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STUDYING THE PROCESS OF LITHIUM CHLORIDE
EXTRACTION FROM THE BRINE

Abstract. The purpose of the research is to create a technology for processing the hydromineralic raw materials
of Kazakhstan for the production of lithium salts and rare earth elements, the development of a highly efficient
technology for obtaining lithium, lithium compounds and rare earth elements of the Aral region.

The study of Chemical and mineralogical compositions of hydromineral raw materials of lakes of the Aral
region are studied by the method of deposition. Conditions of receiving lithium concentrates are studied. Conditions
concoction of lithium minerals and receiving concentrates for extraction chloride of lithium are studied. Cleaning of
lithium concentrates from ions of calcium and magnesium and chemical composition of the hydromineral raw
materials, the effective methods of precipitating lithium in the form of lithium carbonate, its purification from the
impurities of Ca®", Mg?" by the precipitation method are studied. Extraction methods for processing lithium-
containing precipitates and sorption methods for extracting lithinm from brines are studied. Water-salt systems have
been studied for the directed search for effective methods for obtaining lithium salts from brine and saline lake
precipitation.

Key words: hydromineralic raw materials, salt solution, sludge, lithium chloride, rare carth elements.

The lightest alkali metal - lithium, which is considered to be "future and strategic metal" is widely
used in the fields of porcelain and the production of glass, refrigeration, metallurgy, medicine, acrospace,
military industry, atomic energy, electronics, alloys and batteries, etc. Lithium resources exist in nature
cither in solid ores or in liquid brines. However, the limited reserves of solid lithium ores and high costs
associated with its extraction indicate that the extraction of lithium from salt salts will be a future trend.

In the world from rare metals treat widely used lithium and its connections. Annual requirement of
lithium makes 65-70 thousand tons. The most part of lithium about 80% in natural waters are
concentrated. Therefore foreign countries: the USA, Chile, Italy, Japan, etc. constantly conduct researches
on extraction of lithium from concrete natural waters since the raw source underground waters is cheap
full-fledged raw materials [1].

The most large-scale deposits of lithium are known in granite pegmatites of natro-lithium type since
lithium in the nature intimately associates with sodium (owing to similarity of power characteristics of
ions of lithium and sodium), especially in fields of a residual crystallization. However, in recent years the
increasing value is gained by fields of sedimentary type and underground salt waters and waters of salty
lakes [2,3].

Now the leaders of the world market are FMC Lithium Division from the USA and SQM from Chile,
cach of which controls 30% of the world market for lithium. In South America, this metal is mined in the
bottom of a dried-up salt lakes. The extraction of REE from brine and solid deposition in the focus of
numerous works [4,6].
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Currently, the sorption methods are widely used in applied radiochemistry: in the processes of
reprocessing of irradiated nuclear fuel (SNF),the allocation and separation of rare earth (REE) and
transuranic elements (TUE) and in the processing of liquid radioactive waste (LRW). The synthesized ion
exchange materials AXION series (Am, Pu) represent the gel of the phosphorus-nitrogen-containing ion-
exchange polymers that have high selectivity in relation to ions of REE and TUE in strongly acidic
environments. The high potential of the AXION ion-exchange materials for the extraction of uranium,
REE and TUE from nitric acid media, and also for extracting indium from waste zinc production is shown.

Famous scientists extract tantalum and niobium from concentrates by extraction method. Depending
on the selected scheme on the enrichment redistribution it is possible to obtain concentrates with a content
of 20-45% Nb205 and 2-4.5% Ta»Os. For isolation and separation of niobium and tantalum the method of
extraction from fluoride - sulfate solutions was used. The influence of consumption of HF and H.SO4 and
other terms of the decomposition of the concentrate in the enumeration Ta, Nb and accompanying
elements in solution, the effect of the ratio of volumes of organic and water phases Vv:Vw, HF and H.SO.4
concentrations on the distribution of Ta, Nb and impurities on the operations of extraction, washing and
stripping. By results of researches the schematic diagram is offered [5]. As the extragent used the octanol -
1. According to this scheme, the planned extraction of Ta and Nb in solution during the decomposition of
the concentrate of at least 95 and 98%, respectively, in the finished products of 92 and 94%.

