM3a, MNpuv  OTHOCUTENBHO  HWU3KMX
Temneparypax (Hanpumep, B npoTtmeononoxHocte CaCly, kOTOpbIM  HaynMHaeT
pasnaraTtbcs npumepHo npu 800°C nnu Bbiwe). ITO ABNAETCA NPEUMYLLECTBOM, Tak
kak obpasoBaHHbIM MgO Bce elwle obnagaeTr AOCTATOYMHO BbICOKOW peaKkLMOHHOW
CNOCOBHOCTBIO ANA TOro, Ytobbl €ro MOXHO ObINO UCMONB30BaTb, HaNPUMEpP, MNpu
dhepmeHTaumn.

Ha cyllecTByroLemM ypOBHE TEXHUKM U3BECTHbI NOAXOAALLME YCTPONCTBA ANS
NPOBEAEHNA TEPMUYECKOrO pasnoXeHus. TepMuyecKoe pasnoXeHUe MOXKHO
NPOBOAMTL C WCMOMb30OBaHMEM OOXWIOBOW MeYKn, Hanpumep, pacnblUTENbHON
0OXUroBOM nNeYn unm OOXWMroBOoM MNeuYn C MNCEBAOOXKWMKEHHbIM Crnoem. Takoe
obopyaoBaHMe MOXHO MOny4YuTb, Hanpumep, oT SMS Siemag. NpeanoYTUTENBHBIM
ABNAETCA NPUMEHEHWE pacnbiNUTENbHON OBXMroBon nedn. PacnbinutensHas
obxuroBaa neyvbs WUMEET HU3KME 3aTpaTtbl Ha 3HEPrMio (Takke B CpaBHEHUMM C
OOXUroBOW MEeYbd C MNCEBOOOKWMKEHHBLIM CrOEM), TMOCKONbKy oOHa Tpebyer
OTHOCUTENbHO HU3KMX TemnepaTtyp (Kak onumcaHo Hwxke). B pacnbinuTenbHbIX
ODXMroBbIX MNeyax A[OMNOMHUTENBHO MOMyYarT pPeakyMoHHOCNOCODHbIE YacTuubl
MgO, koTOpble OYEHb NOAXOAAT AN UCMONMb30BAHNA B KA4ECTBE HEUTPanM3yoLLEero
areHTa npu pepmeHTalmn.

MpeanoyTUTENBEHO TEPMUYECKOE PasoXKeHWe NPOBOAAT NPV TeMnepaTtype no
MeHbLuel mepe 300°C, koTopas MpeacTaBnseT cobon MUHUManNbHY Temnepartypy,
npu kotopon pasnaraetca MgCly. NpeanodtuTensHO TEPMUYECKOE pasnoXeHue
NPOBOAAT NPWN TEMMNepaType Mo MeHbluel mepe 350°C, Hanpumep 350-450°C. W3-3a
3aTpaT Ha 3SHeprur, Temnepartypa npeanodTUTensHO cocTaBnaeT Hmke 1000°C,
Gonee npegnouTuTensHo, Hwxe 800°C. Hanpumep, TemnepaTtypa, npu KOTOPOW
MNPOBOAAT TEPMMUYECKOE Pa3NoXeHWe, MOXET cocTaBnaTe 350-600°C munm 300-400°C.
Kpome TOro, wncnonb3oBaHWe CrVWKOM BbICOKOW TemnepaTypbl AnsS cragum
TEPMUYECKOTO Pa3NOXEHNA ABNAETCA HeXenaTenbHbIM, MOCKOMNbKY 3TO CHWXaeT
peakUMoHHy0 cnocobHocTb obpasoBaHHoro MgQO, Tak 4TO OH CTaHOBWUTCH MeHee
NPUrogHbIM ANS  WUCMOMb30BaHWSA B KA4yeCTBE HEUTPanuayrowero areHta npu

dhepmeHTaumn.
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Tepmuyeckoe pasnoxeHue, npuyMeHaemoe B crnocobe no unsobpeTeHuto,
npeanovTuTenbHO npoBoaAat npwu gasneHun 0,01-1 Mlla (0,1 — 10 6ap). OpgHako
NCNOMb30BaHME NOBLILLEHHOIO AaBMEHNA MOXET ObiTb HEXenaTenbHbIM N0 NPUYMHE
MOBLILLEHHOrO puUCKa KOppPO3uK, K3-3a He cnocobHoro ckoHgeHcuposatbes HCI.
MpeanoyTUTENBEHO TEPMUYECKOE pasfnoXeHwe npoBOAAT MNpyu  atMoChepHOM
AABIMEHMN, B 4aCTHOCTW, NMPW NUCNONb30BaHMM OBXMroBon neudn, 4tobbl msbexarb
HEHY)XHbIX 3aTpaT Ha 3HEpPrMo U HeoOXOAMMOCTM MPUMEHATL [0POrocTodaliee
obopyanosaHue, paboTaroLlee Npm BbICOKOM AaABIEHNN.

