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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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STUDY OF THE YIELD OF HUMIC ACIDS
IN A HYDRODYNAMIC ROTARY-PULSATING APPARATUS

Abstract. In order to better understand what happens to the composition and structure of humic acids under the
influence of hydrodynamic processing, we processed the same treatment under the most severe conditions: coals with
a degree of crushing of 0-3 mm were treated in the HRPA with an alkali solution at S: L = 1: 4 at the ratio of 20% of
alkali for total raw material, at temperature 70 °C and duration of one minute. After that, the chemical characteristics
and fractional composition of the initial humic acids and processed in HRPA were established. The results showed
that the effect of hydrodynamic forces leads to an increase in the content of carbon and hydroxyl groups in humic
acids. The amount of total oxygen of the functional groups for humic acids of coals increase significantly and the
oxygen content drops noticeably in an unaccounted form, which may occur due to rupture of ester bonds or of
heterocycles.

Keywords: hydrodynamic rotary pulsation apparatus, pulp, humic acid, extraction, alkali, coal.

Introduction. The extraction of humic acids of different coals and transfer to the solution proceeds in
different ways [1-5]. Quantitative extraction of humic acids are different as well depending on the alkaline
reagent. Humic acids are most easily extracted by a caustic soda. The extraction with sodium carbonate
and ammonium hydroxide changes in a different way. Humic acids of Karazhira coal (Kazakhstan
deposits)and waste of Kyzylkiya Coal have the greatest reactivity to interaction with solutions of alkalis
and ease of recovery.

One of the tasks of our work was the selection of raw materials for the production of humic acid salts
for the national economy. From these positions, raw materials should contain not only a large amount of
humic acids, but the latter must be easily extracted with alkali. As alkali, we used sodium hydroxide, a
mixture of sodium hydroxide and sodium carbonate. The process of dissolution of humic acids in various
solvents and alkalis is directly dependent on the content of acidic functional groups and in the reverse of
the aromatic condensation [6, 7].

Experimental part. To intensify the process of extraction of humic acids by alkaline reagents, we
applied a hydrodynamic rotary-pulsation apparatus.The apparatus includes a housing 1 with a suction pipe
2 and an unloading port 3, a conical rotor 5 is fixed to the shaft 4, and a stator 7 is mounted on the housing
cover 6, which can move in the longitudinal direction. On the conical surfaces of the rotor and stator there
are grooves 8 located along the generatrix.

The device works as follows. The pulp through the suction pipe gets into the zone of the first row of
the rotor indentations, from which it is thrown into the stator grooves. Under the pressure of the following
portions, the pulp from the stator enters the next row of rotor depressions, etc. Since the conical surface of
the stator is pressed against the surface of the rotor by springs 9 and the recesses on them are made with an
overlap of more than one, the pulp is subjected to intense pulsating action due to both hydraulic shocks
and a high-gradient velocity field and accelerations with high shear stresses.
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Results and its discussion. The process of extraction of humic acids from coals depends not only on
the structural features of the latter, on the type of the extracting alkaline reagent, but also on the time of
contact of the coal with the alkali solution, the process temperature, the concentration of the alkaline
solutions used, the ratio of coal to the water-alkaline solution, and the degree of coal crushing. Investi-
gation of the dependence of the rate of extraction of humic acids on the contact time and concentration of
alkaline solutions revealed that after 30 minutes of interaction of Karazhira brown coal with a 20 %
aqueous solution of sodium hydroxide at a ratio of 1: 1 and a temperature of 20 °C, only 61.3 % of
humicacids, while at 95 °C — 80.5 % (table 1).