Extraction of lithium from hydromineral raw materials is a necessary and relevant task in view of
limitation of ore stocks (the main reserves of lithium are revealed as accompanying fields of tantalum,
niobium, tungsten and tin). For release of lithium from solutions use extraction, reagent or adsorptive
methods. For its receiving from thermal waters of oil fields the electrothermic coagulation method with
soluble iron-aluminum anodes [6], extent of extraction of lithium of 70,5% is tested. The received results
showed high efficiency and insignificant power consumption of process. However, it demands further
completion. In particularly, the issues of thickening, filtration and disposal allocated to the lithium-
containing precipitate. Continue work on the isolation of lithium from multicomponent solutions by
chemisorption on the aluminium hydroxide [7]. Deposition of lithium is carried out using a variety of
aluminum-containing reagents: hydroaluminate sodium (HAUS), active forms of aluminium hydroxide
(AGQO), soluble salts aluminum, various composite mixes [8].

There are known methods for extracting lithium from solutions of magnesium chloride by extraction
using an extractant with iron-containing tributyl phosphate, with the addition of water-insoluble
carboxylic acid and re -extraction of lithium, with a solution of hydrochloric acid to obtain the desired
product with a low concentration of lithium [9].

A large deposit with proven reserves of lithium is in the East Kazakhstan — Kalba ridge, where the
mountains of the Altai pass into the coaching staff. However, theoretically a larger lithium deposit must be
in the Aral region — at the bottom of the dried sea. The information that there are lithium reserves in the
salt marshes of the Aral Sea region is mentioned in the old Soviet reference books.

The considerable proportion of lithium are in lakes and lake oozes, underground waters, in ocean
water (1,5-10-5mass. %). In the course of receiving lithium salts from hydromineral raw materials
inorganic and organic sorbents depending on the content of lithium in various form connection were
applied earlier. Extraction of lithium from complex mineral compounds not always decided successfully
because of low extent of extraction of lithium in marketable products.

The volume of brine in the southern and Northern basin of the lake Zhaksykylysh lithium 40-60mg/1
(Mg>+ not more than 0.2%, Cax+ is not more than 0.4%, SO.2- - not more than 1.2%), silt content
significantly exceeds and is 60-120mg/kg. in addition, the required enrichment of the brine to the required
quality lithium concentrate is needed. Available reserves of hydromineral raw materials (lakes and
lacustrine silts, brine and saline deposits) in the Aral sea region provide annual demand for lithium.

The technological basis for use of mineral resources available in the Aral region will be developed
taking into account features of this hydromineral raw materials, scheduled chemical upgrading of
equipment to ensure the integrated use of raw materials waste-free technology.

Thus, a detailed study of all of the above processes of the proposed technology, of course, is relevant,
and obtain new results on the solubility in the system LiCl - NaCl — Na;SO4 — H,0 and REE (La, Pr, Nd,
Er, Hf, Ta) with regard to the influence of impurities in hydromineral raw materials and determine the
optimal conditions, the flow rate of the extragent, temperature and time of sorption process lithium and
REE determines the scientific novelty of the research.
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For the experiment, a brine of salt lakes of the Aral region is used, the composition of which is
presented in table 1.

Table 1 — Composition of the brine of the Zhaksykylysh deposit™®

Sample number 30-1. 30-2. 30-3. 30-4.
Li7 mg/kg 263.50279 311.94302 128.38595 142.01970
B11 mg/kg 102.93350 750.75133 95.18996 225.84787
Na23 mg/kg 70639.89147 89061.56736 75962.03229 83489.99644
Mg24 mg/kg 23513.35944 43707.03329 17750.59646 19025.78142
AL27 mg/kg 24.84001 237.44130 16.68423 9.90388
Lal39 mg/kg 0.00512 0.02087 0.00479 0.00237
Cel40 mg/kg 0.00768 0.02087 0.00479 0.00949
Pr141 mg/kg 0.00256 0.00522 0 0

*Brine selected from various trajectories of the deposit.