Okcnp marHma (MgQO) saBnseTcs OgHMM M3 NPOAYKTOB  TEPMUYECKOro
pasnoxeHns, M O0OblMHO ero nonydaloT B dopme nopowka. Okcma MarHug
rmapaTupyroT  BOAOW, Hanpumep, npu  BbicTpom oxnaxaeHun MgO Bogow,
nocpeactBoM 4ero obpasyetca cycneHsus rugpokempa  marHma  (Mg(OH),).
CycneHsnto rugpokcmaa MarHus npeanodTUTENbHO NOAAaKT  PeuuknomM  Ans
ncnonb3oBaHMs B npouecce depmeHTaymn.  Hanpumep, Mg(OH), MOxHO
NCNONb30BaTb B KAYECTBE HEWUTPanM3yoLero areHTa B npouecce dpepmerHtaumn. B
atom cnyyae Mg(OH), MOXHO cHayana npoMbITb BOAOW, ANS yAaneHus XIopua-
NoHoB, 06bI4HO A0 copepxaHmsa meHee 1000 yacten Ha MiH. [pucyTCTBUE XNOPUA-
WOHOB SABNAETCA HeXenaTenbHbIM, Tak Kak OHW MOryT Bbi3blBaTb KOPPO3MOHHbIE
npobrnembl Npu BBEAEHMM B PEPMEHTaLMOHHbIM 4YaH. Tak kak Mg(OH): wnmeet
HW3KYHO pacTBOPUMOCTbL B BOAE, Takasg CTagusa MpOMbIBKM OObIMHO HEe MpUBOAMUT K
notepe 3HaumutenoHoro konmdectea Mg(OH),. AnbtepHatnBHOo, Mg(OH), cHavana
npespawatoT B kapboHat marHmsa (MgCOs), KOTOpbIM 3aTEM MCNONB3YIOT B Ka4ecTBe
HEeNTpanuayrLero areHta B npouecce epmeHTaumm. MoXHO Takke UCrnonb3oBaTb
coYeTaHne 3TUX ABYX CTagmn, npu Kotopom Yacte Mg(OH), npombiBaroT 1 NOBTOPHO
MCNOMb3yT, a BTOPYyK 4acTte npespawaroT B MgCO; a 3artem NOBTOPHO
ncnonb3yroT B Npouecce. Yacte MgO MOXHO gaxke HenocpeaCTBEHHO NUCMONb30BaThb
npu doepmMmeHTaumn.

HCI, nony4eHHbIN Ha CTaann TEPMUYECKOTO PasNOXEHNA, MOXHO pacTBOPUTb
B BoAe € nonyyeHnem sogHoro pactesopa HCI. TNpegnoytutensHo HCI, nonyyeHHbIN
Ha CTagum TEPMUYECKOrO PasnoXeHWs, NOAAT PELMKIOM, MCNONBb3YSA ero Ha ctagum
noakmcneHns B cnocobe no n3obpeTeHuto, Hanpumep, B Buae rasoobpasHoro HCI
nnu B Buge sogHoro pacrtesopa HCI.

Kapbokcunar marHus, obecneunBaembin B cnocobe no n3obpeTeHnto, MOXHO

nony4nTe B npouecce epmeHTaumn. B Takom npouecce epmMeHTaumm NCTOYHUK
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yrneBofoB OObIMHO PEepPMEHTUPYHOT MOCPEACTBOM  MMKPOOPraHnW3mMoB, 4TOObI
nonyunte KapboHoBYHO KMCnoTy. Bnocneactsum B xoae depmeHTaumm aobasnstoT
MarHMeBOe OCHOBaHME B Ka4yeCTBE HEeWTpanuayroLero areHta, 4Tobbl nonyyntb
MarHMeByr0 COfb KapOBOHOBOW KucnoThl. [Mpumepamu NOAXOAAWMX MarHUEBbLIX
ocHOBaHuW aBnstoTca rngpokema marHmsa Mg(OH),, kapboHat marHma (MgCOs) um
Bukapbonat marHma (Mg(HCOs)). lMpemmywectso umcnonesoBaHna Mg(OH), B
Ka4yecTBE OCHOBaHUS 3aKN0YaeTCa B TOM, YTO 3TO COEAUHEHME MOXHO MOMyuYvTh B
cnocobe no wum3obpeteHmto. WcnonbsosaHne MgCO; Takke moxeT ObITb
XenaTtenbHbIM, W €ro nerko MOXHO nonyunTb nytem npespaweHna Mg(OH)s,
nony4YeHHoro B cnocodbe no nsobpeteHnto. Kpome Toro, ncnonbaosaHme MgCO; nnm
Mg(OH), aBnseTtca xxenatenbHbIM, TaK Kak nonararoT, YTO rmapokeua, n kapboHaTt He
OKasbIBalOT OTPULATENBHOrO BNMAHWA Ha 3eKkT BbiCanmeaHMa B cnocobe no
n3obpeteHno (nobon kapboHaT, OCTaBWMWCA MNOCNEe HeuTpanuaauun, MOXeT
BbIXOAUTb U3 pacTBopa B Buae razoobpasHoro COy).

Mpouecc depmeHTaunm MOXET BKMAYaTb CTaAMI0 OYUCTKM, Ha KOTOPOW
kapbokcunar MarHus, MNONyYeHHbIM B XO4E WM NOCne  Kpuctannmsauuw,
BbIKPUCTaNNM30BbIBalOT U3 depMeHTaTMBHOrO ByneoHa, 1 BNOCNEACTBUM €r0 MOXHO
pacTBOpPUTL B BOAE C MOMyYEHMEM BOLHOrO pacTBOpa, KOTOPbIM OObIMHO MMmeeT
Bonee BbICOKYIO KOHLUEHTpauuo kapbokcunara, Yem B pepMeHTaTMBHOM BynboHeE.
Takaga crtagma O4MCTKM MOXET obnajartb TEM MNPEeuMyLLECTBOM, 4YTO Ha nNepBou
CTaaun OCaXAEHNs MOXHO MNOoNy4nTb Bonee BbICOKMA BbIXOA N3-3a Bonee BbICOKOMU
KOHLEeHTpaumm kapbokcmunara MarHus.