Table 1 — Dependence of the degree of extraction of humic acids on the temperature and concentration of alkali

Interaction temperature, °C 95 65
Concentration of alkaline reagent, % 20 10 5 20 10
Time of interaction, min 15 30 15 30 30 60 30 60 30 60
Has passed into a soluble state of humic acids, %| 80,4 | 80,5 | 80,4 | 959 | 97,6 | 100 | 61,3 | 62,8 | 65,1 | 69,6

In a 10% solution of alkali, the transition of humic acids into a solution at 30 minutes interaction
increases from 65.1 to 95.9%, and in a 5% solution of alkali at 95 °C for 30 minutes, the extraction of
humic acids is almost complete and is equal to 97, 6%. From this it follows that the recovery of humic
acids strongly depends on the temperature and the ratio S:L.

Treatment of coal with a 40% sodium hydroxide solution in an amount of 20% with respect to dry
coal does not lead to a complete transition of humic acids to sodium humates. The reason for this is
incomplete wetting of the ratio S:L.

When considering the degree of extraction of humic acids as a function of the S: L ratio (table 2), it
can be seen that an increase in the latter results in a decrease in the yield of acids in the solution. So by
treatment with a solution of alkali and a single wash with water from Karazhira coal at a ratio of S: L =
1:7, humic acids are recovered by 100%, at S:L. = 1:4 only by 96 %. In the same sequence, the extraction
of humic acids from other coals also takes place.

Table 2 — The degree of extraction of humic acids
as a function of the concentration of the alkali solution and the ratio of S:L at 80 °C

Humic acids extracted % at:
Humic acids from CO?‘IS The treatment with | Rinsing the sediment with Treatment Rinsing the sediment
of Kazakhstan deposits 3% solution of water with 5% NaOH with water
NaOH (S:IL=1:7) | 1st 2nd 3rd (S:L=14) Ist | 2nd | 3rd
Karazhyra 38,3 35,8 19,5 6,4 35,1 34,6 | 20,3 | 10,0
Kumertau 85,0 15,0 —* - 78,0 18,0 | 4,0 -
Kyzylkiya 70,5 26,9 2,6 - 64,9 25,1 | 10,0 -
* «—» means absence.

The processing of coals in the hydrodynamic rotary-pulsating apparatus (HRPA) greatly accelerates
the process of extraction of humic acids from them. Coals and waste products of briquette production with
a degree of crushing of 0-3 mm were processed in the HRPA alkaline solution at S:L. = 1: 4 at the rate of
20% of alkali for the total amount of raw materials. The suspension was separated into an insoluble
residue and a solution of humates by centrifugation. Table 3 shows the results of treating an alkaline
suspension of various coals in HRPA at 25 °C.

As we see, when processing coal with a solution of sodium hydroxide in HRPA, the process of
recovery of humic acids takes place in a few seconds. The most easily interact with alkali with complete
recovery of humic acids Kumertau coals and waste from Kumertau briquette factory.

Karazhyra coals under mechanical destruction behave somewhat differently. After treatment in a
hydrodynamic apparatus 3-5 sec. at 25 °C, humic acids pass into a soluble state only by 50% of the total
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Table 3 — Yield of humic acids after treatment of the suspension in HRPA

Tvpe of coal The content of humic acids Processing time Humic acids are extracted, %
yp in the feedstock,% in HRPA, sec of their content in raw materials
Karazhyra deposit 52,2 10 92,4
Kyzylkiya deposit 40,1 5 100,0
Kumertau deposit 63,1 3 100,0
Wgstes from the Kumertau 58.9 3 100,0
briquette factory

content in coal, and at 70 °C the process accelerates and the solution passes at the same time 92.4%, and in
10 seconds. - almost completely (98.7%).

Further, the influence of the temperature and the type of alkaline reagent on the degree of extraction
of humic acids at a 10-second exposure was established during the processing of Kyzylkiya coal in the
HRPA (table 4).

Table 4 — Yield of humic acids from Kyzylkiya coal when treated with alkali in GRPA

Alkalis Processing temperature, The yield of humic acids, %
°C From coal From their general content

NaOH 25 51,2 89
NaOH 70 59,0 97
Na,CO; 25 32,0 74
Na,CO, 70 39,9 79
NaOH : Na,CO; = 1:1 25 46,0 91
NaOH : Na,COz;=1:1 70 50,0 96

From the data given, it can be seen that the yield of humic acids depends strongly on the type of
alkaline reagent and, to a lesser extent, on the temperature. When processing coal in GRP due to degra-
dation of molecules of coal matter, the yield of humic acids increases by 19-37% in the case of sodium
hydroxide and by 7-16% in the case of a mixture of carbonate, in comparison with extraction according to
standard GOST 9517-76.