From the data in table 1, it is clear that the lithium content in the sample varies within the range
128.38-263.50 mg/kg, and the rare earth elements are almost insignificant.

To conduct the experiment, the brine sample is pre-averaged, an aliquot is taken (table 2) is placed in
a 100 ml flask mounted on a magnetic stirrer with a speed controller (set at 600 rpm) after butyl alcohol of
30 ml is added. The sample is stirred for a given time consisting of a layer of alcohol and water. During
the mixing process, when using anhydrous butanol at the alcohol-water phase boundary, a white
precipitate consisting of sodium chloride precipitates.

After a given time (table 2), the sample is transferred to a separating funnel, where after separation of
butanol and water, the lower water layer is drained. The alcohol layer is evaporated to a dry state in a
vacuum (water-jet pump). The residue is "dried" from traces of butanol in a drying oven at a temperature
of 130°C.

The resulting precipitate was investigated on the ISP device for the lithium content and the degree of
lithium extraction was calculated from the results obtained. The sediment was studied with the SEM
instrument. The results of the experiment are given in table 2 and 3 and are shown in figure 1, 2 and 3.

Table 2 — Change of sediment yield depending on the volume of brine

V of sample, ml m, gr. Extraction time, min Extractiondegree of LiCl, %
10 0,3498 15 86,9
20 0,3032 15 84.4
30 0,3097 15 84,2
50 0,3031 15 83,9

From the data in table 2, it is seen that with the increase in the volume of brine at a constant flow rate
of butyl alcohol extractant and time, the degree of lithium extraction gradually decreases. At the rate of
brine 10 ml. the degree of extraction of lithium is 96,9%, with the increase of brine flow up to 50 ml., the
degree of extraction of lithium is reduced to 83.9%. Figure 1 shows the mass output from the volume of
the extracted brine.

Figure 1 shows that under the same conditions, the weight of the precipitate changes with the change
in the volume of extracted brine. The higher the consumption of brine, the less the mass of the sediment.
When extracting 10 ml of brine, the yield of the precipitate is 0.3498 g, and when extracted 50 ml of
brine — the precipitate yield is 0.3031 g.

Subsequently, brine extraction was performed in the time interval 10-30 min. The results of the
experiment are given in table 3.
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Figurel — The mass output from the volume of the extracted brine

Table 3 — Dependence of the extraction degree of lithium chloride on the process time

Ne V of sample, ml | Vof extractant, ml | Extraction time, min m, g. Extraction degree of LiCL %
23-1 10 30 10 0,32183 86,9
23-2 10 30 15 0,47845 96,7
23-3 10 30 20 0,47080 95,9
23-4 10 30 25 0,42264 92,6
23-5 10 30 30 0,36393 88,7

From the data in table 3 it follows that at a constant flow rate of 10 ml of brine and 30 ml of
extractant, and with an increase in the duration of extraction, the degree of lithium extraction gradually
increases. With a runtime of 10 min the degree of extraction of lithium is 86,95, when the runtime 15 min
the degree of extraction of lithium is 96,7%, and in further time of 30 min. the degree of extraction of
lithium is reduced and is 88.7%. The greatest degree of lithium extraction is achieved by a time of 15 min.
At the same time, the mass of the precipitate from the brine increases from the beginning, then with an
increase in the extraction time, the mass of the precipitate decreases. Figure 2 shows the precipitation
output from time.
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Figure 2 — The mass output from the volume of the extracted brine
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Figure 3 — Elemental analysis of the precipitate obtained from the brine of salt lakes in the Aral region
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From figure 2 it is seen that at a time 10 min, the mass of the precipitate is 0,32183 g, and at 15 min.
the mass of the precipitate is 0,47845, then the time from 20 min. up to 30 min. the mass of the precipitate
is reduced and is equal to 0,36393 g. i.c. the output mass and the degree of extraction of lithium are
reduced at the same time. The precipitate may consist of lithium chloride salt and sodium. To determine
the composition of the precipitate after the separation of lithium chloride, the separated mass was
investigated with SEM. Figure 3 shows the elemental analysis of the precipitate.