OpHako, kak onucaHo Bbilwe, kapbokcunatr MarHus npeanoyvTUTENbHO
OCTaeTCa B pacTBOPEHHOM Buae npu pobaBneHMn MarHMeBOro OCHOBaHUS B
KauyecTBE HEWTpanuayrLwero areHta. OTO0 MMeeT TO NPenMmyLlecTBO, 4TO
kapbokcunar MarHMa  nNoagaeTcA  Mnepekadke  HacocoM, W ero MOXHO
HenoCpeACTBEHHO MCMOMb30BaTk Ha CTaguM nogkucneHms. Kpome Toro, craguio
NOAKMUCIIEHNA TNErko perynuposaTtb, Korga kapbokcunaT MarHus HaxoguTcs B
pacTBopeHHOM Buae. B 4acTtHocTwn, kapbokcunaT MarHuis, MNpUCYTCTBYHOLWMA B
pacTBope Wnn CycrneHsnm kapbokcunara marHug, nonydeHHbIX nocne pgobasneHuns
MarHMeBOro OCHOBaHMS, COAEPKNT NO MEHbLUEN Mepe 95% macc., NpeanoYTUTENLHO
no MmeHbwen mepe 99% wmacc. kapbokcunara mMarHma B pacTBOPEHHOM BuUAE.
Hebonbwoe konuuectBo TBEpAbIX Bewects (4o 10% macc.) ewe He npuBOAUT K

oTpulartenbHbiM 3ddeKkTam, onMCaHHbIM BblILLE.
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Kpuctannusauma MoxeT BKNoYaTb MO MEHbLUEW Mepe OaHy W3 CcTaguu
KOHLEHTPUPOBaHUS, HarnpuMep CTaguio BbiNapMBaHMS BOAbl, CTAAUM OXNaXAeHus,
CTaguM BBEAEHVs 3aTpaBku, CTaguu pasfeneHus, CTaguv MNPOMbIBKA U CTaguu
nepekpuctannmsaymm. KoHUEHTpUpoBaHME MOXHO OCYLIEeCTBUTb B  KayecTse
OTLENbHOM  CTaguMu, WAM  COBMECTHO C  KpucTannusaumen  (Hanpumep,
KpucTannmsauus npy BeinapmveaHum).

N3o6peTeHune AOMNONHUTENBHO NPOUNIIOCTPUPOBAHO crneayroLwmMmMm

npumMepamMu.

MNpumep 1: MonyyeHue avkapbokcunara Mardmg

Mapokena marHma gobaensanu Kk pacteopy AnkapOoHOBOW KUCIOTbI B BOAE W
HarpeBann [[O TMOMHOro pacTtBopeHus. Mcnonb3oBanm YeTbipe  pasnuyHbIX
KapOOHOBLIX KUCMOTbI: aAUMUHOBYHO KUCNOTY, (PymMapoByt KWUCMOTY, WUTaKOHOBYHO
KMCnoty un 2,5-pypaHankapboHoBy0 KUCNOTY. KOnMYecTBO KaxAoro KOMMOHEHTAa
npueegeHo B Tabnuue 1. TllogpasymeBanocCb, YTO MOMyYEHHbIW PacTBOpP
Ankapbokcunata noxoX Ha pacTBop Aukapbokcunara MarHus, MOofyYeHHbIn B
npouecce depmeHTaumn. XoTa pactBop Aukapbokcunara mMarHWs, nonyYeHHbIA B
npouecce depmeHTaumn, OObIMHO COAEPKUT  COEAMHEHUS, OTMMYHblE  OT
kapbokcunaTta marHus, Hanpumep, OTHOCUTENBHO BONbLLIOE KONMMYECTBO MPUMECEN,
cumTanu, 4YTto pactBop Aukapbokcunara MarHMsa, nNPUroToBNeHHbIM AN 3TOro
npumepa, B AOCTATOMHOW CTENEHM UMEET CXOACTBO C pacTBOPOM Aukapbokcunara
MarHus, NonyYeHHBIM B npouecce pepmeHTaumm, 4tobbl B NPUHLMNE NOATBEPAUTD,

BO3MOXHOCTb peanunaaunm n3odpeTeHus.

Tabnnuya 1
Twun ankapboHoBow kncnoTbl | Okcua marHus, r AunkapboHoas Bopa, r
KnucnoTa, r

AJNNMMHOBASA KMCNoTa 47 171 767
dymapoBasg Kncnora 6,4 18,6 1082
WNTakoHoBasa kmucnorta 51 164 745
2,5-ypangukapboHoBas 2,4 9,5 528
KnucnoTta
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MNpumep 2: OcaxxaeHne amkapOboHOBOW KUCNOThHI

BoaHein pacteop HCI, B konuuectse, ykaszaHHOM B Tabnuue 2, nobasnann kK
pacTBopy Ankapbokcunarta marHusa us npumepa 1. TemnepaTypa nonyyeHHoON Takmm
obpa3oM cmecu Tawkke npusegeHa B Tabnuue 2. Cmech oxnaxaanu go 20°C, u
obpasoBbiBancsa ocagok. [Mpu oxnaxageHun, na pacteopa otbupanm obpasubl Yepes
kaxable 10+1°C. Onpepensnu coctaB o06paslyoB M obllee  KOMUYECTBO

oBpasoBaHHOro ocaaka.

