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GETTING HUMATE IN A COAL OXIDATION PROCESS

Abstract. During last decades the problems of increasing the soil fertility, usage of organic additives to increase
the crops yield is becoming more and more relevant. One kind of such additives are humates - sodium and potassium
salts of humic acids. Humates and humic acids - chemical basis of soil humus, it’s concentrate. And humus - is a
basis of activity and stability of the most biochemical soil processes. Raw materials for the production of sodium
humates are easily obtainable - these are brown coals, peat, oxidized hard coal, a production technology is complex
with low production costs. Especially relevant for the production of humates is the use of oxidized coal. Oxidized
coals have a wide range of macro- and microelements, a large number of humic acids, which are similar in
composition to soil. The coal oxidized in the seams is practically not used in the national economy and goes to
dumps together with overburden. The proposed method allows to improve the cost of the finished product. A method
of producing humate by oxidation of coal is known. To study the costs of humic acids, as well as to study the
qualitative and quantitative composition of humic acids, alkaline solutions of various concentrations were used.
Tasks set during the study: a review of the scientific literature on the properties of HA, their composition and method
of production; a technique was developed for conducting an experiment on the effect of alkali concentration,
temperature and extraction time on the degree of extraction of HA from the coals of Central Kazakhstan; the
regression equations were obtained during mathematical processing of the experimental results, which made it
possible to establish the influence of each of these factors on the output of HA; Qualitative and quantitative
composition of HA obtained by extraction with alkali of various concentrations was carried out.

Key words: humates, coal oxidation, alkali solutions, brown coal, NaOH, qualitative and quantitative
composition.

Introduction. The relevance ofthis work is associated with the growing tendency to use coal not only
as a fuel, but also as a valuable chemical raw material. Specifically, one of the products of the chemical
processing of coal is humic compounds, which are widely used in various sectors of national economy.

Humic acids are capable of ion exchange reactions, form soluble and insoluble humates. Humic acids
are a powerful geochemical agent that contributes to the decomposition of rocks and minerals, the
concentration, dispersion and redeposition of elements in the earth's crust. Humic acids is the main part of
the organic matter ofthe soil (humus), which determines its fertility [1].

All humic acids are soluble in alkalis, humates (salts of humic acids) of alkali metals are soluble in
water, humates of other metals are insoluble. Humic acids are thermally unstable, in the temperature range
of 100-200° C they are decarboxylated and lose their solubility. With an increase in the degree of
coalification (the conversion of peat sequentially to brown, hard coal and anthracite) in the composition of
humic acids, the proportion of carbon bound in aromatic cycles increases, which form condensed
structures including a large number of rings.

Humic acids are completely cleaved by metallic sodium in liquid ammonia to form ether-soluble
products, which, according to T. A. Kukharenko, is evidence of the presence of simple ether bonds in the
humic acid molecule, which are the main type of bonds.
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The chemical composition of humic acids depends mainly on the acidity of the aquatic environment
and the degree of decomposition of plant material.

Of the physical properties of humic acids, we should mention their developed surface, which
determines a number of their qualities as biologically active substances and collectors of heavy metals.
The specific surface area is estimated to be approximately 900 m2/ g, which is comparable to the specific
surface area, for example, of activated carbon. These properties of humic acids are enhanced by the
presence in their molecules of functional groups characteristic of effective complexing agents. The
structure of humic acids suggests that their presence in the composition of coals and peats leads to the
concentration of heavy metal ions by the latter, which is caused by complexation, sorption and ion
exchange.

Humic acids are used in the production of lead-acid accumulators, to stabilize clay slurries during
well drilling, as plant growth stimulants and components of organomineral (humic) fertilizers [2].

In recent years, humic acids and humates are increasingly used in various sectors of national
economy. They are used as peptizing additives (viscosity reducers) to clay solutions used in well drilling,
antiscale to soften water in steam columns, in the ceramic and cement industries, as a means to reduce the
permeability of soils.

Due to the presence of active functional groups and a highly developed surface, humic acids are good
sorbents (absorbers) and surface active agents. Carbon-alkali extraction of brown coals is used as a
pickling material for wood finishing. In known doses, humic acids are antiseptics and can be used, in
particular, for the healing of damaged skin of animals. Humic acids also have tanning and coloring
properties and are used for the preparation of adhesive and oil paints, as skin tanning agents, for
emulsification of bitumen and asphalts, as binders [3-4].

