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Abstract. The present study investigates the effect of blend copolymers on the physico-mechanical properties
of mortar mixes. Blend copolymers were synthesized based on poly vinyl alcohol (PVA) and urea (U) in
aqueous solution with different blend ratios 65/35, 50/50 and 35/65 respectively, using glacial acetic acid as
crosslinking. Physico-mechanical properties of mortar examined included water/cement ratio, setting time,
workability, water absorption and compressive strength. The addition of blend copolymers to the mortar
affected the physico-mechanical properties of mortar mixes. As the content of PVA increases in the blend
copolymers, the water of consistency decrease, whereas the setting times (initial & final) were shortened. The
compressive strength of the hardened cement pastes was increased at all ages of hydration while water

absorption decreased.
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Introduction

A number of researchers have studied the
addition of chemical admixture to building materials
based on polymeric compounds to improve the
physical and mechanical properties of cement pastes,
mortar and concrete [1-10, 30-31]. The main
mechanism of improving properties of cement with
addition of polymers is a thin film formed on the
surface of grains of cement, aggregate, as well as
pores which gave more adhesion [2-6].

Polyvinyl alcohol (PVA) is a water-soluble
polymer and used in the industry as a modifier, as
aggregate surface pre-treatment agent and as
reinforcement in cement-based materials because of
its chemical resistance and physical properties [3, 6].
Generally, PVA is added in the form of aqueous
solution in small amounts (up to 2% based on the
weight of cement during mixing) to improve the
properties of cement mortar and concrete product [3,
8]. Negimetal. [11, 12] investigated the physical and
mechanical properties of mortar containing PVA and
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dodecyl benzene sodium sulfonate as an air
entraining agent. Additionally, PVA and dodecyl
benzene sodium sulfonate were used
to prepare copolymers latex:  styrene/butyl
methacrylate, styrene/methyl methacrylate,
styrene/glycidyl methacrylate and styrene/ butyl
acrylate. The results showed that PVA improved
workability of mortar mixed as well as copolymer latex.
Copolymer latexes based on 2-hydroxy ethyl acrylate
and 2-hydroxy ethyl methacrylate. Different molar ratio
of 2-hydroxy ethyl acrylate and 2-hydroxy ethyl
methacrylate was designed to investigate the effect of
latexes on the physico-mechanical properties of mortar.
The copolymer latexes reduce water of consistency of
mortar and increased workability [13]. The effect of
concentration of styrene/butyl acrylate latexes
on properties of mortars was investigated [14]. If the
concentration of polymer is more than 5%, there is no
significant influence on the properties of mortar mixes.

Negim et al. [15] prepared blend polymers based
on polyvinyl alcohol (PVA) and urea (U) in different
ratios, using glacial acid as catalysis. The addition of
blend polymers to cement pastes improved the
properties of cement pastes [16]. The work was
extended to include the application of blend polymers
to study physical and mechanical properties of
mortar.

Experimental part

Materials: Polyvinyl alcohol (PVA) of
molecular weight 14 x 10° g/mol purchased from
Merck (Germany). Urea (U) and glacial acetic as
catalysis purchased from Aldrich. The raw materials
used in the present study are Portland cement clinker
(PCC) and raw gypsum (G). Each of those raw
materials was separately ground in a steel ball mill
until the surface area of respectively was 3650 and
2800 cm?/g. The mineralogical composition of the
PCC sample is CsS, 58.79 %; B- C.S, 17.68 %; CsA,
8.08 %; C4AF, 9.72 %. The Portland Cement (PC)
was prepared by mixing 96 % PCC and 4 % G (by
weight) in a porcelain ball mill for one hour using 3
balls to ensure complete homogeneity of the cement.
The Blaine surface area of the cement sample was
3350 cm?/g [17].

The fine aggregate was sand with particle size
ranging from 0.21mm to 0.53 mm and is free from
organic or clay-like materials.

Synthesis and characterization of
copolymers: Copolymer blend based on polyvinyl
alcohol (PVA) with urea (U), were synthesized with
composition ratios 65: 35 (M1), 50: 50 (M2) and 35:
65 (M3) glacial acetic acid as catalysis. The
preparation of copolymers and the methods of
analysis (*H NMR, rheological and morphological

6

techniques) have been previously described in a
previous investigation [15].

Mixing and testing: Mortar specimens of size
70 mm cube were prepared in three groups. The
control mix (MO0) consists of Portland cement (PC),
sand and water. The proportion of cement to sand was
1:3 (by weight) (MO0). In mixes M1-M3, prepared
copolymers blends were added. The addition rate was
2% by weight of cement. The cement to sand ratio
was kept constant. However, the water to cement
ratio was changed so that the same consistency was
achieved.

The cement and sand were intermixed until
homogenity was achieved. Then the surfactants or
prepared latexes were added to the mixing water.
This was then added gradually to cement/sand
mixture in order to determine the water of
consistency and setting time using Vicat apparatus
[18, 19].

The resulting mortar was directly placed into 70
mm cube stainless steel moulds. The moulds were
manually agitated for 2 minutes and then on a
vibrator for another 2 minutes. The moulds were kept
in a humidity chamber at 100 % R. H and a constant
room temperature overnight, then demoulded and
cured under water till the time of testing. Testing
included compressive strength, water absorption and
combined water and was conducted at 1 day, 3, 7 and

28 days.

The determination of water absorption as per the
specifications of BS 1881: Part 122 [20],
compressive  strength, water absorption and

combined water were described in a previous
investigation by the authors [21].

Results and Discussion

Structure of Copolymers: The structure of the
copolymers blend P(PVA-b-U) is shown in Scheme
1 and further details about the synthesis and
characterization have been previously reported by the
authors [15].

NH,

Scheme 1 Structure of P(PVA-b-U).

Water/ cement ratio (W/C): The results of water
consistency of mortar mixes are graphically
illustrated in Figure 1. The water—to—cement ratio is
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one of the most important items in all tests because
special failures associated with the cement structures
are essentially due to either too much or too low
water that is added during mixing [22]. The W/C ratio
for mortar mix without polymer was 0.525. The
premixed grafting polymer with mortar mixes
decreases W/C ratio from 0.525 to 0.49 (M1).
However, increasing the PVA content in the blend
copolymer decreases the W/C ratio of the mortar
mixes.
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Figure 1 The effect of blend copolymer on W/C ratio of
mortar.

Setting time: The setting time (initial and final)
of mortar premixed with blend copolymers are given
in Figure 2. The setting time of mortar extends with
the addition of blend copolymers to mortar. From
Figure 2, it is clear that, as the content of PVA in the
blend copolymers increases, setting times decreased.
This is fundamentally because of the water losing by
evaporation from the external surfaces of the samples
mixed with the blend copolymer is generally not as
much as that of the control mortar mix [23].
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Figure 2 The effect of blend copolymer on setting time
of mortar.

Workability: The results of the mortar
workability tests are shown graphically in Figure 3.
The outcomes demonstrate that the workability of
mortar without polymer (MO0) is 128 mm; but there
was an expansion in workability estimation with the
addition of blend copolymer. This expansion in
workability was attributed to the blend copolymer

being a surface-active agent. Figure 3 shows sharp
increase in flow of mortar with increasing the content
of PVA in the blend copolymer. Mortar mixed with
65% PVA gave the highest flow with 190.4 mm
while mortar mixed with 35% PVA gave the lowest
flow with 158.7 mm. Increasing of the mortar
workability is principally determined as far as
enhanced consistency because of both the ‘ball
bearing' activity and the dispersing impact of
polymer [24].
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Figure 3 The effect of blend copolymer on workability
of mortar.

Water absorption: For the most part, the
contact of cement in mortar with water, cement
retains water in view of its permeable microstructure.
The lower the water absorption, the lower the porous
pore volume [25].

The effect of blend copolymer with different
content of PVA on water absorption of mortar is
demonstrated graphically in Figure 4. It is clear that
the water absorption of the mortar mixed with blend
copolymer decreased with the increasing of PVA
content in the blend copolymer. This is ascribed to
the hydration procedure occurring. Different
investigations additionally demonstrated that the
polymer fills the voids in the cement grid [26, 27].
Polymer-modified mortars are therefore expected to
be more resistant towards penetrating aggressive
environments than control mix.
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Figure 4 The effect of blend copolymer on water
absorption of mortar.
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Figure 5 The effect of blend copolymer on compressive
strength of mortar.

Compressive strength: Compressive strength
of mortar increased with addition blend copolymer to
mortar mixes as shown in Figure 5. As appeared from
Figure 5, the compressive strength of mortar
premixed with blend copolymer (M1, 65% PVA) is
higher than that of mortar mixed with blend
copolymer (M2, 50% PVA) and (M3, 35% PVA) at
all curing periods. This is chiefly because of the
adhesive activity due to polymerization or
crystallization of the polymeric materials the excess
of polymers deposits and polymerizes inside the pore
arrangement of the solidified mortar cubes. The
development of crystalline structure goes about as
nuclei for different components. This may keep on
enlarging precious crystals and solid arms-bearing
high strength [28]. The consequences of compressive
strength of mortar blended with united. This tends to
enhance and upgrade the mechanical properties of the
mortar cubes. Moreover, the higher level of
polymerization and the higher powers between the
particles of cement and those of the polymeric

materials are the fundamental elements in charge of
the generally higher compressive strength [29].

Conclusions

Based on the results of the conducted studies,
it is possible to conclude the following:

»The addition of blend copolymers (M1; 65%
PVA & M2; 50% PVA) to the mortar mixes improves
most of the specific characteristics of the mortar;

»The addition of blend copolymer to mortar
decreases water/ cement-ratio decreases, i.e. the
blend copolymer acts as a water reducing agent when
mixed with the mortar;

»Setting time of mortars increased with
increasing the content of PVA in the blend
copolymers.

»The flow table results showed that the blend
copolymer enhances workability of mortars specially
with 65% PVA.

»>Water absorption of the mortar premixed
with the blend copolymers (65% & 50% PVA)
decreased while with blend copolymer 35% PVA
increased.

»Compressive strength of mortar increased
sharply compared with those of the reference mortar.

» As the ratio of PVA in the blend copolymer
increased, the properties of the mortar also improved.
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ApaJiac conojMMepJiepaiH HeMeHTTi epiTiHAiHiH pU3uKa-MeXaHUKAJBIK KacueTTepine acepi
JI. Bek0aeBa, Juabcaiin Herum, I'. Eauroaesa, E. 'anxuan

Tyilingeme. Byn 3eprreyae apanac cOmoauMMepiepaiH KYphUIBIC epiTiHAICIHIH KOCTIATaphIHBIH (H3NKO-MEXaHUKAJIBIK
KacHeTTepiHe ocepi KapacTeIpbuIbl. Apanac comonmmepiep 65/35, 50/50 sxome 35/65 xocmamapeiHAa OpTYpdi
KaTbiHacTarbl monuBuHW crmpTidie ([IBC) sxone moueBmHaubiH (M) cymarsl epitiHmici HerisiHme, My3mbl Cipke
KBIIIKBUTBIH TIKKIII KOCBUIBIC PETiH/IE TaiianaHa OThIPBINT CHHTE3CI . 3epTTEIeTiH epiTiHAIHIH (PU3HKa-MeXaHUKAIBIK
KacHeTTepiHe JKaTaThIH: CY / IEMEHT KaThIHACHI, KATAI0 YaKbIThl, KO3FAJFBIIITBIFbI, CY/bl YCTaFbIIITHIFbI XKOHE KbICYyFa
OepikTik Kymi OenrineHnai. Apanac comoauMepiep i KyphlIbIC epiTiHAiciHe KOCY, epiTIHAIHIH KOCTIalapbIHBIH (PH3HKO-
MEXaHMKAJBIK KacheTTepiHe acep erTi. Apanac comosmmMepiepaeri [IBC KypaMblHBIH apTybl caliiapblHAH CyJIbIH
KYpPaMJIbUIBIFBl A3aiblll, KaTalo YakbIThl (0acTamkbl >KoHE COHFBI) KbIcKapnbl. KaraiifaH IEeMEHT macTajapbiHBIH Cy
CIHIpTIIITITi TOMEHAeN, OEPIKTIri ChIFbUTY KYIIiHIH OapIIbIK THIpATALMSICEIHBIH YJIFAlOBIMEH Oipre ocTi.

Tyiiin ce3nep: Kypouibic epitinmici, [IBC, MoueBHHA, IEMEHT, CHIFBULY KYIIi, KO3FAJFBIIITHIFHI.
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Bausinue cMmeceBbIX COMOJMMEPOB HA (PU3UKO-MeXaHUYECKHe CBOMCTBA IEMEHTHOI0
pacTBoOpa

JI. bekbaeBa, dabcaiin Herum, I'. Eninroaesa, E. Nan:xuan

AHHoOTanusl. B HacTosImEM HCCIe0BaHNH UCCIEAYESTCS BIMSHUE CMEIIAHHbBIX COMOIMMEPOB Ha (DPU3UKO-MEXaHUUECKHE
CBOHCTBA CTPOMTENBHBIX PACTBOPHBIX cMeceld. CMeIIaHHBIE CONOJUMEPH OBUIM CHHTE3MPOBAHBI Ha OCHOBE
nosuBuHuiIoBoro cnupra (IIBC) u moueBunsr (M) B BOZHOM pacTBOpe C pa3IMuHBIMH COOTHOLICHUSIMHU cMecer 65/35,
50/50 m 35/65 COOTBETCTBEHHO, C WCIIOJIb30BAHHMEM JICISTHOM YKCYCHOHW KHCJIOTHI B KauecTBe cimBku. Dusmko-
MEXaHWYECKHE CBOMCTBa HMCCIIEAYEMOrO pPacTBOpa BKIIOYAIM COOTHOILICHWE BOJAa / LIEMEHT, BPEMsI CXBAaTBHIBAHMS,
MOJIBMYKHOCTB, BOJIO-TIOTJIOIIEHHE M IIPOYHOCTh Ha ckaTue. J[o0aBiaeHre CMEUIaHHBIX CONOJIMMEPOB B CTPOUTEIBHBIN
pacTBOp BIMSUIO HAa (PU3MKO-MEXaHMYECKUE CBOMCTBA pacTBOpHBIX cMecel. ITo mepe yBenmmuenus conepkanus [IBC B
CMELIaHHBIX COIOJUMEPaX KOHCUCTEHIIMHM BOJbI CHIDKAJIACh, TOT/Ia KaK BPEMs CXBaThIBaHUS (HaYaJbHOE M KOHEYHOE)
cokpamanoch. [IpodHOCTE IpH CKaTHM 3aTBEPICBINMX IEMEHTHBIX MAcT YBEIMUYMBAIACh IPH BCEX BO3PACTAHUH
THApaTalyH, TOr1a KaK BOJO-TIOTIO0IMAEMOCTh YMEHBIIAIOCH.

KaioueBnlie ciioBa: crpoutensHbli pactBop, [IBC, MoueBHHa, IEMEHT, IPOYHOCTH Ha CXKATHE, TTOIBIKHOCTb.
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AHHoTaumss. B paboTte 0606WieHbl NUTEpaTypHble [OaHHble, PacCMOTPEHbl CMOCOObI  NOnyYyeHus
BbICOKOAMCMNEPCHBIX (POPM OKCUAA LiMHKa NErMPOBaHHbIX peAKO3eMeNbHLIMMW arieMeHTamu. JlermpoaHue ZnO
peako3emernbHbiMU U 4d NepexoHbIMKU 3NIeMEHTaMU SBASETCH NOMYNsSpHbLIM METOAOM MaHWUNyrnMpoBaHust
ONTUYECKMMU CBOUCTBaMM cucteM ZnO. OTM cuUCTEMbl MOryT Takke ob6nagatb CoBCTBEHHbIM
heppomarHeTM3amMom us-3a X MarHUTHOro MOMeHTa, nepefaBaemoro Ha 4f n 4d anekTpoHbl. U3noxeHbl Takke
nccnefoBaHVs aBTOPOB B 3TOW 06nacTu, MMEIOLLUX Lienbio ncnonb3osaHne ZnO B KOMNO3MTax MeTann/okcna:
M3yyeHbl CBOWCTBA MOPOLUKOB OKCWAA LMHKa nermpoBaHHblx P3M, nomyvyeHHblX pasnuyHbIMy
TEXHONOrM4YecknMm metogamu. beinm nayyeHol paboTbl MO NONYYEHNIO ONUCAHHBIX CTPYKTYP, NOAGOP NyyLumx
TEXHOIOrMYECKNX NapameTpoB pocTa TOHKMX NNEHOK. B cBA3M C pa3BMTUEM HaHOTEXHOMOrMU, CoeanHEHUs
P33 npunobpenu ewle 6onbLUy0 NONYNAPHOCTb U MCMOMb3YOTCA AN NONYYEHUS HAHOMOMUHOMOPOB, TOHKMX
NNeHOK, MUKPOMOPUCTbIX MEMOPAH, 305b-refb CTEKON.
KnioueBble cnoBa: oOKcWA UMHKA, peaKo3eMeslbHble
TMAPOTEPMaribHbIA METOS, MUKPOMOPOLLIOK.
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BBenenue 30HHOMI LIENbIO (3,37 3B) SIBITSICTCS

noynpoBogaukoM II-VI um obGmamaer OGombIoif

CeromHs yncTbie M BO30OHOBIIIEMbIE UICTOYHUKH
SHEPTUM  OYEeHb  BaXHB  M3-3a  jAedunura
HCKOIIaeMOT0 TOTUIMBA M 3KOJIOTHYECKHUX MPoOIeM.
[TomynpoBOJHUKOBBIE MaTepHaNbl C PA3IUIHBIMHU
CTPYKTypaMH H MOP(OJIOTHEH HCHOIB3YIOTCS B
Pa3NUYHBIX 007acTAX MCCIEAOBAaHUNA M pa3pabdOTOK
YUCTOW ¥ BO30OHOBIIIEMOW DJSHEPIHHM U3-3a UX
YHUKaQIBHBIX  Xapaktepuctuk  [1-3,  27-29].
CrpykTtypa, Mopdoorus 5 CBOMCTBa
MOJTyTIPOBOJHUKOBBIX ~ MAaTepHaliOB  CBSA3aHBI He
TOJIBKO € MaTepHallaMU-TIPEAIIECTBEHHUKAMHA U
METOJIaMH TOJyYEHHs, HO TakXe C NPHUMECBIO H
TeMIiepaTypaMu OT)KHTA [4-6]. Cpenn
MOJTYTIPOBOJHHUKOBBIX MaTepranoB ZnO ¢ MIMPOKOM

12

sHepruedl cBs3u skcuronoB 60 mdB [7-8]. ZnO
oOmagaer OTJIMYHBIMH ¢$uznUIecKuMH u
XIMHYECKUMHU CBOWCTBAMH, KOTOpbIE NEJal0T €ro
VHHKaJbHBIM MaTepUallOM JUII MHOTHX YCTPOMCTB
NyTeM  JIETHPOBAaHHUS  Pa3iMYHBIMH  HOHAMU
penkozeMenbHbIX 1eMenToB [9]. HanopasmepHsie
MaTepuanbl  00NMaJaoT  IMHUPOKHM  CHEKTPOM
3IIEKTPUIECKUX, MATHUTHBIX ¥ ONITUYECKUX CBOUCTB,
BBI3bIBAS ~ AKTUBHOCTH ~ MHPOBOTO  HAayYHOI'O
coobmiectBa B IOJNY4YEHUH,  HCCIICAOBaHUU
(dyHIaMEHTaIbHBIX CBOWCTB, TOUCKE TIPAKTHYECKOTO
MPUMEHEHUS Pa3IMYHbIX bopm
HAaHOKPUCTAIUTMYECKUX MaTrepuayioB (HHUTEH, JIEHT,
TETPanoioB, MPYXHUH U T.A.). OTCyTCTBHE IIEHTpa
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CHUMMETPUHU Y BIOPIIMTHON CHUHTOHUH, K KOTOpPOU
npuHauIeXKUT ZnO, MNPUBOAUT K TOSBICHUIO
MbE303JIEKTPUUECKUX u MAPOAIEKTPUIECKUX
CBOWCTB, II0O3BOJIAI  MOJEIHMPOBATh  AKTHUBHBIC
3JIEMEHTHI Ul HYKJ HaHOMbE303IEeKTPOHUKH. ZnO
SIBIIAETCS  NEPCHEKTUBHBIM  MaTepHajoM  AJs
cozmanus Y @ uznydareneid, CnuH-(QyHKITHOHATBHBIX
npubOpoOB, Ta30BBIX  CEHCOPOB,  MPO3pavyHON
JNIEKTPOHHMKH, TPUOOPOB HAa  MOBEPXHOCTHBIX
aKyCTHUYECKMX BOJHaX, U np. [10]. B To xe Bpems
ZnO wmMmeeT psja MPEUMYIIECTB, TaKMX Kak Oojee
BBICOKOE 3HA4YEHHE SHEPIHMM CBSI3M JKCHUTOHOB H
BO3MO>KHOCTh peallu3allii psfa HAHOCTPYKTYpP NpH
HeBBICOKHMX 3aTpatax [l1]. DOtm mpeumymecTBa
MO3BOJIIIOT CO3/[aBaTh Jia3ephl, padoTarolue Mpu
BBICOKMX TemmepaTypax [12]. Psan nHaHOCTpyKTYD,
TakuxX Kkak HaHOHUTH [13], HaHOBoJIOKHa [14],

HaHOWTIBI  [15]  SBASIOTCS  MPEBOCXOTHBIMH
MOJIEBEIMM  AMUTTEpaMH. Takum o00pa3oMm, Mpu
YCJIOBUH pazpaboTku BBICOKOA((EKTUBHBIX

JIOMHUHOQOPOB HAa OCHOBE MHKPO - M HaHO-
CTpYKTypHpoBaHHOTO ZnO, 3TOT MaTepual HUMEeT
HauOoOJNbIINE  TEpPCHEeKTUBBI  JUISI  CO3JAaHHUsA
MOJTHOCTBIO MHTEIPHUPOBAHHOIO UCILIES C MOJIEBOH
S3MUCCHEN. JlerupoBaHue penKO3eMENbHBIMU
Metauiamu  (P3M) pmaHHOTO — MONMYNMPOBOJHHKA,
OTKPBIBAET NEePCIEKTUBBI CO3JIaHMSA
cBeromznydaromux npuoopo (LED) ma 3amaHHyIO
JUIMHY BOJIHBI KaK B BUIUMOH (Tipu JerupoBanuu Tm,
Er, Eu), Tak u OmmwkHell wuHpakpacHOH (mpu
nerupoBannd Yb, Sm, Er ) oGmactsax cmexrpa.
[TpuGops! Ha ocHoBe ZnO, nerupoBanusie P3U (Er,
Ho, Nd, Pr), moryTr paboTarb mpu MOBBIIEHHBIX
TeMmIreparypax, NpH TIOBBILIEHHBIX BO3IEHCTBUAX
WOHU3UPYIOUIUX  M3JIy4YCHUI S,  TOCKOJIbKY
TEeMIIEPATyPHBIN CTIaJ] BHYTPUIIEHTPOBBIX MIEPEX0/I0B
00paTHO MPONOPLUOHANIEH BEJIMYMHE IIUPUHBI
3ampenieHHold 30HBL. Jlermpyromme npuMecu npu
co3nanuu LED mnopOuparorcs 1O JJIMHE BOJIHBI
BHYTPHUIIEHTPOBBIX TmepexonoB P3M. Ilpu stom
HEOOXOIUMBIM  YCIOBHEM  SIBIISIETCA  TaKKe
peanu3anys UHTEHCUBHOTO M3Ty4YeHHs Ha 3aJJaHHOMN
JUIMHE BOJIHBI WJIM TOJy9eHHE HWHTEHCHUBHOTO
m3nyuenuss g LED Oemoro mBera, T.e. ans
TBEPIOTENBHOIO OcBemieHus. Bee 3t TpeboBanus
MOTYT OBITh YJIOBJIETBOPEHBI I TPH BBICOKON
3¢ GEKTUBHOCTH JIETUPOBAHUS MOTYIPOBOIHUKOBON
Matpuuel. Ilapk wm  gp. [16] wusroroBunu
moMuHodopsl ZnO:EuCls B pa3ivuHbIX BHEIIHHUX
cpenax M MpH pa3HbIX TEMIIEPATypax U UCCIEAOBAIH
ONTUMAaJIbHBIE YCIIOBHS U1 B3auMopaencTeus Eu u
ZnO ¢ Uenpl0 TONYyYeHUS YHCTOTO KPacHOTO
m3aydenus. Opmako Dymkuxapa u ap. [17]
MPEIIONIOKMIN, YTO JIOMUHO(OP, W3TOTOBICHHBIN
[Tapkom u ap. mpencrasiseT coboil Ha caMoM Jiene
cmech ZnO u EuOCl, u kpacHOe H3JIy4eHUE HCXOTUT

or kpucrauiuto EuOCl. B cBoio odepens
QymKuxapa U Ap. U3rOTOBUIM TOHKOILIEHOYHBIN
KpacHbId JIIOMUHO(GOP Ha OCHOBE HAHOKOMIIO3HMTA
Zn0:(La,Eu)OF, B xoTopom Hanouactuirsl (La, Eu)
OF Obutn BHeApeHs! B MaTpully ZnO, W mokasai,
uT0 MOHBI Bu®" BHENPEHBI MPAKTHYECKH B PELIETKY
LaOF, a w™exanm3mMoM BO30YXXACHHUSA SBISETCS
nepeHoc 3apsaaa Mexay nonamu Eu®t u O 2,

B pabGorax Anp Pudam [18] mposeneno
HCCIICIOBAHNE MHKPOCTPYKTYPHBIX M OINTHYECKHX
CBOMCTB JIETUPOBAHHBIX HAaHOHUTEH Zn0O.
MOHOKpHUCTaIIIMUECKHE JIETUPOBAaHHbIE MHUKPO U
HaHOHUTH ZnO OBUIM CHHTE3UPOBAHBI METOJOM
CVD 6e3 wuCIONb30BaHUS — JOMOJIHUTEIBHBIX
KaTann3aTopoB. HaHOCTpYKTyphl OBUTH BBIpAIICHBI
Ha CTEHAX aJIyHJIOBOM JIoAoukH (Turist). CTpyKTypa
Y CBOWCTBA JIETUPOBAaHHBIX HUTEH ZnO MONTHOCTHIO
xapakrepusyercs ¢ nomouipto XRD, EDX, COM,
[19M, ®JI meronoB. CHUHTE3 IPOBOJWICS B TCUCHHE
10 MuH, B pe3ynbTare KOTOPOIO MOJIYYEHBI
BEPTUKAIBHO OPHECHTHUPOBAaHHbBIE HaHOHHUTHU
nuamerpoMm 50-400 HM W IIIMHOM JO HECKOJBKUX
MUKpOH. HaHOHMTH BBITSHYTBI BHIOJIb C-OCH B
HaIpaBIeHUH + [0001]. Konnenrpanus
JIETUpYIOLIE MpUMECH B HAHOHUTIAX OKa3alach
paBHa 0,8 aromHubIX %. Kpucramimueckas cTpykTypa
W CBOICTBa JIETUPOBAaHHBIX OOPAa3OB  OBLIN
[IPOaHaIM3UPOBAHBI B CpaBHEHHHU c
HenerupoBaHHbiM ~ ZnO.  CaMoOpraHMu3yIOLIHecs
TeTpanoAbl ObUIM BBIpaLIeHBl 0€3 HCIOIb30BaHUS
KaKMX-TH0O 3aTpaBOK IO MeXaHW3My pocta VS
(«map-xpucramun»). Mexny Tem, VLS Mexanusm
MpejnojaraeT  HCIOJIb30BaHUE  KaTaJU3aTOpOB
(o06bryHO Au, Pt m 1p.) u 00BIYHO OOyCIABIMBAET
pOCT  HAaHOHUTEH  WJIM  HAHOCTEPXKHEH  C
QHAJIOTMYHBIMU ~ pa3MepaMHl U MapaIeNbHOM
opuenranueid. Takum oOpas3om, Ipenmnonaraercs,
gT0 moporiok okcuna esporus (I1I) urpaer ae ponu
B IIpoliecCe CHUHTe3a. Bo-IepBBIX, OH HMEET
peraroiiee 3Ha4YeHHE AJ1s TOATOTOBKH POCTa 33 CUET
MOTJIOLIEHHUS 1TapoB Zn. Bo-BTOpBIX, OH ocaxnaercs
Ha MIOBEPXHOCTH THUIJIA B BUJI€ HAHOKAIIEIb €BPOIIHS,
KOTOpBIE HE TOJBKO OOECHeuMBaAIOT IIAOIOHBI IS
JalpHemero pocra, HO W 00yCJIaBIMBAIOT
BEPTUKAIBHO  OPHEHTHPOBAHHBIA  POCT,  YTO
MPUBOJUT K BHIPABHUBAHHUIO HAHOHUTEH C YCIEITHO
BKIIIOYEHHBIM B PEILETKY OKCHIa LIMHKA €BPOITHEM.
Ha mnauvaneHOM cragum pocra, map Zn cC
pacTBOPEHHBIMH YacTUIIAMH €BpOMHUs  00paszyeT
*KuJkui pacmaB. Ilocie mnepecwlllieHus, map ¢
HaHOYaCTHLIAMH €BPOIIUS PEarupyer ¢ KHCIOPOIOM,
OCaXJasich TOHKMM CJIOEM Kamleilb Ha THUIIE,
OJTHOBPEMEHHO SIBJIAIOLIMMCS MOJI0KKO0M. [lepBbiii
3Tall pocTa MPOUCXOOUT IO MEXaHHU3MY «Iap-
JKUIKOCTb-KpUcTaluD». OOMIbHOE MPUOBITHE HapoB
ZnO gemaer Hambojee BEPOSITHBIM POCT TIO
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MEXaHU3My  «Iap-KpUCTalll», KakK CIIEACTBUE,
HAaHOYACTHIIBI KaTallu3aTopa WHKAICYIHPYIOTCS B
KPUCTATMYECKYIO PEIIETKY OKCHJIa NUHKA. Takum
00pa3oM, Ha BTOPOM 3Talle CHHTe3a, korma VLS poct
elIe HE NPEKpaTHIICA, HO MeXaHu3M VS yxke
HaunHaeT mnpeoOnanath. Ha mnocnenneld cragun
nporiecca pocTa, YaCTUIIBI Karanuzaropa
M30JIMPOBAHBI OT TMApOB peareHTa W HE WIParoT
Hukakod ponu. Kak pe3ynbTar, MEexXaHH3M «Imap-
kpuctamwm (VS) ciocoOcTByeT galbHEHIIIEMY POCTY
Hutent ZnO.

N3BecTHO 4TO ZnO JIETUPOBAaHHBIE
peAKO3eMETbHBIMU 3IeMEHTaMHI OKa3bIBAIOT
CYLIECTBEHHOEC BIMSHHE Ha JIFOMHHECIEHIMIO,

XAMUYECKYI0 M TOBEPXHOCTHYIO MOJU(PUKAIIHIO
ZnO. B cuenyromeir pabore [19] OIUH W3
JAHTAHOUAHBIX 3JIEMEHTOB Y HCIIONB30BAJICS B
KayecTBe JIETUPYIOLEH A00aBKU Il yIydIIEHUs
razodyBcTBUTENbHOCTH ZnO.  ABTOpamu ObuH
WCTIONB30BaHBl MHOTHE METOABl CHHTE3a JUIs
MOJYYEHUs] HAHOYACTHIl OKCHAA ILIMHKA, BKIIOYas
XUMHUYECKOE OCaKIcHHE W3 mapoBoil (azel [20],
301p-Tens  Meron [21], MeTom MHpPOIHU3HOTO
pacobuteHust [22], Meron TBepaoGhasHOW peakiuu
[23] u rumporepmansHBIi MeTom. [24]. ABTOpHI
NPUILUTH K BBIBOAY YTO, TUAPOTEPMAIBLHBIA METO.
SBIISIETCS. JOBOJIBHO HPOCTBIM M MOAXOJSIIUM JUIS
MPOMBIIIJIEHHOT'O IPOU3BOACTBA, KOTOPOE MTO3BOJIUT
pa3paboTaTh HEIOPOTOM IPAKTHUYSCKUH Ta30BbIN
JATYUK A7l OOHApY)KEHUsI BEPOSATHBIX XHUMUYECKUX
areHToB. B wacTHOCTH, THIpPOTEpMaNbHBI METOX
paccMaTpuBaeTcsl Kak IPHUBIIEKAaTEIbHbIM Ipolecce
noydeHus JerupoBanHoro Eu ZnO u3-3a mpocToTHI,
HU3KOM CTOMMOCTH, BO3MOXXHOCTH MAacCOBOTO
MIPOM3BOJCTBA M 3KOJIOTHUYHOCTH. TeM He MeHee,
€CTh HeCKOJbKo coobmennii o ZnO:Eu B Buue
Oenoro mopomka. B aroit  pabore  ZnO,
nerupoBaHHbIl Eu, CHHTE3UPYIOT C HCIIOJIB30BaHUEM
TUIPOTEPMAIBHOTO MeToza. OO6cyxparorcst
MOJPOOHBIC HCCIICAOBAHUS BIUSHHS JICTUPOBAHHS
Eu na wmopdonornyeckux W KpUCTAITMUECKUX
CTPYKTypax CHHTE3UPOBAaHHBIX CBOHUCTB ZnO
MEXaHHU3M [EPEeHOCa SHEPTHU.

B pabote [25] u3yuensl ctpykTypa, Mopdonorus
W JIIOMHUHECIIEHTHBIE CBOMcTBa HaHouactur ZnO,
JIETUPOBAHHBIX eBponreM (Eu+) (NP),
MOJATrOTOBJICHHBIE METOAOM coocaxkaeHus. [lpu
BO30YXIeHUU C ucnonb3oBanueM 325 um He-Cd-
Jazepa  HeJIETMpOBaHHbIE  HaHouyacTHIpl  ZNO
JIEMOHCTPHPOBAITU cimabo M3BECTHYIO
yIBTPaduOIETOBYIO 9KCUTOHHYIO
PEKOMOMHAIIMOHHYIO dMHCCHIO (TIpr ~ 384 HM) H
CWJILHO IIUPOKOMOJIOCHBIE BHUJIUMBIC W3IYyUCHUS,
cBszaHHble ¢ nedextamu (mpu ~ 600 HM). Kpome
Toro, HaHodacTHUsl ZnO o0iagaiu 3eJeHbIM
miyaeaneM 1pu ~ 600 HM, CBS3aHHBIM C
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neeKTaMu, MpHu BO30YKICHUH C HCIOJIh30BaHUEM
MOHOXPOMaTU3UPOBAHHON  KCEHOHOBOW  JIAMIIBI.
B nmanHOM wucclieoBaHMM MEXaHH3M OOMEHHOTO
B3aUMOJICUCTBUSL  ONpeldeleHa  Kak  IpUYMHA

KOHIIEHTPAIMOHHOTO  TYIIEHUS JIIOMUHECLEHIUU
HaHouactul ZnO, nerupoBaHHbIx Eu 3+

Pucynok 1. Muxpodororpadun FE-SEM (a)
HenerupoBaHHBIH ZnO, (0) HU3KOE 1 (B) BEICOKOE
yBenuuenue 1,0 mon.% Eu3 +, neruposannoro ZnO, n
(d) EDS ananus 1,0 M01.% Eu? +, terupoBanHbIX
HaHo4acTHIaMHu ZnO

B pa6ore [26] mienku ZnO, neruposanubie Er u
Eu, d¢opmupoBamuce METOIOM  pPEaKTUBHOTO
MarHeTPOHHOTO PACHBbUICHHUS M3 IWHKOBOW MUIIIEHU
¢ pgobasxkamu comeir Er m Eu. Coortnomienne
comepkanusi nuHKa W P3M  BBIOMpAOCh TaKUM
obpa3zoMm, 4roObl ocaxmaemas ZnO IIeHKA
cogepxama 0,7 at.% — 1 ar.% Er. Pacnpuienne
MIPOU3BOAMIIOCH B cpejie aproHa ¢ qobasienueM 20%
KHcIopoaa. B xadecTBe Mo/ioKeK MCIONb30BaJIHCh
K3®-0,5 u KJIb-1. Ilocne cuHTe3a mpOBOAUINCH
TEPMUYECKHE OT’KUTH Ha BO3AYXE B TEMIIEPATYPHOM
nuarmazone 300°C — 900°C.