Tabnunua 2
Twvn Pacreop KoHueHTpauus
0
VKAPGOHOBOI! Ankapbokcunara HC, %(r/r) HCI, r T,°C
KWUCIOTbI MarHus, r

AJnnnHoBas 985 37 231 80
Kncnota
dymaposas 1107 34,4 36 60
Kncnota
NTakoHoBas 960 37 249 60
Kncnota
2,5-ypangu- 541 37 12 50
kapboHoBas
Kncnota

Obpasubl otbmpann TonbkO K3 pacteopa (ans otbopa obpasyoB MeLlanky
OCTaHaBfMBann Ha HECKONbKO CEKYHA, W MOCMNe OCaKAEHUNA KpUCTannos otbmpanu
obpasey wn3 BepxHero cnogd). CogepxaHne MarHus n KapOOHOBOW KUCIMOTbl B
pacTBOpe aHanuM3npoBanu W Bblpaxanu B r/r Boabl. KonnyectBO nonyyeHHbIX
KPUCTanoB pacCuMTbiBanu Kak pasHoCTb MEXAY HadanbHOWM Maccon gukapboHOBOW
KMCMNOTbI M OCTaBLLENCA B paCTBOPE Maccom ankapOboHOBOM KUCOTbI.

PesynbTatel 4na agunMHOBOM KUCINOTbI, OYMapOBOM KUCIOTbl, UTaKOHOBOW
KNCNOTbl N 2,5-ypaHamkapOOHOBOM  KMCMOTbl NokasaHbl B Tabnuvuax 3-6,

COOTBETCTBEHHO.
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Tabnuua 3
KoHueHTpauus KoHueHTpauus Mg KonnyectBo
Temneo%aTypa, aaunMHOBOW KUCNOTbI B pacTBope, NONYyYEeHHOro
B pacTteope, % macc. % macc. ocagka, r
81 14,2 2,7 0
70 11,5 26 37,1
60 6,1 2,7 104,9
51 3,5 2,8 134,8
40 2 2,7 151,3
30 1,2 2,8 160,0
20 0,7 2,8 165,3
Tabnuuya 4
TeMnepaTvoa K%‘”J:Tgsg;ﬂ KoHueHTpauus Mg KonnyectBo
o% ypa, K%CHOprI 5 B pacTBope, NONY4YEHHOrO
pacTteope, % macc. mr/kr ocapka, T
60 1,6 3420 0
50 1,1 3450 5,8
39 0,7 3450 10,4
30 0,5 3450 12,6
20 0,5 3470 12,6
Tabnuuya 5
TeMnepaTvoa Ka:zs::g:g;ﬂ KoHueHTpauusa Mg KonunyectBo
o% P&, KUCHOTb! B B pacTBope, NONYyYEHHOro
pacTteope, % macc. % (/) Ocajka, T
60 13,2 26 0
50 9,4 2,8 50,7
41 6,0 2,7 92,6
30 4.1 2,8 114,7
20 26 24 131,5
Tabnuuya 6
KOHLEHTPaUNA 2,5- | ) opmpatms M KonunyecTtso
Temnepartypa, dbypanankapboHoBOM HeHTpal 9
°C KUCOTbI B PACTBOPE, B pOaCTBope, NONYyYEeHHOro
% MACC. Yo (/1) ocagka, r
84 0,52 3260 6,6
72 0,19 3350 8,4
62 0,38 3330 7,3
53 0,25 2930 8,0
42 0,33 3420 7,6
32 0,14 3340 8,6
22 0,06 1190 9,1
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lMony4eHHble AaHHblE COOTBETCTBYIOT 0DLWEMY M3BNEYEHUIO 4NA a4UMMHOBOW
KMCNOTbI cBbiwe 97%, ana dymapoBon KMcnotbl 72%, AN UTakOHOBOW KMUCHOTbI
80% wn gna 2,5-pypaHankapboHoBon KMCnoTel 96%.

JTOT NpUMeEP NOKasbIBaeT, YTO C UCMNOMb3oBaHMEM cnocoba no n3obpeTeHuto
MOXHO 3MPEKTUBHO MNOMyYUTb afUMNMHOBYHD KUCNOTY, YyMapoBYyHO KUCMOTY,
NTakoHOBYKD KUCNOTY W 2 5-ypangukapboHosyro kucnoty. [lpn  ocaxaeHum
ocaxpgaetca bonblasn Yactb AMKapOOHOBOW KUCIOThI, B TO BPEMS Kak MO CyLECTBY
BCE MOHbI MarHMA ocTarTca B pacteope. MOXHO 3akniounTb, YTO nogkmcnerne HCI
N nocneayrouwasa Kpuctannmsaums npuBoaaT K oveHb 3PPEKTUBHOMY BblAENEHNIO

AMKapOOHOBbLIX KMCINOT M3 pacTeopa Aukapbokcunara MarHus.

MNpumep 3: OcaxxaeHne NMMOHHOW KUCNOThI

B nepBOoM 3KCNEPUMEHTE C JNIMMOHHOW KMUCIOTOM 5 I NIMMOHHOW KWUCNOThI
fobaBunu K HaceiweHHomMy pactesopy MgCly.

Bo BTOpPOM 3KCNEPUMEHTE C FIMMOHHOW KMUCIOTOM 15 I NMMMOHHOW KMUCNOTbI
fobaBunu K HaceiweHHomMy pactesopy MgCly.