It is seen from figure 3 that the precipitate consists mainly of sodium and chlorine and a small amount
of magnesium and sulfur.

Conclusion. Thus, the data obtained allow to receive valuable products of lithium chloride and table
salt from the brine of the salt lakes of the Aral sea region. At the same time, with the increase in the
volume of brine at a constant flow rate of butyl alcohol extractant and time, the degree of lithium
extraction gradually decreases from 96.9% to 83.9%. With a constant consumption of brine 10 ml. and
extractant volume of 30 ml. and with increasing the duration of extraction, the degree of lithium extraction
gradually increases. If the duration from 10 min. to 15 min. is 96,7%, and in the future with the increase of
time up to 30 min. the degree of lithium extraction is reduced and is 88.7%.

A. A. Anapbaesn 1, R, Khegay!, P. CnaGexona!l,
B. H. Ka6nuiGexonal, B. A. Imutpercknii’

M. Oyesos arsiHaarsl OHTYCTIK-Ka3akcTan MeMiekeTTik yHIBepcuTeTi, IIbiMreHT, KazakcTas;
y > > - 5
Z«MuHepa» FhUIBIMH-OHTIPICTIK OipriecTik, Mackey, Pecceii

TY3J5I EPTIHAINEH JIATHHA XJTOPHIH BOJIII AJTY
MPOIECCIH 3EPTTEY

AHHOTamusI. 3epTTEY MAKCAThl — TY3Abl KOIICPAIH TY3ABI CPTIHALICPIHCH IUTHH XIOPHIIH aJdy IPOLECIH
3eprrey koHe Kazakcrawia murwil TY34aphl MEH CHPEK KE3JCCETIH 3JIEMEHTTECPAl OHIIPY YIIH THAPOMHHEPAIIbI
MIMKI3aTThl OHACY TEXHOJOTHACHIH acay. JIMTHH KOHIICHTPATTAPBHIH KATbIMH MCH MArHMH MOHIAPBIHAH TA3apTy
TIPIECC] YKOHE THAPOMUHEPAJIB! MHUKI3ATTHIH XUMISUIBIK KYpaMbl 3epTrenai. JIuTuital ouTuii KapOOHATHI TYpiHIE
TYHABIPY €H THiMal dxic. KypaMbeiaaa muruidi 6ap TyHOAmapapl eHICYAiH SKCTPAKIUUIBIK SAICTepl XKOHE JUTHHII
CPITIHIIICPACH ANy abIH COPOIMAIBIK OMICTCPi 3CPTTCIATCH. TY3/IBI KOHE TY3ABI KOJ MOTiHIICPIHCH TUTHH TY3BIH
ATy ABIH THIMII OTICTCPIH 13ASCTIPY YIIIH CY-TY3 JKYHEIepi 3epTTeiai. Apaa MAHBIHIAFB KOIACPIAIH THIPOMHHC-
panabl NIMKi3aTHIHBIH XUMISIIBIK SKOHE MIHCPAIOTHAIBIK KYPAMBI TYH/IBIPY SMICIMEH 3ePTTEII].