Pucynok 2. M300pakeHHs IOTIEPEIHOTO CEYCHUS
obpasnoB ZnO:Eu (a) ZnO:Er (6) Ha kpeMHNEBOM
MOJIOKKE, MTOTYYEHHbIE CKAHUPYIOUIEH 3JIEKTPOHHOU
MUKPOCKOIIHEN
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M3o0pakeHHsI TOMEPEYHOTO CEYCHMsI IDICHOK  Bpems il IDieHOK ZnO, JermpoBaHHBIX Eu,
Zn0, JISTUPOBAHHBIX P3M, MOJy4YeHHBIE  XapaKTepHBI OOJbIINE 3epHA C pa3MepaMu B 00J1aCTH
CKaHUPYIOIIEW  AIIeKTpOHHOW  MuKpockomuedt, ~ 0,1 mxm — 0,3 MKM, YTO CpPaBHHMO C TONIUHON
mpenctaBieHsl Ha pucynke 2. Kak BumHo w3 mureHkH. Takum o6pa3om, METOJOM MarHeTPOHHOTO
pucynka, 1ieHkn ZnO, JerupoBaHHble Er, HanbUICHHS  TOJIyYeHbl  KAYSCTBCHHBIC  IOJNY-
NpeACTaBsIIOT  COOOH  IJIOTHO  yNAKOBaHHBIE  IPOBOJHUKOBBIE CIOM OKCHIA LUHKA C TJIOTHOH
CTPYKTYPHI C MPAKTUIECKH TJIAJKOH MOBEPXHOCTHIO YIaKOBKOW KPUCTAJIUTOB.

u pazmepami 3epeH ~ 0,1 mxMm — 0,15 Mxm. B To xe

Ccblika Ha 1aHHYI0 cTaTbio: Kementexosa A.E. Myxamenmmiaa /I.M. CHHTE3 BRICOKOUCTIEPCHBIX (JOPM
OKCH[Ia IIMHKA JICTUPOBAHHBIX PEIKO3eMeNbHBIMU 1eMeHTaMu  (0030p) // KomimiekcHoe ncrons30BaHme
MuHepaibpHOro cbipbs (Kompleksnoe Ispol’zovanie Mineral’nogo Syr’a). —2019. — Ned4 (311). — C.
12-18. https://doi.org/10.31643/2019/6445.33

Cupek Ke3aeceTiH 2jileMeHTTepMeH 0ailIaHFaH MbIPBILI OKCHAIHIH Maiiia Aucnepcri
(¢opmanapbin cuHTe31€Y (LIOJTY)

KemenbexoBa A.E., Myxameqmmna .M.

Tyiingeme. bepinren Makanaga CHpeK Ke3IECETiH AIeMEHTTEpi 0ap MBIPHIII OKCHIIHIH YKOFapHI JUCIIepCTi hopManapbiH
aly omicTepi JKaWIBI oNeOMETTEpACH MOJIMETTep J>KHHAKTAIFaH. MBIPBII OKCHAIH CHPEK Ke3ICCETiH IKepIiK
MeTalIapMeH koHe 4d eTIelni AIeMeHTTepiMeH JISTUPIeY HOTIbKeciHne ZnO KylenepiHiH ONTHKAIBIK KaCHEeTTePiH
apTThIpy MYMKiHAIri Tyanbl. CoHbIMeH Kartap, Oyn skydenep 4f xone 4d snekTpoHgapbsiHa OepilieTiH MarHHUTTIK
MOMEHTIHE OaiIaHBICTHI ©3/ePiHiH (epPOMArHeTH3M KacHeTiHe ue 00aybl MyMKiH. MeTasul / OKCHI KOMIIO3UTTEPiH e
ZnO KoJIaHy MaKcaThIHIAa KacalfaH aBTOPJAPIbIH 3epTTEyJiepi OOMBIHINIA: Op TYpJi TEXHOJOTHSUIBIK OIiCTEpPMEH
aNbIHFaH CUPEK KEpJiK MeTalJapMeH JICTHPIICHTeH MBIPBII OKCHII 3epTTeiareH. CunarranraH KYpbUIBIMAAPIbI aily,
KYKa TOCEHIIITEpJiH ocCyiHe apHaJFaH €H >KaKChl TEeXHOJOTHMSUIBIK IapaMeTpiiepAl TaHJay >KYMbICTapbl JKYpIi3iimi.
HaHOTeXHOJIOTUSIHBIH JaMyblHa OalJIaHBICTBl CHUPEK JKEPJIK MEeTalJbl KOCBUIBICTApHI MaiijanaHy OYpBIHFBIIAH Ja
TaHbIMaJ 00J1a GacTa bl )KOHE HAHOJTIOMHHODOPIAP/IbL, )KYKA TOCCHIITEPAl, MUKPOOPTaHHKAJIBIK MeMOpaHanapIsl )aHe
30J1b-TeJIb KO3UIIPIKTepiH MIBIFapy YIIiH KOJIAaHBUIATEIHEI KOPCETUIII.

Ty#ingi ce3mep: MBIPHII OKCHII, CHPEK Ke3IeceTiH aeMeHTTep, mromuHadop, CVD amici, ruapoTepManbIbl 9Iic,
MHKPOYHTAK.

Synthesis of finely dispersed forms of zinc oxide doped with rare-earth elements (review)
Kemelbekova A.E., Mukhamedshina D.M.

Abstract. The paper summarizes the literature data, considers methods for producing highly dispersed forms of zinc oxide
doped with rare earth elements. Alloying ZnO with rare earths and 4d transition elements is a popular method of
manipulating the optical properties of ZnO systems. These systems may also have their own ferromagnetism due to their
magnetic moment transmitted to 4f and 4d electrons. Investigations of authors in this field with the aim of using ZnO in
metal / oxide composites are also described: the properties of zinc oxide doped REM powders obtained by various
technological methods are studied. We studied the work on obtaining the described structures, the selection of the best
technological parameters for the growth of thin films. In connection with the development of nanotechnology, REE
compounds have become even more popular and are used to produce nanoluminophores, thin films, microporous
membranes, and sol-gel glasses.

Keywords: zinc oxide, rare earth elements, phosphors, CVD method, hydrothermal method, micropowder.
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Abstract. Graft copolymer P(MPEG-g-VAc) have been prepared by the graft polymerization with a different ratios of
mPEG with Mn=2000 macromonomers and Vinyl acetate VAc in the presence of benzoyl peroxide as an initiator using
a macro radical initiator technique under influence of heating in toluene has been observed. The graft copolymer
P(mPEG-g-VAc) thus formed was characterized with scanning electron microscope SEM, nuclear magnetic resonance
'H NMR, 3C NMR, differential scanning calorimeter DSC, thermo gravimetric analyzer TGA and Fourier transform
infrared FT-IR techniques. The results of characterization techniques shows formation of copolymer P(MPEG-g-VAc)
while the optimum condition among the studied parameters were as follows; monomer concentration 0.4 mole L, ratio

(10:90), reaction temperature is 60-85 °C and reaction time is 3 h.
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Introduction

Graft copolymerization is the process in
which monomers are bonded to starch backbone
through strong covalent bonds. Graft copolymers
also exhibit good phase separation and are used for
a variety of applications, such as thermoplastic
elastomers, compatibilizers, concrete additives,
polymeric emulsifiers and surfactants. Due to their
branched structure, they melt easily and have
potential to achieve a new field of application
because of their structures, which is advantageous
for processing. [1-5, 13-16].

In addition to other complex polymer systems
comprised of star, block, and dendritic architectures,
graft copolymer synthesis is an important aspect of
polymer science, which continues to receive
considerable attention. Graft copolymers can be
described as having the general structure 1, where
the main polymer backbone A, commonly referred

to as the trunk polymer, has branches of polymer
chain B emanating from different points along its
length. The common nomenclature used to describe
structure 1, where polymer A is grafted with
polymer B, is A-graft-B, which can be further
abbreviated as A-g-B. Graft copolymers have a
variety of potential applications resulting from the
wide range of properties available when different
polymer chains are connected to form a hybrid
branched macromolecule [2].

Many authors [6-8] have distinguished
chemical modification of mPEG via graft
copolymerization. Much of their work has focused
on the synthesis and copolymerization of mPEG
macro monomers using anionic, cationic, free
radical, and condensation  polymerizations,
depending on the type of monomer used to prepare
the macro monomer.

In this paper the graft copolymer P(MPEG-g-
VAc) thus formed was characterized with FT-IR,
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IH NMR, 3C NMR, DSC, TGA, SEM techniques
and shown in Figures 1-7.

2 Experimental
2.1 Materials

Polyethylene glycol methyl ether or methoxy
poly(ethylene glycol) mPEG, Mn=2000, Toluene
(ACS reagent, reag. 1SO>99.7 %) and Hexane
(HPLC) were purchased from Sigma Aldrich. Vinyl
acetate (99 % stabilized, nitrogen flushed) was
purchased from Acros Organics. Dibenzoyl
peroxide, 97% (dry wt.), wet with 25% water was
purchased from Alfa Aesar.

2.2 Preparation of grafted copolymer
P(mPEG-g-VAC)

Firstly, 5 g of mPEG was dissolved in 100
mL of toluene and charged into a 250 mL three-
necked reaction flask equipped with a reflux
condenser, dropping funnel and thermometer. The
reaction flask was involved in a water bath (with
automatic  temperature control) with settled
temperature 60 °C. Benzoyl peroxide (0.1 % weight
mass of mPEG) was added to the mixture and
heated to 60 °C under reflux condition. The
recrystallization of benzoyl peroxide carried out,
dried in an oven at less than 40 °C and then in
desiccator over silica gel to remove water content.
In second step, the monomer vinyl acetate (VAc)
was fed to the system drop-wise for 40 minutes at
60 °C.

2.3 Mechanism of
polymerization
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Figure 1 Mechanism of the polymerization

grafting

The mechanism of free radical graft
polymerization is shown (Fig. 1), and in the step I
and Il going homolytic dissociation of compounds
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such as benzoyl peroxide using heat, that causes the
initiation of reaction. In Step IlI, free radical
combines with the trunk polymer and provide a site
to attach the Vinyl acetate (VAC) monomer which
is provide attaching on the main polymer backbone.
Step Il is the major step in the synthesis for
obtaining the desired copolymer in step V.

3 Characterization
3.1 Fourier-transform
spectroscopy

infrared

The samples were characterized by recording
the IR spectra of mPEG and P(mPEG-g-VAc) using
a Fourier-Transform Infrared Spectroscopy (FTIR)
within the wave number range of 4000-600 cm™!
and 32 scans at room temperature. These spectra
were measured with a Bruker model Alpha infrared
spectrophotometer equipped with diamond crystal.

3.2 Nuclear
spectroscopy

magnetic resonance

Nuclear magnetic resonance (NMR) spectra
(*H and C) of grafted copolymer P(MPEG-g-VAc)
were recorded on a Bruker Avance spectrometer at
300 MHz. The spectra were recorded in acetone-d6
solvent at room temperature (T = 298 K) using
acetone residual peak (& = 2.5 ppm) as internal
reference. Chemical shifts (3) are given in parts per
million (ppm) and coupling constants (J) are given
in hertz (Hz).

3.3 Thermogravimetric analysis and
Differential Scanning Calorimetry analysis

The thermogravimetric analysis (TGA) of
mPEG and its grafted copolymer was carried out
with thermo-gravimetric analyzer Mettler Toledo
Stare  System while Differential  Scanning
Calorimetry (DSC) by differential scanning
calorimeter mettler toledo stare system. The samples
were subjected to a constant heating rate of 10
OC/min. Thermal studies were performed over a
temperature range of 30 °C to 800 °C in case of
TGA. In DSC studies, the changes in the samples
were recorded up to a temperature of 100 °C i.e.
heating from -50 °C to 100 °C.

3.4 Scanning electron microscopy
The mPEG and grafted copolymer P(mPEG-

g-VAc) were characterized by using the microscopic
methods to provide information about morphology
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of obtained samples. The Scanning Electron
Microscopy (SEM) analysis was made by scanning
electron spectroscope (XHR-FESEM) model FEI
Verios 460L. Samples were coated with thin layer
of gold and examined by electron probe micro
analyzer at 5 KV.

4 Results and discussion
4.1 Fourier-transform
spectroscopy studies

infrared

The FTIR spectra of mPEG and copolymer
P(mPEG-g-VAc) are shown in Fig 2. In the
spectrum of mPEG, the -C-O-C- and -CH;-
stretching peaks were observed at 1113 and 2880
cm. The FT-IR spectra showing typical peaks for
C=C at 1634cm™!, C=0 at 1735cm ! and C-O-C at
1099 cm!, O-CHs at 1466 cm™ are in agreement
with the structural characteristics of mPEG—g-VAc.
After the formation of grafted copolymer the peaks
at 1735 cm? and 2886 are due to carbonyl group
and C-H bond respectively. Furthermore, C-O
stretching at 1241 and 1280 cm™ is also present.
Vinyl group =C-O-C- stretching at 1234 and 1341
cm? is also present. The increment in the peak
intensity in case of -C-O-C-, the reduction for -OH
and presence of carbonyl group peaks in the spectra
of grated copolymer confirm the synthesis of
copolymer P(mMPEG-g-VAC).

Figure 2 IR spectra of mPEG and copolymer
P(mPEG-g-VACc)

4.2 'H and 3C NMR studies

To obtain more evidence for the synthesized
material, the *H and ¥C NMR studies also carried
out and the results are shown in Fig 3 and Fig 4
respectively.

Various peaks can be seen for mPEG-g-VAc
in Fig 3 with different values of chemical shift.

ISSN-L 2616-6445, ISSN 2224-5243 (Print)

Figure 3 'H NMR spectrum of the obtained copolymer
P(mPEG-g-VAc)

These values of chemical are assigning on the
synthesized copolymer structure as shown in inset.
The value of chemical shift for H-C(1) was 6= 3.40
and 3.70 ppm, for H-C(2) &= 3.54, 3.55 and 3.83,
for H-C(3) 8=1.12, for H-C(4) was &= 2.63
correspond to the protons bonded to C-1, C-2, C-3,
C-4 respectively. The 'H NMR spectra also showed
the typical signals attributed to vinyl acetate (4.5
and 5.2 ppm), methyl groups (—-CHs) (1.9 ppm),
methylene group (—CHy) (3.6 and 4.1 ppm).

For obtaining the C-NMR spectrum of
P(mPEG-g-VAC), it was dissolved in acetone and
analyzed. The **C NMR spectroscopic data of
copolymers P(MPEG-g-VAc) as shown in Fig 4,
suggested a molecular formula of C7H1,04. The 3C
NMR spectroscopic data displayed 8 carbon signals,
including 3 methyls, 1 secondary, 1 tertiary carbon
and 3 carbon signals for acetone. A broad O-H
stretching absorption in the region of 1500-1700
cm! is ascribable to a carbonyl group, which was
evidenced by the carbon resonance. Table 1 also
show the value of chemical shift in copolymer
P(mPEG-g-VAc) for each carbon.

i i
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Figure 4 3C NMR spectrum of the obtained copolymer
P(mPEG-g-VACc)
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4.3 Differential Scanning Calorimetry
analysis

TheDifferential Scanning Calorimetry (DSC)
data’s of the initial mPEG and obtained copolymer
P(mPEG-g-VAc) are shown in Fig 5. The glass
transition temperature of copolymer is determined
by the chemical composition and structure of their
chain and is not a rigidly defined value, as the
transition to a glass-shaped state usually occurs in a
fairly wide temperature range. Fig 5 shows that the
Tg moves toward the low temperatures in mPEG-g-
VAC, the value of Tg in pure mPEG is 58.18 °C and
in copolymer mPEG-g-VAc it is not defined. In the
area of small values of polymer molecular mass,
when it passes from glassy to viscous, the glass
transition temperature increases with the growth of
molecular mass. As soon as the molecular mass
reaches the value of the molecular mass of the
statistical segment of the macromolecule, the glass
transition temperature is virtually independent of the
molecular mass [9, 10].

—’"’“z““*rﬂﬂq ‘ mr—
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Figure 5 DSC thermograms of mPEG (a) and copolymer
P(mPEG-g-VAC) (b)

Melting temperatures (Tm) and enthalpies
(AHm) determined by DSC on the second heating
scan at heating rates of 10 °Cemin"".

Glass-transition temperature (Tg) taken as the
inflection point of the second heating DSC curves

recorded at 10 °Cemin .
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Table 1 Thermal properties of mPEG and
grafted polymer.

Polymer DSC analysis TGA analysis
Tm, dH, Tq, T, | Tmax °C
°C kJ/mol °C °C

mPEG 47.08 5.7 - 270/405

P(mPEG | 40.67 2.6 - 390/525

-g-VAC)

4.4 Thermogravimetric analysis

Thermogravimetric ~ Analysis (TGA) of
methoxy poly(ethylene glycol) mPEG and
copolymer P(MPEG-g-VAc) are shown in the Fig 6.
In case of mPEG, the temperature range was
between 30 °C and 200 °C and it shows about
99.992 % loss in weight that can be seen in Fig 6
and Table 1. This may be corresponding to the
degradation of pure mPEG.

LRGP: METTLER STAR® SW 10.00

Figure 6 TGA thermograms of mPEG (a) and copolymer
P(mPEG-g-VAC) (b)

The TGA of the copolymer P(MPEG-g-VAc)
shown in Fig. 6 reflect two stages of weight loss
between 30 and 200 °C (Table 2). In the first stage,
the temperature range was between 30 and 120 °C
with the loss of about 18 % due to the impurities.
The second stage of weight loss starts at 120 °C and
continues to 200 °C, corresponding weight loss of
about 82 % due the weight losses of heating
promote decomposition process of P(mMPEG-g-
VAc). This proves that grafted copolymer has
excellent thermal stability and it can be widely used
for different applications. Block copolymers also
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show semicrystalline character with Tm between 44
°C and 56 °C and superior melting enthalpies for
those with longer mPEG. Unlike PDHU, block
copolymer do not show detectable Tgs. Concerning
grafted polymers they are amorphous with low Tgs
indicating that grafting mPEG groups prevent
crystallization of aliphatic polymer chains. Thermal
stability evaluated by TGA shows scarce differences
between the homopolymer and its corresponding
block copolymers. Different behavior was observed
for grafted polymers with a significant decrease in
temperature at which 5% weight loss takes place
although temperature for maximum degradation
rates are similar. This could be related to the higher
percentage of labile ester groups and their lower
molecular weight [11].

Block or graft copolymers can be self-
assembled to form micelles in their selective
solvents. Compared with linear block copolymers,
graft copolymer can add considerable functionalities
on the branched chains with great advantage of
convenient chemical modifications in advance of the
self-assembly process [12].

4.5 Scanning electron microscopy

The scanning electron micrographs of pure mPEG
and copolymer P(MPEG-g-VVAc) are shown in Fig 7.

Figure 7 Results of pure mPEG (a) and copolymer
P(mPEG-g-VACc) (b) on scanning electron microscope
(Mag = 5000)

The SEM image of mPEG shows a smooth
surface, because there is a stronger interaction
between mPEG molecules. On the other hand, the
SEM images of copolymer P(MPEG-g-VAcC) prove
the wuniform distribution of VAc. The graft
copolymerization of VAc modified the surface
morphology of mPEG and homogenous grafted
copolymers P(mMPEG-g-VAc) was obtained.

Conclusions

The graft copolymer P(MPEG-g-VAc) was
successfully synthesized using benzoyl peroxide as
an initiator by free radical polymerization method.
The characterization was performed using various
techniques such as FT-IR, SEM, nuclear magnetic
resonance (*H NMR, C NMR), DSC, and TGA.
The obtained results from this experiments revealed
that the optimum conditions for grafting copolymer
P(MPEG-g-VAc) were found as follows: ratio is
10:90, monomer concentration 0.42 mol/L, reaction
temperature is 60-85 °C and reaction time is 3 h.
NMR study confirmed that all the groups present in
the copolymers. The results of the thermal stability
show that grafted copolymer has excellent thermal
stability and it can be widely used for different
applications. Moreover, the rate of decomposition is
highly improved through grafting and through
polymerization of the grafted samples. Therefore,
this copolymer can be used for various applications
including surfactant in chemical technology.
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BI/IHI/[JIaIIETaTTbI MoOJIMMEpPJICPAUH CHHTeE3i MeH cunaTTaMachl
Mpeip3axanoB M.M., Qap Caiin Herum, Moxaman Hacpbip

Tyiingeme. [TommsTineH raukoasai MeTiit 3¢upi Mn = 2000 MakpoMOHOMEpi MEH BHHIII anieTaT MoHOMepi VAc 6oc
paIvKaIbl MoJUMepIIey apKbUIbl anbiaFal comomumep P (mPEG-g-VAC), kaTanusatop periHme GSH30MI MepoKCHI
KOHE KbI3IbIpY ocepineH anbHabl. Ochbutaiiiia naiina 6onran cononmumep P (mPEG-g-VAc) ckaHepuieyIi 31eKTpOH b
mukpockormnen (SEM), H, 3C SIMP cnekrpomerpimen, nuddeperumanipl ckanepiey kanopumerpiven JICK, TTA
TepMOrpaBUMETpiMEH jxoHe HH(pa KbB3bUI-Dypre crekTpomerpimer cumartaigsl. P (MPEG-g-VAc) comonumepHiH
CUMATTaMaChIHBIH ~ HOTIDKECIHIE CHHTE3Jl OKYPri3yAiH ONTHMalbli MapaMeTpiiepi  aHbBIKTAIAbl:  MOHOMEpP
xoHnenrpanusacs 0,4 Monps i, 6acTanksl 3aTTapabid KaTeiHackl (10:90), Temneparypa peakuusackl 60-85 © C, xoHe
CHHTE3 YaKbITHI 3 caraT.

Ty#inai ce3aep: MONMMAITHICHIIIMKOIE METHI d(Upi, BUHWI aIleTaThl, 00C paJnuKaabl MOJMMEPU3AI, KaTaIn3aTop,
cUmaTTama.

CI/IHTGS H XaPAKTCPUCTUKA BUHWJIALECTATHBIX IPUBHBOYHBIX IOJIUMEPOB
Mpip3axanoB M.M., Duib Caiix Herum, Moxaman Haceip

Annoranusi. Cononmumep P(mPEG-g-VAc) Obul moidydeH myTeM NPHBHBOYHOM IIOJIMMEPH3ALUH C Pa3IUYHBIMHU
COOTHOUICHHUSIMU TOJIMATUIICHINIMKOIb MeTHiI0Boro 3¢upa mPEG ¢ Mn=2000 MakpoMOHOMEPOB C BUHMJIALIETATHBIM
MOHOMepoM VAC B MNPHUCYTCTBHH MEpeKUCH OCH30MJIa B KauecTBe WHHUIMATOpa C WCIONb30BaHHEM MeEToja
MaKpopaJvKajJbHOTO WHHIMATOpa II0J BO3/eiicTBHEM HarpeBa B Tonyosie. OOpasoBaBuIniics TakuM o0Opa3om
conomumep P(MPEG-g-VAc) 6511 0XapaKkTepH30BaH CKAHUPYIOIINM SIIEKTPOHHBIM MUKpockorniom COM, H, 13C IMP-
cnekTpomeTpoM, auddepeHnraibHbiM - ckaHupyomuM  KanopumerpoM  JICK, rtepmorpaBumerpom TI'A  u
criektpomerpoM UK-Dypre. Pe3ynbTaTsl METOIOB XapaKTepH3aluy MOKa3bIBAIOT 00pasoBaHue conoaumepa P (MPEG-
g-VAC), B TO BpeMsI KaK ONTUMAJbHBIC YCIOBHS CPEIN M3YYEHHBIX IMapaMeTpoB ObUIM CIIEIYIOIIMMH; KOHIIEHTPALUS
monomepa 0,4 monb 1!, cootHomenne (10:90), TeMmeparypa peakumm cocTaBiuseT 60-85 °C, m BpeMs peakiuu
cocTaBisieT 3 Jaca.

KaioueBble ci10Ba: MOIMATHICHIIIMKOIb METHWIOBBIN 3(Hp, BUHWI alleTaT, CBOOOAHOPAAUKAIbHAS MOIMMEpH3aNus,
KaTaJn3aTop, XapaKTepHCTHKA.
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Disposal of slag of refined ferrochromium by obtaining
a sintered and carbonized construction products
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Abstract. The article investigates the material composition of refined ferrochromium slag. It has been
confirmed that the main compound in the slag is dicalcium silicate. The disposal problem of self-disintegration
slag in the current production of refined ferrochromium can be solved by controlling its basic capacity with
obtaining stabilized lump slag that is not influenced to silicate decomposition. This became the basis to
researches the production of non-disintegrating burnt construction products from slags using low-melting silica-
containing additives that reduce the slag basicity. Briquettes roasting containing from 20 to 30% additives in
the temperature range of 1200-1225 °C showed the possibility of obtaining ceramic construction products.
Material analysis of the slag also showed that the slag components, such as calcium oxide and magnesium
oxide, are compounds prone to the formation of carbonates, which leads to the setting between the slag
particles. Which makes it possible to obtain construction products in the process of autoclaving processing of
bricks from the slag in the carbon dioxide environment. The influence of fineness, slag moisture, and the dwell
time of products in an autoclave in the carbon dioxide environment on the strength of the resulting pellets were
evaluated in this paper. It was determined that moderate humidity, in addition to increasing ductility during
pellet molding, also increases the strength of products after carbonization. Excessive grinding of slag
negatively affected on the quality of the pellets. The increase in compression force during the pellets formation,
on the contrary, increased the strength of the products. An increase in the duration of carbonization at constant
pressure had a positive effect on the strength increase of pellets.

Keywords: self-disintegration slag, recycling, construction products, sintering, carbonization.
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Introduction

The accumulation of man-made wastes in the
traditional metallurgical regions leads to increasingly
negative consequences, both for the natural
environment and for economic indicators of
production. Dusting, soil and wastewater pollution
with  heavy metals, covering vast areas,
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environmental charges paid by the plants and their
annual increase, these are some of the negative
aspects of the disposal and storage of production
wastes.

The main scopes of accumulated man-made
mineral formations of only ferroalloy plants in the
Ural mountain region are represented by the slag
dumps of the Aktobe plant (14 million of tons of
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ferrochromium slag). Serov ferroalloy plant is 6.61
million of tons of ferrochromium slag. Klyuchevsky
ferroalloy plant is 5,75 million of tons of slag and the
Chelyabinsk Electrometallurgical Plant the slag
production of low-carbon ferrochromium is 8.2, carbon
and conversion ferrochromium is 3.3, ferrosilicon and
ferrochromium silicon is 1.0, ferro-tungsten is 0.53,
ferromolybdenum is 0.5 million tons [1, 20-22]. The
most problematic of them are self-scattering slags. This
type of slag disposal is still a big problem that has not
found practical solution in industrial scopes. Among
these slags, a separate species can distinguish self-
decaying slag from the production of refined
ferrochromium (hereinafter - RFC).

At the same time, with the development of
engineering and technology, the processing of
accumulated wastes becomes more accessible and
profitable. Ferroalloy slag is a good raw material for metal
concentrate production. In addition, during processing,
you can get other materials that can be used as raw
materials, for example in the construction industry.

Main part

At the same time, with the development of
engineering and technology, the processing of
accumulated wastes becomes more accessible and
profitable. Ferroalloy slag is a good raw material for
metal concentrate production. In addition, during
processing, you can get other materials that can be
used as raw materials, for example in the construction
industry.

In the current production, the problem of RFC slag
disposal is solved by their stabilization in the alloy
smelting process to produce non-crumbling lump slags.
Compounds of magnesium, iron, phosphorus, barium,
aluminum and boron have a stabilizing effect. To date,
the most common stabilizers are boron compounds,
which is due to the small amount of additives to obtain
stabilized slag [2, 3, 4]. Another method for stabilizing
slag is to change the basicity of slag to 1.3-1.4 values or
more than 3.2 [5, 6].

In the paper, the chemical composition of the slag of
ferrochromium-refined grades was studied (Table 1).

Table 1 Chemical analysis of refined
ferrochromium slag,%

Cr203 SiOz MgO FeO CaO A|203
6* 26 12 2 48 6
* - in terms of total chromium to oxide

The metal chromium content is on average about 2%.

The composition of the slag from the slag dump
according to x-ray phase analysis are given in Table 2.

As the data provide about the slag composition,
its use as a raw material for cement production is

hindered by the high content of free periclase and the
dicalcium silicate availability, which is confirmed by
published data [7].

To determine the stabilization capacity by
reducing the basicity, calculations were performed to
determine the equilibrium phase composition of the
six-component  Cr,03-Si0O,-Al;03-FeO-Ca0-MgO
system based on the chemical composition of the
natural slags. The calculation was carried out using a
software package worked out by HMI named after J.
Abishev [8]. The basicity was varied by increasing /
decreasing the fraction of silica in the composition
with an unchanged amount of the remaining
components of the slag. Based on the results of
calculating the equilibrium phase composition of the
system, the dependence of the change in the content
0f 2Ca0-Si02 in the slag on the change in the basicity
of the slag is shown in Figure 1. The diagram shows
that there are two regions in the system in which
dicalcium silicate is substantially absent with a
basicity of less than 1.4 and more than 3.2.

Table 2 Material composition of the slag of refined
ferrochromium production

Formula Percentage, %
Cax(Si04) 33.2
MgFeAlO4 225
CasMg(SiOa); 20.5
CaAl,SiOg 7.9
MgO 6.5
CazSi0O4 5.9
Fe20s 3.5
a0
- Al

" 7N
. AR

. : N

20 / \
10 f \

17 16 15 22 25 23 31 34 37 4
Basicity Ca0/Si0,

2Ca0:Si0 %

Figure 1 Change in the 2Ca0-SiO2 content in the slag
depending on basicity

To stabilize RFC slag as regards technology is
more efficient by reducing the basicity to less than
1.3 values, since slag with a basicity of more than 3.2,
where tricalcium silicate is the main phase, have a
high melting point. RFC slag with a basicity of less
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than 1.3 as concerns physical properties are similar to
raw materials for the ceramic products
manufacturing.

The practical goal of this part of the work is to
develop the composition of ceramic products with a
base from stabilized by sintering RFC slag with
reduced basicity obtained from raw materials
kempirsay ore massif. Ceramic products in industry
are obtained by firing molded products from various
clays. Firing products is usually carried out at a
temperature of 900-1000 °C. Fire-resistant and high-
melting clays have a large sintering interval (more
than 100 °C) and are used to obtain products with a
dense sintered shard; burn them at 1150 ... 1400 °C.
For firing ceramic materials use special furnaces
(ring, tunnel, slot, roller, etc.) [9].

The current RFC slags, having a ~ 1.9 basicity,
contains about 75% of 2Ca0-SiO2 and corresponds to
the maximum of the curve in Figure 1. Therefore, any
change in basicity leads to a decrease in the content
of 2Ca0-SiO,. In this paper, non-deficient silica-

containing materials with a relatively low melting
point (not higher than 1300 °C) - expanded clay
(hereinafter — Clay 1) and clay of kempirsay ore
massif (hereinafter — Clay 2), as well as ground
natural crushed stone (hereinafter — Breakstone) were
considered as stabilizing additives. The average
chemical composition of these materials is presented
in Table 3.

To obtain basicity below a 1.4 value, the least
additive component of stabilizing additives is
estimated. When using Clay 1, it should be at least
15%, Clay 2 - 17.5%, Breakstone - 22%.

The sintering temperature of the RFC slag itself
is above 1500 °C; however, the addition of these
components significantly reduces this temperature.
Correspondingly, in the state diagrams of SiO,-CaO-
MgO and SiO2-Ca0O-Al,O3, with the inclusion of the
above additives in an amount of 15-45%, the melting
temperature of the system will lie in the range of 1320
- 1400 °C. In this regard, the studies of the sintering
process were carried out in the range of 1000 - 1250 °C.

Table 3 The chemical composition of stabilizing additives, mass. %

Item CaO SiO2 MgO Al;0Os Cr203 FeO C S LOI
Clay 1 1.6 60.8 2.5 16.9 14 8.1 1.0 0.6 7.0
Clay 2 6.9 58.5 2.8 12.4 - 6.4 - 0.2 12.8
Breakstone 9.7 51.4 4.9 14.3 0.2 13.8 - 0.01 5.7

The materials used were pre-dried and ground
for the researches. The moistened mixture of the slag
and stabilizing additives was subjected to semi-dry
pelleting (+15% of water over dry weight) with a
compression force of 3 kN / cm? The pellets had a
rectangular shape with a dimension of 50 x 50 x 30 mm.
The firing was carried out in an electric muffle furnace;
the heating time of the samples was 8-10 hours,
exposure at a maximum temperature of 3-5 hours,
cooling along with the furnace for 12-14 hours.

Previous experiments made in the laboratory
regarding stabilizing RFC slag by adding silica-
containing materials by fusing them showed that their
addition in the minimum amount required did not
ensure stabilization of the samples in the entire
volume. A 20% increase in the amount of stabilizing
additive allowed the slag to be completely stabilized.
Given this feature of the process, the share of the
stabilizer in the mixture was set to at least 20%.

No sintering was observed in the temperature
range of 1000-1150 °C; pellets scattered with
minimal physical impact. Strength values did not
exceed 8 kgf / cm?.
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Pellets sintering occurred at a temperature of
1200 and 1225 °C. Studies were carried out with the
addition of stabilizers in the slag in the amount of 20,
25 and 30%. The results of testing sintered pellets for
compressive strength are provided in Figure 2.

As Figure 2 provides, sintering with the
content of stabilizer additives in 20% sintering did
not occur. An increase in the additive content up to
25% at a temperature of 1200 °C leads to sintering of
pellets. While strength indicators are obtained that
are in the range of 30-35 kgf / cm? for all types of
stabilizers, an increase in firing temperature to
1225 °C increases this value for expanded Clay 1 by
85% (65 kgf / cm?), for Clay 2 100% (60 kgf / cm?),
and for Breakstone it remains unchanged (30 kgf / cm?).
Pellets containing 30% additives showed an increase
in strength compared to 25% at 1200 °C for Clay 1,
Clay 2 and Breakstone at 1200 °C by 130%
(80 kgf / cm?), 150% (75 kgf / cm?) and 67%
(50 kgf / cm?) respectively. The same content of
additives at 1225 °C showed an increase in strength
by 330% (150 kgf / cm?), 230% (100 kgf / cm?) and
100% (60 kgf / cm?), respectively.
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Figure 2 Compressive strength during sintering of slag with stabilizing additives

A significant increase in strength occurs with a
content of 30% stabilizing additives and firing at a
temperature of 1225 °C. A further increase in the
firing temperature (=1250 °C) leads to the
appearance of cracks on the surface and deformation
of the pellets. Figure 3 demonstrates samples of
sintered pellets.

In [10], studies were carried out to determine
the ceramic properties of various metallurgical slags

with the addition of a clay component. Ceramic
products with a compressive strength of 200 to 400
kgf / cm? were obtained. The sintering temperature
was in the range of 1150 - 1350 °C. In [11], it was
proposed to obtain porous pellets from a mixture of
slag, diatomite, and sodium silicate

a - with the addition of Clay 1; b - with the addition of Clay 2
Figure 3 Samples of sintered pellets from RFC slag

Another way to utilize RFC slag can be the
method of obtaining high-strength building products
by autoclave carbonization. Given the high content of
calcium and magnesium oxides in the slag, it has a
high tendency to form carbonates [12]. Similar work
on the use of slag from steelmaking, having a similar
chemical and mineral composition, indicates the
possibility of carbonization of self-dissolving slag
with obtaining agglomerated products of high
strength [13, 14, 15].