B TpeTbem 3kcnepuMMeEHTEe C JNMMOHHOW KUCNOTOM 5 © xnopwaa MarHus
A06aBUNN K HACbILLEHHOMY pacTBOPY JIMMOHHOW KMCMOTbI.

B 4eTBEPTOM 3KCNEPUMEHTE C NIMMOHHOW KUCMNOTOW 15 r xnmopuaa marHus
A06aBUNN K HACbILLEHHOMY pacTBOPY JIMMOHHOW KMCMOTbI.

Bo Bcex 4eTbipex skcnepumeHTax obpasoBbiBanca ocagok. CopepxaHue
NIMMOHHOW KMCNOThl M Mg B 0Cake aHanuanpoBanun ¢ NCNonb30BaHMEM XULAKOCTHOM

xpomarorpadun BbICOKOro paspeLueHms. Pesynetarthel npmBegeHsl B Tabnuvue 7.

Tabnuua 7
kcnepumeHT | JlumoHHas kucnota, % Mg, % macc. MgCl,, % macc.*
macc.
1 97,4 0,76 2,99
2 92,7 1,18 4,62
3 93,0 0,14 0,56
4 86,9 0,93 3,65

*Konnyectso MgCl;, paccumTtbiBanu, NCXo4a 13 0BHapyXeHHOW KOHUeHTpaumm Mg.

10T SKCNepuMeHT nokasasn, 410 JIMMOHHYH KWUCIOTY MOXHO O0CaanTb K3

pacTeopa xnopmaa MarHus.
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MNpumep 4: MonyyeHue aHTapHOW KUCNOTbI

Mapokena marHma (99 r) gobaensanm k pacteopy 200 r SHTaPHOM KUCIOTbI B
888 r Bogbl Npy KOMHATHOM TeMNepaType, U HarpeBanu A0 MOMHOrO PacTBOPEHMSA
(no BuayanbHoMy HabnogeHuo). K npurotoBneHHoMy Takmm oBpasom pacTteopy
(37%

TemnepaTypa MnonyyYeHHOW TakMm 0Opas3oM CMecKn M3HadanbHo cocrtasnsna 62°C.

cykumHata marHma pgobaesnanm 333 r BogHoro pacteopa HCI Macc.).
Cwmecb oxnaxganun go 20°C, n obpasoBbiBancs ocafok. B xome oxnakaeHus u3
cMmecun oTbmpanu obpasupl pacTeopa 1 ocagka npu 62°C, 52°C, 40°C, 31°C n 20°C.
Onpegensnu coctas o6pa3syoB 1 obLee KonM4ecTBO 0OpasoBaHHOro ocagka.
Obpasubl otbupann TOonMbko M3 pacTteopa (ana otbopa npobbl MeLlanky
OTKMOYann Ha HEeCKONbKO CEeKyHA, W MOCNe ocaxAaeHus KpucTtannos oTbupanu
obpaseL, M3 OCBETNEHHOM XWAKOCTM). AHanM3MpoBanun coaepXaHue MarHus u

SIHTAPHOW  KMUCHOThI Konmyecteo

B pacTBOpe UM Bblpaxanun ero B [I/r BOAbl
NOMYYEHHbIX KPUCTANMOB pacCYMTbIBanM Kak pasHOCTb MeXAy WCXOAHOW Maccom
AHTAPHOM KUCIOTbI U MAacCon AHTapPHOW KUCMNOTbI, OCTaBLUENCH B PacTBOpPE.

PesynbTartel npmBeaeHsl B Tabnuvue 8.

Tabnuua 8
Temnepartypa, °C KoHueHTpauus KoHueHTpauusa Mg KonnyectBo
AHTAPHOW KUCIOTb! B pacteope, % Nosny4YeHHON
B pacTtBope, % macc. AHTAPHOW KUCNOTh,
Macc. r
62 13,13 2,71 0
52 8,20 1,82 82
40 5,00 3,15 130
31 3,40 3,20 153
20 2,10 3,19 171

Kpome TOro, onpemensnm KonmyecTBO SIHTApPHOW KucnoTel B 182 r ocagka,

o0pas3oBaHHOrO B Xxo4e CTaguMM OXNaxAeHusi, KoTopoe coctaBuno 94,4%, 4to

cooTBeTcTBYET 172 T.

(4,4%) v xnopuaa MarHus.

OcranbHasa 4YacTb ocagka CocTosna B OCHOBHOM W3 BOAbI

AHTAPHOM KNCNOThbI cBbiwe 85%.

3TV [aHHble COOTBETCTBYIOT OOLLEMY W3BNEYEHUHO

10T NPUMEpP NnoKasblBaeT, YTO B Xo04e oCaxaeHnAa OCHOBHaA 4acCtb FIHTapHOI;I

KUCNOTbI OCaXXAaeTcs, B TO BPEMS KaK MO CyLLIECTBY BCE MOHbl MarHUsi OCTartoTCA B
HClI n

KpucTannmaauus NpuBOAAT K o4eHb 3PdEKTUBHOMY BbIAENEHUIO SHTAPHOM KUCIOTbI

pacteope. MOXHO 3aKkmouUTb, YTO  MOAKUCHEHME nocreayrowlas

N3 pacTBopa CyKLMHaTa MarHus.
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MNpumep 5: OcaxxaeHue nocne KOHUEHTPUpOBaHUg