Carbonate does not allow complete recovery of humic acids from Kyzylkiya coal even when heated.

We established the dependence of the extraction of humic acids on the treatment time in the HRPA
and the degree of approach of the rotor to the stator (table 5).

With an increase in the duration of treatment of the carbon-alkaline suspension in GRPA, the yield of
humic acids slightly increases. It also depends on the degree of rendezvous of the disks. With carbonate

Table 5 — Yield of humic acids with a different gap between the rotor and the stator GRPA

The dispersion time and . Type of alkali Tempoerature, Yield of humic acids,
the degree of approach of the disks C %
Source coal NaOH 38,3
3 seconds, average NaOH 25 51,2
3 seconds, maximum NaOH 70 58,1
15 seconds, maximum NaOH 70 60,0
3 seconds, average NaOH : Na,COz=1:1 70 50,0
NaOH : Na,CO3;=2:1 70 49,2
NaOH : Na,CO3=3:1 70 46,2
3 seconds, maximum Na,CO; 70 33,9
15 seconds, maximum Na,COs 25 32,0
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extraction of cycles is not reflected in the output of humic acids. The increase in the content of caustic
soda in a mixture with carbonate more than 1: 1 does not increase the yield of humic acids.

Conclusions. Processing of coals in the hydrodynamic rotary-pulsating apparatus greatly accelerates
the process of extraction of humic acids. When processing coal with a solution of sodium hydroxide in
HRPA, the process of recovery of humic acids takes place in a few seconds.

The yield of humic acids depends strongly on the type of alkaline reagent and, to a lesser extent, on
the temperature.

When processing coal in HRPA due to degradation of molecules of coal matter, the yield of humic
acids increases by 19-37% in the case of sodium hydroxide and by 7-16% in the case of a mixture of
carbonate, in comparison with extraction according to GOST 9517-76 standard.

The effect of hydrodynamic forces leads to an increase in the content of carbon and hydroxyl groups
in humic acids. The amount of total oxygen of the functional groups for humic acids of coals will increase
significantly and the oxygen content will drop noticeably in an unaccounted form, which may occur due to
rupture of ester bonds or heterocycles.
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I'naPOAMHAMMUKAJIBIK POTAINUAJIBIK-ITYJIBCAIUOH/ABIK KOHABIPFBIJIAPJIA
I'VMHUH KbIIIKbIJIBIHBIH IIBIFBIMBIH 3EPTTEY

AnHoTanus. ['WIpoarHAMUKAIBIK OHJICYAIH OCEPiHEH T'YMUH KBIIIKBUIIAPBIHBIHF KYPaMbl MCH KYPBUIBIMBI
KaHJaii OONATBIHIBIFEIH TYPHIC aHBIKTAY VIIiH, 0i3 COJI OHICYHl aca KaTaH >Karmaija >KYpri3fiK: YHTaKTalybl
nopexeci 0-3 MM KeMipiep Y3aKTEIFBI O0ip MHHYT apajibirbiHga 70°C Temmeparypaja IUKi3aTThIH Kbl MeJIIie-
pire 20% cinri ecebinge K:C = 1:4 xe3inge cinri eprinigicimen I'PITIA na ennenni. ComaH keliH OacTamksl )KoHE
I'PITA-1a eHzieNreH TyMUH KbIIIKbUIIAPBIHBIH XUMUSITBIK CHITATTAMACHI JKOHE (DPAKIHMSIIBIK KYPaMbl aHBIKTAIIJIBL.