Figure 1- Hypothetical model of soil humic acid structure

Experimental part. The brown coal from the “Kumyskuduk” open pit mine of the Verkhne-
Sokurskoye deposit and the commercial preparation of sodium humate from “Asia COMPOGUM” LLP
were used as HA sources according to the following procedure.

When conducting studies on the release of HA, brown coal was chosen as the object of research. For
the experiment, a fraction no larger than 50 mm was used. Then, the initial brown coal was crushed on a
jaw crusher to a size of 0.5 mm. After that, the crushed brown coal was abraded on VKMD 6 with a size
of not more than 0.2 mm. Next, brown coal is placed in a plastic bucket and closed with a lid so that it
does not oxidize. Then, for each experiment, the required mass of ground brown coal was taken and
experiments were carried out [5].
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A portion of crushed brown coal weighing 10 g was embathed with 100 ml of a NaOH solution of a
given concentration (2%, 4%, 6%) and thoroughly mixed for a certain time (10 minutes, 25 minutes, 30
minutes). In this case, humic compounds pass into a soluble form in the form of sodium humate. After
this, the undissolved brown coal precipitate was filtered off. The filtrate was neutralized with a
hydrochloric acid solution until acidic (pH = 2 ... 3), while humic acids insoluble in water and acidic
solutions precipitated. The precipitate HA is separated by centrifugation, then washed with distilled water
and dried at a temperature of 105° C to constant weight.

The yield ofhumic acids is determined by next formula:

M= (mM2m1)*100%, 1)

where m1- mass of brown coal; m2 - mass of humic acids.

Table 1- Calculated data for building a dependency Y= f(C)

C% xX2=1 xX2=0 X2=+1
2,0 4,680 7,034 4,712
25 4,044 6,461 4,201
30 3,546 6,025 3,828
35 3,188 5,729 3,595
4,0 2,968 5572 3,500
4,5 2,887 5,554 3,544
50 2,946 5,675 3,728
55 3,143 5,934 4,050
6,0 3,480 6,334 4,512

Graphical dependences Y = f (C) ofthe HA output at fixed concentration values (X2) are presented in
figure 1.

From Figure 1 it follows that the dependence of the HA yield on alkali concentration has a nonlinear
dependence. So for an average extraction time of 20 min with an increase in alkali concentration from 2%
to 4%, the yield of HA decreases from 7% to 5.6%, and with a further increase in alkali concentration to
6%, the yield of HA increases to 6.5%. With an increase in extraction time of 30 min with an increase in
alkali concentration from 2% to 4%, the yield of HA decreases from 4.7% to 3.5%, and with a further
increase in alkali concentration to 6%, the yield of HA increases to 4.5%. With a decrease in extraction
time of 10 min with an increase in alkali concentration from 2% to 4%, the yield of HA decreases from
4% to 2.9%, and with a further increase in alkali concentration to 6%, the yield of HA increases to 3,5%

[6].

Figure 2 - Dependency diagram of the yield of humic acids
on alkali concentration (-1 = 10 min, 0 =20 min, + 1= 30 min).
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Similarly, to construct the graphical dependencies Y = f (T), equations (2.39-2.41) were used, with
the help of which the HA output was calculated for fixed time values. The calculated data are presented in
table 2.

Table 2 - The calculated data for constructing the dependence Y =f (t)

T X1=1 X1=0 X1=+1
10 472 3.008 352
125 5.769 4.119 4.694
15 6.53 4.943 5.58
175 7.004 5.479 6.179
20 7.19 5.728 6.49
22.5 7.089 5.689 6.514
25 6.7 5.363 6.25
21.5 6.024 4.749 5.699
30 5.06 3.848 4.86

The graphical dependences Y = f (t) of the HA output at fixed concentration values (X2) are presented
in figure 3.

Figure 3 - Dependency diagram of the yield of humic acids on the processing time (-1= 294 0= 4%, +1= 6%

The graphical dependences of the HA yield on the time of processing the coal with NaOH solutions
show the presence of a maximum. The maximum value, that is, the time at which the maximum yield of
HA can be determined by analyzing equations. The maximum point corresponds to the derivative
dy/dT = 0.

Qualitative and quantitative composition ofhumic compounds extractedfrom coal.

The qualitative and quantitative composition of the organic matter extracted from coal by extraction
with alkali solutions was determined using an Agilent 7890A gas chromatograph with an Agilent 5975C
mass selective detector. Results are processed automatically using the GS-MSDDataAnalysis program.