Jluruiiniy moxenaeHreH Kopiapsl 0ap ipi keH opHbI KazakcTaHHBIH MBFBICHIHAA - Kanba »oTachlHIA KOHE
Apan TeHi31 aliMaFeIHIA - KYPFATBUFAH TCHI3 TYOIHAC OpHANAacKaH. JIuTHiiaiH eadyip Oermiri keanep MCH KeIICPIiH
IOeTIHAUTCPIHAE Kep acThl Cyaapsl McH TeHi3 cysmHAA (1,5-10,5%%) 60naThHABFB AHBIKTAIABL. JKAKCHIKBLIBIIT
KOJIIHIH OHTYCTIK >KOHE CONTYCTIK OACCEHHACPIHIH TY3IBIKTAPBIHBIH KOJCMIHICTI JHTHHAIH Kypamsl 40-60 mr/n
(Mg?" - 0,2% apreik emec, Ca?t - 0,4% apreik emec, SO47- 1,2% apTeIK eMec), al OHBIH, IMOTIHIIIEPAETI KYPAMBI
omaeKaiaa xorapel xkoHE 60-120 Mr/kr Kypainabl. JInTui Ty3#apblH THAPOMHHEPATIAB! INHKI3ATTaH aly KE3iHIE,
KOCBUIBICTHIH OpTYPIi (JOpMAaTapsIHAAFEI TUTHHAIH KypaMbIHA OaHIaHBICTEL OYPEIH OCHOPTaHMKAITBIK KOHC OPTAHH-
KAIIBIK COpOCHTTEP KomaHbsUwaH. Kypaem MuHEpamasl KOCBUIBICTAPAAH JIHTHIII ATy OpAAibIM COTTI INCIINITME/TI,
OUTKCHI JIMTHIII TOBAPJBI 6HIM TYpIHAE aixy AcHreHi temeH Oomapl. Ty3 epTiHIAICIH JMTHH KOHIEHTPATHIHBIH
KOKETTI camachlHA ACHIH OalbITy Kepek. Apam aiMarbIHIAFBl THAPOMHHEPANIb MIMKI3ATTHIH (KOIIEp MEH Kol
CYIapbl, TY31ap MCH TY34bI OATIMAKTap) KOPBI JTHTHHTE ICTCH JKBUIIBIK KAKCTTUIKTI KAMTAMACHI3 STC L.

Jlutuii MuHEpaNmAphIH KOHIICHTPAIMSUIAY SKOHE IUTHH XJIOPHAIH SKCTPAKUMSUIAY YIIH KOHIEHTPATTap
JAWbIHAAY IMAPTTAPhI 3ePTTENAL. By THII CHIMPTIHIH 3KCTPAreHTI MEH YAKbITTBI TYPAKTHI TYTHIHY KE31HIC, TY3IbI MOTI-
MIEPiH >KOFapbUIAY BIMCH JIMTHH SKCTPAKIISICHIHBIH ACHICHI OIpTIHACT TOMEHACHTIHI aHBIKTAMABL. 10 MII. TY3IBIKTHI
TYTBIHFAH KE3/€, JUTHHAI SKCTpakmusnay mopexeci 96,9% KypaHmbl, TY3ABIKTHI TYTHIHY Memmrepi 50 M neHiH
apTKaHJa, JUTHHIL 3KCTpaKIusay Jopeskeci 83,9% neiiin TomenAcAi. TY3ABIKTBI YHEMI TYTHIHY KOHE YKCTPAKIHUS
KOJICMiHIH >KOFapbUIAybl KE3IHAC, SKCTPAKIIIHBIH Y3AKTHIFBIHBIH APTYBIMEH JHMTHHIIH SKCTPAKIMSA JIPEXkKeci
Gipriaaen apragbl. ¥3akTeirbl 10 MUHYT iImiHAC TUTHIAIH IMBIFAPBULY AcHTEHi 86,95, an 15 munyTTa - 96,7% KY-
padabl, omaH api 30 MHHYTKA JCiiH KOFapbUIaFaHAA, JTHTHHAIH NIBIFAPBITY ACHICHi TeMeHacH i sxoHe 88,7% Ky-
padabl. JINTHH SKCTPAKIFSCHIHBIH €H JKOFaphl Ad9pexkecine 15 MuHyT imiHae kou sketkizineni. CoHpIMeH Katap 6ip
ME3ETTE, aJABIMCH TY3/bI CPITIHIIICH ATBIHFAH TYHOA MACCACHIHBIH IIBIFBIMBI APTAIbI, COJAH KEHIH OHIIPY YaKbITHI
YFarOBIMEH TYHOA MACCACHIHBIH, IIBIFBIMIBLIBFbI TOMCHICHI.