It is clear that metal carbonates are formed by
exothermic reactions of the where MeO is a divalent
metal oxide.

solution, sintered aggregates for concrete
sintered at 1050 °C.
; 1
1
MeO + CO; = MeCOs3 (1) type

With increasing pressure of carbon dioxide in
the MeO-CO,-MeCOs system, the affinity of MeO to
CO; increases, and the carbonization reaction
proceeds with the release of heat. Carbonization
occurs most intensively with a moisture content of 5-
8%. It is noted that with complete drying of the
material, as well as with its excessive moistening, the
process stops or extremely slows down [16, 17].

Based on the above reasoning, we conducted
studies on the carbonization of stale slag of refined
ferrochromium. For the experiments were used: steel
mold with a mesh size of 50 x 50 mm,; test press,
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hydraulic 1P-50; high pressure autoclaves with a
volume of 0.7 and 2.0 liters. Food carbon dioxide
from cylinders was used as CO..

In the conducted experiments, the influence of
fineness, moisture of the used slag and the duration
of exposure of the products in an autoclave in a
carbon dioxide medium to the strength of the
resulting pellets was evaluated. Pellets were made
similar in shape to sintered pellets. The size of the
ground slag from which the pellets were molded: -1
+ 0 mm; -0.16 + 0 mm; —-0.071 + 0 mm. Humidity:
15%, 8% and 5% over dry weight. Moistening of the
material is also required to improve the process of
forming briquettes. The pressing force during
molding was 1.5 and 3 kN / cm?. The pressure in the
autoclave in all cases was 10 atmospheres. The
exposure time is 12 hours. The quality of the pellets
was evaluated by assessing the compressive strength
according to GOST 8462-85 on the IP-1000 test
press. The results are provided in Table 4.

The data provided make it clear that the moisture
content increased to 15% significantly reduced the
strength of carbonized products - on average by
37.5% compared with the same samples, but obtained
at 5% humidity. Therefore, the remaining
experiments were performed at a moisture content of
5% and 8%. In accordance with the known laws of
briquetting, the strength of briquettes consisting only
of small particles is not high at any humidity and
pressing pressure [18]. An increase in the maximum
particle size of the used slag significantly increased
the strength of the resulting briquettes. The maximum
values of compressive strength were obtained with a
grain size of -1 +0 mm, a holding time of 12 hours,
and a pressing force during molding of 3 kN / cm?2.
For these samples, sieving was carried out in

Table 4 The pellets strength after carbonization

fractions to determine the particle size distribution.
The sieving results are shown in Table 5.
The experiments were carried out according to the
best option (material fineness—1 +0 mm, pressing
force 3 kN/cm?) with exposure to carbon dioxide
for 6, 12, 18 and 24 hours at a pressure of 10
atmospheres to determine the Kinetics of the
carbonization process. The average values of the
obtained strength test results are shown in Figure 4.
As can be seen from this figure, there is an
almost linear dependence of the compressive strength
of pellets made from stale RFC slag on the time of
autoclaving in carbon dioxide. The appearance of
pellets after 12 hours of carbonization is shown in
Figure 5.

The results make it clear that although the
process of carbonization of slag accelerates with
increasing fineness of its grinding as stated in [19],
nevertheless, the strength of pellets decreases with
increasing fineness of grinding. Apparently, this is
explained by the fact that in studies [19], the slag was
carbonized without preliminary agglomeration.
However, in our case, a more optimal particle size
distribution (an equal amount of small, medium, and
large particles by weight) has a stronger effect on the
strength of pellets after carbonization.

It is also noted that in order to achieve maximum
strength when working with the same slag, in
addition to the particle size distribution, it is
necessary to take into account the moisture content of
the initial mixture. So, for a mixture with a fineness
of —-0.16 + 0 mm, the effective humidity is lower than
in the case of —1 +0 mm, which is apparently due to
the different gas permeability of mixtures of different
particle size distribution during autoclaving.

Fractional composition of used slag, mm

Items 0.071 0 20.16 40 140
Relative humidity, % 5 15 5 8 5 8
Strength, kgf / cm?* | 122.2/112.0 84.6/853 418.0/3493 | 321.4/3062 | 300.9/4362 | 311.2/357.1

* In the numerator - at a pressing pressure of 1.5 kN / cm?, in the denominator - at 3 kN / cm?.

Table 5 Granulometric composition of RFC ground slag

Fraction, mm

Mass fraction part,%

>1.0

0.09

>0.63

0.22

>0.4

5.31

>0.2

26.18

>0.1

44.64

>0.063

56.81

<0.063

42.43

Sieving losses

0.76
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Figure 4 The change in the strength of carbonized pellets
depending on the time of autoclaving

Figure 5 Pellets look after carbonization for 12 hours

Findings

Studies conducted have shown the possibility
of obtaining building ceramic products from RFC
slag with stabilizing additives. The preservation of
the structural integrity of the pellets and their high
compressive strength are confirmed by theory studies
on the stabilization of self-decaying slag by reducing
the basicity during sintering. The use of claydite clay
and clay of kempirsay ore massif as stabilizers in an
amount of at least 30% at a firing temperature of 1225
°C makes it possible to obtain brick grades M150
and M100 (according to State Standard 530-2012),
respectively.

The use of ground natural crushed stone as a
stabilizer did not allow to raise the strength of
products above the values corresponding to the grade
of brick M50.

Autoclave carbonization of RFC stale slag in a
carbon dioxide environment makes it possible to
obtain molded articles with high strength, which can
be adjusted due to the autoclave holding time.
Molded carbonized products from stale slag of
refined ferrochromium are superior in strength to
concrete and silicate construction products.

Cite this article as: Sariyev O.R., Musabekov Z.B., Dossekenov M.S. Disposal of slag of refined
ferrochromium by obtaining a sintered and carbonized construction products // Kompleksnoe
Ispol’zovanie Mineral’nogo Syr’a (Complex Use of Mineral Resources). 2019. 4 (311). Pages: 26-34.
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Ta3zapTbliFan (peppoOXpOMHBIH KOKbIH KYHAiplJIreH skoHe KapOOHA3AUMSIJIAHFAH KYPBLIbIC
OyiibIMIap/AbI 2Kacay apKbLIbl KJere xapary

Capues O.P., MycadexoB K.b., [locekeno M.C.

Tyiingeme. Makanana ta3apTeUIFaH (eppOXpOM KOXKBIHBIH 3aTTHIK KYpaMbl 3epTTelreH. KosKIbIH HeTi3ri KOCHIHIBICH
KOC KaJIbIMHII CHJIMKAT €KeHJIri MONICHISHTi. AFbIMJAFbl OHAIPICTET1 ©3ATiHEH YHTAKTalaThIH KOXKIBIH MOCENeCiH
HETI3IUTK peTTey apKbUIbl CHIIMKATTHIK BIABIpayFa YIIBIPAMAWTHIH TYPAKTAHIBIPBUIFAH KECEK KOXK aixyFa OoJajibl.
OCBIHBIH, HETi3iHJIe HETi31AUTIKTI a3alTaThiH OHAMOAIKBIFBII KPEMHHH TOTHIFBI Oap Kocmamap KOJIIaHy apKbLIbI
KYHIipUITeH KyphUIbIic OyHbIMIap sl airy Tociii 3eprreni. KypaMbeiHaa ®KUbpIpMagaH OTHI3 Mai3Fa JeiiH Kocmaaapsl 6ap
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OpukerTepui temreparypachl 1200-1225°C apanbiFbiHa KYHAIpY NpoLecci KepaMUKaJIbIK KYPBUIBIC OYIbIMIapbIH alryFa
MYMKIHIIUTIK Oap ekeHiH kepceTTi. KoxkbIH 3aTTHIK KYpaMbIH 3€pPTTeyi KalbL1i )KoHEe MarHUH TOTBIKTapbl KapOOHATTAp
KypyblHa Oe€HiM EKEHJIriH KOpCETTi, COHBIH apKachblHIa KOXIBIH TYHipuIiikTepi Oip-OipiMEeH KOCBUIBIN KaTalObIHA
cokThIpazpl. KapOoHun3amms mporecci KoxIaH jkacajfaH KipIHilTepai KOMIipTeri KOC TOTHIFbI OPTAChIH/ia aBTOKJIABTHIK
OHJIEY apKBUIBI eHAiIpyre MyMKiHAIK Oepeni. YKacamraHa 3epTTey XKYMBICHIHIA IIBIFAPBUIFAH OPHKETTIH OepikTirine
KOKIBIH 1puUTiri, ABIMKBUINBIFEI XKOHE aBTOKJIABTA YCTay YaKBITBIHBIH ocepi OaramaHnapl. bIHCAnmThl JBIMKBUIIBIK
KopaManay Ke3iHZeTi CO3BUIBIMABIKIICH TeK KeOeifTreill coHeiMeH Oipre kapOOoHW3aIusmaH KeHiHri OepiKTiiKTI
apTTHIPATBIHBIH KepceTTi. KoAbH mamamaH ThIC YHTaKTaHYBl OpHKETTep[iH camachlHa Kepi acep errti. Kopmamay
Ke31HJeTi KpICY KYIIiHIH yIeH Tycyl OyHbIMIapabIH OepikTinriHe skakchl acep eTTi. KeMipKbeIKeT ra3 atmochepackiHaa
KBICBHIM TYPaKTHI OOJFaH Karaalaa KapOOHU3aNus Y3aKThIFBIH apTTEIPY OpHKeTTepAiH OepiKTiriHe OH acep eTTi.

Tyiiin ce3mep: O3xiriHeH YHTaKTaIaThIH KOX, K9JIeTe KapaTty, KYpbUIbIC OYHBIMAAPEL, KaKTay, KapOOHHU3aIHs.

Yruauzauus nviaka paguHUPOBAHHOTO (peppoXpomMa ¢ moTydeHHneM CleYEHbIX U
KapOOHU3MPOBAHHBIX CTPOUTENbHbBIX U3/1eJIN i

Capues O.P., Myca6exos JK.B., locekenos M.C.

AHHOTanus. B craTtee nccienoBaH BemECTBEHHBIH COCTaB ILIAKOB paduHMUpOoBaHHOTO (eppoxpoma. IToaTseprkaeHo,
YTO OCHOBHBIM COEAMHCHHMEM B MUIaKe SABISIETCS JBYXKalubIMEBBIH cuimkaTr. [IpobGmemy  yrummsannu
CaMOpACCHINMAIONIETOCs] [UIaKa B TEKYIIEM IIPOM3BOACTBE pPa(UHUPOBAHHOTO (eppoxpomMa, BO3MOXKHO, peIaTh
PETYIHPOBAaHNUEM €r0 OCHOBHOCTH C ITOJYYEHHEM CTAOMIN3UPOBAHHOTO HE ITOJBEPralOIIerocs CHIMKATHOMY pacramy
KyCKOBOTO IMITaKa. JTO MOCIYXHJIO OCHOBOW [UISi MPOBEICHUS HMCCICIOBAHUN IO ITIONYYCHHIO HE pacaJarolliXcs
000MOKEHHBIX CTPOUTENBHBIX M3/ENUI U3 LUIAKOB C IPUMEHEHHEM JIEIKOIUIaBKHX KpPeMHE3EMCOoIepiKallux 100aBoK
CHIDKAIOIIMX OCHOBHOCTD I1aka. O0xur OpukeToB, coaepxammx ot 20 10 30 % n06aBok B TeMIepaTypHOM UHTEpBale
1200-1225°C, nokazai BO3MOKHOCTb ITOJY4EHHS KEPAMHUUECKUX CTPOUTEINILHBIX U3/1enil. BenecTBeHHbII aHaTU3 111aKa
TaKKe IMOKa3aj, 4TO KOMIOHEHTHI LIJaKa, TaKue KaK OKCHJl KaJbLUS W OKCHJ MarHus SIBISIIOTCS COEIUHEHHSIMHU
CKJIOHHBIMH K 00pa3oBaHMI0 KapOOHATOB, YTO MPHBOAUT K CXBAThIBAHUIO YacCTHI] IIIaka Mexay coboil. Takxke naér
BO3MOXKHOCTb TIOJTy4aTh CTPOWTEIBbHBIC M3JENHA B MpOLECcCEe aBTOKIABHOW OOpaOOTKHM KMpNHYEH M3 IUIaka B Cpele
YIJIEKHCIIoro Traza. B mpuBenéHHOM paboTe OBLIO OLEHEHO BIMSHHE KPYMHOCTH, BIAKHOCTU IUTAKA M JUTHTEIHBHOCTH
BBIJICP)KKU M37IETIMH B aBTOKJIABE B CPeJie YIVIEKUCIIOTO I'a3a HA MPOYHOCTh MOJIY4YaeMbIX OpPHUKETOB. Y CTAaHOBJIEHO, YTO
yMepeHHasl BIaKHOCTh TOMHUMO HOBBIMICHHS INTACTHYHOCTH IPH (POPMOBKE OPUKETOB, TAKXKE YBEIMUMBACT IPOIHOCTH
n3genuii mocne kapOoHuzanuu. YpeamepHoe H3MENbUEHHE IUIaKa HETaTHBHO CKa3aJoCh HAa KadecTBE OPHUKETOB.
Hapacranne ycwmust cxatust npu (OpPMOBAHMHM OpPHUKETOB HA0OOPOT IOMHSIIO IPOYHOCTh H3JCTHH. YBEIHYeHHE
JUTNTEIBHOCTH KapOOHHU3ALMK PU HEM3MEHHOM JIaBJICHUH CKa3aJIOCh MOJIOKUTEIBHO HA POCTE IIPOYHOCTH OPUKETOB.

Kunrouesnie ciioBa: Camopacchlalomuecs NIJIaKy, yTHIM3AINs, CTPOUTEIbHBIE U3/IeIHs, CIIeKaHHUe, KapOOHH3aIHs.
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Abstract. This study investigated the thermodynamics and kinetics of gold and accompanying noble metals, such
as silver, palladium and platinum, leached from the electronic scrap by bromine-bromide solutions. Theoretical and
practical analysis of the behavior of gold in the traditional Brz - Br- - H.O system confirmed the fact that in a neutral
and slightly acidic medium, when bromine hydrolysis proceeds slightly, a bromine in bromide solution can be used
to leach gold. In this case, bromine-bromide leaching compared with cyanidation is more favorable in terms of
kinetics and selectivity. In particular, when brominated in a neutral medium as a result of the formation of a
passivating copper monovalent copper (Cu20) film on the surface of copper particles, copper does not go into
solution, while copper forms stable soluble anionic complexes with cyanide. For the first time in order to stabilize
the pH in the alkaline area the conditions for gold leaching in the presence of a phosphate buffer solution
(NaH2PO4) were investigated. The effect of the pH of the leach solution, the concentration of active bromine,
bromide ions and the concentration of the buffer solution on the leaching kinetics of gold was studied. It was
established experimentally that a noticeable dissolution of gold begins at pH < 8, and at pH 6, almost all gold
passes into the solution. A sufficient concentration of active bromine under these conditions can be considered 6.6
g - dm Br2 at a bromide concentration of 20 g - dm™ NaBr. Leaching with the productive solution turnover made it
possible to reduce the consumption of bromine from 89-95 to 20-32 kg Brz2 per ton of scrap and raise the
concentration of gold from 76 to 195 mg - dm™. In this paper, it was first shown that silver and palladium in the
system under study (pH = 5-6) begin to dissolve noticeably only at high concentrations of bromide ions. Complete
dissolution of palladium is achieved with an excess of bromide ions and pH values of 1.5-2.0. Platinum turned out
to be more resistant to bromine-bromide leaching because of the formation of a sparingly soluble platinum
dibromide on its surface.

Keywords: gold hydrometallurgy, computer scrap, thermodynamics and kinetics of noble metal dissolution with
.bromine, phosphate buffer solution.
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Introduction

Due to the rapid development of
technology and an incredible increase in demand
for more advanced electronic devices, the service
life of the latter is constantly reduced, which
causes an increase in the volume of electronic
waste. It is generally accepted that electronic
waste is a dismantled electrical and electronic

equipment due to the expired life and not
intended for reuse [1-4, 16-17]. E-waste
typically includes household electronic
appliances, toys, electrical tools, cell phones,
monitoring and control instruments, automatic
dispensers, IT, telecom equipment and other
consumer items. According to data for 2014,
about 41.8 million tons of electronic waste was
generated in the world, and it is expected that the
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amount of electronic waste will reach 49.8 million
tons in 2018, and the annual increase will be from
four to five percent [1].

Since e-waste has a high content of copper and
precious metals, it is a valuable source of copper for
the copper smelters.

The current practice of processing PCB
(Personal Computer Boards) concentrates using
reflective smelting technology at a smelter does not
exclude the loss of precious metals with smelting
slags [5,6].

Hydrometallurgical approaches make it
possible to eliminate the loss of metals during
processing and could be less harmful to the
environment once the technology is implemented.
Therefore, a combined scheme consisting of
enrichment and hydrometallurgical processing of
printed circuit boards concentrate seems to be in
many respects a technical solution with a high
potential [2-4].

The content of non-ferrous and precious
metals contained in the final concentrate of printed
circuit boards depends on the type of source of the
electronic equipment, its composition and especially
the year of manufacture. It is well known that the
older electronic equipment (60-70 years old)
contained significantly more precious metals than
modern devices do.

The table. 1 presents the results of the standard
chemical analyses of representative samples of PCB
concentrates taken from the practice of the Israeli
company All Recycling Ltd.

Table 1 - Results of chemical analysis of PCB

concentrates
Type | The Results of chemical analysis, vt., %
Cu Ag Au Pd Pt

Rich | 17.85 | 0.126 | 0.035 | 0.025 | 0.0005
Rich | 17.51 | 0.087 | 0.023 | 0.017 | 0.0034
Rich | 19.84 | 0.119 | 0.031 | 0.024 | -

Reg. 18.19 | 0.114 | 0.011 | 0.010 | -

Reg. | 18.39 | 0.136 | 0.011 | 0.012 | -

Reg. | 20.49 | 0.137 | 0.006 | 0.004 | 0.0003
Poor | 26.06 | 0.052 | 0.005 | 0.002 | -

Poor | 22.46 | 0.026 | 0.003 | 0.002 | -

As can be seen from the results of a chemical
analysis of ordinary concentrates of printed circuit
boards, the general characteristic of PCB
concentrates is the multicomponent nature of the raw
material, and the content of precious metals varies in
the range, wt.,%: Silver (0.026-0.126), gold (0.0034-
0.035), palladium (0.0020- 0.025) and platinum (0.00
-0.0034)
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Their resistance to oxidative leaching
distinguishes gold and platinum group metals.

Oxidation of gold in water proceeds with the
sequential formation of monovalent Au (I) and
trivalent Au (Ill) ions, which is confirmed
thermodynamically:

Au = Au+ e-p = 1.692 +0.0591 log [Au*], (2)

Aut=Au*+ 2e- ¢ = 1.401+0.0295 log [Au **1 /[Au*] (3)

Au = Au'+ 3e- ¢ = 1.498 +0.0197 log [Au*]; (4)

The dissolution of gold can occur only in the
presence of a sufficiently strong oxidizing agent, the
electrode potential of which is reduced by the
introduction of complexing ligands, for example, the
bromide ion.

The study evaluated Br, / Br— system as an
alternative to cyanide leaching of gold contained in
sulfide and in oxidized concentrates. It was shown [7,8]
that when leaching gold contained in sulfide concentrates
using elemental bromine, significantly higher gold
recovery can be achieved than with cyanide, but the
consumption of bromine was high due to the
simultaneous oxidation of sulfides. The recovery of gold
from oxide concentrates by bromine was comparable to
that achievable with cyanide, and bromine consumption
was reasonable when leaching was carried out at an
almost neutral pH of ~ 6. In the case of oxidized gold-
bearing ores containing copper mineralization, bromine
consumption was lower than cyanide consumption, as
the authors of [7] suggested that bromine with copper
minerals is less reactive than cyanide.

As our preliminary experiments with electronic
scrap showed, a significant leaching of gold is observed
at pH > 8, which allows us to maintain selectivity with
respect to the main accompanying metals. In this regard,
the study of the optimal conditions for the dissolution of
gold and related noble metals in the process of bromine-
bromide leaching is of practical and theoretical interest.

Thus, the present work is devoted to studying
the thermodynamics and kinetics of the dissolution of
gold and related valuable metals, mainly copper,
silver, palladium and platinum from typical samples
of electronic scrap in the bromine-bromide system,
depending on the pH of the medium, the
concentration of active bromine, bromide ions and
phosphate buffer solution.

Experimental part. Devices and
reagents

A series of experiments was prepared using a
sample of PCB concentrate composition, vt., %:
20.49 Cu, 5.34 Al, 4.39 Sn, 2.02 Al, 1.39 Zn, 3.43
Pb,
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1.06 Ni, 0.137Ag, 0.0058 Au, 0.0042 Pd, 0.0003 Pt,
pre-shredded using a Retch GmbH laboratory
hammer shredder to a particle size of 0.5-2 mm.

The reagents used were HCI (Fluka Israel),
HNO; (Fluka Israel), NaBr (Fluka Israel), HBr
(Fluka Israel), NaH,PO, (Fluka Israel) and
concentrated (434 g-dm?®) elementary bromine
solution manufactured by Bromine Compound.
Reagent solutions were prepared using bidistilled
water.

Leaching was carried out at 298.5 K, the ratio
of the contacting phases T: W = 1: 5 and the speed of
rotation of the stirrer 300 rpm. g-dm™. The required
amount of leaching solution containing 20 g-dm
NaBr and 70 g-dm® NaH,PO4-H,O was poured into
a reaction vessel equipped with a mechanical stirrer
and electrodes for measuring pH and redox potential
(Eh). After that, the required amount of crushed scrap
was in reaction vessel uploaded, then the vessel was
placed in a Huber GmbH Unistat thermostat and the
temperature in the reactor was adjusted to the desired
value. Then which the stirrer, measuring instruments
were turned on and the pre-calculated amount of
concentrated elemental bromine solution (434 g-dm)
was supplied reading recorded original redox -
potential, hereinafter in the course of the reaction,
adjusting the pH injected 20 g-:dm™ NaOH solution if
necessary. The gold and copper contents in the
solution were analyzed on an ISP-OES instrument.
The leach residue was washed, dried, weighed, and
the whole sample was decomposed sequentially: first
with 6 mol - dm™ with a HNOjs solution, and then in
a solution of aqua regia at 303.5 K, the resulting
solutions were analyzed by ISP-OES. Thus, the
recovery degree of copper, silver, gold and related
platinum group metals was calculated according to
the mass balance.

Results and discussion

The Thermodynamics of gold and related
metals dissolution in the bromine-bromide system.

The Thermodynamics of the bromine-
water system

Bromine is a non-polar hydrophobic
compound and its solubility in water is not large, and
the following equilibria are observed, as a result of
hydrolysis in agueous solutions (5-7):

Br,+H,O=Br+H*+HBrO (5)

3HBrO=BrO*+ 2Br- +3H * (6)

-1
27 .
& Brj
Z ST Br,
Z o
= sl Br;
£ 4t
e
5 =k
2l
2
3 o
=
: N 1
-;00 > 5

Fig. 1. The logos:> — pH diagram for the bromine — water
system at 298K [9].

Thus, the hydrolysis of bromine proceeds
according to the equation:

3Br, + 3H,0= BrOs + 5Br + 6H*  (7)

For a stable bromine-water system, Fig. 1
shows that there is a stability region for both bromate
(V) and bromate (VII).

At a low bromine content, the bromate (V1) is
presented in the form of aqueous particles:

Br2 ag > Bra (gas) 8)

log (Brzag) =-0.732 9

The formation of bromide tri- bromide ions is
possible, as an electrochemical process:
Br¥ + 2& = 3Br, (10)

but it may also be due to a chemical reaction
between bromine and bromide

Br, + Br = Br;; K=3.33

0,04 \
003

y 5

(11)

7

2
= 002 =
) N t
Z 901 N
7 4 '\\—

0 1 2 3 4 Sl
Konyenmpaqus conu, H,
Salt concentration, N

Fig. 2. [10] Dependence of the distribution coefficient of
bromine H between the gas phase and bromide solutions
on their concentration at 298K: 1- NaBr, 2- FeBrs,

3- NH4Br
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Tri-bromide ions prevail only for bromide
activities exceeding 0.89 mol - dm™ Br. Further
addition of a bromine molecule leads to the formation
of penta-bromide:

2Br; + Br=Brs’ (12)

Bromate (1) and bromic (I) acids are not shown
in Fig. 3 (Eh-pH diagram), since they are
thermodynamically less stable than bromate (V) and
bromate (VII).

System Brz - Br- - H20

The bromine distribution between the gas
phase and bromide solutions for KBr, NaB, FeBrs,
and NH4Br was studied [10]. With an increase in the
concentration of bromide ion in water, the solubility
of bromine in the bromide medium first rapidly
increases, the distribution coefficient decreases
accordingly, and then this decrease sharply slows
down (Fig. 2). Therefore, in a neutral and slightly
acidic environment, where hydrolysis proceeds
slightly, a solution of bromine in bromide can be used
to dissolve gold.

Au-Br2 - Br - H20 system

As can be seen from the Eh-pH diagram [9]

(Fig. 3) in the presence of bromide ions, gold

dissolves in the form of a tetra-bromo-complex, with

the exception of a narrow potential range in which the
di-bromo-complex is more stable:

AuBr? +é=Au + 2Br (13)

AuBr* +3é& = Au +4Br (14)

I

|
|
1.6 :
|
1.4 ) AU(OH) ,(c)

AuBr; |

1.2 ! HjAu0,

: i y
|

| -
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Fig. 3 E-pH diagram for the gold-bromine-bromide
system at 298 K and aay=1(__ ), ogr =5 (-----); the
behavior of the bromide ion is taken without regard to its
activity coefficient [9]
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Moreover, both bromo-complexes are more stable
than the chloride alternatives of the same composition
and prevail to a pH of about 9, therefore, according to
forecasts, the leaching of gold using bromine can work in
a wider pH range than with chlorine.

The disproportionation of di-bromoaurate (I)
ions proceeds according to reaction (15):

3AUBr; = 2Au + AuBrs + 2Br (15)

3lg (AuBry) =-5.25 + log (AuBr4) +2 log (Br’)

and has an equilibrium constant of 10-5.25, which
indicates that AuBr,  ions are more resistant to
disproportionation than their chlorine counterparts.

Dadgar A. et all. [11], Pesic B. and Sergent
R. [12,13] showed that the kinetics of gold
bromination was significantly faster than when
gold cyaniding, due to the higher redox potential
of the oxidizing agent [13]. The leaching rates of
gold from printed circuit boards were at the level of
the best cyanidation rates of the computer scrap
samples. The study of kinetics using a rotating
disk, which was performed by a printed plateau,
showed that the bromination reaction is a
chemically controlled process [13] at pH <8, above
which the leaching rate decreases to zero due to
limitations of gold solubility. In the
preliminary experiments, we showed that the
process of bromination at pH<8, in addition to
more favorable Kkinetics, is distinguished by
selectivity, specifically as the copper at
bromination process does not go into solution as a
result of the formation of a passivating oxide film
(Cu20) on the surface of copper particles while
with cyanide copper forms stable water-soluble
anionic complexes.

However, the dissolution of gold in the Br.-
Br - H,O system with the formation of anionic
gold bromide complexes is accompanied by
hydrolysis of the total reaction:

Au + Bry+ 2Br + H,O = AuBrs + HBrO + H*  (16)

which causes acidification of the medium and a pH
shift towards the formation of soluble copper bromide
compounds, which is accompanied by a decrease in the
concentration of active bromine. We have studied the
process of gold dissolution in the bromine-bromide
system in the presence of a phosphate buffer solution
(NaH-PO,) to constantly maintain the pH at a given
level. In the table. Figures 2—4 present experimental
data on the kinetics of gold leaching from pre-
ground (-0.5-2 mm) samples of PCB concentrate
with varying pH values from 8 to 6.16.
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Table 2 Kinetics of gold leaching in bromine - bromide system at pH 8.0

Duration,| Solution of | [Brz], | Eh, MB pH Solution of Eau, % Ecu, %
min Br,, gr-dm? NaOH, ml
ml

0 2 1.4 878 7.91 15 - -
10 4 3.1 884 7.89 1.6 - -
20 6 2.8 882 7.86 1.8 24 -
30 8 3.6 883 7.90 1.8 35 -
40 10 3.6 881 7.85 1.8 4.5 1.4
60 11 3.4 880 8.06 19 4.8 1.2
80 12 3.2 880 7.84 19 5.2 1.1
90 13 3.0 890 7.70 19 5.9 0.6
110 14 2.8 889 7.91 2.0 4.6 0.6
120 14 2.8 887 7.93 21 3.8 0.4
180 14 2.8 887 7.77 2.2 3.6 0.2

Solid loss of gold, % 96.4

Table 3 Kinetics of gold leaching in bromine - bromide system at pH 7.00

Duration, | Solution of|  [Br], Eh, MB pH Solution of| Eau, % Ecu, %

min Br, gr-dm NaOH, ml

ml

0 1 1.6 893 7.01 1.2 - -

10 2 3.5 896 7.01 1.3 12.6 -
20 3 3.6 888 7.04 1.3 22.1 -
30 4 3.9 902 7.05 14 34.7 2.3
40 5 4.0 896 7.03 15 46.7 2.6
60 6 3.6 897 7.01 1.5 53.8 1.8
80 6 3.6 897 6.98 15 55.3 1.8
90 6 3.1 896 6.99 1.5 68.2 1.6
110 6 3.1 896 6.99 15 72.4 14
120 7 2.9 896 6.99 1.5 77.8 1.2
180 11 2.6 894 15 84.4 1.2

Solid loss of gold, % 14.4

39



KomnnekcHoe Mcnonb3oBaHne MuHepanbHoro Coipbsi. Ne4.2019

ISSN-L 2616-6445, ISSN 2224-5243 (Print)

Table 4 Kinetics of gold leaching in bromine - bromide system at pH 6.16

Duration, | Solution of [Br2], Eh, MB pH Solution of Eau, % Ecu, %
min Bry, gr-dm NaOH, ml
ml
0 2 1.8 894 6.16 - - -
10 4 4.4 905 6.11 - 16.4 -
20 6 5.2 908 6.12 - 27.4 2.6
30 8 6.1 911 6.14 - 36.2 2.8
40 10 4.9 912 6.12 1 48.2 3.2
60 11 5.2 910 6.20 1 56.7 3.4
80 12 5.8 910 6.16 1 66.4 3.6
90 13 6.1 910 6.12 1 69.8 3.8
110 14 6.6 907 6.09 1 75.9 4.4
120 14 6.4 907 6.06 1 88.7 4.2
180 14 6.1 907 6.12 1 98.9 4.0
Solid loss of gold, % 1.0

As can be seen from the data presented in
table. 2-4, a noticeable leaching of gold in the Br,-
NaBr-NaOH-NaH2PO, - H,O system begins at pH <8
and at pH 6 almost all the gold goes into solution. A
sufficient concentration of active bromine in solution
for the successful oxidative leaching of gold under
these conditions can be considered 6.6 g - dm™ Br; at
a concentration of bromide of 20 g - dm™ NaBr.

The increased bromine consumption at pH 8.0 and
6.0 observed in the experiments occurs in the first
case due to hydrolysis by reactions (5-7) with the
formation of very weak oxidizing agents BrO* (V)
and BrO* (V1) bromates [9], and in the second case

the concentration of bromine decreases as a result of
the associated oxidation of copper and related metals.
It should be noted that by the method of x-ray phase
analysis it was found that if at pH 8 copper is oxidized
on the surface to a dense film of copper (1) oxide
resistant to dissolution, then at pH 6 grains of poorly
soluble CuO and CuBr; appear along with the bulk of
brown cuprite Cu,0-3Cu (OH,.

In Tables 5 and 6 there is the experimental
data on the effect of a buffer solution concentration
in the range of 30-50 g-dm= NaH.PO,-H,0 on the
kinetics of gold and copper leaching at a
concentration of 20 g-dm=NaBr bromide.

Table 5 Kinetics of gold leaching in the bromine - bromide system at an initial pH of 5.5, the volume of a

solution of bromine 20 ml and30 g dm NaH,PO,-H.0

40

Duration, [Bra],gr-dm Eh, MB pH Solution Eau, % Ecu, %

min NaOH , ml

0 32.60 901 5.50 0.4 - -
20 30.40 893 5.15 0.8 45.20 2.8
40 25.98 891 4.75 1.6 74.08 3.4
60 23.50 888 4.80 3.6 82.76 3.6
80 23.00 886 5.22 55 88.74 4.2
90 22.50 885 5.15 6.2 97.52 4.6
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Table 6 Kinetics of gold leaching in a bromine - bromide system at an initial pH of 5.2, a volume of a solution
of bromine of 20 ml and a concentration of NaH2PO4-H,0 equal to 50 g-dm

Duration, [Br2], Eh, MB pH Solution Eau, % Ecu, %

min gr-dm? NaOH , = ml

0 32.80 895 5.27 0.2 - -
20 33.52 895 5.12 0.4 62.43 2.4
40 28.84 896 5.20 0.8 92.53 2.8
60 25.48 897 5.16 0.8 96.40 3.0
80 24.53 896 5.08 0.8 96.20 3.4
90 22.86 896 5.07 0.8 96.60 3.8

Looking at the experimental data presented
in table 5 and 6, we can conclude that an increase in
the concentration of the buffer solution significantly
reduces the consumption of alkali to maintain a given
pH. In addition, it was noted that a higher content of
NaH2PO4-H,0 in the leach solution slightly reduces
the transfer of copper to the solution, and an X-ray
phase analysis of the leach residue made it possible

to identify CuH,PQO4 grains in the washed scrap along
with Cu;O, CuO and AgBr. In the next series of
experiments, we studied the effect of the
concentration of active bromine (Br,) on the rate and
complreteness of gold leaching and the behavior of
copper at a concentration of 20 g-dm=NaBr bromide.
The obtained experimental data is summarized in the
tables 7 and 8.

Table 7 Kinetics of gold leaching in the bromine - bromide system at an initial pH of 5.0, a bromine solution

volume of 10 ml and 60 g-dm™ NaH,PO4-H20

Duration, min [Br2], Eh, MB pH Solution Eau, % Ecu, %
gr-dm? NaOH , ml
0 14.26 916 5.03 0.1 - -
20 14.22 908 5.34 1.0 69.43 1.4
40 12.84 892 5.67 45 81.23 1.8
60 10.48 891 5.06 4.7 95.43 2.0
90 9.93 889 5.18 5.4 97.20 34
120 7.73 860 5.55 10.6 96.74 3.6
160 3.50 860 5.60 12.2 96.10 3.2
180 5.95 860 5.60 20.2 89.26 1.8

Table 8 Kinetics of gold leaching in a bromine - bromide system at an initial pH of 5.2, a volume of a solution of

bromine of 20 ml and 60 g-dm™ NaH,PO,-H,O

Duration, min [Bra], Eh, MB pH Solution Eau, % Ecu, %
gr-dm NaOH , mn

0 34.26 895 5.27 0.4 - -

20 33.64 896 5.12 0.4 62.43 2.6
40 28.84 882 5.20 0.8 92.53 2.8
60 26.48 898 5.16 14 96.43 3.0
80 24.66 896 5.08 14 96.20 3.4
90 22.74 894 5.07 1.6 97.60 4.6
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As can be seen from the data presented in
table 7 and 8, a change in the initial concentration of
active bromine in the range of 14.26-34.26 g-dm™
Br; upon leaching for 0-90 min does not significantly
affect the rate and the degree of the gold recovery.
With an increase in the duration of leaching, when the
bulk of the gold acts as a protective layer, has gone
into solution and almost the entire surface of copper
contact networks becomes open, the concentration of
active bromine drops sharply and the Kinetic
dependence of the degree of leaching of gold passes
through a maximum and begins to decrease. Intensive
oxidation of copper is accompanied by acidification
of the medium and increased consumption of alkaline
solution for pH correction.