From the presented data it follows that the qualitative and quantitative composition of the obtained
humic acids depends on the concentration of the alkali extractant. This is evidenced by different peak
heights corresponding to individual organic compounds. Differences in the number of peaks
corresponding to individual chemical compounds can also be noted. Identification of individual organic
compounds showed that the composition of the obtained humic compounds is complex and
multicomponent. Thus, the qualitative and quantitative composition of HA obtained by extraction of coal
with alkali solutions depends on many factors, primarily on the concentration of alkalis. It is likely that in
this case various chemical compounds with different degrees of solubility in water and alkalis are formed.
This explains the dependence of the HA yield on alkali concentration [7].
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The goal is a financial justification for the extraction of humic acid from brown coal.

The implementation of the process of obtaining the product involves extraction of humic acid by
acidifying an aqueous solution of the preparation of sodium humate with hydrochloric acid to pH = 2 and
preliminary preparation of humic acid for reactions (centrifugation, washing, drying). During the
experiment, Kumyskuduksky coal was selected. The work was carried out in classical conditions.

The methodology of the experiment: 10 grams of brown coal are placed in a beaker (flask), the
required volume of extractant is added and the resulting system is mixed for a given time (the volume of
extractant and mixing time are selected in accordance with the experimental design matrix for a specific
experiment). After mixing, the mixture is settled; filtered; dried. The calculations performed on the
experiment planning matrix made it possible to reduce the total number of experiments to 9. Based on the
dependence of the yield of the substance on time and the ratio of solvents, optimal synthesis conditions
were calculated [8].

The experimental part consisted of 9 experiments. Each experiment was conducted separately. Thus,
the total number of experiments was 18.

Qualitative and quantitative composition of the civil code. The alkalis obtained by extraction of coals
with solutions of alkalis depend on many factors, primarily on the concentration of alkalis. It is likely that
various chemical compounds are formed that have different degrees of solubility in water and alkalis. This
explains the dependence ofthe GC yield on the alkali concentration.

Figure 5- Chromatogram of humic compounds after coal extraction with 2% alkali solution
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Abundance

Figure 6 - Chromatogram of humic compounds after coal extraction with 4% alkali solution
Composition of humic compounds obtained during coal extraction with 4% alkali solutions

Chemical compound content

Ne Chemical compounds in the sample, %
1  Trichloromethane 45.24
2 O-xylene 14.26
3 Naphthalene 10.27
4 Tetracosane 0.93
5  Dodecane, 2-methyl-6-propyl-eicosan 172
6  Sulphurous acid 165
7  Pentadecan 8.45
8  Tridecane 15.34
9  Dodecane, 2,6,11-trimethyl-Heptadecane 2.13

Conclusion. The essence ofthe method involves a single extraction of humic acids from an analytical
coal sample with a dilute sodium hydroxide solution when heated, followed by their precipitation with an
excess of hydrochloric acid. After processing the initial coal with water vapor in the reactor, the yield of
humic acids from them increased. The obtained data shows the possibility of efficient production of
humates from oxidized coal. The yield of humic acids depends on alkali concentration, extraction time and
process temperature.

NM.H. HarymaHl, A.A. XXopabekl A.T. Taknbaenal,
M.B. KynakoB2, b.6. AkumbekoBal, B.A. ickakoBai

IKaparaHgbl MeMEKeTNK TeXHUKa/bLL, yHBepcuUTeTy KaparaHgpl, KazaxcTaH;
ZTtoMeHb MeMJIEKETMK YHUBepPCUTeTY TtoMmeHb, Peceld