Tyiiin ce3aep: THAPOMHUHEPAIIBI MIHMKI3AT, TY3, TYHOA, THTHH XJIOPHI, CHPEK KE3ICCETIH JIEMEHTTED.
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A. A. Anap6aes!, R. Khegay!, P. CuaGexona', b. H. KaGbLioexonal, B. A. Jimurpesckuii’

"HOskH0-Ka3aXCTaHCKMI TOCYAAPCTBEHHBIN yHUBEPCHTET M. M. Ayesosa, [ITsivkenT, Kazaxcran;
Hay4H0-ipou3BOACTBEHHOE 00BeIeHEHHE «MuHepam Mocksa, Poccus

HU3YYEHHUE NPONECCA DKCTPAKIIUH XJTOPHJA JINTHUA U3 PACCOJIA

AnHoTammust. Llens necre10BaHMs 3aKII0UACTCA B H3YUCHHE MPOLECCA IKCTPAKIUK XJIOPHJA JTUTHSI M3 Paccoa
COJICHBIX 03¢p M CO3JAHHU TEXHOJIOTHH IEPEPabOTKH THAPOMHUHEPATLHOTO CHIPhs KazaxcraHa Ha MPOAYKIHIO COICH
JUTHS M PEAKO3EMENbHBIX 3J1eMEeHTOB. MccietoBaH mpoece OYUCTKH TUTHEBBIX KOHIICHTPATOB OT HOHOB KaNbIU U
MAr"Hud 1 XUMHYCCKOTO COCTAaBA THAPOMHUHCPATIBHOTO CBIPHI. 3(1)(1)6KTI/IBHI>IMI/I MCTOAAMH OCAKIACHHU JIUTHA B BHAC
KapOOHAaTa JMHUTHA SBILIETCS METOM OCAaXACHUS. Mccrie10BaHbI IKCTPAKIHOHHbBIC METOIBI EPEPAOOTKH JTHTHHCOACD-
JKAIMX OCAZAKOB W COPOIMOHHBIC METOABI W3BJICUCHUS JTUTHSI U3 PaccosioB. M3yueHbI BOJHO-COJICBBIC CHCTEMBI I
HAMPABJICHHOTO TOUCKA 3((EKTHBHBIX COCOOOB IMOJIYUCHHS JMTHCBBIX COJICH M3 Pamlbl M OCAIKOB COJICHBIX O3€Ep.
W3yueHbl XHMHYECKHE M MHHEPAIOTHYCCKHE COCTABBI TMIPOMHHEPATIBHOTO CBHIPhS 03€p ApajbCKOTO PErHOHA
METOIOM OCAKICHH.

KpymHOE MECTOPOIKICHNE C TOKA3AaHHBIMH 3aTACAMH JIUTHSA HAXOAHTCS B BOCTOUHOM Kazaxcrane — B Kanbun-
ckoM xpeote u B [Iprapanse — Ha JHE BBICOXIIETO MOPA. YCTAHOBJICHO, YTO 3HAUMTEILHAS YACTh JINTHS HAXOAUTCA B
03¢pax W O3CPHBIX WJAX, MOJ3CMHBIX BOJAX, B Mopcko# Bome (1,5-10,5macc.%). Paccon FHOxuoro m CeBepHOTO
Gacceiina o3epa JKakchIkbuibi coaepkarh 40-60mr/n marus (Mg?'- ne 6omee 0,2%, Ca®" - ne Gonee 0,4%, SO+ -
He Ooree 1,2%), B max coaepxanne cocTapiet 60-120Mr/kr.