K pactBopy cykuuMHata MmarHus, nonydyeHHoMmy B npumepe 4, pobasnsnu
BogHb pacteop HCI (37% wmacc.), nonydaa npu 3tom 500 r pacTtBopa,
cogepxawero 2,1% wmacc. gaHtapHou kucnotel U 12,6% wmacc. MgCly (4to
cootBeTcTBYET KOHUeHTpauum MgCl, 14,8 r Ha 100 r Bogbl). 3JTOT pacTBop 3aTem
KOHLEHTPMPOBaNn C NOMOLLBIO BbiNapmMBaHUSa BOAbI, nonydvas Takum obpasom 199 r
pactBopa, copepxawero 5,3% macc. aHTapHon kucnotel n 31,7% macc. xnopuga
MarHua (4To cooteeTcTByET KoHueHTpauum MgCly 50,2 r Ha 100 r Bogbl, Bnmskon K
Touke HacbieHns MgCl, B Boae, koTopasa coctaenaeT 55 /100 r soabl npu 20°C).

HauyanbHble 1 KOHEYHbIE BEMMYMHBI AN1A 3TOr0 pacteopa ceeaeHbl B Tabnuue 9.

Tabnuuya 9
KoHueHTpauus, % macc. OTHOWweHwne
MgCl, AnTapHasn MgCl; k BOge
Macca, r KMcnoTa (MaccoBoe),
r/100 r H,O
NcxoaHbin 500 12,6 2.1 14,8
KoHeuHbIn 199 31,7 5,3 50,2

3atem pacteop oxnaxganu ot 115°C go 20°C. OcaxaeHve HauymHanock npu
82°C wn npogomkanocs Ao 20°C. Ocapok OTAensnM OT pacteopa nyTem
bUnNbTPOBaHUS, C UCMONbL30OBAHNEM CTaHAapTHOro 6esHanopHoro dgpunetpa. Cocras

ocagka u pacteopa nokasaH B Tabnuue 10.

Tabnunua 10
Cogpepxanwue Cl, (% macc.) | Mg*, % macc. | Boga, % macc.
AHTapHON
kmucnotbl, %
PactBop 0,22 25,0 6,6 -

CogepxaHne daHTapHOWM  KUCNOTbI, MPUCYTCTBYKOWEW B  dunbtpare,
onpeaensanM C  MUCNONb3OBaHMEM  XMOKOCTHOW  XpomaTtorpadun  BbICOKOro
paspelleHns; oHo coctaBuno 0,22% wmacc. [lpn ycnosum, 4TO BCA SHTapHas
KMCNOTa, KOTopasd He HaxoAuTcsa B (punbTparte, HaxoAuTCsa B OCafke, BenvyuHa
0,22% macc. MOXET COOTBETCTBOBATL BbIXOAY SIHTAPHOW KUCMOTbl B OCagke CBbIE
90%.




®OPMYNA N3OBPETEHUA

1. Cnocob n3BnevyeHns KapboHOBOW KUCNOTbI, BKNHOYAOLWMIA CTaaUN:

- obecneveHne kapbokcmnara marHMs B pacTBOPEHHOM (POpPME B KayecTse
COCTaBnsOLWEN YacTu BOAHOrO pacTtBopa MM CyCrneH3uM, NONyYeHHOM B npoLuecce
dhepmeHTaumn, raoe kapboHoBas KMCNOTa, COOTBETCTBYOLWAs kapbokecmnarty, nveet
pacTeopuMOCTb B Boge npu 20°C 80 r/100 r Bogbl N MeHee;

- nony4vyeHne TBepAoro kapbokcunara MarHus u3 ykasaHHoro pacresopa unm
CYCNEeH3MM N NogkucreHne kapbokcunara marHma xnopucteiM Bogopogom (HCI) ¢
Nony4YeHeM pacTBopa, copepxawlero KapOOHOBYH KUCMOTY W XMOpUL MarHus
(MgCl); n

- ocaxpgeHne kapOOHOBOM KUCMOThI U3 pacTBopa, cogepxallero kapboHoByHO

kmcnoty u MgCl,, ¢ nonyyeHnem ocagka kapboHoBown kKncnoTel n pactesopa MgCls,.

2. Cnocob no n. 1, B KOTOpOM kapOOHOBas KuUCroTa MMeeT Bonee HU3KYH

pacTBopMMOCTb B Boge npu 20°C, yem pacTteopumoctb MgCla.

3. Cnoco6 no n. 1 unm 2, B KOTOPOM kKapboHOoBasa Kucnota wumeet

pacTBopuMOCTb B Boae MeHee 60 r/100 r soabl npu 20°C.

4. Cnocob no n. 3, B KOTOPOM KapbOHOBas KMCNOTa MMEET PacTBOPUMOCTbL B

Boge MeHee 30 /100 r Bogb! npu 20°C.

5. Cnocob no nobomy 13 n.n.1-4, B KOTOPOM KapOOHOBYHO KUCIOTY BbiOMpatoT
N3 rpynnbl, COCTOALEN W3 agUNMHOBOM KUCIOTbl, WTAKOHOBOW KUCMNOTbI, 2,5-
dbypaHankapboHOBOWM  KMCMNOTbI, PYyMapoBON  KUCMNOTbI, JIMMOHHOW  KUCMOTbI,
ManemHOBOW KUCIOTbI, FNyTapoOBOM KWUCNOTbI, ManOHOBOM KWUCNOTbI, LABENEBOM

KMCNOTbI W XXMPHbIX KUCNOT, coaepalmx bonee 10 atomoB yrnepoaa.