AJIBIHFaH HOTHIKENEp, TUIPOJINHAMHUKAIIBIK 9CeP F'YMHH KbIIIKbUIAAPBIHIA KOMIPTEri KoHE THAPOKCHI TOITa-
PBIHBIH KYPaMBIHBIH apTybIHA ANbII KeNeTIHAIriH KepcerTi. KeMipiepaiH TyMHH KBIIIKBUIAPH! YIIH (QYHKIHO-
HaJIABI TONTAP/AA JKUBIHTHIK OTTETl MOJIIIEP] aiiTapiIbIKTall apTalibl )KOHE ecenTeaMereH (hopMamarsl OTTErl KypaMbl
TeMeH e i, Oyt adupIi GalnaHbICTapbIH Y31yl HEMece TeTepOLMKIIEp/IiH eceOiHeH O0Iybl MYMKIH.

Tyiiin ce3mep: THAPOIMHAMUKAJIBIK aifHAIMAJbI MyJbCAIMs aNMapaThl, MyJblla, TYMHUH KBIIIKBUIBI, SKCTPaK-
1Us1, CUITLITI, KeMip.

T. b. Omapos, LII. M. MoJana6ekos, K. T. ZKanTacos, A. A. BoJabicoek, O. I1. Baiibicoai,
A. XK. Cyiiren6aeBa, K. A. bex:xkururona, C. I'. Ken:ke6aeBa, A. b. Tieyosa, II1.K. [llananaos

OxH0-Kazaxcranckuii rocyqapcTBeHHbIN yHIBepcuTeT uM. M. O. Aya3osa, llIsiMkenT, Kazaxcran

HNCCIEJOBAHME BbIXOJA I'YMHUHOBBIX KUCJOT
BI'nJPOIMHAMHUYECKOM POTOPHO-IIYJIbCAIIMOHHOM AIIITAPATE

Annotanust. /[y Toro, 4To0b! Nydie pa3o0paThCs 4TO K€ BCE TaKH HNPOUCXOJHUT C COCTABOM U CTPYKTYpO
TYMHHOBBIX KHCJIOT MOJ| BJIMSHHEM THAPOJANHAMUYECKOH OOpaOOTKH, MBI Ty caMmyio OOpabOTKy IpOBENM B Hau-
Gostee JKECTKUX YCIOBHSX: YIJIM CO CTeeHblo apobienus 0-3 Mmm obpabareiBanuck B ' PIIA pactBopom mienoun npu
T:)K = 1:4 u3 pacuera 20% mienoun Ha o0lIee KOIMIECTBO ChIpbsi, Temreparype 70°C U MpoIo/nKUTENFHOCTH O/IHA
muHyTa. [locne 3TOro ycraHaBiIMBanach XMMHYECKass XapaKTEpUCTHUKAa W (PAKIMOHHBI COCTaB HMCXOIHBIX W
o0paboranHbIX B [ PIIA ryMHHOBBIX KHCIIOT.

PesynbraThl MokaszaiaM, 4To BO3/EHCTBHE THAPOANHAMUYECKUX YCHIMH MPHUBOJUT K MOBBIMICHUIO COACP)KAHHS
yIIIeposa U THAPOKCIIIBHBIX TPYII B TYMHHOBBIX KHCIOT. 3HAUUTEIBHO YBEINYATCS KOTMYECTBO CyMMapHOTO KHC-
nopoza GyHKIMOHANBHBIX IPYI JUIS TYMHHOBBIX KHCIIOT YIJIeH M 3aMETHO CHIDKAETCsl COZEpXKAaHHE KHUCIIOpPOZa B
Hey4yTEHHOU (popMe, KOTOPOEe BOZMOXKHO IMPOUCXOIMT 3a CHET Pa3pbiBa S(HUPHBIX CBA3EH WM IeTepOLUKIIOB.

KiroueBble cjioBa: ruipoJMHAMUYECKUN POTOPHBIN MyJIbCALIMOHHBIN ammapar, Myjibla, TyMUHOBAsI KMCJIOTa,
9KCTpPaKLUs, E0Yb, YTOJIb.
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