KOM1PAl1l TOTbLWThIPY MNMPOLUECCIHAE I'YMAT ANTY

AHHOoTaumsa. Courbl  OHXbINAbIKTA  TOMbIPAKTbIH  KyHap/bUibIfbiH - apTThipy, ayblUl  LUapyalbiibIrb
JaKbingapbIHbIH eHIMAINIrIH apTThipy YLUiH OpraH/KaibiK Kocnanapabl KongaHy npob6niemachl eseKri 60/bIn oTbIp.
MyHfal KocnanapfbiH 6ipi-rymarrap-Harpuin >xaHe ryMWH KbIKbUIAapbIHbIH Kavid Ty3gapbl. ['ymatTap MeH
FYMUWH KbILLKbI14apbI-TOMbIPaK NyMyCbIHbIH XUMUSMbIK HETi3i, OHbIH KOHLUEHTpaTbl. yMyc-KenTereH 61MoXUMUs/IbIK
TOMbIpaK NPOLECTEPiHIH BeceHAiNiri MeH TypaKTbUIbIrbIHbIH HETi3i. HaTpuii rymaTTapblH asyra apHa/iraH LUMKi3aT
OHal Kon XenmabOyn KOHbIP KEMIp, LbIMTe3eK, TOTbIKKAH Tac Kemip, eHAipiCKe TeMeH LUbITbIHMEH KelleHfi any
TEXHOMOrUACbl. TOTbIKKAH Tac KeMip rymaTTapbiH eHAipy YWiH nalganaHy epekile e3eKTi. TOTbIKKaH
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OypbILITapAbIH MaKpo - XX3He MUKPO3/IEMEHTTEPALL, KEH XMbIHTbIMbI, Kypambl 60/bIHLLA TOMbIPAKKA XaKbIH FYMUH
KbILKbUIAapbIHbIH Ken Menwepi 6ap. KabaTTapfarbl TOTbIKKaH KeMip XafblK LuapyallbiibirbiHAa ic XY3iHge
naiganaHbiNMaliibl >X3He aplly >XbIHbICTapbiMeH 6ipre YiiiHginepre TyceAr ¥CbIHbIAraH 34ic AaiblH eHiMHIH
e3iHAIK KyHbIH >XakcapTyra MYMKIHAIK 6epegi. Kemipai TOTbIKTbIPY apKblibl rymaTThl any sgra 6enrini. MymuH
KbILLKbUIAaPbIHbIH LWbIrbIHAAPbLIH 3epTTey YLUiH, COHAal-aK FyMUH KbIWKbUapbiHbIH canasiblK >X3He CaHabIK
KypamblH 3epTTey YLWiH 3pTYp/i KOHUEeHTpauusaarb! CinTini epiTiHginep KongaHbligbl. NYMUH KbIWKbUIbIH EHAIPY
60MbIHLLIA TaXKPUGeE XYpridy KesiHAe 3epTTey HbICaHbl PenHAE KOHbIP KEMiIp anbiHAbl. Taxlpmbe YiwiH 50 Mm-geH
acnanTbIH (hpakums KongaHbingbl. Apbl kapaii KoHblp KeMip 0,5 MM 60M1aTbIH XaKTay/bl yaTKbILWTa ycaKTanbl.
OpaH KeiiH ycakTasraH KoHbIp Kemipai kenemi 0,2 mm YKMT/ 6-ga bickblnagblK. CogaH COH KOHbIP KeMmip
TOTbIFbIN KeTNec YLUiH OHbl MNNaCTUKa/bIK LUeeKKe casiblir, 6eTiH Xaybin KosiMbI3. 0p6ip sKCnepyMeHT YLUIH KOHbIP
KeMipfi TeK KePeKTi MefLlepae raHa KosngaHbin, Taklprbenep XYprisgik. An erep naiganaHy yakbiTbiH 30 MUHYTKa
apTbIpcak, NYMVH KbILLKbUIbIHbIH 6e/iHyi 4,6%-4bl Kypaiiabl. SKCTpaKLmsa TeMnepaTypacbiH 65C°-Ka XorapbliaTthbir,
3KCTPaKLUMSA yakbITbiH 10 MUHYTTaH 20 MUHYTKa apTThIpcak, NYMUH KbiIlWKbUIbIHLIH 6efiHyi 3,9%-aaH 4,7%-ra ecefi.
OKCTpakuus yakbiTbiH 30 MUHYTKa [ellH apTTbipcak, FYMUH KbIWKbUIbIHLIH 6eniHyi 4,7%-4bl  Kypaigbl.
OKCTpakuust TemnepatypacbiH 20C°-Ka TeMeHAETKEHE TYMUH KbIWKbIIbIHbIH 6eniHyi 4,1%-aaH 5%-ra apTagbl.
OKCTpaKuusi yakbITblH 30 MWUHYTKa AEWH apTTbipcak, FYMUH KbIWKbUIbIHBIH 6eniHyi 5,3%-ra geiiiH apTagbl.
SKCMepUMEHT HITUXKeNepLl MaTeMaTUKasblK eHAey KesiHfe perpeccusi TeHAeysnepi anblHabl, 6yn KepceTinreH
thakTOpnapablH 3pKancbICbiHbIH MK LWbIFybIHA 3cepiH aHblKTayra MYMKIHAIK 6epgi; apTYpAi KOHUeHTpauusijars!
CLUTLIepMEH 3KCTpakuusnay anbiHraH MK cananbik >kaHe caHablK Kypambl >XYprisingi. KemipgeH anblHraH
OpraHvKasibIK MaccaHbIH canasbIK X3He caHiblK KypamblH Agilent 5975C macc-ceneKTmBn feTekTopbl 6ap Agilent
7890A ra3 xpomaTtorpadbiHbIH agMernMeH aHbiKTanibl. MYMUH KbiIlWKbIAapbIHbIH canasiblK XK3He caHAblK Kypambl
CLUTLLILL, KOHLIEHTpaumsacbiHa 6alinaHbICTbl, 0N Typasbl alblHraH Xpomatorpammipbl ganeHgeniHesi. MateMaTvkanbik
eHfey 3epTreneTiH hakTopnapabiH N'YMUH KbILKbUIAaPbIH anyablH TUiMginiriHe acepll aHbiKTayra MYMKIHZIK 6epai.