6. Cnocob no nbomy m3 n.n. 1-5, B KOTOPOM yKa3aHHbIA BOAHbLIA PacTBOP
NN CYyCMNEH3UNSA, MonyyYeHHas B npouecce hepmeHTaumm, LONoNMHUTENBHO cogepxar

yKasaHHyo KapOOHOBYHO KUCHOTY.



7. Cnocob no nobomy 13 n.n. 1-6, B KOTOPOM KapboKcMnart MarHna nonyyaroT
HEenocpeacTBEHHO B pPacTBOPEHHOM opMe BO Bpemsa npouecca depmeHTaumm
nyTeMm HeuTpanusauum kKapOOHOBOW KUCMOTbI, MOSIyYEHHOW B KadeCTBe MpOAyKTa

hbepMeHTaLnn, MarHMeBLIM OCHOBaHMEM.

8. Cnoco®6 no nwbomy m3 n.n. 1-7, B KOTOPOM YyKa3aHHbIA Kapbokcunar
MarHms obecneumBaroT B PacTBOPEHHON (DOPME B KAYECTBE COCTABMSAHOLWEN YacCTm
BOAHOW CyCMNEH3MM, NONYYEHHOW B npouecce hepMeHTauum, nyTeM HEUTpanmsaumm
KapbOHOBOW KWUCMOTbl MarHMEBbIM OCHOBaHMEM, W A€ B YKa3aHHOW BOAHOW
CYyCneH3nMM no MeHblen mepe 95% wmacc. ykasaHHoro kapbokcunarta MmarHus

HaXOAWUTCA B PaCTBOPEHHOW hopMe.

9. Cnocob no nobomy 13 n.n. 1-8, B KOTOPOM yKasaHHas BOAHAA CyCneH3uns

COCTOWUT U3 PacTBOPEHHOrO kKapbokcunara MarHust U HepacTesopmmon Bromaccs..

10. Cnoco® no nwbomy M3 n.n. 1-9, B KOTOPOM yKasaHHbIM kapbokcunar

MarHusi Nony4aroT B KPUCTanIMYeckon opme.

11. Cnoco®6 no nwbomy m3 n.n. 1-10, B KOTOPOM yKasaHHbIM TBEPAbIV
kapbokcunar marHus nonyYarT B BuAe oOcagka nocne pasgeneHus TBepaoe

BELLECTBO/AKNOKOCTb.

12. Cnocob no nbomy mn3 n.n. 1-11, 4ONONHUTENBHO BKNHOYAOLWMIA MEXAY
yKasaHHbIMW CTagusIMU  MOAKUCINEHUST U OCaXKAEHUS MPOMEXYTOUHYI CTaguto
KOHLEHTPMPOBaHMS, Ha  KOTOPOM  KOHLUEHTPUPYKOT  pacTBOp, CoaepXalimi

kapboHoByto kncnoty n MgCls.

13. Cnocob no n. 12, B KOTOPOM pacTBOp, COAEPKaLLUMMA KapOOHOBYHO KUCNOTY
n MgCl,, KOHUEHTPUPYIOT A0 KOHUEHTpauum KapboHOBOM KWUCMOTLI, KOTOpas paBHa
WNN COCTaBnseT BMMAOTb A0 5 /N HWXKE, 4YeM TOouka HaCbIWEHNS YyKa3aHHOM

KapbOHOBOW KNCNOTbI.

14. Cnocob no n. 12, B KOTOPOM pacTBOp, COAEepPKaLLMM KapOOHOBYHO KUCNOTY

n MgCl,, KOHUEHTPUPYIOT A0 KOHUEHTpauun kapOOHOBOW KUCIOTbI, KOTOpasa pasHa



unu cocrtaenseTr BrnoTb A0 10 r/n HWXKe, 4YeM TOYKa HacbIWEHMS YKasaHHOW

KapbOHOBOW KMCMOThI.

15. Cnocob no ntobomy 13 n.n. 1-11, B KOTOPOM MoAKMUCNEeHe kapbokcunarta
MarHus n ocaxaeHue nonyyvyaemMon npu 3ToM kapOOHOBOW KMCNOTbI NPOBOASAT B OAHY

cTaguio.

16. Cnoco® no nwobomy m3 n.n. 1-15, B KOoTOpOM KapbokcunaT MarHus

nogkmcnatot pactsopom HCI.

17. Cnoco® no n. 16, B KOTOpOM ykasaHHbIM pacteop HCI copgepxut no

MeHbLUen mepe 5% macc. HCI.

18. Cnoco® no n. 16, B KOTOpOM ykasaHHbIM pacteop HCI cogepxut no

MeHbLen mepe 10% macc. HCI.

19. Cnoco6 no nwbomy wm3 n.n. 1-18, B kotopom pacteop MgCly wnu
KOHUeHTpupoBaHHbIM pacteop MgCl, noasepratoT BTOPOW CTaauMM OCaXAEHUS,
4yTOObl M3BMEYL MO MEHbLIEe Mepe 4YacTb KapOOHOBOM KUCHOTbl, OCTaBLUEMUCA B

pacteope MgClz, nony4yeHHOM Ha nepBoWn CTagnn OCaXAEHMUS.

20. Cnoco®6 no n.19, B KOTOPOM BTOpPOE OCaXAeHWe npPOBOASAT MyTEM

oXnaxneHns nnm koHUueHTpuposaHus pacteopa MgCls.