It should be noted that, judging by the results
of laboratory experiments, the amount of bromine
consumed in the leaching process was 89-95 kg Br»
per ton of scrap. In order to reduce bromine
consumption and find new ways to concentrate gold,
the leaching process with the circulation of the
productive solution was studied, and the
concentration of active bromine was allowed to be
adjusted by discrete supply of calculated quantities of
a solution of 435 g-dm™ Br, and a buffer solution of
60 g-dm= NaH,PO4-H20 .

The table 9 shows the experimental data of
countercurrent leaching of 7 representative samples
of a regular PCB concentrate, previously ground to a
particle size of 0.5-2 mm, the duration of each stage
is 160 minutes. In the first stage, a solution was used
after leaching a representative sample of a regular
PCB concentrate under standard conditions with an
initial concentration of active

bromine of 34.26 g-dm"s gy, The results are shown

in table 9 show that by turnmg_th_e prod_uctlve
solution over five leaching stages, it is possible to

increase the gold concentration by 3.5 times from 44
to 152 ppm. In this case, the degree of transition of
gold into solution falls within acceptable limits from
98.23 t1076.58%. We can assume that if leaching is
carried out in

countercurrent, then the completeness of extraction
and a high degree of gold concentration can be
maintained. At the same time, it should be noted that
through the use of a reverse leach solution for dissolving
gold from five samples of regular PCB scrap, even with
correction of the active bromine concentration, it was
possible to reduce the oxidizer consumption from 89-95
to 20-32 kg Br per ton of scrap.

Silver, palladium and platinum in the
bromine-bromide system

As mentioned earlier, the electronic scrap is
a complex raw material of precious metals and, in
addition to gold, contains industrially significant
concentrations of platinum group metals, especially
palladium. In the process of gold leaching in a
productive solution, in addition to gold (52 ppm),
traces of iron (3.4 ppm) and copper (6-8 ppm) were
found. Silver, palladium and platinum in the solution
were not detected. Silver was previously detected in
the leaching residue in the form of metal inclusions
coated on the surface with a dense AgBr film, which
is easily formed under conditions of gold leaching by
the reaction:

Ag + Br-=AgBr + ¢, a7

which is thermodynamically expressed by equation (18)
@ =0.03-0.0591 Ig [Br-] (18)

Chemical analysis of the solid residue after
bromine-bromide leaching of gold from palladium-
rich PCB scrap showed the content in it, vt., %: 17.34
Cu,4.18 Al, 5.16 Sn, 1.83 Fe, 2.26 Zn, 4.18 Pb, 0.520
Ag, 0.00003 Au, 0.036 Pd and 0.0005 Pt. In this
sample, the search experiments were carried out
(Tables 10-12) to study the conditions for the
extraction of silver, palladium and platinum in the
bromine-bromide system.

Table 9 The results of gold leaching in the bromine - bromide system at an initial pH of 5.1 with a phase ratio T:

W = 3: 1 with a turnover of the productive solution

Stage [Br2] [Br2] Br, | NaOH, Buffer Eh, pH [Au], [Au], EAu,
start end ml ml solution, ml | B Ppm start | Ppm end %

I 34.26 | 225 - 1.6 - 894 | 5.1 44 76 98.23

I 13.72 | 187 1.6 2.3 19.2 911 | 5.8 68 112 92.56

i 16.8 12.5 2.4 3.4 324 897 | 6.3 100 140 87.30

v 10.4 11.6 3.2 3.8 58.6 901 | 5.2 128 164 81.65

\ 7.9 10.2 4.0 4.2 68.9 899 | 5.8 152 195 76.58
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Table 10 Kinetics of leaching of silver and palladium in the bromine - bromide system at an initial pH of 6.0, the
volume of bromine solution is 14 ml, the phase ratio T: W = 1: 3 and the concentration of bromide ions is 103.5 g-dm™

Duration, [Br2], Solution Eh, MB pH Eag, % Epd, %

min gr-dm NaOH ,
X ml
0 23.20 2.0 879 6.0

60 23.10 2.0 876 5.8 14.15 6.23
240 22.84 2.2 874 5.9 26.72 12.10
300 22.43 2.4 874 5.9 34.15 17.82
360 22.28 2.4 874 5.8 48.92 29.15
900 22.13 2.4 877 5.8 82.35 61.66

Table 11 Kinetics of leaching of silver and palladium in the bromine - bromide system at an initial pH of 1.98, a
bromine solution volume of 16 ml, a phase ratio of T: W = 1: 5 and a concentration of bromide ions of 100.5 g-dm

Duration, [Bra], Solution Eh, MB pH Eag, % Erd, %

min gr-dm HBr (62%),
ml
0 29.86 0.2 879 1.98

60 26.10 0,2 846 1.50 38.62 16.83
240 22.84 0.3 834 1.50 53.25 38.16
300 18.43 0.8 812 1.50 72.62 57.82
360 22.28 2.4 774 1.50 92.37 79.15
900 22.13 2.4 784 1.50 95.62 93.20

The experimental results showed that at pH 6,
silver and palladium begin to dissolve only at a high
concentration of bromide ions. In this case, 82.35%
silver and only 61.66% palladium can be converted
into a solution. To transfer all palladium into a
solution, the pH must be shifted to the acidic region
to pH 1.98-1.5. Silver is quite completely dissolved
in a wide range of pH1.5-6.0. The results obtained are
in good agreement with the well-known fact that
hardly soluble silver (I) halide in the presence of an
excess of halide ions forms soluble highly charged
anionic complexes [14, 15]. For AgBr, this can be
described by the following reactions:

AgBr + Br = AgBr?- (19)

AgBr, + Br = AgBrs* (20)

In the case of palladium, it is known that its
oxidation, for example, with nitric acid, in the
presence of bromide ions results in the formation of
a brown mass of PdBr2, which is hardly soluble in
aqueous medium, but soluble in hydrobromic acid
[15]. As can be seen from the experiments, the
dissolution of palladium with the formation of the
anionic complex of palladium (1) PdBr42- can be
described, thermodynamically very likely, by
reaction (21):

Pd + Br, + 2Br < PdBrs +28,  (21)

¢ =0.49 + 0.0296 log [PdBr,*] - 0.0296
logPsr2 -0.0591 log [Br]

Dependent on the concentration of bromide
ions. However, in practice, the process proceeds
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slowly, since it is passivated by the formation on the
surface of particles of palladium dibomide -PdBr,
which is hardly soluble at pH 5-7, and therefore, the
dissolution is practically not completed. In the
presence of hydrobromic acid (pH 1.98) and an
excess of bromide ions, judging by the leaching
duration, the process is also accompanied by the
formation of a palladium dibromide film, which then
dissolves in the acid.

As can be seen from the data given in table. 15
and 16, the dissolution of palladium in the bromine-
bromide system proceeds much more slowly in
comparison with the behavior of gold. When the
medium is acidified with hydrobromic acid and all
other things being equal, the recovery of palladium
increases from 61.66 to 93.20%. However, if at pH
6.0 only 11 ppm of copper was found in the
productive solution, then the acid solution contains,
g-dm: 0.0105 Pd, 0.56 Ph, 2.6 Ag, 11.3 Cu. Thus, it
was found that at pH 1.98 it was possible to transfer
the main amount of palladium and silver into the
solution, however, about 20% of the copper passed
into the solution. It was not possible to trace the
behavior of platinum under the conditions of
bromine-bromide leaching of the presented PCB
samples, due to its extremely low content.

Thus, it has been experimentally shown that
bromine-bromide leaching allows selective and high-
speed recovery of gold from electron scrap in an
alkaline medium and is an effective alternative to
direct cyanidation. The leaching conditions of silver
and palladium in the bromine-bromide system are
practically presented and theoretically justified. It
was shown that during the bromine-bromide leaching
in an alkaline medium, the dissolution of copper is
impeded by the formation of a passivating film of
hardly soluble oxide (Cu0) on its surface. However,
when silver and palladium are leached, up to 20% of
copper is dissolved with a slightly acid bromine-
bromide solution, and iron, aluminum, zinc and tin

pass into the solution simultaneously. The dissolution
of related metals, especially copper, causes an
increased consumption of bromine and complicates
the practical use of the technology. Therefore, in
further work, the conditions of the joint bromine-
bromide leaching of silver, gold, and palladium after
preliminary leaching of the accompanying metals and
copper from the initial PCB concentrate were
investigated.

Findings. A noticeable dissolution of gold in
the bromine-bromide system begins at pH<S8, and at
pH = 6 almost all of the gold passes into the solution
quite selectively. A sufficient concentration of active
bromine under these conditions can be considered 6.6
g-dm= Br; at a bromide concentration of 20 g-dm
NaBr.

Leaching with recirculation of the productive
solution allowed to reduce the consumption of
bromine from 89-95 to 20-32 kg Br, per tonne of
scrap and to increase the concentration of gold from
76 to 195 mg-dm3.

It was shown for the first time that silver and
palladium in the studied system (pH = 5-6) can be
dissolved only at high concentrations of bromide
ions. Complete dissolution of palladium is achieved
at a concentration of bromide ions of 100.5 g-dm
and pH = 1.5-2.0.

The high efficiency of bromine-bromide
leaching allows further development of thr research
in the direction of leaching of precious metals in one
stage in a slightly acidic medium after preliminary
leaching of copper and related metals.
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bpoM-Opomuj KyiieciHeH aJTbIH, KYMicC, AJJIaAUi, IJIATHHAHBI JIEKTPOHABIK
CHIHBIKTAPAAH maimaJsay

Koran B. C., Bepkosuu U. B.

Tyitingeme. DIEKTPOHIBIK CHIHBIKTApAaH OpOM- OpOMHUJ EpITIHIUICPiHIH, AaNThIH JKOHE 1JIeCTe achLI
MeTalapAblH, MbICAIBl KyMic, HajUlaJiii MEH IIaTHHA CHUSKTHI [IaiiMajay TEpMOJMHAMHKAChl MEH KHHETHKAaChl
3eprrenai. Jactypuni Brz - Br - - HO sxyliecinaeri anTbIHHBIH KOPCETETIH KACHSTTEPiH TEOPHSUIBIK KHE IPAKTHKAIIBIK
Tangan, OefTapar jkKoHe 9JICi3 KBIIIKBUIBIK OpTaja OpOMHBIH THAPONU3i OipiiaMa TOMEH KYpPETiHiH jkoHe OpoMHATeri
OpoM epiTIHIICIH aNTHIHABI TaliMaNay YIIiH KOJMAaHyFa OOJMaTHHARIFBIH gonenaeni. CoHpIMEeH Katap, OpoM- OpoMuaTi
maiimManay HaHU3anusIMEH CaIbICTRIPFaHAa aHAFYPIIBIM KOJIAMIIbl KHHETHKACH )KOHE CEIEKTUBTLIIIIMEH epeKIIeIeHE .
Aran aliTKaHJa, MbIC OemekTepiHiy OeTinae 0ip BaneHTTI Mbic okcuaiHiH (Cuz0) maccuBTI MIICHKACHIHBIH Maiixa 00TysI
HOTIKeciHAe Oeilrtapam opraga OpoMaay MbIC epiTiHAIre OTmeiai, al MbIC IIHAHWANCH TYPAKTHl GpUTIH aHHOH
KOMIUIEKCTEepiH Kypaiapl. Cinrinik opramarbl pH MonzaepiH Ttypaxranaelpy yiuiH ¢ocdarrel Oydepiik epitinai
(NaH2PO4) kesingeri anthiHIbI mIaiiManay IIApTTapbl ajfall PeT 3epTTenii. AKTHBTI OpoM, GPOMHI HOHAAPBIHBIH
KOHLICHTPALMACH >koHe Oydepii epiTiHal KOHLIEHTPALMSCHIHBIH IIaiiMainay epitiHmicingeri pH MoHI, alTHIHHBIH
maiiManay KHHETHKAachlHAa acepl 3epTTenii. OKCIepUMEHTanIbl TYpJe AaNThIHHBIH adTapibikTail epyi pH<8-nen
Oacransir, pH 6-1a OapiIBIK anTBIH epiTiHAIre TyceTiHi aHbIKTanasl. OCHI JKaFaainapaa 6eJIceHi OpOMHBIH JKETKLTIKTI
KOHIICHTPAIMSACHH 6,6 re Br,, NaBr OpoMUATIH KOHIEHTpanuscel 20 rJim men caHayra Ooramsl. OHIMAI epiTIHAIHI
LUMPKYJIALUSIIAY apKbUIbl MaiManay OpoMabl TYTHIHYIbIH 6ip ToHHackl yuiin 89-95-ten 20-32 kr Br? asaliryra xone
ANTHIHHBIH KOHIEHTPAUMACHIH 76-man 195 mr-gmS-xe neifin apTTeipyra MyMKiHmik Gepmi. JKympicta anramn per,
KapacTBIPBUIBII  OTBIPFaH KyMic TieH mammaguid okyiieciameri (pH=5-6) OpoMHa HOHIAPBIHBIH KOFaphI
KOHIIEHTPALMAChIHAA FaHA alTapibIKTail epu OacrTaiiThiHbl 3eprrenred. [lamnaaumiinig tonsik epyi 100 r-am~ won
opomuminge xone pH = 1,98 nenreitinge 60mbL.

Tyiiin ce3aep: aiThIH TMIPOMETAJUTYPTHUsCHl, KOMIBIOTEPIIK CHIHBIKTAap, OPOMMEH achbUl MeTajJapAblH epyi
TEPMOJMHAMUKACHI MEH KMHETUKACHI, (hocarTsl Oydepaik epiTiHmi.

BoilenaunBanme 30J10Ta, cepedpa, NaNJIaIus U IVIATHHBI U3 3JIEKTPOHHOI'0 CKpana
B OpoM-0OpoMH/IHOl cucTeMe

Koran B. C., Bepkosuu H. B.

AnHoTanus. V3ydeHa TepMOAMHAMUKA W KMHETHKA BBIIIEIaYMBaHMS 30J0Ta M COMYTCTBYIOMINX OJIaropoIHbIX
METaJIOB, TAKHX Kak cepeOpo, Maulainii M IUlaTHHA, M3 JIEKTPOHHOTO CKpama OpoM-OpOMHAHBIMH PacTBOPaMH.
Teoperndecknii 1 MpaKTHUECKUI aHAIN3 TIOBEACHUS 30JI0Ta B TPAJUIHUOHHON cucreme Br, — Br - HO moxreepamn
(hakT, 9TO B HEUTPAIHHOH M CIA0OKUCIION cpene, Korjaa THApon3 OpoMa IpoTeKaeT He3SHAYUTEIHHO, PacTBOP OpoMa B
OpoMHIE MOXKHO HCIOJIB30BaTh JUIs BBINIETAYMBAHUS 3070Ta. IIpum 3ToM OpoM-OpOMHIHOE BBIIEIAYMBAHHUE II0
CpPaBHEHUIO C IMAaHMPOBAHMUEM OTINYAETCs OoJiee BRITOAHON KHHETHKOW W M30MpaTeIbHOCTRI0. B wacTHOCTH, Meah IpH
OpOMHpPOBaHHMHU B HEUTPAILHOM Cpelie B pe3ylibTaTte (OPMUPOBaHHS HA OBEPXHOCTH YACTHUYEK MEIH MMAaCCUBUPYOLICH
IJIEHKU okcuaa oaHoBajeHTHOH menu (Cuz0), He mepexoauT B pacTBOP, B TO BpeMs, Kak C IMAHUAOM Meab oOpa3yer
YCTOHYMBBIE PACTBOPUMBIEC aHHOHHBIE KOMIUTEKCHI. C 1ebio cTabnin3anyu 3HadyeHnii pH B 11e104Ho#M 001acTH BIIEpBbIC
HCCIIeI0OBAHBI YCIIOBHS BBILIEITAYNBAHIS 30JI0Ta B IPUCYTCTBHH (ocdaTHOTrO OydepHOoro pactBopa (NaH2PO4). Usyueno
BJIMSIHME Ha KMHETHKY BBIIIEauyiBaHus 30510Ta pH BbIIEIaunBarONIEro pacTBOpa, KOHIEHTPALMH aKTHBHOTO OpoMa,
OpOMHI-NOHOB M KOHLEHTpalmu OydepHOoro pacTBopa. DKCIEPHUMEHTAIFHO YCTAHOBJICHO, YTO 3aMETHOE PACTBOPEHHE
3omoTa HaunHaeTcs npu pH<8, a mpu pH 6 B pacTBOp NepexoAMT MNPAaKTUYECKH BCE 30J0TO. JlocTaTouHOM
KOHLIEHTpALMell aKTMBHOTO OpOMa B OTHX yCJIOBHAX MOYXHO CUMTaTh 6.6 T-aM° Br, mpu KoHUeHTpamuu Gpomuaa
20 r-am?® NaBr. BplmenaunBanue ¢ pemupKyJIsIEeil TPoIyKTUBHOTO PAcTBOPA TMO3BOJIMIO CHHU3UTH Pacxoj OpoMa ¢
89-95 mo 20-2 xr Br, Ha TOHHY CKpama W HNOJHSTH KOHIICHTPAIUIO 3010Ta ¢ 76 mo 195 Mmroam=. B paboTte BrepBBIE
MMOKa3aHo, 4To cepeOpo W mamianuii B m3ydaeMon cucreme (pH=5-6) HauWHAIOT 3aMETHO PACTBOPSATHCSA TOJIBKO HPH
BBICOKUX KOHILIEHTPALUAX OpOMMI-UOHOB. IloNHOE pacTBOpeHHe Nawiaaus 6610 gocturayto npu 100 r-am 6pomus
MOHOB U 3HadeHHsx pH=1.98.

KiroueBble c€JI0Ba: THAPOMETAJUTYPTHS 30JI0Ta, KOMIBIOTEPHBIN CKpam, TEepMOAWHAMHMKA M KHHETHKA
pacTBOpeHus OIaropoAHBIX METAIOB OpoMoM, hocdaTHsIit OydepHbIil pacTBOD.
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UccnepoBaHue BNUsHUA nnactuuKaTtopoB U
TepMonJslacToB Ha MexaHu4YeCckue CBOMCTBa
3anoKcuaHom cmornbl 1 yrinennactuka (O63op)
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AHHOTaumsa. 3agaya co3gaHnsa TEXHOMNOMM YNPOYHEHWs anokemaHon cMonbl (OC) 1 yrmennacTvka akTyanbHa ans
MHOMMX pa3gernoB TEXHMKM: KOCMUYECKOW, aBMaLMOHHON, 0OOPOHHON, aBToMOOMNBHOM 1M Ap. Bonpoc pelwaetca
MHOMOYMCIIEHHbIMM  MpyeMamy  mogudmkaumm  OC,  KOMMOHeHToB  yrnennactuka.  Mogudpumkaums 3C
OCYLLECTBINSIETCA NyTEM BBOAA PAa3MMYHbIX XMMWUYECKUX coeanHeHnn. OpHMM K3 MEeTOdOB  YMPOYHEHUS
yrnennactuka SBnsieTcsa Moavdukaums nnactudmkatopammn (Tpukpesundocdar, onevHoBas KucroTta) wnm
Tepmonnactamu (MonncynbdOH, NonukapboHaT, NoMMCTUPON, YOAPONPOYHLIA nonuctupon). B pabote cobpaHbl
MMetoLLMecs B nuTepaType KCMepVMEHTarnbHble AaHHbIe MO BAWSHWIO Pas3fUyHbIX BUAOB MOAMMKATOPOB Ha
npoyHocte 3C wn yrnennactuka. [NpoaHanuanpoBaH MexaHusm MoauduumpoBaHns 3C u  yrnennactuka
nnactudumkaTopamun u Tepmonsactamu. BeegeHne nnactudmkatopos B kavecTBe Mogudukatopos OC NpuBoauT K
yry4LLEHUIO YAapHOW BA3KOCTM B 2 pa3a. OnTtumansHbIi BBOA Nnactudukaropos B AC coctasnseT 15 % v 3aBucut
OT MOSIHOTbI PacTBOPMMOCTU B CBA3YIOLLIEM, AafibHeNllee yBenuyeHue BBOAA Mnactudmkatopa MnpyUBOAUT K
CHWXEHWNIO MPOYHOCTY MaTepuana. Mogmdukaums TepmonnactaMmm yrnennactvka MOXeT MPUBECTU K YIyyLLEHWo
MpoYHOCTM Ha oxatve Ha 20% v ygoapHow BsskocTM B 2 pasa. [pu BBegeHun TepmonnactoB csbiwe 20% B
yrnennacTuk nokasatenyM MPOYHOCTM  CHwKatoTCs. [lonyveHHble AaHHble Heobxoaumbl Ans  pas3paboTku
OTEYECTBEHHOW TEXHOMNOMMN NPOM3BOACTBA YAAPOMPOYHBIX YTNENacTUKOB.

KnioueBble cnoBa: 9nokcugHad  cmomna, Mogudwukatopbl,  nnacTudmkatopbl,  TepMONnnacThl,
TepmoobpaboTka, yaapHas BA3KOCTb, MPOYHOCTb.
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Beenenue BOJIOKHA, BBITTOJTHSIOMUN QYHKIMH apMaTtypsl [1, 2,

26, 27]. ApMHpOBaHHbBIE TUIACTUKH 00JIAIAIOT PSIOM

VriemmactTuk — 3TO KOMITO3UTHBI MaTepual  MPEUMYIIECTB 10 CPAaBHEHUIO C TakWMHU OoJjee
(KM), co3maHHBI Ha OCHOBE SMOKCHAHONW CMOJBI  PacHpOCTpaHEHHBIMHU KOHCTPYKLMOHHBIMU
(9C), urparomuii poap MaTpuUbl M YIJIEPOJHOTO  MaTepualaMH, KaK allOMHHUH, THUTaH, CTalb M
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JpyTHe CIUIaBbl, Onaronapsi MajJoMy BeCY, BBICOKUM
YIETBbHBIM  YTIPYTO-MIPOYHOCTHBIM ~ XapaKTEPHUCTUKAM,
XUMHUYECKOM CTOMKOCTH, OJHAKO, CYIIECTBYIOT
HenoctaTku. Hambornee cyiecTBeHHBIM SIBISIETCS —
HHU3Kasi CONPOTUBIISIEMOCTh YapHOMY BO3JEHCTBHIO
3C u yriennacTuka.

B HacTosiee Bpemsi B pa3sBUTHH YIJIEIIIACTUKOB
aKTyajbHa 3aJa4a TIOWCKAa IIyTeil MOBBIIICHUS
YAApHOW BSI3KOCTH NPU COXPAaHEHUM JOCTUTHYTHIX
YPOBHEM CTATUYECKOH MPOYHOCTH. YBEIUYECHUE
YAapHOW BSI3KOCTH YTJICIUIACTHKA OCYIIECTBIISIETCS
npueMamMu ~ MoAM(UKANMKA  TyTeM  BBEICHHS
CHEIMATBHBIX 00aBoK: TEPMOILIACTEI,
mractuduraropsr  [3-6].  DKcIepUMeEHTAIbHBIM
WCCIIEIOBAHUSAM IO MIPOBEPKE BO3MOXKHOCTEH 3TOr0
METOAa, JOJDKEH IPeIIeCTBOBaTh IMOIPOOHBIN
TUTEPATYPHBIN aHATTN3 UMEFOIINUXCS ITyOIMKAITIA.

Henr Hacrosimeit padorbl —  aHaIU3
JUTEPATYPHBIX  JAaHHBIX MO MOJUPUKALIUU U
ynpouHeHus: OC U yriemiacTUKa IMyTeM BBEACHHUS
Pa3NIUYHBIX BUIOB MOIU(PHUKATOPOB.

1 Buabl MOAU(PUKATOPOB 3MOKCUIHBIX
CMOJI, B TOM 4YHCJIe IUIACTUPUKATOPHI U
TEPMOILIACTBI

OmauM W3 METONOB MOIUPHUKALINT
yIJeIIacTUKa  SBIACTCS  maacmuguxkayus — —
N3MEHEHUE CBOMCTB MOJMMEpPa MyTeM J00aBJICHUS B
KOMITO3UIIMIO  HU3KOMOJICKYJSAPHYIO J00aBKy —

iactudukaropoB. [lmacTugukaropsl U3MEHSIOT
BA3KOCTb CHUCTEMbI, T'MOKOCTb M IIOABMXHOCTb
MOJIEKYJISIPHBIX CTPYKTYD. MHuorue

TUTACTU(QHUKATOPHI MO3BOJISIIOT IMOBBICHTH yJAPHYIO
BS3KOCTh IOJMMepa 0e3 NOTepH NPOYHOCTH U
MOJYJNISi YHOPYTrOCTH, TaKKe MOTYT YJIydIIUTh
OTHEBYIO, CBETOBYIO M TEIUIOBYIO YCTOHYHBOCTB.
Cpenn 1racTu(UKaTOPOB HHTEPEC NPEICTABIISIOT
tpukpesmnpochar (TKD) u omenHoBas kuciora
(OK) 3a cuer ux coBmectumoctH ¢ OC [7,8].

Tpuxpesunrgpocgham — 3TO CHOXKHBIA 3DUp
oprodochopHOil  KHCIOTBI ~ TPHKpE30Ja  HIIH
JTUKpe3oJia (PUCYHOK 1).

O

I -
20750 Sep,
~CHa
~CHg

Pucynok 1. Xummueckuii cocras Tpukpesmidocdara

TK® J5ierko pactBopsieTcsl B Kupax, Maciax v BO
MHOTYX OPIraHHYECKUX PaCTBOPUTEIISIX, HE PACTBOPHM B
Bojie. TK® craburieH mpu HOpMAaIbHBIX TeMIIepaTypax
U JIABJICHUS, a €r0 TOYKa KUIEHUS JISKUT B Ipeaesax
280-290 °C, uro uckiouaeT 0Opa3oBaHMS MapoOB BO
BpeMss pabotel. TK® wyacto mpumeHsieTcs B
KOCMHUYECKOM, PEaKTUBHON TEXHUKE 1 aBUALIWH.

Oneunosas Kucioma — MOHOHEHACHIIIEHHAs
JKUpHAsi KUCIIOTA, COACPKAILYIO0 B MOJIEKYJIE TOJIBKO
OJIHYy HEHACBILIEHHYIO CBA3b, OTHOCUTCS K TIPYIIe
Omera-9 HEHACBILICHHBIM JKUPHBIM  KHCIOTaM
(pucynok 2). Ilo ¢usuyeckum cBoiictBam OK
MIPEICTaBISIET COO0I OECIIBETHYIO BA3KYIO JKUIKOCTh
¢ Temreparypoil miaBmenus ot 13,4 mo 16,3 °C,
Temneparypoil kumeHus 286 °C U IUIOTHOCTBIO
0,895 r/cm®. OK pacTBOpsieTcsi B OpraHMYeCKHX
pacTBOpUTENSIX WM He pacTBopsercs B Boje. OK
pacrpocTpaHéH B BHJE HEHACBHILICHHBIX XHPHBIX
KHCJIOT U COACPKUTCA B pPAaCTUTCIIBHBIX U JKUBOTHBIX
)kupax. OK mpuUMeHSIOT B KayecTBE KOMIIOHEHTOB
MOIOIIMX CPEICTB, JIAKOB, ONH(), 3MYIbraToOpoB U
TIacTH(GUKAaTOPOB.

CH; - (CH,), H
' “IN /
C=C O
’ N\ 7
H (CH,C
OH

Pucynok 2. XuMHYECKHIA COCTAB OJICMHOBOM KHCIOTHI

K »3TtomMy xmaccy TEpMOIIIACTOB OTHOCST
MOJIUMEPHI:

1 Honucmupon

[HomucTuponsHbIe IJIACTUKU (I1C)
MPEJICTABISIIOT cO00M MHOTOYHCICHHYIO TPYITTY
TEPMOIUIACTUYHBIX ~ MAaTCPUAIOB,  XUMHUYCCKUN
COCTaB TOJUMEPHOW YacTH KOTOPBIX COJEPIKUT

MOHOMEp  CTHUPON WU OPOAYKTBl  €ro
COITOJTUMEPH3AIINH.
[Ipomecc obpazoBaHUs moJImMepa

MOJIMCTUPOJIAa U3 MOHOMEpPA CTUPOJIAa H300paskeHO Ha
pucyHke 3 cienyromumM o0pa3oMm:

H H
H H I
\ / PapvkansHas -C-C-
CcC=C \ BUHWIOBas NONUMEpPU3aLVs | |
/ \ > H i
\\\\\\ P \\\\\//

CTuPON nonucTnPon

PucyHok 3. XuMH4YeCKHI COCTaB TOIUCTHPOIIA
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Bcenencteue mpospaunoctu IIC oTHOCST K

IpyNIe  OpraHMYecKHX  CTeKod.  ILIoTHOCTB
TIOJIMCTHPOJIA BBILIE TUIOTHOCTH BOJBI U COCTABJISIET
1050-1100  kr/m®. Tewmmeparypa  IUIaBJI€HHUE

noauctupona 190-230°C [5].

2 Yoaponpounwiii nonucmupon

VY naponpounsiii monuctupon (YIIC) obnagator
0oJiee BBICOKOM TEPMOCTOMKOCTBIO U CTOMKOCTBIO K
ymapabpiM Harpy3kam. YIIC TtemmepaTypa moaBieHus
190-230°C. OGpazoBanue YIaPOTIPOYHOTO
MOJTUCTUPOIIA TIOKa3aHo Ha pucyHKe 4 [5].

[-cH, - E'H=C'H—E'I—I:]—[_—C'Hp_ -cH-]

L n l m
Pucynok 4. XuMuueckuil coctaB y1aporpoyHOro
MIOJIMCTHPOJIA

3 Honuxapbonam

[Nomukap6onat (I1K) — cinoxxabie TOTUIQUPHI
YroJbHOW KHUCIOTBI M JIByXaTOMHBIX CIIUPTOB,
XUMUYECKHI COCTaB KOTOPOTO MPHUBEICH Ha PUCYHKE 5.
HawuGomnbiiee NpOMBIIUIEHHOE 3HAY€HHE HWMEIOT
apoMaTHYecKHe  MOJIMKAapOOHATH, B  IEPBYIO
ouepe/ib, MoJIMKapOoHAaT Ha ocHOBe bucdenomna A,
CHHTE3UPYEMOTr0 KOHJEeHcalnuel (peHona u aneToHa.
[TK Temnepatypa mnasnenns 220-240 °C[5].

CH

FOEO-o e,

CHj

PucyHok 5. Xumudeckuii coctaB noiukapOoHaTa

4 Honucyavgon

Homucyneponsr  (IICD) —  moammepsl,
coJiep)Kalllieé B OCHOBHOW IIETIH TTOBTOPSIOLIAECS
rpymnel - SO, XUMHYECKHH  COCTaB, KOTOPOTO
n3obpaxken Ha pucyHke 6. [ICD — amopdnbie
Mpo3payHble  TEPMOIUIACTHYHBIE IIONHMMEPHI  OT
CBETJIO-KENTOTO IO KOPUYHEBOTO I[BETA,
MOJIEKyJIsipHOM  Mmaccoii  (30-60)10°. [ICD
Temreparypa iasienus 245-400°C [5].

CH,

n

PucyHok 6. XMHUYECKHI1 COCTAB MONKUCYIbPOHA
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2 MHcciaenoBanue BJIHSHHMA ILIACTH(H-
KATOPOB M TEPMOILIACTOB Ha mpo4HOcThL IC H
yriemiacTuKa

Brusinue naacmuguxamopos. ABTopamu B
padore [9] Obutm wm3ydeHol BiusHHe TK®D Ha
CBOICTBA SMOKCHIHOIO KOMITO3HTa Ha ocHOBe DJ1-20
C TpPUMCHCHHMEM JIByX THUIIOB  OTBEPJUTEIS:
nommaTwieHnomamMua - (II9I1IA) w  HU3KOMOIIE-
KymsipHbId monmmamu Mapku [10-300. B pesynberate
MPOBEJICHHBIX HCCJICJIOBAHUN OBUIO YCTaHOBJICHO,
4yT0  coaepxaHme ruiactudukaropa TKD B
kommdecTBe 30 Macc.d. U1l COCTAaBOB OTBEP>KEHHBIX
[IDITA, mocturarorcs 0ojee BLICOKHME IMOKA3aTeNH
pa3pylIaroInero HanpsHKeHHs MPU u3rude B 2 pasa,
yIIapHOM BS3KOCTH B 4 pa3a, Kak MoKa3aHo B Tabmmie 1.

Taoauna 1. ColicTBa 3MOKCUIHBIX KOMITO3UTOB

CoctaB Pazpymato- | VYnoap- TBepaocTh

KOMIIO3HIIMH, mee Has BA3- 10
15 macc.4. Harpsixke- KOCTb, bpunenito,
[IBIA HUE TIPH KoK/ M2 MIla
n3ruoe,
Mlla

1009/1-20 17 3 225
709 1- 34 13 84
20+30TKD

[Tpu BBeaennu B OC mnactudukatopa TKO,
orBepxkeHHbIM [10-300, ycToWuMBOCTE K yHapy
yBeIMUMBaeTcs B 2,5 pasa, 3Hau€HHE KOTOPOTrO
cocraBnsteT 36 kJIK/M2, B Cilydae MCIBITAHMAX Ha
M3rud He MPOUCXOAMT Ppa3pylleHus oOpasiia
(Tabmuma 2).

Taoauna 2. CoiicTBa 3ITOKCHUIHBIX KOMITO3UTOB

Cocras Paszpymaromiee | Yoapuas | TBepnoctsb
KOMITO3MIIUH, | HalpsDKEHHE | BS3KOCTb, o
40 macc.u. [1O-| npu usrube, | xJlx/M? | Bpunemo,
300 MlIla MIla
1002/1-20 76 13 185
7025/1-20 8* 36 -
+30TK®D

[Mpumeuanue: * - He pa3pyIaercs

Aptopamu B pabote [10] ObLIM MCCIIeI0BaHEI
CBOWCTBA DJIOKCHIHBIX KOMIIO3UIIMA Ha OCHOBE
SMOKCUIHON nuaHoBOM cmonbsl Mapku J-20 u
orBepautenem [IDIIA c¢ moGaBrneHMeM 000JIOYKH
rpednxu u mpoca, tpuxiopatunpochara u TKD.
TK® npumensuinm B KadecTBe IUTacTH(PHUKATOpa H
3aMeIIUTENs] TOPEHUSL. Ilpu wucnons3oBaHUU
cocraBa 70 DJ[-20 + 30 TK® + 15IIDI1A Obuin
MOJTy4eHBI HanOOoJIee ONTUMATILHBIE KOMIUICKCHBIC
CBOICTBA. DH3NKO-MEXaHUUCCKHUE u
Tero(U3UMYEeCKUe  CBOMCTBA  3TOrO  COCTaBa
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BBIMVIAJAT CIIEYIOIIMM 00pa3oM: yaapHas BA3KOCTb
noBeicunack oT 9 10 14 kJ[/M? 0 CpaBHEHUIO C
coctaBoM 0e3 moaudukatopa TK®D, pazpymatomee
HanpsDKEHUE TPU U3rude yBEIHMYWIOCh B JIBa Pasa,
yT0 cocranister 98 Mlla.