B npouecce momy4eHus THTHEBBIX CONCH U3 THAPOMHUHEPATBHOTO CBIPbA PAHEE MPUMEHIUCh HEOPTAHHYICCKHE
W OpTaHWYCCKUE COPOCHTHI B 3aBHCHMOCTH OT COJCPXKAHHS JHTHS B Pa3muuHOH (opme coenuHeHnu. HM3pneucHue
JIUTHA W3 KOMIUICKCHBIX MHHCPAJIbHBIX COGZ[I/IHGHI/Iﬁ HEC BCCTAA PCIIAIOCH YCHICIIHO H3-3a HH3KOH CTCIICHH H3BIIC-
YCHUS JIUTHA B TOBAPHBII MPOIYKT.

Heobxoaummo oboramenmne paccona 10 TpeOyeMoro KauecTsa JHTHEBOTO KOHIGHTpara. Mmerommecs 3amachl
THIPOMHHCPATLHOTO CHIPBSA (03¢PaX M O3CPHBIX HIIAX, PAMaX M COJOHYAKOBBIX OTIOKCHHAX) B APaabCKOM PETHOHC
00ECTICYNBAIOT TOIOBYIO MTOTPEOHOCTH B JIUTHH.

JIns ipoBEAEHHS IKCIIEPUMEHTA TIPOOY PAIIBI MPEABAPUTEIBHO YCPEIHSIIOT, OTOMPAOT ATHKBOTY IIOMEHIAIOT B
K010y Ha 100 MII yCTAHOBICHHYIO HA MATHUTHYI0 MCIIAJIKY C PEryJIITOPOM 000pOTOB (YCTaHOBHTH Ha 600 00/MIH)
TocIe T00ABIBIOT JKCTPAreHT-OY THIIOBBIH criupT B KosmmaecTse 30 M. [1poby, cOCTOSIIY 0 U3 CIIOS CHHUPTA H BOJBI,
MEPeMENIMBAIOT B TECUCHHE 33AAHHOTO BPEMCHH. B mpolecce mepeMemmBaHUI MPH HCIIOJIb30BAHUH OC3BOIHOTO
OyTaHoJa Ha rpaHUIE ()a3 CIMHPT-BOA BRIMAAACT OCIIBIH 0CAA0K, COCTOAIIMH U3 XJIOPHIA HATPHS.

[NTocne 3amanHOTO BpeMeHH MPOOY MEPSHOCAT B JCIUTEIBHYIO BOPOHKY, IZIC IOCIC pa3fcicHHs OyTaHOIa U
BOJIbI HIDKHHUI BOAHBIH COW cimBatoT. CIIMPTOBOM CJIOH YIAPHUBAIOT JO CYXOTO COCTOSHHA B BAKYYME (BOAOCTpPYH-
HBII HAacoc). OCTAaTOK «JOCYMIHUBAOT» OT CIEI0B OyTaHONA B CyIIUIBHOM mKady npu temmeparype 130 °C.