21. Cnoco® no n.20, B KOTOPOM BTOPOE OCaXAEeHWE MNPOBOAAT MyTEM
oxnaxaeHuss pactsopa MgCl, oT Temnepatypbl no MmeHblieh mepe 30°C go

Temneparypsbl Hxke Yem 25°C.

22. Cnocob no nobomy 13 n.n. 19-21, B KOTOPOM Nepes BTOPbIM OCaKLEHNEM

k pacteopy MgCl, pobasnsaroT gononHutensHoe konndectso MgCls.

23. Cnocob no nobomy 13 n.n. 1-22, B KOTOPOM BOAHbLIN pacTBOp WUnn BogHas
CYCMeH3ns coaepXkmt no meHbwen mepe 10% macc. kapbokcunara marHus, B

pacyeTe Ha oOLy0 Maccy pacTBopa WM CyCMeH3uW, U pacTBOp, CoAepKaLuvii



kapboHoByto kucnoty n MgCl,, copgepxut no meHbwen mepe 5% macc. MgCly, B

pacueTe Ha obLLy0 Maccy pacTBopa, CoAepallero kapOoHOBYH KUCMOTY.

24. Cnocob no n. 23, B KOTOPOM BOAHbLIN pacTBOP WNW BOAHas CyCneH3us
coaepxut ot 10 no 50% macc. kapbokcunara marHus, B pacyeTe Ha obLlyto Maccy

pacTBopa UM CyCcreHaum.

25. Cnocob no n. 23, B KOTOPOM BOAHbIWM pacTBOP COAEPKUT MakCUMarnbHyo
KOHUEHTpaumto  kapbokcmnara MarHuisi, Kak OnpefeneHo  pacTBOPUMOCTLHO

yKasaHHOro kapbokcmnara marHis npn MmakcmmansHou Temnepartype ao 75°C.

26. Cnoco® no nwobomy wn3 n.n. 1-25 AOMNOAHUTENBHO BKAKOYAOLWA
npoBeAeHVE CTagmMm TEPMUYECKOrO pasnoxeHna pacteopa MgCl, npyu Temneparype
no meHbLueln mepe 300°C, B pesynbtarte yero MgCl, pasnaraeTcs 4o okcvaa MarHus
(MgO) n HCI.

27. Cnocob no n. 26, B KOTOPOM YykasdaHHbi HCI, nonyyYeHHeIn Ha ctaguu
TEPMUYECKOTO Pa3NOXEHUS, UCNOMb3YHOT Ha YKa3aHHOW CTagmm NOAKMUCNEHNS nnbo B
Buae rasoobpasHoro HCI, nobo B Buge sogHoro pacteopa HCI, npuyem ykasaHHbIN
pacTBop nony4atot pacteopeHmem HCI, o6pasoBaHHOro Ha cTtaguMmM TEPMUYECKOro

pasnoxeHund, B BOAE.

28. Cnocob no n. 26 unm 27, B KOTOPOM MO MEHbLLEN MEPE YacTb yKa3aHHOro

MgO nogatoT peymKknom AN UCNosb30BaHMSA B yKazaHHOM npoLecce dhepmMeHTauum.

29. Cnoco6 no nwobomy wn3 n.n. 26-28, AONONHUTENBHO BKYAOLNA
npuBeAeHME NO MEHbLUEN Mepe 4acTu ykasaHHoro MgO B KOHTakT C BOAOW C

nonydeHnem Mg(OH)a.
30. Cnoco® no n. 29, B KOTOPOM MO MEHbLUEN Mepe 4YacTb YKa3aHHOro
Mg(OH), nogatoT peuvknoMm Ang WUCNOMb30BaHWMS B YyKasaHHOM npouecce

dhepmeHTayum.

31. Cnocob no nobdomy 13 n.n. 26-30, BKNHOYaOLWLMIMA



- NpBEAEHVE NO MEHbLUEN Mepe YacTu ykasaHHoro MgO B KOHTakT ¢ BOA4OU C
nonyyeHvem Mg(OH)z; 1

- npeBpaLleHue no MeHblen mepe 4vactu ykasaHHoro Mg(OH), B MgCOs,
KOTOPbIA 3aTEM WCMOSMb3YKT B Ka4YeCTBE HEUTPanuayroLlero areHta B yKasaHHOM

npouecce hepmeHTaumu.

32. Cnocob no nobomy 13 n.n. 26 - 31, B KOTOPOM TEPMUYECKOE pasnoXeHne

NPOBOAAT C UCMONb30BAHNEM PaCMbINIUTENBHON 0OXMIrOBOM NEYN.

33. Cnocob no nobomy 13 n.n. 26 - 32, B KOTOPOM TEPMUYECKOE PasfoXeHne

npoBoaaT npu gasneHin ot 0,01 go 1 Mlla (0,1 — 10 Bap).

34. Cnocob no n.33, B KOTOPOM TEPMUYECKOE PasfOXEeHWe NPOBOAAT Mpwu

aTMocepHOM gaBneHun.

35. Cnocob no ntobomy m3 n.n. 26-34, B KOTOPOM TEPMUYECKOE pasfoXeHne

npoBoasAT npu Temnepartype 300-450°C.

36. Cnocob no ntobomy m3 n.n. 26-35, B KOTOPOM TEPMUYECKOE pasfnoXeHne

NPOBOASAT NyTeM pacnbinenHus pacteopa MgCl, B KOHTakTe C NOTOKOM ropsiyero rasa.
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