B pabGore [11] pa3paboraHbl cOCTaBBI Ha
ocHoBe cMmoibel DJ1-20 ¢ momupukatopamu TKD.
B kauecTBe OTBepIUTENs CMOJBI HCIONb30BAIN
orBepautenb [1DITA. OOpa3ipl mosydyanu B BUIC
MIPECCOBAaHHBIX TaOJIETOK C TOMIMMHOW 1 MM C
conepxxaauemM 70% ot maccer D/[-20, 15% IIDIIA,
30% TK®. HcnpltaHus OpOBOAMIM Ha H3THO,
YAApHYIO BSI3KOCTh U ONIPENeIIsIN TAaKUe II0Ka3aTely,
Kak BpeMs rejaeo0pa3oBaHus, BpeMsl U TeMIepaTypa
OTBEPKACHUS SMOKCUAHBIX KOMIIO3UIHH.
Pe3ynbraThl HccienoBaHus TIOKa3aiv, YTO BBEJICHUE B
cocraB cmomnbl Tactudukatopa TKD  ymydmmaer
yIapHyIo B3KoCTh B 3 paza (10 x/lx/m?), usrué B 3
paza (57 MlIla), TBepmocts Ha 59% (197 MIla). Taxxe
YBENMUMBAETCS BpeMs TeneoOpaszoBaHus oT 24 10
60 muH., Bpemsa oTBepxkacHUs oT 39 no 115 MuH u
CHIDKAET TeMIIepaTypy oTBepskaeHus ot 125 o 44 °C.

B pa6ore [12] nzyuanu BiusHUS JO00aBOK Ha
(m3nyeckue CBOWCTBA CMOJNBL. B KadecTBe CMOIBI
WCTIONB30BAIM  HEHACBHIICHHYI0 — TOIHA(PHUPHYIO
cMmoiy ¢ BBeaeHueM Tpuatungdocdara, TKD. [Tocne
CMEIIBaHUs U 00pabOTKH yIBTPa3BYKOM OOpa3IlbI
oTBepxkaany B meun 3 vaca mpu 70 °C, 1 wac mpu
100 °C u 1 yac mpu 150 °C. OGpas1bl HCTIBITHIBAIM U
OIIpENeIsUIA Mpesiesl MPOYHOCTH Ha M3TrM0, MOAYIb
ynpyroctd. Ilpegen mnpounoctm Ha  u3rud
yBenmuumiicsa ot 88 no 94 Mlla, moxyns ynpyroctu
0,63-0,7*108 krc/cm?.

Astopamu [13] ObUIM WCCIENOBaHBI BIWSHHUC
MOIU(HUKATOPOB HA MEXaHMYECKHE CBOMCTBA CMOIIBI.
J171s1 oITyyeHus1 KOMITO3UTa UCTIONB30BATH CIIETYIOIINE
Marepualbl M KOMIIOHEHTBL:  HEHACBILICHHAs
nonmsQupHasi CMoOJa, OTBEPAWTENIM — TIEPOKCHJ
METHJIITUIKETOH U HadTaHaT KOOaIbTa, MOAU(PHUKATOD
—TK®. Konuenrpaimsa TK® B kommozuiwu 5%, 10% u
15% oT Macchl cMOJIbL. AHAIM3 MEXAHUYECKUX CBOWCTB
MOKa3kIBaeT, uTo BBeneHue 5% TKO mopeimaet nmpeaen
nmpoyHocT Ha paspeiB B 1,3 pasa (98 Mlla).
Ho6Gasnenne 15% TK® ynydmaer yaapHyro BSI3KOCTb
Ha 12% (1,47 xJIx/M2).

B paGotre aBropa [14] pa3paboraHbl u
HCCIIEIOBAHbl 3MOKCUIHBIE KOMIIO3UTHI Ha OCHOBE
cmonbl D/1-20 ¢ mpuMeHeHUeM ILTacTH(PHUKATOPOB.
J1ist OTBEpIKJCHHST CMOJTBI TIPUMEHSUTH OTBEPJIUTENb
amuaHOro Tuma — [IDIIA. Jlns mnactudukanmu
WCTIONB30BAJIN OJICMHOBYIO KUcHoTy. KoHLleHTpanus
OK B cocrase cmoisl coctasiseT 10%, 15% u 20%
OT MacChl CMOJBI. Pe3ynbTaThl aHanmm3a CBOMCTB
nokassiBaer, urto BBeaeHue OK  moBbimaer
ycroiunmBocTh K uirubam B 6 pa3 (105 MlIla),
yIapHyIO BA3KOCTh B 5.5 pa3 (17 kJ[x/M?).

ABTtopamu B padote [15] ObuH HCCIIeTOBaHbI
BIUSHYSI TIACTH(HUKATOPA JUTTUIMIAIOBBIA 3(huUp
mdTwieHrukons  (JI0I-1)  ma MexaHmdeckue
cBotictBa cMoiiel 3/1-20 ¢ otBepautensamu [I1DI1A u
I[1O-300. AmHamu3 CBOMCTB TIOCIE HCHBITAHUSA
MOKA3bIBACT, YTO YIS O0OpPa3IlOB, OTBEPIKCHHBIX KaK
II3ITA, Tax u I10-300, HabmromaeTcs yBeIMUCHHE
yaapHoi Bsiskoctu. Ilpu comepskanmm 70 macc.u.
91-20, 15 macc.u. TI9ITA u 30 macc.u. ADI-1
YCTOHYHMBOCTh K YAapHBIM Harpy3kaM COCTaBHII
15 xJIx/M%, 9T0 Ha 5 pasa BbIIE IO CPABHEHHUIO CO
cMoJIO¥ 0e3 100aBiieHUs] MOAU(UKATOPA.

B cmygae c¢ I10-300, mpm cooTHOImIEHUH
60 macc.4. 3/1-20, 40 macc.u. [T0-300 u 40 macc.4.
JOI'-1 ynapHas BA3KOCTH MOBBICHIOCH OT 13 10
20 xJIx/M2, 06pasiibl P M3THOE He Pa3pyINAIOTCA.

Pab6or, TIOCBSIIEHHBIX Moan(UKaun
VITETUIaCTHKA  TUIACTH(PHUKATOPAMH  OTCYTCTBYIOT.
Paccmotpum psizt paboT MO BIUSTHUIO TEPMOILIACTOB
Ha MEXaHUYECKHEe CBOWMCTBA YIIICIIACTHKA.

Brusnue mepmonnacmos. B pabore [16] B
KaueCcTBe TepMOILIacTa HCTIOJB30BaANCS
noynukapooHar Mapku Lexan. ITonukapGonaTsl —
rpynma TEepMOIUIACTOB, CIIOXKHBIE  MMONMHA(UPHI
YTOJIBHOM KUCIIOTHI U JIBYXaTOMHBIX CITUPTOB 00IIEH

dopmyner (-O-R-O-CO-)n.
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Kak BuzmHO u3 pucyHkoB 7 u 8, moOaBieHHE
15-20% mnonukapOoHaTa YBEIHYUBACT YyIAPHYIO
BSI3KOCTH KOMITO3UTHOTO MaTepHrala MmouTH B 2 pasa,
KpOME TOT'O MPOYHOCTH MPH CKATUW YBEINYIIACH B
1,5 pasza [15].

B paborax [17, 18] aBTOpamm wu3y4eHO
BIMSHUE  TEPMOIUIACTOB  TONHCYIbpOHA U
nommdupcyabpoHa Ha CBOWCTBA  AIOKCHAHON
cmoner D/[-20. IlokazaHo, 4TO C yBenHYEHHEM
conepkanus noiucynbdona B OC mo 20 % ynapraas
BS3KOCTh KOMITO3WTAa YBEIWYHBAETCS C HAYAIBHOM
Benuuunbl 24,9 JIx/M? (onpeensnach Ha OpuOOpe
tuna Jlucrant ) 1o 103 JI5/M2, a IpoYHOCTH Ha U3rU6
c 48,8 MIla pmo 79,9 MIla. B cnyuae
MoandunpoBanust noamdGpupcyIpPoHOM, yaapHast
Baskocth DC pmocturina makcumyma 102.3 JTk/m?
mpu 20% conmepkaHUU MOAM(PHUKATOPA; MAKCHMYM
npouHoctd Ha m3ru6 94,0 MIa nocturayt npu 5%
coJiep>kaHu MOAN(HUKATOPA, C TATbHEHIITUM POCTOM
coJiep>kaHusi MOAN(UKATOPa TPOYHOCTH MOHOTOHHO
cHmKaercs 1o 75,7 MIla.

B namHoit pabore [19] wucciemoBaioch
BIUSHUE TEPMOIUIACTUYHBIX MOJU(PUKATOPOB Ha
TEPMOMEXaHNYECKUE XaPaKTEPUCTUKU OTBEPKAEH-
HBIX DOHOKCHAHBIX MaTtepuanoB. OcHOBOH uist
HCCIIEYEMbIX CHUCTEM CITy>KHJIa STIOKCHAHAS CMOJa
O/1-20, B KauecTBe OTBEPAUTENS HCIIOJIb30BAIN
muamuHaupeHmicynshod  (JAADC). Monudu-

KaTOpaMu CITY>KWIH TEPMOIUIACTHYHBIC MOIUMEPHI
nonucynbpon ([ICD), nommadupcynbdon (II1ICD),
a TaKKe UX CMECH.

B Tabmmme 3 mpencraBiieHBl  Pe3yNIbTAThI
IKCIIEPUMEHTOB HAa YAApHYIO BS3KOCTh M CXKATHE
OTBEPKIIEHHBIX 00Pa3IOB ¢ MOIUPUKATOPAMHU.

B [21] paccMOTpeHBI CITOMCTBIC KOMIIO3UTHI,
MONydeHHble  HAa  OCHOBE  PasHBIX  OIOKCH-
TMONHCYIB(OHOBBIX KoMITo3vIwi. [ IpoarocTs npu m3rude
1 MEKCJIOEBOM C/IBHTE TAaKUX YTIICIIACTUKOB MOHOTOHHO
Bospacraer. [lpu stoMm, mmst cmeceit, copepskammx 10
Macc.% HoMCyb(hOHa TPOUHOCTH Bo3pactaet Ha 35%, 20
Macc.% — Ha 5-20%. Omnako, B paboTe HeT JaHHBIX T10
BSI3KOCTH Pa3PyYIIICHHS KOMIIO3UTOB.

B [22] nmpoBoaMiioch — HCCIEIOBaHHE
YTIICIIaCTUKOB, MMOJIYYCHHBIX Ha OCHOBC
STIOKCHIHOM MaTPHIIBI " TepMoIuIacTa
mommdGUpUMHUIA.  YCTaHOBIEHO,  YTO  TpH
YBEJIMYECHHH  KOHIIEHTpAUUK  MOAU(DHKATOPA,
NPOYHOCTh KOMIIO3UIIMOHHOTO MaTepHana Mpu

n3rude Bo3pacraet npumepHo ¢ 68 Mlla mo 82 Mlla
(1a 20%). IlpodHOCTh MpU CABUTE k€ HE 3aBUCHUT OT
cozepkaHus MoAu(pHUKaTOpa.

ABTOpBI PaboTHI [23] paccMaTpUBaM YIJICILIACTHKH,
MOJTyYeHHbIE Ha OCHOBE SIOKCHAHOTO OJIMTOMepa U
TEPMOIDIACTOB: TOMMAPHUPUMHLA, TOTHKapOoHaTa W
¢eHokcuma. Bece Moamdukatopsl B BHAE MOpPOIIKA
BHOCHJIM MEXKITY CIIOSIMU apMHUPYIOIIETO HATIOTHUTEIIS.

Ta6auna 3. Bausaue MoaudukaTopoB Ha IPOYHOCTH M yAAPHYIO BI3KOCTH DC

Tg, onpenenénnas Tg, onpenenénnas no
Konunuectso 10 TAaHT'€HCY YyIJa TepMO,Z[I/IHaMI/I(;{eCKOI/I KpHBOH, A, Jlx/v? Gex, MITa
Monudukaropa MEXaHUYECKHUX C
noreps, °C
be3 momudukaropa 160 165 24,9 48,8
[co
50 170 173 67,4 73,2
[co
10 % 178 182 77,0 71,5
[NCD
20 % 183 187 103,0 79,9
[oCo
504 170 172 69,3 94,0
[oCo
10 %
506 175 179 98,5 88,7
5
[MBCD
20 % 184 188 102,3 75,7
[co
25%
3CD 184 188 57,7 66,2
75%
[ICo
5%
ICH 186 190 57,1 79,8
5%
[co
7.5% [13CD 176 180 49,4 113,0
2,5%
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[poyHOCTH yriIerIacTuKa, MOAUGHIIMPOBAHHBIH
MO UPH-MIIOM FITH (PEHOKCHIIOM BO3pOCiIa O0IbIIIe
4geM B 2,5 paza.

B pabore [24] mpu AOBOMBHO — OOMNBIIOM
coneprkanny Moaudukaropa Tepmoruiacta (40 mace.%),
BI3KOCTh  pa3pylleHHs  KOMIIO3UTa  BO3pocia
TIPUOJIMBHUTEITHHO B 2 paza.

3. Mexanuzm moaupunupoBanus IC u yrJie-
IJIACTUKA IIACTHPUKATOPAMH U TEPMOILIACTAME

Ilo nwureparypubiM nanaeiM [14] cnocoGoB
MOIU(UKAIMA MOKHO Pa3liefiuTh Ha TP OCHOBHEIC

TPYIIBL  XUMHYECKHE,  XUMHKO-(QU3MUECKHEe |
¢u3uueckre,  KOTOpHIE, B CBOIO  OYepellb,
TOMIPA3ICIISIOTCS HA:

—  XHMHYECKHE. W3MCHCHHE XHMHYECKOrO

CocTaBa CMOJIbI, PEryIMPOBAaHUE THIIA OTBEPIUTEIS U
N00OaBJICHUE PeaKIHs CIIOCOOHBIX J00aBOK;

- XUMUKO-(DH3UYECKHE: JIETUPOBaHHUE,
nobaenenne IIAB, coBMmemeHne ¢ WHEPTHBHIMH
acTH(GUKATOpaMA 1 pa30aBUTEISIMH, PACTBOPUMBIMA
B cMoJIe, MOJX(HUIIMPOBAaHUE TBEPIBIX HEPACTBOPUMBIX
KPYITHOJMCTICPCHBIX ~ 100aBOK (MUHEpPAIBHBIX — JIH

OpraHIYecKHX);

— (¢u3uyeckue: IpeABapUTEIbHAsL  yIbTpa-
3yKOBass 00pabOTKa CMOJBL, BHOpaImei, TOKaMHu
BBICOKOH  4acToTel, oOpaboTka B  Tporiecce
OTBEPIKICHUSL.

UroObl mnactudukarop 6601 3)HeKTHBHBIM, OH
JIOJDKEH OBITh TIIATENHHO TIepeMelllaH M BKIIOYECH B
Marpuity nonumepa. OOBIMHO 3TO JOCTUTACTCS 3a CUET
Harpesa ¥ CMEIINBaHUsI 0 TEX MOp, HOKa JIMOO0 IoJIUMeEp
He  pactBopuTcs B Iwactudukarope, MO0
IIaCTU(UKATOP HE PACTBOPUTCA B IIOJIMMEPE.

Kak mnpaBumo, TepmoriacT pacTBOpSETCS B
SMOKCUTHOM OJIUTOMEpE, a B TPOLIECCE OTBEPIKICHHUS
npoucxoaut  (asoBoe  paslielieHHe,  KOTOpOe
WHULUHMPYETCS  POCTOM  MOJISKYJSIDHOM — Macchl
snokcuaHoro onmuromepa [18, 19]. Otor addext
TIOATBEPKIACTCS B JjuTeparype [24], rae maaeHue
MPOYHOCTH YTJIETJIACTHKA CBSI3aHO C yBEJMUEHHEM
TepMoIuiacta (TIONMCYNb(OH) TPH TOBBIIICHUH €ro
MOJISKYJSIDHOM ~ Maccbl, B CBA3M C  4YeM
TEPMOIIIIACTUYHOMY CBSI3YIOILEMY CTAaHOBHUTCS TPYAHEE
MPOIUTATh BOJIOKHA.

TemniepaTypHblit peXAM OTBEPKICHUSA
onpeziensier  Thn  (a3oBOro  pasjieNieHus,  a,
CIIeZI0BATENBHO, pa3Mep YacTHIL AUcTiepcHON (asbl. Tur
(azoBOro paszmeneHusi OKa3bIBACT  CYILECTBEHHOE
BIVSTHUE Ha yapHyto npounocTs [IKM. Cuuraercs, uto
BBIICJSIIOIIASsICSL B IpoLiecce OTBepxkaeHus (asa
nomMepa oOpa3yeT TOMOTEHHYIO JIUCIIEPCHIO  C
pasMepoM dYacThil MeHee | MKM, obecredunBas
CHIDKEHHE BHYTPEHHHX HAIPsHKEHWI W TIOBBIIICHHE
yIapHOH BS3KOCTH, MAaCTUIHOCTU u
TPEILIMHOCTOMKOCTH.

Jins  JOCTWXKEHWS  HAauOOMNbIIero  MOmU(pH-
mpyromiero 3ggexra 100aBKU HEOOXOAMMO CHIILHOC
aIre3MOHHOE B3aUMOJCICTBUE MEXKy MaTpuued U
BKITFOUCHMSIMA. OYEBHIHO, YTO HAMOOJCe IPOYHBIM
Mex]asHOe B3auMoJeHCTBHE OyzneT npu 00pa3oBaHUM
XAMHYECKUX CBsI3eH Mexty (pazamu, T.e. MomudukaTop
JOIDKEH HMMETh B CBOEM COCTaBe (YHKIMOHAJBHbIC
TPYIIbI, CIOCOOHBIC pearupoBaTh C OJHUM M3
KOMITOHEHTOB OTBEPIKIAIOILICHCS CHCTeMBI [6].

BriBoabI

Hcxons w3 NpeAcTaBICHHOIO JIMTEPATypHOTO
AHAJIM3a MOYKHO 3aKIIIOUUTH CICYOIIEe:

1)  VYmpounenue YITIETIaCTHKA
MEpCUNCIICHHBIMU BuUaaMHu MOI[I/I(I)I/IK&TOpaMI/I B
OCHOBHOM IIOJIYYEHbI Ha HIMPOKO HCHONb3yeMord DC
«xonomHoro  orBepxkaecHus»y — OM1-20,  kotopas
OTBEPIKIAETC NPU KOMHATHOM Temmeparype 24°C.
HenocratkoM npuMeHEHHsST TakOM CMOJNBI  IpU
W3TOTOBJICHUM  YIJIEIUIACTHKA  SIBJISIETCS  HU3Kas
MPOYHOCTH, BBICOKAS BS3KOCTh M KOPOTKOE BpeMs
JKMHECTIOCOOHOCTH.  MexIy TeM, B TEXHOJOTHHU
NPOM3BOACTBA  YIJICTUIACTHKA  OOJIBIIOW — MHTEpec
npeacTBISOT JC «ropsueroy» orBepkacHus. OHUM U3
npencrasuteneit DC aroro knacca siisgercss 9C MapKu
— Oran-lmxekt-T, Koropas OTBEpXKAAeTCS MpU
temmnepatypax 150-180°C. Ilpu sTHX Temmeparypax
OC, Onarojaps HHM3KOW BS3KOCTH, JJIMTEIBHOMN
JKM3HECTIOCOOHOCTH obecrieunBaeTcst xoporiee
KAuecTBO TPONHUTKH YIJIEBOJIOKOH W CHOCOOCTBYET
TIOJTYYESHHIO YITICTUIACTUKA C BEICOKHMH IIPOYHOCTHBIMH
XapaKTepPUCTHKAMH.

2) BBeleHHE IUIACTU(UKATOPOB B  KAdyecTBE
MoudukaTopoB IC NPUBOAUT K YITyHIIEHUIO YAAPHON
BSI3KOCTH B 2 paza;

3) Hawdydiike — TMOKA3aTeld  HPOYHOCTHBIX
XapaKTePHUCTHK MOKA3bIBAIOT cMOJIBI ¢ 15% BBEIEHHBIX
MIacTU(PUKATOPOB;

4) BBe/ICHHE TEPMOILIACTOB MOXKET HPUBECTH K
YITYYIIEHHUIO TIPOYHOCTH Ha cxkathe Ha 20% 1 ynapHol
BSI3KOCTH B 2 pasza.

5) mpu BBemeHuu TepmoruTactoB cbime 20%
TIOKa3aTeIv MPOYHOCTU CHMIKAFOTCH.

BaaropapHocTh

PaGora BbIMONHEHA B paMKax LEIEBOH
MIPOrpaMMBbl PBIT 008 BR05336383
AdpoKocMHYECKOTO0  KOoMuTeTa  MUHHCTEpCTBa

00OpOHHOH M a9POKOCMHUYECKON MPOMBIIUIEHHOCTH
Pecniyonmuku Kazaxcran (AKK MOAII PK) 2018-
2020 roxpl, «Pa3paboTka TEXHOIOTUH MPOU3BOJCTBA
YIApONpPOYHOTrO  YIIIEIUNIAaCTUKA JUIsSi  W3JCTH |
00OpPOHHOTO ¥ a9POKOCMHYECKOT0 Ha3HAYCHUS.
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Ccblika Ha AaHHYI0 ctatblo. Mycrada JI.M., Ucmaunor M.b., EpmaxanoBa A.M., Canunn A.D.
HccnenoBanue BIUSHUS IUIACTH(HKATOPOB M TEPMOIUIACTOB HA MEXaHHMYECKHE CBOWCTBA 3MOKCHIHOI
cmonbl 1 yriemiactuka (0630p) // KoMIuekcHOe MCMONB30BaHHEe MUHEPAIHLHOTO Chipbst (Complex
Use of Mineral Resources). — 2019. — Ne4 (311). — C. 48-56. https://doi.org/10.31643/2019/6445.37

IlinacTudukaropaap MeH TEPMOILIACTUKAJIAPAbIH SMOKCHATI 2KIHE KOMIPTEKTI
TAJTBIKTAPABIH MEXaHHKAJIBIK KacuerTepiHe acepin 3eprrey (Llomy)

Mycrada JI.M., UcmannoB M.B., EpmaxanoBa A.M., Canun A.®D.

Tyiingeme. Snokcna maibipea (1) jxoHE KOMIPIDIACTUKTI OEPIKTEHIIPY TEXHOIOTHACHH jKacay Moceleci KenTereH
TEeXHHKa cajlajlapbl YIIH ©3€KTi OOIBIT TaOBIIa bl FAPHIMI cajachl, aBHAINs, KOPFaHbIC, aBTOMOOMIIb Kacay JKoHe T.O.
By mocene kemipruiacTHKTiH KoMmnoHeHTTepiH, D1l MomudpukanuanayaplH KenTereH TocimaepiMen mermineni. D11
MoIUHUKAIFIAY TYPIi XUMILUTBIK KOCTIANAPIBI HT13Y JKOJBIMEH icKe achIpbuTanpl. KeMiprmacTukTi OepikTeHIipyIiH
0ip omici rwiactudukaropiapmer (Tpukpeswidhocdar, OJICUH KbIIIKBLIBI) HEMECE TEPMOILIACTTaApMEH (MOIUCYIb(OH,
MOJUKAPOOHAT, MOJIUCTUPOJI, COKKbIFa TO3IMJII MOJIUCTHPOJ) MoAuGHUKaIMsIay OONbIN TaObLIambl. Byl KyMbIcTa op
Typai MonudukaTopiaapasiy Ol jxoHe KeMIpIUIACTHKTIH OepikTiriHe ocepi OoWblHIIA — 9aeOMETTe Ke3AeceTiH
TOXKIpUOETiK MamiMeTTepi sxuHakTanFad. D11l jkoHe KOMIPIIACTUKTI MIACTU(PHUKATOPIAPMEH KOHE TEPMOILIACTTapMEH
Mogudukanmsiay MexaHumdmi tanpanrad. Ol momudukaTop peTiHAe IUIACTU(QUKATOPIAPABI E€HTI3y COKKBI
TYTKBIPJIBIFBIHBIH 2 ecere xakcapybiHa anbin keneni. D1 miactudukatopaapapl SHri3yAiH onTuMaibai Memmepi 15%
YKOHE OJ OAMIaHBICTHIPFHIITAFEl TOJNBIFBIMEH ePITIIITIKKE TOYeN i, INACTH(GUKATOPABIH CHTI3y MOJIIEePiHiH apbl Kapait
apTysl MaTepual OepiKTIriHIH TOMEHIeYiHe anbIn Kenedi. KeMipIiacTHKTI TepMOILTacTTapMeH MOAU(DUKAIUSIAY CHIFY
OepikTirin 20% XoHEe COKKBI TYTKBIPJIBIFBIH 2 €ce apTThIpyFa ajbll Keiryl MyMkiH. Tepmorutaccrapasl 20% apThik
MeJIepIe KOMipIUIaCTUKKE KOCY Ke3iHAe OCepiKTiK KopCeTKIITepi ToMeHIeHmi. ATBIHFAaH MOIIIMETTEP COKKBIFa Oepik
KOMIpPIUTACTUKTEPAl OHIIPYAiH OTAaHABIK TEXHOJOTHSACHIH 931pJey YIIiH KaxXeT OO TaObITaIb .

Tyiiin ce3aep: 3MOKCUATI Malblp, MOANGHUKATOPIIAp, IACTU(HUKATOPIIAP, TEPMOIUIACTTap, TEPMHUSIBIK OHICY, COKKBI
TYTKBIPJIBIFBI, OCPIKTITi.

Study of the effect of plasticizers and thermoplastics on the mechanical properties of epoxy
and carbon fiber reinforced plastic (Review)

Mustafa L.M., Yermakhanova A.M., Ismailov M.B., Sanin A.F.

Abstract. Increasing strength of epoxide resin (ER) and carbon fiber reinforced plastic (CFRP) is an aim up-to-date for
many machinery sections: space, aviation, defense, automotive, and others. The aim is achieved via numerous methods
of ER and carbon fiber reinforced plastic modifications. ER modifications is carried through injection of various chemical
compounds. One of efficient modifications assumes introduction of plasticizers (tricresyl phosphate, oleic acid) or
thermoplastics (polysulfone, polycarbonate, polystyrene, high impact polystyrene). The article contains experimental data
of various types of modifiers influence on strength of ER and CFRP available in literature. The mechanism of modifying
ER and CFRP with plasticizers and thermoplastics were analyzed. The introduction of plasticizers as ER modifiers leads
to a twofold improvement in impact strength. The optimal input of plasticizers in ER is 15% and depends on the
completeness of solubility in the binder, a further increase in the input of plasticizer leads to a decrease in the strength of
the material. Modification of thermoplastics with CFRP can lead to an improvement in compression strength by 20% and
impact strength by 2 times. With the introduction of thermoplastics over 20% in CFRP, strength indicators are reduced.
The acquired data is necessary to elaborate domestic technology for production of high-impact CFRP.

Keywords: epoxy resin, modifiers, plasticizers, thermoplastics, heat treatment, impact strength, strength.
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Iron sulphates production being polarized by the direct
and alternating currents

Bayeshova A. K.%, Bayeshov A.2, Zhumabay F. M.}, Shakenova M. Sh.!

L Al-Farabi Kazakh National University, Almaty

2JSC Institute of Fuel, Catalysis and Electrochemistry named after D.V. Sokolsky, Almaty
Kazakhstan

Received: 07 October 2019 / Peer reviewed: 14 October 2019 / Accepted: 01 November 2019

Abstract. The process of iron oxidation in the sulfate electrolytes was studied by the method of electrochemical
polarization by the steady and transient currents. Initially, in the first electrolyzer, the iron electrodes were oxidized
under the influence of alternating current. The results of iron oxidation in the first electrolyzer were monitored by
determining the weight loss of the iron electrodes. An almost rectilinear increase in the mass of iron is established
to be observed, which passed into the solution in the form of Fe?* ions when the current density changes in the range
of 80-400 A / m?. The current efficiency is close to 100%, and sometimes exceeds 100%, since the chemical
dissolution of iron in sulfuric acid also occurs simultaneously. The iron sulfate (II) can be obtained by evaporation of
the solution. After that, the sulfate solution containing iron ions (llI) was sent to the second electrolyzer, in which the
oxidation of iron (Il) to iron (l1l) was carried out under the direct current. The electrode spaces were separated by an
MA-40 anion exchange membrane. Over 90% of iron (Il) was demonstrated to be transfers into the trivalent state
within 1 hour in the second electrolyzer at a current density of 120 A / m2. A change in the current density to
600 A / m? leads to an increase in the oxidation state to 97.5%, i.e. iron ions (ll) are almost completely oxidized
under the specified conditions. As a result of the experiments, an electrochemical method for producing iron sulfate
(1) was developed.

Keywords: iron, electrolyte, sulfate, electrolysis, alternating current.
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Introduction method for producing sulfate and iron oxide nano-
particles: when silica gel and aluminum oxide are

Iron forms many compounds being an active  impregnated with Fe (I) sulfate solutions, ferric
element. Its compounds are widely used in various  hydroxide and oxysulfate nano-particles are formed
branches of technology and industry. Specifically, —on the surface of silica gel, and iron oxide nano-
there is a research devoted to the development of a  particles on the surface of aluminum oxide [1, 17,
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18]. To say more, iron compounds, namely sulfates,
are used in water purification as a coagulant [2-4]. In
medicine, various compounds containing both
ferrous and ferric iron are also used [5,6]. Iron sulfate
(1IT) can be used as a mordant for dyeing wool and as
a background for the enrichment of sour coal. Acidic
solutions are used as an oxidizing medium in the
extraction of useful components out of ores [7]. Iron
ions (111), being active oxidizing agents, are widely used
in the technology of subsurface leaching of uranium,
although the authors of [8] note that the use of sulfate
solutions of ferric iron is associated with the problem of
its regeneration. Nevertheless, the researchers [9] used
a solution of ferric iron along with the ammonium
sulphate and sodium peroxoborate in the study of the
comparative sulfuric acid catalytic oxidation of uranium
(IV) to uranium (V1).

An existing and frequently used method for
producing ferric sulfate is that, first, metallic iron is
chemically dissolved in sulfuric acid when heated to
produce ferrous ions [10]. Further, the iron ions (I1)
are oxidized in the presence of nitric acid, while the
following reactions proceed:

Fe + H:SO4 - FeSOs+ H>
2FeSO4 + H2SO4+ 2HNOs— Fex(SO4)3+ 2NO,T+ 2H;0

Grinding of iron to a state of sawdust is noted
to be required for a more efficient process, in
addition, nitrogen dioxide, a substance that is
uncommon for the environment is released as a result
of the reaction. This is result in the method has certain
disadvantages. Iron sulfate (I11) is also obtained by
dissolving iron oxide (111) in 75-80% sulfuric acid. In
addition, iron sulfate (III) solutions can be obtained
by oxidation of pyrites with nitric acid:

2FeS,+ 10HNO;z= Fez(SO4)3+ H,SOs + 10NOT+ 4H,0

There is also a method for producing iron
sulfate (III), which serves as a coagulant, by treating
pyrite cinder with hot sulfuric acid. The sifted cinder
must first be treated with concentrated nitric acid (in
the amount of 8-10 kg per 1 g of coagulant). The
oxidized cinder is mixed and kept before cooking the
coagulant for 5-6 hours. All these methods are
described in the monograph of Pozin M.Y. [7].

In order to increase the degree of conversion
of ferrous iron to ferric, the authors of [11] propose
adding a catalyst in the form of iron
tetrasulfophthalocyanine to the solution. The essence
of the method lies in the fact that the catalyst is added
to the sulfuric acid solution of iron sulfate (I1) on
carbon fabric and the mixture is stirred in a stream of
oxygen. The degree of conversion reaches 83%.
Using an anode made of graphite or platinum, it is
58

proposed to oxidize iron sulfate  (II)
electrochemically at a temperature of 80°C [12]. The
current yield of iron oxidation (I1) to iron (111) reaches
95.8%. Considering that, iron sulfates are most
widely used in various branches of technology and
industry, as well as in medicine, but the existing
methods of their producing are imperfect and
complex, we believe that the development of new
methods for producing iron compounds is an urgent
problem. In this regard, the aim of our study is to
develop a two-stage method for producing iron
sulfate (I11) by polarizing iron electrodes, first with
alternating current of industrial frequency and then
anodic oxidation of the resulting solution on a lead
electrode.

Testing method

A set was assembled to conduct electrolysis

with alternating and direct current, the circuit
diagram of which is provided in Figure 1.
The set consists of 1 and 2 electrolyzers
(conventionally named “the first” and “the second”
electrolyzers). The first electrolyzer and the cathode
space of the second electrolyzer are filled with sulfate
electrolyte (4). Iron (3) was used as electrodes in the
first electrolyzer, a lead electrode (5) was used as the
anode, and titanium (6) was used as the cathode. In
the second electrolyzer, interelectrode spaces are
separated by an MA-40 anion exchange membrane
(7). We used LATR (8) to obtain alternating current,
and as a constant current source - Matrix MPS -
3003D (9). An alternating current ammeter E 538
(10) and a direct current ammeter (11) were used to
measure the current strength.

A titanium plate cut from titanium sheets of
the VT-1-0 brand was used as the electrodes in the
experiments, iron of St. 3 brand and lead of C-1.
Before electrolysis, the electrodes were cleaned with
emery, thoroughly washed with distilled water,
wiped with filter paper, and degreased with ethyl
alcohol. A sulfuric acid of “chemically pure” was
used for an electrolyte solution to be prepared. In the
first electrolyzer, the concentration of sulfuric acid
was equal to 250 g / dm?® Iron electrodes were
polarized by industrial alternating current with a
frequency of 50 Hz at various current densities. After
dissolution of the iron electrodes by alternating
current, the electrolyte from the first electrolyzer was
fed into the anode space of the second electrolyzer, in
which ferrous iron is oxidized to a trivalent state
during anodic polarization. At the end of the
experiment, the resulting solution was evaporated,
the precipitated crystals were dried and identified by
chemical, X-ray phase and X-ray fluorescence
methods.
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Figure 1 A set flow sheet for producing iron sulfate (II1)
by two-stage electrolysis: 1 and 2 - the first and the
second electrolyzers; 3 - iron electrodes; 4 - sulfate

electrolyte; 5 - lead electrode; 6 - titanium electrode;
7 - MA-40anion exchange membrane; 8 - an alternating
current source - LATR; 9- DC source - current rectifier;

10 - alternating current ammeter; 11 - DC ammeter.

Results and discussion

When the electrodes are polarized in a sulfuric
acid solution by alternating current in the first
electrolyzer (1), the iron oxidation reaction takes
place:

Fe - 2e— Fe?’E°=-0,44 B 1)

This reaction proceeds in the anode half-
cycle of the alternating current.

As the previous studies have established [13,
14], being polarized by alternating current, a targeted
course of electrode processes is possible despite the
fact that the current direction changes with a
frequency of 50 Hz, i.e. within a second, each
electrode 50 times becomes either the anode or the
cathode. But unlike those processes that occur during
polarization by direct current, in this case, the iron
manages to oxidize in the anode half-cycle only to the
divalent state. In the cathode half-cycle of alternating
current, due to the low value of the overvoltage of ion
recovery, hydrogen gas is released on the surface of
the iron electrodes. Moreover, due to the negative
value of the potential of the Fe (11) «&Fe°system, the
reverse cathodic reduction of iron ions (1) to the state
of elements does not occur. The processes are
repeated at a frequency of 50 Hz in cycle. Thus, in

each anode half-cycle, iron electrodes dissolve
according to the reaction (1).

A sulfate solution containing ferrous ions
formed in the first electrolyzer (1) was fed into the
anode space of the second electrolyzer (2), in which
an MA-40 anion exchange membrane separated the
electrode spaces. The membrane serves to prevent the
reverse reduction of iron ions (l11) at the cathode. On
the surface of the anode from lead, ferrous ions are
oxidized to a trivalent state:

Fe*— e ->Fe*E°=-0,77B

The results of iron oxidation in the first
electrolyzer were monitored by determining the
weight loss of the iron electrodes. In the second
electrolyzer, the amount of iron ions (I11) formed was
determined by the photocolorimetric analysis method
[15]. The dependences of the decrease in the mass of
the iron electrodes upon polarization by alternating
current, and the current efficiency of their dissolution
on the current density in the first electrolyzer (Fig. 2)
and the dependence of the oxidation degree of iron
ions (I1) to iron ions (111) on the current density upon
polarization with the direct current in the second
electrolyzer are established (figure 3).