TYViiH cesgep: rymatTap, KemipfiH TOTbIFybl, CiNTiNi epTHALIEP, KOHbIP KeMip, NaOH, cana/ibiK X3aHe caHgbIK
Kypamb!.

MN.H. HarymaHl, A.A. >)Xopabek1, A.T. Takubaesal
M.B. KynakoB2, b.6. AkumbekoBal B.A. ickakoBai

1KaparaHAVHCKWiA FocyaapcTBeHHbIN TeXHUYeCKuiA yHMBepcuTeT, KaparaHga, KasaxcTaH;
ZTHOMEeHCKMIA rocyaapCTBeHHbI yHMBepcuTeT, THOMeHb, Poccus

MONMYUYEHME T'YMATA B NMPOUECCE OKNC/NTIEHNA YT NA

AHHOTaumsa. B nocnegHve OecATUNETUA BCe OONbLUYIO aKTya/lbHOCTb MpuobpeTaeT npobsieMa MoBbILLEHUSA
NA0AOPOAMS NMOYB, MPUMEHEHMS OPraHNYeCKMX A06aBOK A/151 MOBbILLEHUS] YPOXKAAHOCTU CeMIbX03KYNbTyp. OgHUMMA
U3 Takux [06aBOK SBASKOTCA rymMaTbl - HaTprieBble Y Ka/IUiHbIE CONM TYMUHOBBIX KMCMOT. [yMaTbl U FyMUHOBbIE
KWCMOTbI - XUMMYecKasi OCHOBa rymyca MoyB, ero KOHUEHTpaT. A rymyc - OCHOBa aKTMBHOCTU W CTabubHOCTU
60MbLUMHCTBA BUOXMMUYECKMX MOYBEHHBLIX MpoueccoB. Cbipbe AN MOYYEHUS TyMaTOB HaTpus NerkogocTynHo -
310 6ypble Yrau, TOpPMbl, OKUCMEHHbIE KAaMeHHble Yr/v, TEXHOMOrMA MONYYEHUSs - KOMIJIEKCHasA C HU3KUMU
3aTpatamy Ha MpPou3BOACTBO. OKMUCMEHHbIE YT/ MUMEHT LUMPOKUIA Habop MaKpo- U MUKPO3/IEMEHTOB, 60/IbLLIOE
KO/IMYECTBO NYMUHOBLIX KUC/MOT, KOTOPbIE M0 CBOEMY COCTaBY 6/IM3KU K MOYBEHHbLIM. OKUCNEHHbIE B MiacTax yriu
NPaKTUYECKN He UCMOSIb3YHTCA B HAPOAHOM X03AACTBE M NOCTYNAT B 0TBa/1bl BMECTE CO BCKPbILLHBIMU MOPOAaMN.
Mpegnaraemblii cnoco6 MO3BONSET YNy4YLINTbL Ce6eCTOMMOCTb FOTOBOrO MpoAyKTa. V13BecTeH crnocob MosyyeHust
rymara nyTem OKWUCNEHWS yrns. [ns mccnefoBaHWs 3aTpaT FYMUHOBbLIX KUC/OT, a Takke ANna uccnefoBaHus
KayeCTBEHHOIO M KOMIMYECTBEHHOIO0 COCTaBa FYMWHOBbLIX KWUCMOT 6bIIM MCMO/b30BaHbl LUENOYHbIE PAacTBOpPbI
pa3nMYHON KoHLUeHTpaumn. [Mpn npoBegeHUN nccnegoBanuii no Bbixogy 'K 06beKToM mccnefoBaHuii Obia BbibpaH
Oypblii yronb. [ns sKcnepyMMeHTa MCMo/b3oBanack (hpakumsi He KpyrnHee 50 mm. [lanee ucxoaHbIi Gypblii yronb
noaBeprascsa 4po6/eHN0 Ha LLEKOBOM Apobusike Ao pasmepa 0,5 mMm. IMocne Yero M3MenbYeHHbIA BypbIiii yronb
uctnpann Ha BKM/J, 6 pa3vepom He 6onee 0,2 mMm. [anee 6ypblil yronb NnomeLiaem B MIacTUKOBOE Bepo W