PesynpTaTsl HMCCIEAOBAHUS TOKA3AIM, YTO 4YeM OOIBINE PAacXO pambl, TEM MEHbIIE Macca ocaaka. [lomy-
YeHHBIH 0canok mccnenoamm Ha mpudbope MCIT Ha comeprkaHWe TUTHA W IO TOJYYCHHBIM PE3yJIbTaTaM CHUTAJIH
CTeneHb IKCTpakumu uTi. Ocagok uccnenosamn Ha mpuoope POM. Ipu sxcrpakumu 10 Mur pamsl BEIXOA 0CaIKa
cocrasysieT 0,3498 r., a mpu skcTpakyu 50 M pansl - Bexoa ocagka cocrasmieT 0,3031 r. Ilpouecc skcTpakuuu
XJIOpUAA MHTHA NPOBEACH B HHTepBAaLe BpeMeHH 10-30 muH. IIodydeHHBIC JaHHBIC MOKA3ANH, YTO MPH MOCTOSH-
HOM pacxone pama 10 M. u 00beMe dKcTpareHTa 30 MJI C YBETHUCHHCM MPOIODKATCIIBHOCTH YKCTPAKIHH CTCTICHB
SKCTPAKLUUU JHTHSA MOCTENICHHO Bo3pactacT. Ilpu mpoao/nkuTebHOCTH 10 MHH CTENEHb SKCTPAKLUU JIHTHS
cocrasisier 86,95, mpu 15 mun. cocrasmier 96,7%, a B manpHewnieM BpeMeHH 30 MHH. CTETICHb IKCTPAKIUH JIATHS
yMeHbpIaeTcs u cocrasimier 88,7%. Hanbonpmas cTeneHb SKCTPAKIHH JIMTHS JOCTUTACTCS IPH BpeMeHH 15 MuH.
OmHOBpPEMEHHO BBIXOJ MACCHI 0CAIKA M3 Pambl CHA4ajla BO3PACTACT, 3aTEM C YBEIMUCHHEM BPEMEHH JKCTPAKIMH
BBIXOJ MACChI 0CaTKa YMCHBIIACTCSI.

HSy‘{eHI)I YCIOBHUA KOHLHCHTPHPOBAHUA JIMTUCBBIX MHHCPAJIOB W MOJYyUCHHUC KOHICHTPATOB AJI1 JKCTPAKIHH
XJIOPHAA JUTHA. YCTAHOBJICHO, UTO C YBEIMUYCHHEM OOBEMA Pambl MPH IIOCTOSIHHOM PACX0JE 3KCTparcHra OyTH-
JIOBOTO CIHPTA M BPEMEHU CTCHNECHb IKCTPAKLHU JIMTUS MOCTEHNEHHO yMeHbIaeTcs. [lpu pacxoze paccona 10 mu
CTCTICHD 3KCTPAKIHH JHUTHA COCTaBIACT 96,9%, ¢ yBEAMUCHHEM pacxoma paccona A0 50 MII CTCICHb SKCTPAKIHH
maTHs CHIKACTCA 10 83,9%. lpH mOoCTOSHHOM PACcX0AC PaccoNoB B 00BEMA IKCTPATCHTA, C YBCIMICHACM TPOIO0J-
SKUTEIHOCTH 3KCTPAKIUH, CTETICHb SKCTPAKIUH JUTHS IIOCTEIICHHO BO3PACTACT.

YCTaHOBICHO, YTO YBEIMYCHHE MPOJO/DKATEIBHOCTH 3KCTpPAkuuu OT 10 MuH A0 15 MMH MPHBOAMT K yBe-
JMTYCHUEO CTEICHH 3KCTPAKIHMA XJIOPHAA JUTHS M COCTABIIET 96,7%, B JambHEHIIEM IIPH MOBBINICHAHM BPEMECHH 10
30 MHHYT CTCTIICHb SKCTPAKIHA XJIOPHAA TUTHA YMCHBIIACTCA 10 88,7%. Hanbompmaa cTeNCHb 3KCTPAKIHH JIATHS
JocTuraercs 3a BpeMsa 15 MuHyT. OZHOBPEMEHHO BBIXOJ MACCHI OCAIKa M3 PAccoJia CHAYaIa BO3PACTACT, 3aTEM C
YBCIHICHUCEM BPEMCHH SKCTPAKIIHU BBIXOX MACCHI 0CAAKAd YMCHbBIIACTCA.

Kiro1ueBbie c10Ba: THIPOMHHEPAILHOE CHIPHE, PACCOT, ML, XJIOPH JTUTHS, PEIKO3CMETbHBIC 3TEMCHTHI.
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