When the current density changes within 80—
400 A / m?, an almost rectilinear increase in the mass
of iron is observed, which transferred to the solution
as Fe?* ions (Fig. 2, curve 1). The current efficiency
(curve 2) is close to 100%, and sometimes exceeds
100%, since the chemical dissolution of iron in
sulfuric acid also occurs simultaneously:

Fe + 2H* - Fe?t + H,

Watt,% Am,gr
104 0,6
103 - 1 - 0,5
102 - 2 - 04
101 A

- 0,3
100 -
99 - - 0.2
98 - -0l
97 t } t —t—1— } t 0
B0 180 240 320 400 i,A/m?

Figure 2 The effect of the current density on the mass of
the iron electrodes decrease (curve 1) and the current
efficiency (curve 2) when polarized by alternating current
(t=1 hour; HSO4 = 200 g / dmd).

Additional
current

experiments were performed
polarization with the same
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without
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electrodes. It was found that at room temperature in
sulfuric acid with a concentration of 200 g / dm?, the
iron electrodes are dissolved chemically and within
30 minutes, the mass loss of the two electrodes does
not exceed 0.0012 g, i.e. 1.2 mg. In this case, the
concentration of sulfuric acid has a slight effect on
the change in mass of the electrodes (Table).

A table Change in the mass of iron electrodes when
dissolved in the sulfuric acid depending on its
concentration with no current imposing

H,S04, g/dm® 50 100 150 | 200
Am,mg 0,3 0,4 0,5 0,6
(1-electrode)
Am,mg

(2-electrode)

0,3 0,4 0,5 0,6

The sulfate solution obtained in the first
electrolyzer is noted to be subjected to evaporation in
order to obtain iron sulfate (1I) as may be required.
The testing carried out in the second electrolyzer with
the same mass of Fe?* ions provided that even at a
current density of 120 A / m? for 1 hour more than
90% of iron (I1) goes into the trivalent state. A change
in the current density to 600 A / m? leads to an
increase in the oxidation state to 97.5%, i.e. iron ions
(I1) are almost completely oxidized under the
indicated conditions (Fig. 3). This is apparently due
to the fact that, with an increase in the current density
at the electrodes, according to the Tafel equation, the
anode potential shifts in a more positive direction, i.e.
more favorable conditions are created for the
oxidation of iron (II).

98%7%
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88 e I
80 160 240 320 400 i, A/m?

Figure 3 Influence of the tocan density on the degree of
iron oxidation (I1) being polarized by direct current
(mFe?* = 104,1 mg, T = 1 hour)

As the studies provide, an increase in the
density of the token electrodes leads to an increase in
the rate of the reaction, and accordingly, the
efficiency of the process is intensified. We note that
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by adjusting the current density in the first
electrolytic cell, respectively, in the second
electrolytic cell, it is possible to control the rate of
formation of the target product.

The sulfate solution containing iron ions (111)
was evaporated after electrolysis to form a viscous
pasty mass (according to the procedure described in
[10]), while its temperature reaches 120°C. The mass
was cooled to 45-50°C, the precipitated crystals were
sucked off on a Buchner funnel and dried at a
temperature of 65°C. The obtained crystals were
identified by X-ray phase analysis (Fig. 4), X-ray
fluorescence (Fig. 5) and chemical analysis. It was
found that the composition of the compound
corresponds to the formula: Fez(SO4)3 - 9H,0.

Figure 4 X-ray diffraction pattern of iron sulfate (111)
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Figure 5 X-ray fluorescence analysis of iron sulfate

Summarizing the results of testing, when the
iron electrodes being polarized with the alternating
current, the iron was found to be oxidized to a
divalent state, and iron sulfate (I1) is formed in the
solution. With further polarization of the resulting
solution by direct current, the iron ions (Il) are
oxidized to a trivalent state. Based on the results of
the study, an electrochemical method for producing
iron sulfate (I11) was developed [16]. A patent of the
Republic of Kazakhstan for a utility model defends
the method. The differences and the advantages of the
proposed method are that debris, scraps of iron,
which are wastes from various technological
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processes are used as the feedstock. There is no need
to grind metal, making the process easier. The
process takes place at room temperature; working
conditions are improved, because there is no
electrolyte vapor. In addition, there is no need to use
nitric acid, respectively, the harmful effects of toxic
gas - nitrogen dioxide on the environment are
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CTanuoHapJIbI JKOHE CTAIMOHAPJIBI eMeC TOKTAPMEH MOJIspu3alusiyiay Ke3inae Temip
cyabdaTTapbIHbIH TY3L1Yi

Baemoga A. K., baemos A., Kymabaii ®. M., lllakenosa M. I11.

Tyiiinaeme. TemipaiH TOTBIFYy NpONECi CTAIMOHAPIBI JKOHE CTAlMOHAPIBI €MEC 3JIEKTPOXHMUSUIBIK IMOJISPU3aNNs
ONiCIMEH KYKIPT KBIIIKBUIIBI 3JEKTPOJIUTTEPAE 3epTTenii. EH anabiMeH TeMip 3JeKTpPOATapbIHBIH TOTBHIFYBI OipiHIIi
ANIEKTPOJIM3Ep/Ie alHBIMAIBI TOK dcepiMeH Kyprizuiai. TemipaiH OipiHIII AJIEKTPONU3Epe TOTHIFYBIHBIH HOTHKEIEPI
TeMip 2J1eKTPOATAPBIHBIH MacCalapbIHbIH a3aiobiMeH O0aKbiIanabl. ToK THIFEI3ABIFE 80-400 A/M? apaibIFbIHA ©3TepreH
Ke3Je, epiTingire Fe?* Typinje eTkeH TeMipiH Maccachl TiK ChI3BIKTHI TOYENALIIK O0ibIHIIA ©3repeTini anbIKTa bl Tok
OoiipiHmia welFbIM 100% -ke xakbiH, an keit6oip kezne 100%-ten acampl, cebebi Oip yakbITTa TeMIpAiH KYKIpT
KBIIIKBUIBIHAA €pyi Jie OpbIH anansl. by epitinaini Oynanapipy apkbuisl Temip (1) cynbdarsin anyra 6onansl. Ocklnan
kedlin KypambiHga Temip (II) wmoHmapblr Oap KYKipTKBIIKBUIABI €PITIHAI CKIiHINI SJeKTpoim3epre xibepimmi. Byn
anekrpommsepae teMip (II) monmapera temip (I11)-ke neiiH TypaKTHI TOK 9CepiMEH TOTBHIKTBIPY KYPTi3iii. DIEKTPOATHIK
KeHicTikTep MA-40 memOpaHaceiMeH Oeninmi. ExiHImi simekTponnsepne TOK THIFBIIBEFHL 120 A/m%6orranaa 1 carat
immiage temip (1) monmapeHbH 90%-1 yII BaneHTTI Kyiire eTeTiHi KepceTinai. Tok THIFeBABFEH 600 A/M? -re neiiin
©3repTKeHIe, TOTBIFY Hopexeci 97,5%-ke xeteni, neMek, Oy sxarmaiina temip (II) noHDapEl TONBIK JEPIiK TOTHIFAIBI.
XKyprizinren sxciepumenTTep HoTmkecinae Temip (I11) cymapdareiH aryIbIH AIEKTPOXUMHUSIIBIK 9/1iC )Kaca bl
Tyiiinai ce3aep: TeMip, 3MEKTPOINT, CyIb(haT, JMEKTPOIN3, AHBIMAIIBI TOK.

®opmupoBanue cyJab(aToB Kejie3a NPU MOJSAPU3ANMI CTAHMOHAPHBIMHA H
HECTAMOHAPHBIMH TOKAMH

baemoga A. K., baemos A., 7Kyma6aii ®. M., [llakenosa M. III.

AHHOTaUUsl. MeTOOM 3JIEKTPOXUMHUYECKON TMOJIAPU3aIMK CTAIlHOHAPHBIMH M HECTAI[HOHAPHBIMH TOKaMH H3y4eH
MIPOIIeCC OKUCIICHHS JKeJIe3a B CePHOKHCIBIX JIEKTPOINTaX. BHavyame B mepBOM AIIEKTPONN3epe MPOBOAMINA OKHUCICHUE
JKEJIE3HBIX AIEKTPOIOB MO ASHCTBUEM MEPEMEHHOTO TOKa. Pe3ynbTaThl OKHCIICHHS JKeje3a B MEPBOM 3JIEKTPOIH3epe
KOHTPOJHPOBAIH IIyTeM OMpPEICIICHUS YOBUIA MACCHI XKEJIe3HBIX 3JICKTPOJIOB. Y CTAHOBIICHO, YTO MPH U3MCHEHUH CHIIBI
Toka B mpenenax 0,1-0,5 A HaOmogaeTcss MPaKTHYECKU NPSAMOJIMHEHHOE YBEIMYCHHE 3HAUCHUSI MACCHI JKelesa,
HepelIeuIeEro B pacTBop B Buje HOHOB Fe?*. Brixon mo Toky 6mmu3ok k 100%, a mHorma mpesbimaer 100%, Tak kak
MIPOUCXOJUT MapalieIbHO U XUMUYECKOE PAaCTBOPEHHE Kelie3a B CEpHOM KuCioTe. BrimapuBaHuem pacTBopa MOMXKHO
noxyuuTh cynbdar xenesa (II). ITocne 3Toro cepHOKHCIBINH pacTBOp, coaepskamuii HoHsl xenesa (I11), oTnpasnsau Bo
BTOPOM JIEKTPOIH3EP, B KOTOPOM MpoBo iy okucieHue xenesa (1) mo sxenesa (I11) mox peficTBreM MOCTOSTHHOTO TOKA.
DNEeKTpOaHBIE TPOCTPAHCTBA OBUIM pa3zielieHbl aHUOHMTOBOW MeMOpaHoii MA-40. IlokazaHo, 4TO BO BTOPOM
ANEeKTpoNn3epe mpu cuiie Toka, paBHoi 0,1 A, B Teuenue 1 gaca 6omee 90% sxenesa (II) mepexoaut B TpexBajIeHTHOE
coctosinue. M3menenue cumbl Toka 10 0,5 A MPUBOIUT K YBEITUYCHUIO CTEIIEHU OKHUCIeHUs 10 97,5%, T.e. NOHBI Kele3a
(I) mpakTHYecKH IMOTHOCTHIO OKHCIIAIOTCA B YKAa3aHHBIX YCJIOBUSAX. B pe3ympTare NMpOBEAEHHBIX SKCIEPUMEHTOB
pa3zpaboTaH dIEKTPOXUMHYECKUAN crioco0 mosrydenus cynbdara xenesa (I11).

KiroueBble cji0Ba: jxene30, IEKTPONINT, CyIb(haT, AIEKTPOIN3, TIEPEMEHHBINA TOK.
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Abstract: The article is devoted to the researches considering the influence of various chemical additives and
fine fillers (industrial wastes) available in the Republic of Kazakhstan on concrete mixes and concrete
rheological and physical-technical properties. The article provides laboratory studies results of some of self-
compacting concrete (SCC) mixtures properties. There were identified the most efficient type of fine-dispersed
filler and the most optimal type of chemical additive to be able to get a high-quality SCC mix and a concrete
with the class of B25 based on local raw materials. There were enlisted compositions of SCC with a high
strength in early terms. The research results are of practical value in the forms of economic efficiency and
quality improvement in the production of SCC mixes for manufacturers of ready-mixed concrete operating in
the Republic of Kazakhstan.

Keywords: workability, conservability, concrete strength, chemical additives, self-compacting concrete, fine
aggregate.
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Introduction

Modern construction requires a variety of
building materials with different property complexes.
In this regard, high hopes are associated with the
improvement of self-compacting concrete (SCC)
technology, a material that will soon be widely used
in the construction industry of the Republic of
Kazakhstan [2]. In recent years, in construction
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practice abroad, during the production of new-
generation concrete, the development of DMS
compositions, which is a material that can be
compacted under the influence of its own weight,
filling the form even in densely reinforced structures,
has become more and more inclined to [3]. This type
of heavy concrete has a great future in monolithic
construction, prefabricated concrete production,
reinforcement of concrete and reinforced concrete
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structures for various purposes, as the use of this type
of concrete allows you to abandon the traditional
paving of concrete with the use of vibrocompaction,
optimize labor costs and improve sanitary and
hygienic working conditions [2]. SCC is the subject
of research by scientists from all over the world. At
the moment, there are studies that prove the
possibility of creating a high performance SCC with
high physical and technical characteristics, as well as
the possibility of successful application of fibre
reinforcement and application of various industrial
wastes [4-6]. The use of SCC greatly reduces the
impact of noise pollution on people and the
environment during construction, allowing for
concrete work in densely populated urban areas and
even at night. However, such a sharp difference of the
SCC from the traditional classical heavy concrete
with the given physical and technical properties
poses a number of serious problems to the researchers
in the field of concrete science, which require a
systematic and step-by-step approach to the
prediction of the properties of the SCC, description
of the rheological properties of cast concrete
mixtures, the optimal distribution of fillers in the
concrete matrix, as well as the establishment of
dependencies that assess the impact of fine-graded
fillers on the characteristics of self-compacting
mixtures. Thus, a systematic approach is needed to
predict and regulate its properties depending on the
tasks set before the researchers [7]. During the
construction process, there is a problem of easy
paving of concrete mix, which affects the labor costs,
timing and cost of construction. In this regard, it is
necessary to use a new generation of chemical
additives. Chemical additives provide an increase in
the decidability of concrete mix, stability to
stratification; increase the structural homogeneity of
concrete and its strength at an early age of hardening.
In addition, according to Professor V.I. Kalashnikov,
one of the ways to solve the abovementioned
problems is to provide high expansion! of coarse
aggregate grains. It is impossible to solve this
problem by additional application of chemical
additives, as it will lead to separation of concrete
mixture, and application of fine-dispersed filler gives
positive result, especially as it does not lead to loss of
durability of SDS in comparison with usual concrete
[8]. The purpose of the conducted scientific
researches was to study the influence of finely
dispersed micro-fillers and various types of chemical
additives on rheological and physical-technical
properties of the SCC.

t Grain expansion coefficient is the ratio of the volume of the mortar
part of the concrete mixture to the volume of voids between the coarse
aggregate grains
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Research methods

This paper uses theoretical and empirical
research methods. Theoretical research was carried
out in order to get acquainted with the existing
compositions of concrete mixtures of DMS, to
determine the direction of work, to focus on the use
of components that are industrial wastes. The
empirical studies were aimed at experimental
confirmation of theoretically developed composition
and methods of SDS production.

The workability (mobility) and stability of
concrete mixtures were determined according to [16].
According to this standard, the mobility of the
concrete mixture is estimated by the sediment of cone
(hereinafter — SC) molded from the concrete mixture.
The standard Abrams cone is used. The SC of the
concrete mixture is determined twice. The total test
time from the beginning of filling the cone with the
concrete mixture at the first determination to the
moment of SC measurement at the second
determination should not exceed 10 minutes.
Moreover, the SC of the original sample concrete
mixture shall be calculated with rounding to 1.0 cm
as the arithmetic mean of the results of the two
determinations, which differ from each other for not
more than:

- 1 cm for cone draught up to and including
9cm;

- 2 cm with a cone draft of 10 to 15 cm;

- 3 cm for cone draught of 16 cm or more.

If the difference is higher than the
aforementioned, the test is repeated on a new batch
of concrete of the same composition.The stability of
the concrete mixture is determined by the
establishment of mobility at certain intervals from the
time of preparation of the mixture [16].

The standard Abrams cone is used to
determine the cone melt of the self-compacting
concrete. The cone and the metal sheet are wetted,
and then the cone is placed on the metal sheet with a
smaller base to the sheet surface. The concrete
mixture is poured until the cone is completely filled
in one step. The cone is lifted within 5-7 seconds, and
after the mixture has stopped completely, the two
largest melt diameters are measured. The arithmetic
mean of the two largest melt diameters is the result of
a test.

This study was conducted in four stages, each
of which was aimed at solving a specific problem

(Fig. 1).
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Determination of the characteristics of the main
components of the concrete mixture

<z
1\
\/ Determining the optimum type and consumption of the

chemical additive
2 J
N

Determination of the optimal type and consumption of
the mineral additive

3 Z
\/ 4
Obtaining and analyzing the test results of concrete
mixtures and the final conglomerate of the SCC

Figure 1 Stages of work

The research methodology is aimed at
comparing the rheological and physical-technical
characteristics of the concrete mixture obtained as a
result of mathematical planning of the experiment by
varying the components of the DBMS. Al researches
and tests were carried out according to the normative
documentation operating in the territory of the
Republic of Kazakhstan.

Input materials

Local raw materials were used in the work, as
well as fine-graded fillers made of waste from the
Kazakhstan industry, and a number of chemical
additives proposed by Ariranggroup were studied as
hyperplasticizers.

M400D20 cement produced by Semey
Cement Plant LLP (Semey, Kazakhstan) was used as
a binder for the concrete mixtures under study. To
confirm the compliance of the selected binder with
the norms and requirements [9] a number of tests
were conducted. The methods specified in these
standards allow to define the following parameters of
the building material:

1) Grinding fineness:

The binder under study showed a grinding
fineness of 94.4%.

2) Normal density and setting time of cement
dough:

The binder under test showed a normal density
of 27.30 %. The cure started after 2 hours and 11
minutes, and the cure ended after 4 hours and 10
minutes of cure. These values are included in the
normalized area.

3) Compressive and bending strength (at the
age of 28 days):

In determining the strength characteristics of
the investigated binder showed the result at the age of
28 days: bending - 5.6 MPa; compression -
42.4 MPa. These parameters are included in the
normalized area.
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For carrying out of tests the sand of the
manufacturer "Mark" LLP (Almaty region,
Kazakhstan), corresponding to the standard
document [10] was used. According to this standard,
sands with a maximum amount of dusty and clayey
inclusions for groups of increased size, large and
medium in size of 3%, can be used as fine aggregate
for heavy concrete, under the definition of which the
SCC will fall under, [10]. However, according to the
results of laboratory and production tests [11], in
order to obtain satisfactory characteristics of the
concrete mixture and the final conglomerate of the
DLS it is necessary to use sand, the amount of dusty
inclusions in which does not exceed 1.5% [11].
Testing to determine the amount of dusty and clayey
inclusions of the sand under consideration was
carried out by the method of soaking according to
[12]. According to the test results, the content of
dusty and clayey inclusions in the sand under study
was 1.08%. Also, according to [12] by sieving and
determining the grain composition of the aggregate,
was determined by a modulus of grain size of the
sand under study, which was 2.6. These parameters
are acceptable for the use of the investigated
aggregate both in heavy concretes and in the DBMS
in particular.

As a coarse aggregate, 5-10 mmand 10-20 mm
crushed stone produced by KENTAS LLP (Almaty
region, Kazakhstan) with known physical and
technical characteristics was accepted. This
aggregate meets the requirements of the regulatory
document [13], which defines the basic requirements
for crushed rock from dense rocks, used as a filler for
heavy concrete, including the SCC.

The following chapters discuss the steps for
determining the types and costs of chemical and
mineralogical additives for SDR based on laboratory
testing. The effectiveness of the chemical and
mineralogical additives is based on the data obtained
from the testing of concrete mixtures and the final
conglomerate.

Within the limits of the given research
laboratory tests of a concrete mix with application of
the  following additives-hyperplasticizers  of
manufacture of factory of "Ariranggroup” (Nur-
Sultan, Kazakhstan) on conformity to requirements
[14] are carried out:

1. Polycarboxylate
—PCE);

2. Polycarboxylate ether + Lignosulphonate
(hereinafter — PCE+Lig);

3. Naphthalene sulfonate (hereinafter — SNF);

4. Naftalin sulfonate + Lignosulphonate
(hereinafter — SNF+L.ig);

5. Lignosulphonate (hereinafter — Lig).

ether (hereinafter
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Experiemental studies
Determining the optimum and
consumption of the chemical additive.

The primary task was to determine the
effectiveness of each of the presented chemical
additives in terms of the parameters of paving
properties and the stability of the concrete mixture.
To carry out the tests it was necessary to determine
the basic composition, taking the following
corrections [15]: the amount of water in all
compositions to take equal to 135 kg/m3, mark on the
paving of concrete mixtures - P4-P5, the
consumption of additives - 1% of the mass of cement.
The composition presented in Table 1 below was
accepted as a base one:

type

Table 1 Basic composition [15]
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admixtures. It is also worth noting that this mixture
also has the best retention rate.

In order to determine the effect of the type of
chemical additive used on the paving properties of
the self-compacting concrete mixture, a number of
experiments had to be carried out.

The aim of the experiment was to obtain a
concrete mixture of SCC with the same cone melt
according to [18] and to obtain data on the
compressive strength of the studied compositions at
the age of 1, 3, 7, 28 days. The experiment was
carried out on the previously selected composition of
SCC within the framework of the research conducted
in 2016-2017 by the Scientific Research Institute of
Building Materials and Design of
NIISTROMPROEKT LLP in order to select the
composition of SCC of M350 class B25 for
monolithic construction [18].

Cement, Sand, Crushed Water, Table 3 Composityion of SSC
kg/m3 kg/m3 stone, kg/m3 kg/m3
350 850 1065 135
Cr. stone Cr. stone,
] o L | Cement, |Sand, | ' 10-20 | Additive, | Silica,
Table 2 Test results to determine the suitability and 2 kg/m®  |kg/mé MM mm, kg/m® | kg/m®
- . .- kg/m 3
stability of the studied compositions kg/m
03-
SC, cm 04 500 | 999 | 468 252 1045 | 50
g = g el - s
= “ 4 © @ . . .- .
2 5 El |5 S|5|& E% According to [19], the SCC is classified into
=] (=2 c - age
Slsie|dlg|gs|8|gE|E three classes of fitability (Table 4).
[S) kel = S
g |55/ E|gs|2/88 8
o o | < = E E s Table 4 Classification of the SCC according to
3} g’ q < | % suitability
o Class The cone's floating, mm
310,39 |350 (850 1065 (35| & | 22 |22|215| 21
Q SF1 550-650
SF2 660-750
2
|
5 039|350 (8501065 (35| 8 | 21 |21| 19 | 14 SF3 760-8%0
g
In order to use the SCC in large-size and
% 039 |350 (850 1065 35| 8 | 17 [16] 14 | 11 reinforced structures !n order to obtain the required
surface quality, the mixture should correspond to SF
- class 2 in terms of its suitability for laying, and the
= X . . :
7 (030|350 8501065 35| 8 | 10 |18] 16 | 12 optimum is the me-ltlng of the cone of §8 75 cm.
z Therefore, [21] achieved a composition with 75 cm
melt cone, adhering to the experience of previous
o - studies.
T 0,39 |350 18501106535 « | 20 |19 17 | 13 However, in order to obtain results that reflect
the effect of the chemical additive only on the

The results of the conducted tests, reflected in
Table 2, show that the concrete mixture with the use
of PCE chemical admixture has acquired the largest
amount of OK, which indicates its best water-
reducing capacity in comparison with other

properties of the self-compacting concrete and the
mixture, adjustments have been made to the
composition shown in Table 3: the fine aggregate is
excluded, the additive is reduced to 1%.
Based on the results of the tests performed, the
results were obtained as shown in Table 5.
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Table 5 — Test results of B25 (M350) concrete
mixtures to determine the workability of the concrete
mixtures

. £ £ £
8 1S ° IS o ©
s « .S, |gE|2|§S |
gz | o SH 2E|wE|2E| S| & g
= s £33 89| o] 88| 2 | & S
e 3= x| x| 58| E 2 -
g £ <18 |2 v
T o gl < 5

@) e o

w

® 031 550 | 999 | 468 | 252 | 54 | 170 | 75

p

(=]
g
g 035 | 550 | 999 468 252 | 54 | 195 75
5
L%L 0,36 | 550 | 999 468 252 | 54 | 200 75
(=2
g
& 0,33 | 550 | 999 468 252 | 54 | 180 75
&
'5’ 0,34 | 550 | 999 468 252 | 54 | 190 75

Table 5 shows that:

- when introducing PCE into the concrete
mixture of the SCC, the desired characteristics of 75
cm cone melting can be obtained with the lowest
water consumption for mixing the mixture;

- Concrete mixture with SNF has the highest
water-cement ratio at 75 cm cone floating.

To obtain a complete picture of the influence
of the additives under study on the characteristics of
the final conglomerate of the SCC, tests were carried
out in this paper to determine the compressive
strength of the concrete compositions examined in
Table 5. The results are shown graphically in Figure
2 below.

PCE SNF+Lig SNF
1 day 3 day

PCE+Lig  Lig

m 7day m28day

Figure 2 Influence of chemical additives on the
strength of concrete mix
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If we consider the results of these studies in
relation to the production of construction works,
then, according to generally accepted methods [22],
further loading of reinforced concrete structures can
be made at the acquisition of strength of concrete at
the rate of 70% of grade strength. Based on the results
obtained, it is possible to give a high estimation of the
effect of the RSE hyperplasticizer in the SCC. Thus,
at the age of 3 days, this composition is gaining
strength in the amount of 85% of the grade strength
of concrete (B25), which will accelerate the pace of
construction work. The highest index of strength at
the age of 7 days (107%) and 28 days (128%) is also
observed in the composition with the use of RFE.
This effect is expected, as the application of RCE has
caused the lowest water-cement ratio in the mixture.
From which it can be assumed that the basic law [23]
of concrete strength (the relationship between
strength and water-cement ratio) in this case is not
broken and works similarly in the SCC.

Determination of the optimal type and
consumption of the mineral additive. The
influence of fine aggregate on the properties of
concrete was studied by many foreign scientists, the
results of which can be used to conclude that micro-
fillers affect the hydration of cement, and therefore
the properties of self-compacting concrete mixture as
a whole [21].

In order to determine the efficiency of
application of fine mineral additives made of
technogenic waste, similar to the previous tests were
carried out in order to obtain concrete mixtures with
the same spraying of cone (75 cm) and to determine
the strength characteristics of concrete in different
curing terms (3, 7 and 28 days).

As a fine-graded filler in this paper we
considered:

- Microsilica of Tau-Ken Temir
(Karaganda, Kazakhstan);

- Slag of refined ferrochrome (hereinafter -
Slag RFH) of JSC "Aktobe Ferroalloy Plant"
(Aktobe, Kazakhstan);

- Fly ash from Almaty CHPP-1 (Almaty,
Kazakhstan).

In addition to strength characteristics, the
influence of the type and quantity of the mineral
additive on the stability of the concrete mixture of
the SCC with the use of hyperplasticizer PCE was
considered.

In order to analyze the efficiency of mineral
additives based on production wastes, the
compositions of mixtures have been developed in
order to obtain 75 cm cone melt. The compositions
are presented in Table 6 below.

LLP
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Table 6 Compositions of concrete mixtures of
SCC

Component - Composition number
name Quantity

1 2 3 4 5
Cement 385 | 385 | 495 | 450 | 477
Microsilica 0 0 55 51 53
Fly ash 0 |165 | 0 0 0
Slag 165 | 0 0 0 0
Water kgm* | 160 | 180 | 165 | 160 | 160
sand 960 | 800 | 999 | 943 | 900
gtgfehg(-jlo 438 | 550 | 468 | 472 | 489
sct:;ﬁhig 5 202 | 315 | 252 | 328 | 326
';‘ngi“"e 165 | 165 | 165 | 153 | 159

The previously described methods [16, 19]
have determined the characteristics of the cone
melting stability of the concrete mixtures under
study. Test results are shown in Fig. 3.

74074 T4 T4 74 T4 T4 T4 T4
a3 =]
T2
71
58
Isj
Composition 1 Comoposition 2 Composition 3
4 4 ™ m
i3 fa
2T (v
II | III
Compexition 4 Compexition 5
Imm ediztely afier production Afier 15 min mAfier 3¢ min
nAfier S min mAferlmin

Figure 3 Cone floating and persistence of concrete
mixtures of different compositions, see

After the above characteristics were
determined, cube samples with a rib length of 150
mm were formed (Fig. 4). Further, the test for
determining the compressive strength of cubes at the
age of 3, 7 and 28 days of hardening under normal
conditions was carried out. The results are shown in
Fig. 5.

Figure 4 Concrete cube samples

49,13

458 45,04 46,28
40’343,04 412 42,6 43,1
- %8 38,1
31,47
271
19,7II

Composition 1 Composition 2 Composition 3 Composition 4 Composition 5

3day m7day

Figure 5 Strength characteristics of the studied
compositions, MPa

m 28 day

Discussion of research results

Based on the results of the tests performed, the
following can be assumed:

- the mixture with the inclusion of fly ash has
the highest water requirement, which affects the
strength characteristics of the final conglomerate (the
lowest strength of the presented compositions) and
the reduction of the mixture persistence;

- the highest strength index shows composition
3 with inclusion of microsilica and the highest
cement content, however, this consumption has no
effect on the stability of the mixture.

Thus, slag and microsilica are considered
acceptable for use. However, it is the microsilica that
should be used to obtain the high strength
characteristics of the SCC.

Conclusion

Studies have shown that the wuse of
hyperplasticizers based on PCE polycarboxylate
esters gives the following effect:

— maintaining the mobility (workability) of
the concrete mixture for 2 hours from the time of
manufacture.
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— the strength of concrete is 107% for 7 days.

When using RFC slag as a micropolluting
agent, it is possible to obtain the required shrinkage
capacity at W/C=0.41, with satisfactory retention and
high strength at early curing times.

When using fly ash, the test results are
comparatively worse - a decrease in the cone melt in
time is observed. Despite the high water-cement
ratio of 0.47, the conglomerate strength in the early
curing time is much lower than that of other studied
compositions.

At introduction in structures of the various
maintenance of microsilica, the concrete mix and
concrete with the expense of cement 495 kg and
microsilica in quantity of 55 kg/m® possesses the
best characteristics. This composition has the highest
strength characteristics at the age of 3 days, as well
as a satisfactory preservation of the mixture at a
water-cement ratio of 0.33.

Concretes with the use of hyperplasticizers
based on PCE polycarboxylates and fine fillers based
on microsilica and RFC slag can be classified as
"highly-productive” [24], which have high
transportability and patchability at the stage of
freshly prepared mixture, and in the hardened form
— a fast set of strength.

From the received data it is possible to draw a
conclusion that for reception of a set of durability of
SUB in early terms (for example, 2 days), builders
should resort along with increase in the expense of
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cement to following technological receptions, such as
introduction in structure of concrete of fine-dispersed
fillers (microsilica and slag RFH), and also decrease
in a water-cement parity by introduction of high
enough quantity of the chemical additive on the basis
of polycarboxylates PCE. If it is necessary to reduce
the consumption of astringent introduction of
microsilica or similar mineral additives allows to
preserve the physical and technical characteristics of
conglomerate [25, 26].

As a whole, it is necessary to note that the
purpose of work and the set tasks have been
successfully realized, the necessary results for
successful practical application have been received.
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OHaipicTIK KaNABIKTAP MEH XHMHSJIBIK KOCIATAPAAaH 06JIIHIeH TOJTHIPFBIIITAPABIH
03/liriHeH ThIFbI31AJAThIH 0€TOHHBIH KacHeTiHe dcepiH 3epTTey

E.b. YTenos, /I.A. AxmeroB, UI.T. AxmaTtmaesna, E. H. Poor

Tyitinaeme. Makana Kazakcran PecnyOnukacsiHia KO KeTiMIII op TYpIli XMMMSUIBIK KOCTanap MeH Maiiia OelliHreH
TOJNTHIPFBIITAP/BIH (OHIIPICTIK KaJABIKTapbIH) OCTOH Kocnajapbl MEH OCTOHHBIH PEOJIOTHSUIBIK JKoHE (PU3MKaIIBIK-
TEXHUKAJIBIK KaCHETTEpiHEe acepiH 3epTreyre apHainraH. Makaiajga e3iriHEeH THIFBI3JANaThiH OCTOH KOCIHalapbIHBIH
(OTB) xeitbip KacueTTepiH 3epTXaHaJbIK 3epTTEy HATHXKeNepl KenrTipiareH. JKeprimikTi mukizaTraH B25 kilachbiHBIH
JKOFapbl canajbl ©3JirHEeH THIFbI3AIaThIH JKoHe OSTOH KOCIAChIH ajlyFa apHaJlFaH THIMZl OeJIIHIreH TONTHIPFHIIITHIH
YKOHE XMMHSUIIBIK KOCTIAHBIH OHTAMIIBI TYpi aHBIKTANIABI. bepikTeHaipyaiH ajFamKsl Ke3eHaepiHae sKorapsl OepikTiri 6ap
O3JITIHEH THIFBI3JANATEIH OETOHHBIH KOMITO3WUIMACHI KeNTipiareH. JKyMBICTBIH HOTWXKenepiHelH Kazakcran
PecnyOnukacsIHBIH ayMarbIHIA )KYMBIC iICTEHWTIH TaiiblH O€TOH OHAIPYIIiIep YIIiH NPaKTHKAJIBIK MaHBI3EI 0ap.

Tyiiinai ce3aep: KyYMbIC KaOUIETTIIIr, KACHETTEPIIH CaKTaIybl, OETOHHBIH OEPIKTITi, XUMHSIIBIK KOCIIAap, 63/iriHeH
TBIFBI3/IANIATHIH OETOH KOCMACHI, YCAK AUCIIEPCTI TONTHIPFBILII.
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HccaenoBanue BJIUSIHUSL MEJIKOIUCTIEPCHBIX HANOJHUTEJIEH U3 TEXHOTeHHBIX 0TX0/10B H
XHUMHYECKHX 100aBOK HA CBOMCTBA CAMOYILIOTHSIOIIMXCSI 0€TOHOB

E.B. Ytenos, JI.A. AxmeToB, U.T. Axmarmaena, E. H. Poor

AnHoramusi: CTaThs TOCBAIICHA HCCICIOBAHUAM, PACCMATPUBAIOIIUAM BIUSHHE PA3JUYHBIX THUIIOB XHUMHUYCCKHX
00aBOK M MEJKOIMCIIEPCHBIX HAIOJIHHUTENCH (TEeXHOTEHHBIX OTXONOB), mMerommuxcs B PecrmyOnmke Kasaxcran, Ha
peornorudeckne u (PU3UKO-TEXHHYECKHE CBOHCTBa OCTOHHBIX cMeceil m OeToHa. B craThe NMpHBOAATCS pe3yIbTATHI
1a00pATOPHBIX UCCIICAOBAHII HEKOTOPBIX CBOICTB caMOyILIOTHsoIMXCs OeToHHBIX cMmeceli (CYB). Brissien Haunboee
3¢ GEeKTUBHBIN BUJ] MEJIKOIMCICPCHOTO HAMOJNHUTENIS W ONTHMAJBHBIA THII XMMHYECKOH TO0AaBKH I TOJYyYCHUS
BBICOKOKauecTBeHHOM cMecu CY DB u GeToHa kimacca B25 Ha MecTHBIX chIpheBBIX MaTepuanax. [IpuBenenst coctaBsl CYD
C BBICOKMM Ha0OpPOM MPOYHOCTA B PAaHHUE CPOKU TBEPJACHUs. Pe3ynbTaThl MPOBEICHHBIX PAOOT MNPEACTABISIOT
MPAKTUYCCKYIO IECHHOCTh JIJISl 3aBOJIOB-M3TOTOBUTENCH TOBApPHOTO OCTOHA, ACHCTBYIOIIMX HA TEppUTOpUU PecnyOmuku
Kazaxcras.