3aKpbIBaEM KPbILLIKOW, A4/18 TOro 4Tobbl OH He OKUCAWACA. T10Cne Yero Ans Kaxaoro aKCrepumeHTa 6panm Hy>KHYHo
Maccy U3Mmesib4eHHOro 6yporo yris v NpoBOAW/M OMbITbl. A eC/in BpeMs UCNOJb30BaHUS NpeBbIaeT 30 MUHYT, TO
Bblfe/leHNe TYMUHOBOW KUCNOTbI cocTaB/seT 4,6%. Ecnm noBbICcUTbL TemnepaTypy 3KCTpakummn Ha 65C, yBenvums
Bpemsi 3KCTpakummn ¢ 10 MMHYT Ha 20 MUHYT, BbigenieHe rYMUHOBOM KUCNOTbI Bo3pacTeT ¢ 3,9% Ao 4,7%. Ecnu
YBENYUTL Bpems 3KCTpakumn o 30 MUHYT, TO BbleNeHne ryMUHOBOM KUCNOTbI cocTaBNsET 4,7%. Mpu CHWXeHUN
TemnepaTypbl 3KCTpakumMmn Ha BenmunHy 20C BblaeneHne ryMMHOBOM KUCNOTbI yBennuneaeTcs ¢ 4,1% o 5%. Ecnu
YBENUUTL BpeMs aKCTpakuum A0 30 MWHYT, TO BblfefieHe FYMUHOBOW KUCNOTbl yBeNnuuTes Ao 5,3%. 3agaun,
NnocTaB/ieHHbIe B XOA€ MCCNefoBaHWA: NpoBejeH 0630p Hay4YHOM NMTepaTypbl M0 Bonpocy cBoicTB MK, nx coctasa u
cnocoba nony4veHus; paspaboTaHa MEeTOAMKA MPOBEAEHWS 3KCrepuMMeHTa MO BAUSAHUIO KOHLEHTpaLUuW LLeoun,
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TemnepaTypbl U BPEMEHUN 3KCTPaKUMK Ha cTereHb u3sneveHnst MK n3 yrneid LieHTpanbHoro KasaxcraHa; nosyyeHbl
YypaBHEHUS1 perpeccuMm npu MaTeMaTuUyecKol 06paboTKe pe3ynbTaToB 3KCMEPUMEHTa, YTO MO3BOSIM/O YCTaHOBUTL
B/INSHME KaXXA0ro U3 yKasaHHbIX (PakTopoB Ha Bbixof K; npoBefeH KauyeCTBEHHbIN 1 KOMYECTBEHHBIN cocTas K,
MO/TYYEHHbIX 3KCTPaKLUMM LUENo4YaMu  pPasfiMyHoli  KoHUeHTpaumn. KaueCcTBEHHbI W KOMMUECTBEHHbI COCTaB
OpPraHUYecKoi Macchl, M3BMIEYEHHON K3 Yreld NyTeM 3KCTPaKLMM pacTBOpamMu LLieoYeld onpeaenssics ¢ MoMoLLbH
rasoBoro xpomMatorpada Agilent 7890A ¢ macc-ceneKTMBHbIM AeTekTopom Agilent 5975C. KauecTBeHHbIi 1
KOJ/IMYECTBEHHbIA COCTaB FYMUHOBbLIX KWUC/OT 3aBUCUT OT KOHLEHTpauum LIenodnM, 0 4YeM CBUAETENIbCTBYHOT
noslyvyeHHble XpomaTorpammbl. MaTemaTuudeckas 06paboTka pe3y/bTaToB 3KCMepUMeHTa MO3BONMAA OMNpeaenunTb
B/IMSIHUE 1CCefyeMblIX (PAKTOPOB Ha SPEKTUBHOCTb U3B/EUEHUST 'YMUHOBbLIX KUC/IOT.

KntoueBble €oBa: rymaTbl, OKUCMEHWE YIS, LeMOYHbIE PacTBopbl, 6ypblid yronb, NaOH, KayeCTBEHHbIN 1
KO/IMYECTBEHHbIN COCTaB.
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