KiaroueBble cioBa: Yno0OyKIagpIBaeMOCTh, COXPaHSAEMOCTb, IPOYHOCTH O€TOHA, XHMHUYCCKHE T00aBKH,
CaMOYIIIOTHSIOIIAsACS OCTOHHASI CMECh, MEJIKOAUCIICPCHBIN HATIOJHHUTEb.
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Calcium nitrate generating out of nitrogen-acid
solutions after breaking up slurries of titanium
production
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Abstract: This article provides the results of studies of qualitative, quantitative and material composition
of titanium production slurry, which is man-made waste. The leaching of slurry parameters by nitric acid are
studied: concentration, solid to liquid ratio, temperature and time. The effective leaching parameters were
determined: 1.7 mol/l of nitric acid concentration, solid to liquid ratio = 1:8, pH<1, temperature 20£5 °C, leaching
time is 30 minutes. The rate of filtration was 0.035-0.044 m3/ m2-h. A gradual leaching method was used to
improve the solutions filtration. At the beginning, the slurry was leached with a 0.5 mol/l HNOs solution at room
temperature for 10 min at solid to liquid ratio = 1:10, the filtration rate was 0.062 m3/ m2-h. Then the cake was
again leached with 3.5 mol / | HNOs at room temperature for 30 min at solid to liquid ratio = 1:10, the filtration
rate was 0.094 m3/ m2-h. Calcium hydroxide or lime milk was selected as the reagent to precipitate impurities
out of solutions. The content of impurities of iron, titanium and aluminum is significantly reduced when 2.8-5
pH values. The best purification of calcium nitrate solutions by lime milk was at pH 8. Calcium nitrate crystals
were obtained by evaporation of a purified solution of 8 pH value out of a slurry leaching when 5% ammonium
nitrate was added to it by weight of Ca(NOs)2. The dehydrated calcium nitrate was obtained by granulating 92-
95% of the melt in the form of flakes at 90 °C of a surface temperature of the granulator plate.
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crystallization, granulation.
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Introduction
titanium slurries. At the stages of titanium slurry

by chlorination and magnesium electrolysis, a
significant amount of chloride wastes is generated.

The titanium sponge  production
magnesium  thermal reduction of titanium

tetrachloride at 850 °C involves the production of
magnesium metal by electrolysis from its molten
salts [1]. The raw material for the production of
magnesium electrolysis is dehydrated carnallite, and
the spent electrolyte is used in the chlorination of
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These industrial wastes pose a danger to the
environment, polluting soils and natural waters when
they are released into the atmosphere, when industrial
wastewater is discharged into the waters, and when
solid wastes are stored in the slurry storages [2].
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The Institute of Metallurgy and Ore
Benefication JSC (IMOB), along with the Ust-
Kamenogorsk Titanium-Magnesium Plant JSC
(UKTMP), has been conducting researches to
process chloride titanium-magnesium wastes for
several years.

In [3,4] the results of synthetic carnallite
generating studies out of worked out molten titanium
chlorinator (MTC) and magnesium slurries are
presented. Slurries were leached with water, the
solution was purified, and a solution with a carnallite
module KCI/MgCl. = 0,8-1,0 was obtained by
combining the saline solutions. The resulting saline
solution was g/dm3: Ti 0.0001-0.0004; Fe 0.001-
0.003; Si 0.026-0.033; Mn 0.04-0.06. A carnallite
that meets the State Standard 16109-70 requirements
was obtained by evaporation and crystallization out
of solution. In [5], the results of studies of REE
concentrate extraction out of MTC are provided. The
through recovery of the rare earth elements out of
MTC into collective concentrate was 66%. The
developed method [6] for extracting niobium from
PC sublimates involves their leaching with a solution
of sulfuric acid, chloride distillation of cakes, and
hydrolytic treatment of sublimates to obtain niobium-
containing intermediate product [7].

Each year UKTMP JSC produces 30-35
thousand tons of solid chloride wastes containing
700-1400 tons of titanium oxide. Some titanium
chloride wastes are leached with water and
neutralized with calcium hydroxide to 7-8.5 pH. The
resulting pulp is pumped to the slurry collectors and
accumulated in them. Reserves of sediments or
slurries are about 320 thousand tons, the
multicomponent composition of which is present in
the form of oxides, oxychlorides and carbonates [8].
Titanium slurry is a man-made raw material that is
stored in the slurry collectors. Retrieving valuable
products out of it is an urgent task. Currently, IMOB
JSC is developing a technology for processing
titanium slurry. An objective is to study the process
of slurry leaching with nitric acid, purification of the
obtained slurries from impurities, evaporation of
solutions and calcium nitrate crystallization.

Testing and discussing results

The titanium slurry was crushed, aggregated
and dried before the physicochemical studies, since
its humidity was 30%. The chemical composition of
the slurry, wt. %: 6.82 Ti, 2.78 Fe, 19.4 Ca, 2.19 All,
0.48 S, 8.19 Si, 0.13 V, 0.32 Nb, 7.09 C.

Methods of analysis. X-ray phase analysis of
the slurry was carried out using D8 Advance
diffractometer (BRUKER), Cu —Ko radiation, the

results are provided in Table 1. The samples were
decrypted and the phases were searched with the help
of the Search / match program using the ASTM Card
Database.

Table 1 — A slurry phase composition

S-Q,
Compound Name Formula %
Calcite Ca(CO3) 31,33
Vaterite, syn Ca(C0s) 13,88
Quartz, syn SiO; 12,37
Sulfur, syn Ss 7,18
Hydrogen Titanium
Oxide H2Ti307 6,90
Titanium Oxide TisOwu 6,05
Hydrocalumite, syn CasAl,06Cl, 10H,0 5,38
Portlandite, syn Ca(OH). 4,97
Rutile, syn TiO; 4,45
Titanium
Aluminum Niobium
Oxide Ti0.8Al0.1Nb0.10; 3,98
Akermanite, Caz(Al0.46Mg0.54)
aluminian, syn ((Al0.23Si0.77)207) | 3,51

Effect of nitric acid concentration. Slurry
leaching was carried out at different concentrations
of nitric acid, studying the dynamics of the degree of
titanium and calcium extraction into the solution.

The testing methods. The experiments were
carried out under the following condition: a slurry
weight is 50 g; solid to liquid ratio = 1:4, temperature
is 20 °C, within 30 minutes with a change in acid
concentration. Distilled water and 9.1 mol / | nitric
acid were added to the glass in the required amount
to obtain the necessary concentration with a
measurement of the density of the solution. The pulp
was mixed with a mechanical stirrer at a speed of 300
rpm. After the experiment, the pulp was filtered, the
filtration rate was measured, and then the precipitate
was dried and weighed. The volume of the filtrate
was measured. The resulting cake and solution
products were tested for X-ray fluorescence and
chemical analyzes.

The degree of titanium extraction into the
solution is closer to zero, with leaching with a
concentration of 0.7-1.7 mol / | HNOs. At the same
time, the extraction of calcium into the solution
increased from 6.4% at a concentration of 0.7 mol / |
HNOs3, and at a concentration of 1.7 mol / | HNOs3 to
52%. A subsequent increase in the concentration of
nitric acid led to a gradual transition of titanium into
a solution of leachable slurry. With an increase in
concentration from 1.7 to 4.5 mol / | HNOs, titanium
recovery gradually increased from 0.2% to 4.9%, and
calciumsharply. At 0.5-0.7 mol /  HNOs, the calcium
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recovery in the solution was 60-64%. The yield of
cakes changed with increasing concentration of nitric
acid from 46.3 to 29.5%, and the filtration rate
decreased from 0.45 to 0.044 m®/ m?h.

The influence of solid to liquid ratio. Leaching
slurry studies out of titanium production at various
solid to liquid ratio were carried out at a
concentration of 3.5 mol / 1 HNO.. This is justified
by the fact that at such a concentration there is a
maximum extraction of calcium into the solution, as
well as a minimum transition of titanium into the
solution. The research results are shown in Figure 1.
The diagram demonstrates an increase in solid to
liquid ratio leads to the increase calcium into the
solution extraction, but titanium does not
significantly. But with a solid to liquid ratio = 1:10,
the extraction of titanium into the solution was 6.2%.

With an increase in solid to liquid ratio, the
extraction of calcium in the solution increases sharply,
the extraction of titanium in the solution practically does
not change. With a solid to liquid ratio = 1:2, calcium
extraction into the solution is 56.7%, in cake - 10.6%.
The filtration rate was 0.005 m?® / m?h.

Leaching with nitric acid at solid to liquid ratio
= 1:4 provided the extraction into a solution of wt. %:
titanium 3.28; calcium 69.3. With a solid to liquid
ratio = 1:6, the extraction into a solution of wt. %:
titanium 4.57; calcium 79.9; silicon impurities 0.6;
iron 28.7; aluminum 36.3. The filtration rate was
0.026 m*/ m%h.

Leaching at a solid to liquid ratio = 1:8, extraction
into a solution of wt. %: titanium 5.04; calcium 84.7.
With a solid to liquid ratio = 1:10, the extraction into a
solution of wt. %: titanium 4.4; calcium 84.3; silicon
impurities 0.73; iron 27; aluminum 39.1. The filtration
rate was 0.035-0.044 m* / m?h.

90

Cmenexno uzeaedernn, s

Degree of extraction

1 — titanium; 2 — calcium.
Figure 1. The dependence of the titanium and

calcium extraction into a solution on the solid to liquid
ratio at 3.5 mol / | HNOs
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With an increase in solid to liquid ratio, the cake
yield decreased from 32.2 to 22%, and the filtration rate
increased from 0.005 to 0.044 m?/ m?h.

Leaching with nitric acid at a solid to liquid ratio
= 1:10 can be considered more effective in terms of
filtration rate and the extraction of calcium in a solution
of 84.3%. The loss of titanium with a solution is 4.4%,
and with a solid to liquid ratio = 1.8, the loss was 5.04%,
the yield of cake is almost the same.

The temperature effect. Experiments about the
temperature effect were carried out under the following
leaching conditions: 3.5 mol /I HNO; at a solid to liquid
ratio = 1:8, leaching time 30 minutes. The results of the
experiments are provided in Figure 2.

£, %
30

ol
1

70 +—

80 +—

80—

40 +—

0 +—

20 +—

10 +—

L]

20 40 100 T.°C
Figure 2. The dependence of the main components
extraction into the solution on the temperature of 3.5 mol
/1 HNO3

As the Figure 2 provides, the extraction of
calcium, iron, and aluminum decreases as the
temperature increases due to the formation of gels
that impede filtration. PH values ranged from -0.45
to -0.64. The filtration rate decreased from 0.035 to
0.004 m?/ m%h.

Duration effect: Studies about leaching
duration of 3.5 mol/I with the nitric acid were carried
out at a temperature of 80 °C with a solid to liquid
ratio = 1:8. The results of the experiments are
provided in Figure 3.
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Figure 3 - Dependence of the main components
extraction into the solution on the leaching duration at 3.5
mol/l HNO3
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With an increase in the leaching duration, the
amount of gel increased the extraction of calcium into
the solution decreased from 82 to 45.5%, and the
extraction of titanium into the solution also decreased
from 11.2 to 5.9%. Filtration was very slow.

When the slurry was leached with 3.5 mol / |
nitric acid, the solid to liquid ratio = 1:8, the effective
temperature of 20 + 5 °C and the efficient leaching
time of 30 minutes were chosen. With these effective
parameters, the extraction in titanium solution was
2.2%, and the extraction in calcium solution was
84.7%, the filtration rate was 0.035-0.044 m? / m?h.

However, at concentrations of 2.6-3.5 mol / |
nitric acid and temperatures above 60 °C, silicate
colloidal compounds are formed into solutions in
large quantities, which impede filtration. At a
temperature of 20 + 5 °C, colloidal compounds
formed less, but the filtration rate remained low. To
improve the filtration of solutions, one of the
methods was used [9]. First, the slurry was leached
with a 0.5 mol / I HNOj3 solution at room temperature
for 10 min at a solid to liquid ratio = 1:10, the
filtration rate was 0.062 m* / m?-h. The filtered cake
was again leached with 3.5 mol / | HNO3 at room
temperature for 30 min at a solid to liquid ratio =
1:10, the filtration rate was 0.094 m® / m?-h.

The next step is the deposition process. Calcium
hydroxide or lime milk was selected the reagent for the
precipitation of impurities from solutions of calcium
nitrate. A 2 liters’ solution was obtained by leaching
titanium production slurry with nitric acid under the
following leaching conditions: 3.5 mol/l HNO;
concentration, solid to liquid ratio = 1:10, temperature
20+ 5 °C, leaching time 30 min, stirring speed 300 rpm
/ min. The composition of the solution, wt.%: 0.72 Ti,
18.1 Ca, 0.047 Si, 1.15 Fe, 0.032 Nb, 1.09 Al, 0.025 V.
The green solution with pH value is -0.86. The initial
solution in the experiments on the deposition of

Table 2 - The content of solutions when adding lime milk

impurity components was taken in a certain amount; a
solution of lime milk was gradually poured. The
conditions of experiments and the composition of the
solutions with the addition of lime milk are provided in
Table 2.

The experiments resulted in at pH values of -
0.56 and 0.03, the main impurities of iron, aluminum,
and titanium remain in the solution. At pH values of
2.8-5, the content of impurities of iron, titanium and
aluminum is significantly reduced. An increase in the
deposition time of impurities also positively affects
the cleaning of the solution.

After 5 pH solution was evaporated at a
temperature of 100 °C for 4 hours, a viscous
amorphous substance was obtained; it was not
possible to obtain crystals of calcium nitrate.
According to a number of signs, Ca(NOs), can be
attributed to hard-crystallizing salts, its hygroscopic
point is very low, calcium nitrate is prone to
recrystallization and caking during storage of [10].
For these purposes, 5-7% ammonium nitrate is used
by weight of calcium nitrate for better crystallization.
With the addition of ammonium nitrate, the
crystallization rate of Ca(NQOs); increases 1.5-2 times
with a simultaneous increase in the crystallization
temperature by 50 °C. The more ammonium nitrate
is contained in the solution; the better is
crystallization [11]. Therefore, 5% by weight of
Ca(NOs3), ammonia and nitric acid was added to the
solution to produce ammonium nitrate. But when
ammonia was added from the solution, flakes of iron
oxide remained in the form of nitrate, the pH of the
solution was 8. The composition of the solution,
wt.%: N/D Ti, 28.1 Ca, 0.004 Si, 0.001 Fe, N/D Nb,
0.001 Al, N/D V. Crystals of calcium nitrate were
managed to evaporate from this solution, their x-ray
phase analysis has been provided in Table 3.

Test No. Initial pH of |Lime milk, | Deposition Composition, g / dm?
solution, | solution ml time, min Ti Ca Fe Al Si ND v
ml
1 200 -0,56 88,5 10 0,44 12,72 | 0,79 | 0,67 | 0,041 |0,024| 0,035
2 200 0,03 200 10 0,34 19,39 | 0,52 | 0,45 | 0,088 (0,011| 0,024
3 130 5,0 230 10 0,00012 | 239 |0,024 | 0,16 | 0,06 | - |0,0082
4 100 2,8 85 30 0,00012 | 31,25 |0,0089|0,0086|0,0032| - | 0,009
5 100 3,05 95 30 0,00012 | 30,14 |0,0076| 0,62 | 0,088 | - |0,0094
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Table 3 - Phase composition of calcium nitrate

Compound
Name Formula S-Q, %
Calcium Nitrate | Ca(NOs), 71

Calcium Nitrate
Hydrate

C&(NO3)2(H20)2 29

The composition of the calcium nitrate salt was
studied using a JEOL JXA 8230 Electron Probe
Microanalyses.

An electron probe study of slurry was carried
out in the following modes: 1. COMPO - salt image
in the back-scattered electrons; 2. WDS - waveguide
dispersive spectroscopy with a sharper and more
sensitive image. Figure 4 provides the calcium nitrate
zones in the backscattered and secondary SEI
electrons.

Figure 4 - Calcium nitrate crystals in the COMPO (1)
and SEI (2) modes. 1000 zoom

The obtained crystals from the purified
solution to pH 8 with the addition of ammonium
nitrate in an amount of 5% of the total weight of the
obtained calcium nitrate were subjected to grade
analysis. Figure 5 provides the results of a sieve
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analysis. The +7 mm fraction was 36.2%, the -7 + 5
mm fraction was 14%, the -5 + 3 mm fraction was
15%, the -3 + 1 mm fraction was 18%, and the -1 mm
fraction was 16.8%. The main fraction of -3 + 1 mm
was 18% of the total weight, the loss was 1.5%.

Grade analysis showed that the more
acceptable fractions of -5 + 3 mm and -3 + 1 mm in
total amounted to 33%. Large fractions of +7 mm, -7
+ 5 mm made up the bulk of the grade analysis of
50.2%.

According to Inter-Republic specifications 6-
03 195-67, calcium nitrate for fertilizer is produced
in the form of a scaly product. Light brown color.
Containing at least 17.5% nitrogen, the content of
ammonium nitrate is 4-7%, and the moisture content
is not more than 14% [11]. Crystallization of calcium
nitrate with the addition of ammonium nitrate on a
cooling roll is carried out at 90 °C. Most of the salt
crystallizes as a two-water hydrate. The melt
temperature in the trough of the rollers is maintained
at about 110 °C. Before loading into the container,
calcium nitrate should be cooled to at least 30 °C,
since hot salt is prone to sticking and impairs its
dispersibility. Calcium nitrate is cooled in a drum
through which cooled air is blown. At elevated
temperatures, calcium nitrate can go into the solid
phase as an anhydrous salt.

Figure 5 - Fractions of grade analysis when adding 5%
ammonium nitrate to the solution

In the first experiment, a saturated solution of
70% concentration of Ca(NOs), was prepared and
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evaporated to form a melt at 100 °C. The melt was
evenly distributed over the granulator plate, which
rotated at a speed of 28 rpm. The molten salt of
ammonium nitrate began to granulate first into
medium-sized granules, but due to the presence of
physical moisture, small salt particles began to stick
to the granules and granules of 6-8 mm in size
formed. The second experiment was also carried out
with a saturated solution of 70% concentration of
Ca(NOs)z, and it was evaporated to form a melt at
100 °C. Preliminarily, the granulator plate was heated
with a gas can to a temperature of 90 °C during
rotation of the granulator at a speed of 28 rpm. At
elevated temperatures, calcium nitrate can go into the
solid phase as an anhydrous salt. The calcium nitrate
melt was evenly distributed over the granulator plate,
it solidified with an even layer, then it was removed
in the form of flakes with a stainless steel scraper, and
the granulation results are shown in Figure 6.

Figure 6 - Obtaining flake calcium nitrate using a
granulator

Table 4 provides the results of grade analysis of the
obtained calcium nitrate. The results of X-ray
analysis of calcium nitrate are provided in Table 5.

Table 4 - Grade composition of dehydrated calcium nitrate
using a granulator

Grain type of crystals, Grade composition,

mm %
+7 28,2
-7+5 12,7
-5+3 17,5
-3+1 17,5

-1 mm 24,1

Total: 100

Table 5 - X-ray phase analysis of dehydrated calcium
nitrate.

Compound Name Formula S-Q, %

Calcium Nitrate Ca(NOs), 100

A large fraction was crushed to a fraction of -
3+ 1, asmall -1 mm was sent to receive melt. Thus,
dehydrated calcium nitrate was obtained by
granulation of 92-95% melt in the form of flakes. We
grind a large fraction to a fraction of -3 + 1 mm, and
a -1 mm fraction is sent to receive melt.

Conclusion

According to the results of X-ray phase
analysis, the main phases of the slurry are calcite
31.33%, vaterite 13.88%, quartz 12.37%; titanium is
present in the phases of rutile 4.45%, lower titanium
oxide 6.05%, titanium hydrogen oxide 6.9%; calcium
is also present in the phases of hydrocalumite 5.38%,
portlandite 4.97%, aluminum ackermanite 3.51%,
also sulfur 7.18%.

The titanium and calcium distribution was
studied at effective parameters of the leaching process:
acid concentration, solid to liquid ratio, pH. The
effective leaching parameters were determined: 3.5 mol
/ I nitric acid concentration, solid to liquid ratio = 1:8,
pH<1, the temperature 20 = 5 °C, leaching time 30
minutes. The filtration rate was 0.035-0.044 m* / m%h.

To improve the solutions filtration, the
following method was applied. First, the slurry was
leached with a 0.5 mol / | HNOs solution at room
temperature for 10 min at a ratio of solid to liquid
ratio = 1:10, the filtration rate was 0.062 m? / m*h.
The filtered cake was again leached with 3.5 mol / |
HNO; at room temperature for 30 min at a ratio of
solid to liquid ratio = 1:10, the filtration rate was
0.094 m* / m?h.

Crystals of calcium nitrate were obtained from
the purified solution to pH 8 with the addition of
ammonium nitrate in an amount of 5% of the total
weight of the obtained calcium nitrate. Grade
composition of dehydrated calcium nitrate on a
granulator, %: type + 7 mm - 28.2; type -7 + 5 mm -
12.7; type -5 + 3 mm - 17.5; type -3 + 1 mm - 17.5,
type -1 mm - 24.1. A large fraction was crushed to a
fraction of -3 + 1, a small -1 mm was sent to receive
melt.

The dehydrated calcium nitrate was obtained
by granulating 92-95% of the melt in the form of
flakes at a surface temperature of the granulator plate
of 90 °C. We grind a large fraction to a fraction of -3
+ 1 mm, and a -1 mm fraction is sent to receive melt.
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Tutan enaipicinaeri KOKbIpJaapabl anry 0apbICHIHAA TY3IJTeH a30TKbIIIKbLIIbI
epiTiHALIepAeH KAJbUMHA CETUTPACHIH AJTy

Ecenrasues A.M., YiabTapakosa A.A., Yiagaxanos O.X.

Tyitinaeme: TexHOreHal KalabIK OOJBIN TaOBUIATHIH THUTAH OHAIPICIHACT] KOKBIPJIAP/IbI MIaiiMasay OOMbIHIIA 3pTTEYJIep
xyprizinren. [laiimanayasl a30T KbIIIKBUIBIMEH 9p TYpii KoHueHTpuusana, K:C KaTelHaChIHIA, TeMIleparypana KoHe
yakpITTa OKyprizmik. IllalimManaynelH ONTHMANIbl MapaMeTpiepl aHBIKTAIFaH: 3,5 MOJb/T  a30T KbIIIKBLIBI
koHueHTpauuscel, K:C=1:8, pH<1, remneparypa 20+£5°C, maiimanay yakbITel 30 MUHyT. OUIbTpanus KblIIaMIbIFbI
0,035-0,044 m3/M? car xypaapl. EpiTiHfiHiH (UIBTpaIMACHIH KaKkcapTy MakcaThlHAa MIaiManayablH Ke3eHAiK oici
KonganbutFaH. bacrtankeima  kKokeipAel 0,5 wmome/n HNOsz epitingicimen K:C=1:10 karteiHacbiHma, Oenme
TeMmepaTypachina 10 MUH Mep3imze mailManaaslk, GuibTpanus KelnaamMasEst 0,062 M3/m?-car Kypaasl. COCbIH KEKTi
3,5 mons/mn HNO3, 6emme Temmeparypacbiana, T:2K=1:10 karsiHaceiaaa, 30 MUH Mep3imzae, TaFbl Aa MIaiManafibIK.
OunbTpanus xpuigamasiEs 0,094 Mm3/M?: car Kypaznel. Kambrwii THOpoKCcHi )KoHe CYHBIK 9K epiTiHAiNeTi KocTaaapabl
TYHABIpYJa peareHt petinae Tanmangsl. Epitiagine pH 2,8-5 MoHiHAE TeMip, THTaH KoHE aTIOMHUHHI KOCTIAIAPBIHBIH
Menmiepi azasnpl. Kanmpimid HUTpATHl epiTIHIICIH CYHBIK OKTACIeH eH Y3A4iK Tazamay pH 8 »xysere acTel. AMMOHHI
uutpareid anyna Ca(NOs), canmarbiHaH 5% MeIIepe aMMHAK KOHE a30T KBIIIKBUIBIH Koca oTwipbin, pH 8 me
TazaJlaHFaH epITiHAIHI OyNaHIbIPy apKbUIbl KaJbLMH HUTPAThl KpUCTANJapbl ajiblHAbl. KaOblpimak Topizai
CYCBI3JaHBIPBUIFAH KaNbIMHA HUTPAThl 92-95 % OankpIMaHbl rpaHyIsLUsIay apKbUIbl alIbIHFaH. ['paHysisTop Tapenkeci
temnepatypacsl 90 °C Kypaasl.

Tyiiin ce3mep: waiiManay, XJIOPUATI KaJABIKTAp, a30T KBINIKBUIBL, (WIbTPALUs, TYHABIPY, KalbLMHA HHUTpPATHI,
KpHUCTAJUTU3AIMA, TPAHYJIALHUS.

HOJIy‘leHI/Ie KaJbIMEeBOM CCJIMTPLI U3 A30THOKUCJIBIX PACTBOPOB OT BCKPLITUA HLJIAMOB
TUTAHOBOI'0 MIPOU3BO/ICTBA

Ecenrazues A.M., YabTapakoBa A.A., Yiagaxanos O0.X.

Pe3ome: B craThe mpencTaBiIeHBI Pe3yiIbTaThl HCCICIOBAHUN MO M3YYEHHIO KaYeCTBEHHOTO, KOJIMYECTBEHHOI'O H
BEIIIECTBEHHOTO COCTaBa IIJJaMa TUTAHOBOT'O IPOU3BOJICTBA, SIBJISIOUIHICSA TEXHOTEHHBIM OTX0A0M. V3ydeHbI mapamMeTphl
BBINIENIAYMBAHMS IIJJaMa a30THOW KHUCJIOTOW: KOHIEHTpanus, cootHomeHnue T:)K, temmeparypa u Bpemsa. boumn
OTIpe/IeIICHBI ONITHMAJIbHEIC TapaMETPHI BBIIIETaYNBAaHUS: 1,7 MOJIB/JT KOHIIEHTpAITHS a30THOM KucioTel, T:K=1:8, pH<1,
temnepatypa 20+5 °C, BpeMs Bblmenauupanus 30 MunyT. CKOpocTh (GuibTpanuu cocrasuna 0,035-0,044 m%/m?-u. Jlnsa
yinydmeHnss (GuibTpanuM  pacTBOpOB OBUT NPHMEHEH IMO3TAamHBI crmocod BeimenadnBaHus. CHavama muiam
BhienaunBany 0,5 Moisib/1 pactBopom HNO3 ipu koMmHaTHOM TemnepaTtype B Tedenne 10 mun npu T:XK=1:10, ckopocTb
¢unsTparuu coctapuna 0,062 M3/m?-4. 3aTeM Kek BHOBb BbIIenaunBaiu 3,5 Mois/1 HNO3 Ipu KOMHATHO# TeMIlepaType
B Teuenne 30 muu npu T:K=1:10, ckopocts Quubtpamuu coctaBuna 0,094 m3/m?-u. PeareHToMm Jyis ocakaeHus
IpuMece n3 pacTBOPOB ObUI BBIOPaH THAPOKCH] KalbIMs WM M3BECTKOBOe Mouioko. [Ipu 3Hauenmsix pH 2,8-5 B
pacTBOpax 3HAYMTEIILHO YMEHBIIAETCS COJIep)KaHNe IPUMEceH JKele3a, TUTaHa M aimoMuHus. Hanbonee my4miast ouucTka
pacTBOPOB HUTpATa KallbIMs N3BECTKOBBIM MOJIOKOM Oblita pu 3HaueHuu pH 8. [ToyueHbl KpucTaiIsl HUTpaTa KalbIys
BBIITApUBaHNEM OYMIIEHHOTO pPacTBOpa co 3HaueHWeM pH 8 or BblmenaunBaHus MITama npu 1o0aBlieHnH B Hero 5 %
HuTpara aMmMoHus oT Beca Ca(NOs),. [TonydyeH 00e3BOKEHHBIH HUTPAT KaJbLUs MyTeM rpaHyisuun 92-95 % maea B
BHJIE YEeNIyeK, IIPH TeMIIepaType MOBEPXHOCTH Tapenu rpanysitopa 90 °C.

Ki1roueBble cJ10Ba: BEINIEIAYNBAHUE, XIOPUIHBIE OTXO/bI, a30THAS KHCIIOTa, QIIBTPALIHS, OCAKICHNE, HUTPAT KaJIbIHs,
KPHUCTaJUTU3AIIH.
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Pestome. PaspaboTtaH sHeprocbeperatowmii cnocob nepepaboTky TEXHOrEHHbIX OTXO4OB— CIOW pacniaea
C mHBepcuern a3 kak KOMOMHALMA PEXMMOB «MaearibHOro» CMELUeHUS U «MAeanbHOro» BbITeCHeHMs. Ha ero
OCHOBE CO3/[aH NnaBuIbHbIN arperat HOBOIO NMOKOMEHWS — «peakTop MHBepcun as-TpybyaTas neyby. MonydyeHHble
3KCNnepuMeHTarnbHble AaHHbIE MOKa3bIBAOT, YTO B CIOE UHBEPCUM (da3 yAenbHbIA pacxon TonnvMBa Ha nepepaboTky
«BefHbIX» MO LUUHKY OTBasibHbIX U «BoraTbix» MO LMHKY LUNAKOB MPMMEPHO oauHakoB. MocnegHee nonoxeHve
NPOTUBOPEYUNT YCTOSIBLLUEMYCS MHEHUIO METANNypro., YTo nepepaboTka LUNakoB C KOHLEHTpauuen LMHKA MeHee
5% HepeHTabenbHa.Pe3ynbTaTbl pacyeToB AEMOHCTPUPYIOT, B Cllydae BHeOpeHWs NMPOMbILUNEHHOro obpasua
arperata «peakTop UHBepcumn as-Tpybyartas nedby» Ana nepepaboTkm «6eaHbIX» LWNaKkoB, MO CPABHEHWUIO C BEMbLL-
neybio nepepabaTtbiBaloLLein «boraTbiny LUNaK, yAEenbHbIA Pacxod YCNOBHOrO TonnmBa cokpatutes B 1,5-1,7 pasa,
a ygenbHas npovsBoguTenbHocTb Bo3pacTeT B 1,4-1,5 pasa.llpomblwneHHas peanusauuns arperata «peaktop
nHBepcumn cas-TpybyaTtas neyb» no3eonuna bbl peHTabensHo nepepabaTbiBaTh OTBasbI WAKOB (hbIOMUHIOBAHMS,
KNMHKepa BenbLeBaHus, «bedHble» LUMHKOBbIE pydbl, XBOCTbl oO6OrawleHMss u Apyrmx OTXOZOB LIBETHOM
MeTannypruu.

KnioueBble cnoBa: sHeprocbeperaroLuii cnocob, peakTtop MHBepcun as — Tpybyatas neyb, «6egHble»
MO LMHKY LUNaKu, KOMOUHaLUMSA PEXUMOB «MAEanbHOMO» CMELLEHWS! U BbITECHEHUS.

Juxan6aes Bassuasbl - n.0. mpodeccopa, TOKTOp TEXHUIECKUX HAayK, Ka3zaxckuil arpoTexHUYeCKHi
yuusepcuret uM. C. Ceiipymnuna, Hyp-Cynran, Pecniyonuka Kazaxcran. E-mail: otrar_kz@mail.ru
JAuxan6aeB ApbicTan basinaueBuY - cTaplmii npenojaBaTenb, AIMATUHCKUA YHUBEPCUTET
JHEPreTHKH | CBsI3H. rystan.d74@gmail.com

BBenenue nepepadoOTKU  TEXHOTEHHBIX OTX0J0B. OJHaKo B
oOmacTi mepepadOTKM TEXHOTEHHBIX  OTXOJOB,
B Pecny6muke Kazaxctam oTxoasl TOpHO- ~ PaBHO KAaK M HU3KONOTEHUHAIBHOIO  CBIPBA,

METAJITyprUYecKOd OTpaciy COCTaBIsAeT okojo 20
MIJJIMAPJIOB TOHH, U3 HUX LIBETHOW METAIITYPTUN ~
10,1, wepHoit - ~ 8,7 mwutuapmoB ToHH [1,2].
ConmepxaHre IIEHHBIX KOMIIOHEHTOB B HHX HE
MEHBIIIE YEM B HU3KOMOTEHIINATHbHOM MUHEPAIBHOM

CBIPbE. W3BnedeHne  MeTaIOB W3 HUX
HEpeHTa0eIbHO, TaK KaK Tpebyer
JBYXPa30BOTOMOBBIIICHHUS]  YAECIBHOIO  pacxoja

TOIUIMBA, YE€M U3 TPHPOIHOTO «OOTATOr0» CHIPbS
[3-5]. CormacHO HaHHBIM DKCIEPTOB Pa3BeIaHHEIE
3amachkl «0OraToro» ChIpbst JOCTATOYHO TOJBKO HA
30-35 ner [1,2]. B GyaymieM, HCTOICHHE 3aacoB
«0OTraThIX» Py MOXKET MPUBECTH K HEOOXOIMMOCTH
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OTCYTCTBYET KOHKPCTHOC TCXHHUYECKOC PCHICHUC
IIO3BOJIAIOIICC peHTa6€HLHO HU3BJICUb H3 HHUX

[IEHHbIE  KOMITOHEHTEI [6-15].  Tocnemuee
00CTOATENBLCTBO CTUMYJIMPYET HCCIIEA0BaTeNel K
MOKCKY CIIOCOOOB W CPEACTB  TO3BOJISIOIIHMX

COKpaTHTh pacxol TomauBa B 2-3 pa3a IO
CPaBHEHHIO C CYIIECTBYIOIIUMH IPOIIECCAMH.

Mertoasbl ucciae0BaHus.
AJBTEpHATHBHBIM CIIOCOOOM JIOCTYKEHUS ATOM

e SBISETCS ~ METOJNOJNOTHS  IPEACIEHOrO
sHeprocoepexxenus [4,16]. OqHuM U3 ee MPUHIUIIOB
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SABIISICTCSPa3padOTKa 3HEProcOeperaroIero crnocooa,
CO3ZIaHME HAa €ro OCHOBE IWJIOTHOW YCTAQHOBKH,

NPOBEICHUE  JKCIEPUMEHTOB M IIepepacuer
XapaKTEPUCTHK MUJIOTHON YCTaHOBKH Ha
MPOMBIIIUICHHBI ~ 00pasel;  MeToaoM  aMHHOTO
MOZEJIUPOBAHUSL.

Pe3yabTaThl 3KCIIEPUMEHTOB HA
NMUJIOTHOH YCTAHOBKE

IlepepaboTKy ChIpbsI B pacIiaBe IO CTPYKTYpe
CJIOSIM PEKUMY 00pabOTKH MOXKHO Pa3JIeNTh Ha TPU
OCHOBHBIE CcHOCOOBI: 1) OGapOoTa:KHbI €10, TIe
CTPYKTypa CJIOSI HMEET BHUA (KHAKOCTb —
CIUIOLIHOi, ra3 - JHCKpeTHbIi» (puc. la); 2)
KMISAUIUA CJI0i paciiiaBa, XapakTepU3yIOIIUics
COCTOSIHUEM «ra3s-cInJIolIHOii, JKHJAKOCTh-
AUCKPETHBINY», [10 ONPEAEICHUI0 OTHOCALIEMYCS K
PEKHUMY «HI€aJTbHOT0» cMeleHus (puc.10) uciaoi
pacmiiaBa ¢ HHBepcHeiida3, Kak KOMOMHaus
PEKUMOBKHIEATHHOT 0 cMenIeHust U
«UeanbHOro» BoiTecHenus [4,16-21](puc.18).

I otOopasHeprocOeperaromiero — crocoda
nepepadoTKH  HU3KOMIOTEHIIHAIBHOTO TEXHOTEHHOTO
CBHIPbS OBUIN MPOBEJICHBI SKCIIEPHIMEHTHI Ha YCTAaHOBKE
«peaktop WHBepcud (a3-TpyO4aTas meub» ¢
NpUMEHEHHEM TPAIUIIMOHHOTO 6APOOTAKHOT0CTI0S U
HOBBIX CIIOCOOOB 00pabOTKH MIIAKOB - KHMISIIET0
¢JI0Sl PacILIaBa 1 ¢J10s1 paciliaBa ¢ MHBepcueii (a3 B
HenpepbIBHOM pexumve [18,19]. IMpunimn paboTsr
yctaHoBku  cienyromuii - (puc.  3,4).  Ilporecc
HenpepbIBHbIA. OTBaIBHBIA LUIAK C  OYyHKEpOB
3arpykaercsi B TpyOUaTyro I1edb, TAe HarpeBaeTcs JIo

Pacnna
P
dCN1aB

» lcns

Pacnn
[

[0

a) 0)

900°C oTxomsIMMK razaMM peakTopa MHBEpCHH (a3
(PU®D) u 3atem nonaercst B PUD mnst pactnasienus u
orroHKkn MHKA. OOEeTHEHHBIN M0 NWHKY pPacIUiaB
TpaHy/lUpyeTcsi BOJOM W HampaBisieTcs  Ha
MIPOM3BOJICTBO CTpoiMaTepuanoB. OTXOMAAIINE Ta3bl
TpyO4aToii TieYr HarpeBaloT JyThEBOH BO3AyX B
BO3yXOIIOIOTpEBATENe, 3aTeM  OUYMIIAIOTCA  OT
MHKOBBIX ~ BO3TOHOB B ckpyOOepe.  Ilpum
BOCCTaHOBJICHHHM TOJIBKO IIUHKA, OOECTIBIICHHBIE Ta3bl
BeIOpaceiBaeTcss B armMocdepy, a B  ciydae
BOCCTaHOBJICHHS JKeJIe3a,[OPI0YHEra3bIMCIIONb3YIOTCS
JUISL TEXHOJIOTHYECKHX ETIeH.

VYcnoBHble 0003HaYeHWsT HAa PHUCYHKE 3.
1 — peakTop uHBepcHH (a3, 2 — BPAIAOIIAsACT YacTh
neuu, 3 - HEIIOABMKHAsA YacTb II€YM C TCILIO-
OOMEHHHKOM, ISl TIOZ0TPEBa/TIHPOIIN3a TIPUPOITHOTO
raza, 4 - BO3LyXOIOAOrPEBATENb, S— HapoeperpeBaTesb,
6 — KOJUIEKTOp BBOJA JOTOJIHUTEIFHOTO TPUPOJHOTO
raza, 7 — mulako3arpy3ouHas Tpy0a, 8§ — MpUBOX
TpyO4aToii  medw, 9-ymimoTHeHue 3a30pOB
Bparatorietics yactu neun. 10 —ckpy0oep, 11 — Torka,
ITPI" — mpupomansiii raz, CBC — caxeBogopoaucTas
CMECh MOAOIPETOro NpupoaHoro rasa, I'T — roprounii
ra3 wiM oOecHbUIEHHBIMABIMOBOM ra3, 111 — muak,
P - pacruias.

B nepuon mnpoBeaeHHs SKCHEPUMEHTOB B
peKUME  «IUIABKAa-BOCCTAHOBICHHE»  YCTaHOBKA
npopaboTtana okoio 1000 wacos.beuto nepepadoTano
~250T «OeTHOT O [IaKa cocTaBa:
Zn0 (3.8 -4,3); PbO (0.1 — 0.15); Cu (0.6 — 0,8);
FeO(7 - 8); Fe_20_3(2 - 3);

Fe30,(23 - 24); Si0,(27 - 28); Ca0 (13 - 14);
Al;03(7 -9); S (0.4 - 0.5).

» Pacinas

Pacnnas

Pacnan
CDpomaanaﬂ netka

[F]

30Ha ugeansbHoro
CMeLLeHus

Pucynokx 1 CrniocoOb1 00paboTKH CHIpBs B paciiaBe: a) 6apOOTaXHBIH ciI0H, 0) KUIAIIKIA CII0H paciuiasa,
B) CJIOH pacmiiaBa ¢ nHBepcueit da3
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BOIAY

MR 115

Pucynok 2 O0muii Bu MAIOTHOM
YCTaHOBKH

B Tabmunaxl m 2 mpuBeneHHI pe3yNabTaThI
9KCHEPUMEHTOB.  YCIOBHBIE  00O3HaueHHA B
tabmumax 1 w 2: Py — TIpOM3BOIUTEIHHOCTH
YCTAaHOBKH 1O IITaKy, M, — Macca BaHHBI pacijiaBa
B peaktope, Vo, - pacxox Kucnopona, Brpr — pacxon
npupoaHoro raza, W,, — pacxoj 3JeKTpOdHEprum,
Guap — BBIpabOTKA Mapa, Zn"**, Zn " - HauaneHOE U
KOHEYHOE coJeprKaHue [IMHKa B I1ake, E— crenens
W3BJICUCHHS LIMHKA, «6» - YIEIbHBIH pacxon
NPUPOAHOTO Ta3a Ha TOHHY nwWHKA, I-/Gp -
OTHOIICHNE UMITYJIbCa Ta30B B COIIAX MPOIYBOYHON

coaD

BOIAYX
4

‘:I lj:rr

Al e
2] s
arxose

KncnopPoa s00°c

=

1500-2000

250-500 ek
500-1400

1500 iy
250560°C

Pucynok 3 Cxema m3MepeHHI 1 MaTepHaIbHBIX IIOTOKOB

MUIOTHOM YCTAaHOBKH

peleTK K Becy BaHHBI pacmiaBa,l. =m,-W, ,
TIem,- MaccoBBIH pacxoi Taza B  coOIUiax
MPOIYBOYHOM pemeTrku, W, - CKOpoCTh ra3oB B
COIUIOBOM peutetke, G, = M, * g, Tae g - yCKOpEeHHe
CcBOOOJTHOTO MaJICHUSI.

Jannpie Tabmuubl | IEMOHCTPHPYIOT, 4TO
CTEeNeHb BOCCTAaHOBIECHUS uMHKa «E» pacrer, a
VOENbHBIA ~ pacxox  MPUPOAHOTO  Trasa  «6»
YMEHBIIAETCSI P CMEHE CIIOCO00B 00pabOTKH OT
0apOOTaXKHOTO CIIOS IO CJI0sT MHBEPCHU (a3.

Ta6mmua 1 CpaBHHUTEIBHBIE PE3YJIbTATHl AKCIEPUMEHTOB Il 0apOOTa)XKHOTO CJOS, KHITAIIETO CIIOS
paciiaBa U cios paciuiaBa MHBEpcuH (a3 mpu nepepadoTKe «0eAHbIX» 110 [IMHKY [IUIAKOB

CnocoObl Pu,
00paboTKH
pacriuiaBa

Ms,
KI/4 KT

Ic /Gy

BHPF ]
HMY/9 % %

Zn" Zn"" | E, % | W,

KBT-u

Guap 8
KT/4 M *TIPT
TZNn

Bapootaxusiii | 1300 670 | 0,064
1| croi pacruaBa
(BBITTyCK
pacruiaBa ¢
BEPTHKAJIBHOTO
KECCOHa)

I/Gy, < 0,09

288 4,3

3,01 |30 235 | ~1500 17173

1336 | 400 | 0,099

-0,26

Kurmsiuii cioon 108
2| pacruiaBa
(BBITTyCK
pacrasa ¢
BEPTUKAIBHOTO
keccona)l-/

G,=0,09-0.19

305- |43
319

2,32 | 42 230 | ~1500 12640

Crnoii 1400 130 | 0,26 | 105
3| pacruiaBa
nHBepcun (a3
(BBITTyCK
pacmasa ¢
HAKJIOHHOTO K-
Ha I /GL,= 0,19

-0,26

319 4,3 0,8 70

230 | ~1500 7272

84



Complex Use of Mineral Resources. Ne4. 2019 ISSN-L 2616-6445, ISSN 2224-5243 (Print)

Ta6auna 2 Pe3ynbpTaThl SKCIEPUMEHTOB AJISICIION PACIUIaBa HHBEPCHUU (a3 MpH MepepadoTKe «00raThixy 1Mo

[UHKY IJIaKOB.

Cmoco6 06paboTku Pu, Ms,
pacruiaBa Kr/q KT

IC/Gb VOZI

Brer,
HM®/ 4 % %

ZnH¥ | ZnkH 1 E, % | Wy, Guap 8
kB1'u | Kr/u uMTIPT

TZNn

Croii pacrmaBa | 594 90 0,42 | 115
1 | uaBepcuu ¢a3
(BBITyCK
pacruiaBa ¢
HAKJIOHHOTO
keccona)l./Gp=
0,19 -0,42

317 963 |34 69 235

~1500 | 7925

CpaBHeHHME  JaHHBIXTAONMID 1 w2,
JUISICIOSIMHBEpCUU (a3, I0yACTbHOMY pacxony
MIPUPOTHOTO Ta3a Ha MepepaboTKy «OeTHBIX» IO
[IMHKY OTBAJIBHBIX MDIaKoB (Zn<4/3%, 6=7272
L;]Pr) n «Oorareix» mmiakoB (Zn>10%, 6=7925

T

L;]Pr) MOKa3bIBaeT HeOObINYIO pasHuLy ~8%.
T

Takum 06pa3oM, MoTyyeHHbIE IKCIEPUMEHTAIIb-
Hble JaHHBIE IMOKa3bIBAIOT, YTO B CJIO€ HMHBEPCHUU
(bazynenpHbII pacxon TOILJINBA Ha
nepepadoTKy«OeAHbIX» M0 MHWHKY OTBAJIBHBIX H
«00raThIx» IIJIAKOB IPUMEPHO OMHAKOB.

CornacHO TEXHHKO-KOHOMHYECKHM pacyeTam
BBIITOJTHEHHBIM B Y HuUNIpomeu [22], ppioMUHTOBaHNE
IIJJAKOB PEHTA0ENbHO TMpPU KOHLEHTpALUMH IWHKA
cebiie 5%. Ecnmm ydecTb, 4TO NpH BENBLEBAHUU
«OemHBIX» IIUIAKOB YAENBHBI pacxof] TOIUIMBA
HNOBBICUTCS B ~ 2 pas3a, TO O3TOT Ipeaen Juisd
OTBAIbHBIX IUTaKOB OyzaeT emie Bbime. OMNbITHBIC
JaHHBIE IOJyYEHHBIE CHOCOOOM  C€JIOS MHBEPCHH
(a3 MPOTHBOPEUUT TAKOMY YTBEPXKICHHIO W JacT
OCHOBaHHE IIOJIaraTh, YTO HA YCTAHOBKE «PEAKTOP
uHBepcHuy (ha3-TpyOUatas mnedn» «OeqHbIE» 10 LUHKY
OTBaJIbHBIE LIUIAKH MOT'YT IIepepadaThIBaThCsl HApABHE
C «0oraTeiMu» C TPUMEPHO OJVHAKOBBIM Y/AEIBHBIM
pacxooM TOIUIMBA.

Jis MOWCKA OINTUMAIBHBIX PEXKHUMOB
MPOAYBKH ObUIM MPOBEACHBI CEPUI SKCIIEPUMEHTOB,
pe3yabTaThl KOTOPBIX IrpadUuecKd oTOOpaKeHbI Ha
pucynke 4.CormacHo pucynka 4, creneHb
u3BJieueHus nuHka E B cnoe mHBepcuu Qa3 umeer

skcrpemyM npu I-/Gp,= 0,83. B unreppaie (I;—C =
b

0,83 — 1,0 uger yMmeHbIIEHHE CTEIEHH BO3TOHKHU
I¢

nuaka.  lpwm o > 1,15 npoucxoautr  IOJHOE
b

BBITECHEHHE CJIOSI MaTepuajia U3 pPeakTopa, uTo
CBSI3aHO C TPEBBIINICHUEM TOABEMHBIX CHJI ra3a HaJ
rpaBUTAIIMOHHON CHJOM dYacTul nuiaka. Takxke
ONpPENENICHO 3aBHCUMOCTh MAacChl BaHHBI  OT
MPOU3BOANTEILHOCTH peakTopa. B omimmume ot
0apO0TaXKHOT0 U KUIIAIIETO CJIOEB, TI€ Macca BaHHbI

M, He 3aBUCHUT OT IPOU3BOAUTEIBLHOCTH Ppug, B CIIOE
uHBepcun  pa3 M  3aBucHUT OT Ppygy 1O
MPSIMOJIMHEWHOMY 3aKOHY (pHc.5).

AHaau3 pe3yJbTATOB JKCIEPUMEHTOB

B mporiecce 9KCIIEPUMEHTOB Ha «OeTHBIX) 10
UHKY nnIaKax, nmpu BBIITYCKE pacmiiaBa C
BEPTHKAJIBHOIO KECCOHA, B PEXKMME KHUIISIIIETO CIIOSI
pacmiaBa ¢ 1/Gp=0,099 u 3a mpenmenamu peKuMa
kumsmero ciaos pacmiasa ¢ 1J/Gy=0,26, cremnens

U3BJICUYCHHUS [MHKA HE  IOBBICHJIACH  BBIIIE
E=42%(ta6n.1, n.2). Tak kKak BBIIYyCK pacIuiaBa ¢
BCPTHUKAJILHOI'O KECCOHAa B BbIIIICYKa3aHHbIX
JMana3oHax MPOXYBOK ONPENESeTCS  PEeXHMOM
UJICATBHOTO CMEHICHHUs, TO W3 JTOT0 MOYKHO
3aKJIIOYHNTD, qTo BO3MO>XKHOCTHU YBCJINYCHUA
HU3BJICUCHUA IUHKa B CJIOC C nacaJIbHbIM
CMEIICHHEM, TOJBKO 32 CYeT  ITOBBIIICHUS
VHTEHCUBHOCTU INPOAYBKH, HMEET HEKOTOPBIH

npezen, OOYCIOBICHHBI BHYTPEHHHUMHU (U3HKO-
XMUMHYECKHMH MPOLIECCAMH.

[Tocne mpoBeneHus OKCIIEPUMEHTOB  C
BBHIITYCKOM paciijiaBa ¢ HaKJIIOHHOW YacTH peakTopa,
(YCTIOBHO ~ Ha30BEM  pEKUMOM  HACAIHLHOTO
BBITCCHECHHUS), TP ToM e 3HauyeHun |J/Gp=0,26,
OBLIO JIOCTUTHYTO YJIOBIETBOPHTEILHOE 3HAYCHUE
CTENICHH BO3TOHKM nuHKa - E=70% (Tabmn.l, m.3).
Takum 00pa3om, mepes IKCIIEPUMEHTaTOPOM BCTAET
€CTECTBEHHBI BONPOC, KaKue (PU3MKO-XUMHUYECKHE
MPOIIECCHl TOBJIMSUIA HA TAKOW pe3yabTat?

HNHcTtpymMeHTOM A71s1 0OBSICHEHUS PEe3YIbTaTOB
OMBITOB MOET CIYXHThb XapakTep W3MEHEHUs
sHeprun ['mb60ca B TEPMOAMHAMUYECKOW CHCTEME
BOCCTaHOBJICHUS IMHKA U3 €r0 OKCHUJIOB.

LIuHK B OTBaNIbHBIX IUTAKAX HAXOAUTCA B hopme
CITO’KHBIX COEINUHEHMH, KaK CHIMKAT IMHKA (ZN;SiOy),
¢deppur 1mHKa (ZnFeOs) w1 [lpexne uem
BOCCTaHOBUTH LIMHK M3 TaKUX CJOXKHBIX COEIUHEHHH,
notpeOyercss WX  pa3loKeHWe Ha  IMPOCThIE
MOJIEKYJBI (CM. TaOs. 3 MyHKTHI | ¥ 2) U TOJBKO
3aTeM BO3TOHKa LIMHKA B Ta30BYIO (azy (cM. Tabi. 3
MyHKT 3).
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Pucynok 4 3aBHCHMOCTB CTEIICHH M3BJICUCHHUS IIMHKA
OT crtoco0a MPOTyBKU «OeTHOTOY» IIJIaKa Ipu
POM3BOAUTENbHOCTH peakTopa Py~1300 kr/4. KCP —
KUTIIMEN cioit pacruiaBa, CU® — cioit uaBepcuu das

Kax cienyeT 3 TaOJIAIIBI
3,xapaKkTepu3MeHeHnss  JHeprun | mbbca s
o0pa3oBaHMsl CIIOXKHBIX Moyiekyd Zn,SiOs wu

ZnFe;O4m3  mpocteix mMosiekyn - ZnO, SiO, FeOs
OTPHUIIATEIHHBIN, a XapakTep H3MEHEHHUS DSHEPrHH
I'n66ca st peakimii pacnaga cunukara (Zn2SiOgs) u
¢depputa  mwmHKa (ZnFe;O4) Ha 3TH TIpOCTHIE
koMmmoHeHTsI (ZnO, SiO,, Fe;03) MON0KUTETBHEIHA.
Cpennee 3HaueHue KoHCTaHThI paBHoBecus (K)
peaknuii  00pa30BaHUS CIOXKHBIX MOJEKYH U3
MPOCTBIX KOMMOHEeHTOB (Tabn.3, m4,5), Ha 1Ba
nopsinka (~ 100 pa3), Ooiybllie 4YeM y peakiuu
pacmazna CIOXKHBIX MOJIEKYN Ha HpocTble (Tadi.3,
m.1,2). [losTomMy, ¢ GoJbIIel BEPOITHOCTHEO MOKHO
OKHJIaTh, YTO B PEXKUME “UIeATLHOTO” CMEIICHHUS, B
CJIoe pacIuiaBa HIET JIBa MPOTHBOIIOJIOKHBIX 10
HAIpPaBJICHUIO PeaKiuii: (a) — peakiuu pasioKeHUsI
CITOKHBIX MOJIEKYJI Ha MTPOCThIE KOMIIOHEHTHI 1 (0) -
peaknuu  oOpa3oBaHUS CIOXKHBIX MOJEKYT U3
MPOCTBIX KOMIIOHEHTOB. M3 mocnemHero MOKHO
KOHCTaTHPOBATh, YTO B YIOMSHYTBIX BBIIIEC PEXKUMAX
“naeanpHoro” cmemenus (0,099-0,26), ¢ Beimyckom
paciiaBa C  BEPTUKAIBHOTO  KECCOHa, W3-3a
MEPErPYIIUPOBKA MEKIY PEKOMOMHHUPOBAHHBIMHU
monekynamu ZnO, SiO;, Fe,O3 ¢ BHOBb
o0Opa3oBaHWEM CHJIMKAaTOB U (EPPUTOB  IIMHKA
(Zn2Si04,ZnFe;0,), pocT u3BJIEYEHHS IMHKA HE
Ha0JI01a10Ch.

Croco6 BBITTycKa paciiaBa ¢ HaKJIOHHOU
YacTH peakTopaHaMd ObUT  yCIOBHO  Ha3BaH
PSKHMOM «UJCATLHOTO» BBITECHEHHUs. Tak Kak B
HakKJIOHHOM  CJIO€  pacIulaBa  «UJICAJTBLHOTO»
BBITECHEHUS (CM. pHC. 6), TaKKe UAET MPOIECC
pa3OKEHUsI CIOXHBIX MOJEKYJT | KaXKaast
JJIeMEHTapHass  CTpydKa B  HEM  JIBHXKETCS
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Poye, K4
A
1100 4
1
1000 4~
800 + 2
3
600 4+
400 + +—>» MB, Kr
50 100 150

1- —==026;2——=10,42;
Gp Gp
3—-1./G, = 0,44

PucyHnok 5 3aBUCUMOCTb Macchl BAHHBI OT
MIPOU3BOJUTENBHOCTH 110 1u1aKy B CUD

napaninensHo  JpYyr  JApPYry, TO  BEPOSTHOCTb
CMEIICHHUS PEKOMOMHHPOBAHHBIX KOMIIOHEHTOB -
Zn0O, SiO;, Fe;0s, CcOOTBETCTBEHHO, BHOBb
00pa3oBaHMs U3 HHUX CIOXHBIX MOJNEKYI - ZN,SiOa,
ZnFe;O4 yMeHbBIIIaeTCS U CTEICHh BOCCTAHOBIICHUS
muaka no ¢opmyne ZnO + CO = Zn+ CO;
BO3pacTaerT.

BrllieckazanHoe  TakK€  OTHOCHTCA K
BOCCTAHOBJICHHIO JKejie3a W3 IUIAKOB (Tabi.3, I
6-9). B [21] mpuBeneHbI pe3yabTaThl OIMBITOB TIO
BOCCTaHOBJICHHMIO JKeJie3a U3 OTBAJIbHBIX IIIAKOB.

[Tocne mpoBeneHUs KaXJI0ro 3KCIEPUMEHTA

u3MepsuIach  TONIIMHA ~ TapHHCCAXXHOTO  CJOS
OTHEBOW TOBEPXHOCTHKECCOHOB TUTaBHIIBHOTO
peakropa (puc.7). Cpennsas TOJIIIMHA

TapHUCCAKHOTO CII0ST BEPTHKAIBHBIX, TOTOJOYHBIX H
HAKJIOHHBIX KECCOHOB C BBIMTYCKOM paciiaBa ¢
BEPTUKAIBHOTO KeccoHa coctaBmia & = 3-5 mm.Ilpu
BBIIYCKE pacIuiaBa ¢ HAKJIOHHOT'O KECCOHA, CPEIHSIS
TOJIIIIHHA TapHUCCAKHOTO CJIOS BEPTHUKAIBHBIX W
ITOTOJIOYHBIX KECCOHOB OcCTaBayics 0 = 3-5 MM, a
TOJIIIMHA  TapPHUCCAKHOTO  CJOS  HAKIOHHOTO
KEeCCOHA, HA YYacTKe B3aWMOJICHCTBUS MaaroIIero
ra30KarneyibHOrO MOTOKA U BBITECHSIEMOTO pacriiaBa
(puc.6), Beipocna a0 30 — 35 mm. Ha wamr B3ris,
YTOJIIIEHUE TapHUCCAKHOTO CJIOS HAa HAKIIOHHOH
4acTH PEaKTOpa JIONOJHHUTEILHO YKa3bIBaeT HA
BOCCTaHOBJIEHHE IIMHKA C MPOTEKAHWEM pEaKIUH ¢
sHgoTepMudeckuM s dexrom — ZnO+ CO =Zn" +
CO2 - Qouu. [Ilocmemuss peaxiusi, BEpOSITHO,
MOBJIHSIA HA «3aMOPAKHUBAHKE) TOJCIIOsN, B paioHe
B3aMMOJEHMCTBUSA  MAJAlOIIEr0  ra30KaIelIbHOro
MOTOKA H CJIOS  pacijiaBa, JBIDKYIIErocs B
HaIpaBJIEHUH K JIETKE.
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Zn SiO,= 2Zn0O + SiO;
@®@=@®+0, 1. AG>0O
2Zn0O + SiO:= Zn,SiO.
®®+O0=@®, 1t AG<O
T >> T1

1 1
Tornrnueo I I <Kucriopod

Pucynok 6 Cxema BOCCTAaHOBJICHHS IIMHKa B PEaKTOpE C
BBITECHEHHEM PACIUIaBa ¢ HAKJIOHHOTO KECCOHA

z ®
4 C+0,=2C0 ® - ZnO
2 i ® - zn.Sio,

Pucynok 7 T"apHHUCCaXXHBIN CITOH MIJIAKOB Ha
OIIMIIOBAaHHOM OBEPXHOCTH KECCOHOB

HCMAPUTENLHOIO OXJIAXKEHUS PEaKTopa IpK
t=1400°C. 1- MOTOIOYHEII KECCOH,
2 — OOKOBOM KecCOH. Y IIenpHas IIOTHOCTH
TEMJIOBOro NoToka = 135-145 xkB1/m?

Ta6smuna 3 TepMoauHaMUuYeckue XapakTepucTuKH peakiuii mpu t=1400°C, [23]

No Peaxnuit AG, xJIx K

1 | Zn;Si04=2Zn0 +SiO, 35.73 0.077

2 | ZnFe;0s=2Zn0 + Fe,03 32.37 0.097

3 | ZnO + CO =2Zn"+ CO, -95 1.977

4 | 2Zn0 + SiO; = Zn,SiO4 -35.73 13.062

5 | ZnO + Fe;03 = ZnFe;04 -32.37 10.256

6 | FeSiO;=FeO+SiO, 6,763 6,149E-001
7 | FeO+SiO,=FeSiO; -6,763 1,626E+000
8 | FeAl,0,=FeO+Al20; 36,520 7,241E-002
9 | FeO+Al,05 =FeAl,04 -36,520 1,381E+001

CpaBHeHue OTpe0/IeHNS TOIJINBA arperaTomM
«PUD-TII» cocymecTBy1I01IeH BeIbI-TIeYbI0

- BesIbl nedb JIGHMHOTOPCKOro IMOJIMMETal-
JMYECKOr0  KOMOWHATa,  nepepabarbiBaromias
xonoaubiii  mwiak: L x D =70Mx 5M, TtexHomoru-

yeckuii 00beM meunm  816M°,  cpeamecyTouHas
MIPOU3BOAUTEIBHOCTh o HUIAKy 750r.
CpenHeuacoBasg  MPOU3BOAUTENBHOCTH  31,25T.

Pacxon xokcuka ~ 480 kr/T mut, Mazyta ~33 Kr/T 1L1.
Zn"3=10%, Zn*°"=2%, E=80%. VYaenbHas
IPOU3BOMTENBHOCTE Py '=3,82  krZn/m>u,
VAENBHBIH PAacX0/ KOKCHKA By =6000 Kr/t Zn
(6000 xry.T./TZN).

IIpuBeneHHBIN YAENBHBIM pacXxo] YCIOBHOIO
TOIUIMBA B JICHCTBYIOLIEH CHCTEME BEJbLIEBAHMS
«0boraToroy IuIaKka MPOU3BOIUTEIILHOCTHIO 31,251/4:

BEJBI[ __
6np = 6xoxc + 6M33yT + 6T.)1.
<}
BKOKC + BMasyT + BTI[ _
P, Zn
15000 + 1400 + 303 628KFy.T.

2,52 mZn

3nech B%I— pacxoi YCIOBHOTO TOIUIMBAa Ha
MIPOU3BOJCTBO 3JIEKTPOSHEPIrUU 3aTPAyEeHHOM Ha
MIPUBOJI TATO-TyThEBOU YCTAHOBKU BEJbI-TICUH.
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[IpuBeneHHBIH YOENBHBIN PacXo] YCIOBHOTO
TOTUTBA Ha MAIOTHYIOYCTaHOBKY «PEAKTOP
nHBepcun (az-Tpyduaras medb»uia nepepaboTKu
«OeqHOr0» NUTIAKAPOU3BOAUTEILHOCTEI0~1,4T/1
(manHBIC pacyUTaHBI HA OCHOBE Ta0.1):

Gﬁg = 6mpr + 6t 60, ~ 6nap =
Bnpr+B?;[+Boz—Bnap _ 367+40+8,5-138

Pz 0,04214
KTY.T.
6585 r;n CoOTHOIIIEHUE TPUBEACHHBIX YIEIbHBIX
m
pacxoJOB TOIJIMBA BENbL-TIEYM M  IMHIOTHOM
YCTaHOBKH:
BEJIBI]
g 6628
- =——=1,007 (1)
¢y 6585
CormacHo  ¢opmyne (1) mnpuBeneHHBIN

YAENBHBIA PacXojl YCIOBHOTO TOIUIMBA (nypym) B
NWJIOTHOW YCTAHOBKE «peakTop HHBepcHu (has-

IIporHo3 Ten10TeXHUYECKHX XaAPAKTEPHCTH
K  NPOMBINLIEHHOH  YCTAHOBKH  «pPeaKTop
uHBepcuu (paz-tpyduaras meus». MeroqoM
apUHHOrO MoOJenUpoBaHusl omucaHHOW B [16]
BBITOJTHEH pacuer TETUTOTEXHUIECKUX
XapaKTePUCTUK NPOMBIIUIEHHOTO 00pa3ia peakTopa
UHBEpcUH (a3, pe3yIbTaThl KOTOPBIX MPEACTaBICHBI
B rpaduyeckom Buzae Ha pucynke 8. [lokasanHas Ha
pHC.8 yIenbHBIH pacxol YCIOBHOTO TOILUIMBAa B

MPOTHO3HPYEMOM MIPOMBITIITICHHOM obpasiie
YCTaHOBKH «PEaKTOp WHBEpCUH (a3-TpyOuaTas
TIeYb) MIPOU3BOAUTEIEHOCTHIO 30 T/4,

KIy.T.
mZn)
oyner B 1,5 - 1,7 pa3za HmKe 4eM B BeJbII-TICUH

MPOU3BOAMTEILHOCTRIO 30 T/4 mepepabaThIBaroIiast
KTY.T.

mtak (6000 mgn). Cornacuo [24]

pacuc€THad yaejibHasd MPOU3BOJUTCIIBHOCTL arperara

«peaktop  uWHBepcuu  (pa3-TpyOduaras  TeUb»

MPOU3BOJUTEINBHOCTEIO 30 T/4 10 «OETHOMY)» IIITAKY

nepepadaTeiBaromeit «oemHbIiiy mak (~3500

«0orarslii»

TpyOuarass Ie4p» MOpU HepepadoTKe «OeTHBIX» ud—TI
Py p pep & Py ¢~ _ 2 58krZn/m*u. Torma  COOTHOIICHHE
IUIAKOB ~ IPMMEPHO  OJMHAKOB C  «nypym» pEem g g
o o o 4 1% —_ ) —_
nelicTByromeil  Bemblmedn — oOpabaThiBaromieil  Y/CIbHBIX POU3BOAUTEILHOCTEN =TT = 555 1,48
«boraTteiey IIIaKH. v
£, %ol Bupe 527
50 8710
= DR - |G L ___1___]
40 P 6960
N~ ~ - - o~ ~ \ A 6)”,”
30 = —F 5220
T~ <Sex, m--<L
20 1= = = ,‘ “=13480
S i
10 ______g“"” —‘g:— o =—14740
i e 93 | ———
T M - —— T P..
1.25 5.0 10.0 15.0 20.0 25.0 30.0

PucyHnox 8 3aBHCHMOCTD TETIIIOTEXHUYECKUX XapaKTEPHUCTHK ITPOTHO3UPYEMOT0 peakTopa HHBepcuu (as ot
MPOU3BOUTENEHOCTH O UIAKY.Cor — OIS TETUIOTHI OTXOISIINX TA30B B TEIUIOBOM OajlaHce peakTopa, (oxs — A0S
TEIUTIOTHI OXJIAXKAAIOIEH KeCCOHBI BOAOH, (non — OIS MOJIE3HO MCTIONB30BAaHHOM TEIUIOTHI, {y— OIS TEIIOTHI
IIJTAKOBOT'O PAcIuIaBa, (gos - HOJIS TEMIOTHI BO3TOHOB LIMHKA, Bypr — pacxos MpUpoIHOTo ra3a B yCIOBHOM TOIUIUBE,
P — IPOM3BOIUTENBHOCTD PEAKTOpa MO [IUIAKY.

Takum o00pa3oMm, B ciydae BHEAPCHHUS
arperarta «peakTop WHBeEpcuu Qa3-TpyOuaras
Teuby) A TepepaboTKu «OEIHBIX» IIIaKOB, II0
CPaBHEHHUIO C BEIBI-TICUBIO IepepadaThIBatoIe
«OoraThli» IIIAaK, YASNBHBIA PacXoj] YCIOBHOTO
TOIUIMBa cokparutcs B 1,5-1,7 paza, a ynenpHas

MPOM3BOAUTEIBHOCT,  BbpacTeT B 1,4-15
pasa. [IpomblliuleHHAss —~ pealau3alus — arperara
«peakTop HMHBEPCHUH ¢a3-TpyOuaras
MeYb) MO3BOIHIIA OBl peHTabeIbHO
nepepadarbiBaTh OTBANIBI HUTAKOB LLIBIMKEHTCKOTO
CBHHIIOBOTO 3aBOJIa, KIHMHKED BEJbIIEBAHMS,

«OeaHbIe» MUHKOBBIE PyIbl KOMOWHATA « AYTIONH-
METaJl», XBOCTHI oOoramieHus TeKkeauicKoro
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TOPHO-METAJUTYPTUYEeCKOro KoMOMHAaTa M JAPYTUX
00BEKTOB LIBETHON METAJUTypIHH.

BriBoabI

1. B nepuon npoBeaeHUs SKCIEPUMEHTOB B
PEKUME  «IIJIABKA-BOCCTAHOBJICHUE) ObLIO
nepepaborano  ~250T  «OemgHOTO»  IILTAKA.
YcranoBka mpopaboTtana 0e3aBapUilHO OKOJIO
1000 gacoB, 49TO MOATBEPKIACT HAIEKHOCTH €TO
KOHCTPYKIUH.

2. Pesynbratsl IKCIEPUMEHTOB ISt
0apOOTaXHOTO C€JI0s1, KUITALIErO CJIOSI paciuiaBa u
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Cllosl pacijiaBa WHBepcuH (a3 mpu mnepepaboTKe
«0enHBIX» TI0 LUUHKY NUIAKOB MOKAa3bIBAIOT, YTO
CTEIIEHb BO3TOHKM LIMHKA PAcTeT, a yIEeJIbHBIN
pacxo] IpUPOIHOIO ra3a yMEHbIIAETCS [IPU CMEHE
croco0oB 00paboTKH OT 0apOOTAKHOTO CIIOS JI0
CJI0SI MHBEpCHUU (a3.

3. TMoxyveHHble B THIOTHOW YyCTAaHOBKE
SKCICPUMEHTAIIbHBIE JTaHHBIE MTOKA3BIBAIOT, YTO B
ciioe HBepcuu (a3 yAeIbHbIH pacxo/ TOIUIHBA Ha
nepepadoTKy «OeIHBIX» MO0 LHUHKY OTBaJIbHBIX U
«0orareix»  [UIAKOB  NPUMEPHO  OJWHAKOB.
[Tocnennee MOJIO’KEHHE MPOTHBOPEUHT
YCTOSIBIIEMYCSI MHEHHIO  METaIyproB, 4TO
nepepadoTKa LUIAKOB C KOHIEHTpaLUeld IMHKa
MeHee 5% HepeHTalOenbHa.

4. AnHanmu3 peakuuil BOCCTAaHOBIJICHUS ITMHKA
Ha OCHOBE XapakTepa HW3MEHEHUS OSHEPruu
'n6bca peakuuii TO3BOJISIET JaTh OIpeJeliCHHE
cJI0I0 MHBEpCcHH (pa3 Kak KOMOMHALIUIO PEKUMOB
«MIeaJbHOI0» CMelleHUusl U «UAeaJbHOro»
BBITECHEHHMS.

5. IlpuBeneHHsbIH YACIBHBIL  pacxon

YCIOBHOTO TOIUIMBA (nmypym) B  HWIOTHOU
YCTAaHOBKE «peaKkTop HWHBepcHH (a3-Tpyduaras
Ieyb» TIpH TiepepaboTke «OCHHBIX» IIIaKOB
NPUMEPHO OJUHAKOB C «nypym» JEUCTBYIOLIEH
BeJbII-TIeYn 00padaThIBarOIIEH «O00TraThie) MUTAKH.

6. PesymbpTaThl pacdeToB JEMOHCTPHUPYIOT,
B CiIydae BHEIPEHHs MPOMBIIIICHHOro o0pa3ua
arperata «peakTop WHBepcuH (Qa3-TpyOuaras
nevb» sl TmepepaboTKu «OeqHBIX» IIIAKOB, MO
CPaBHEHMIO C BEJbII-IIEYbl0 INepepadaThiBaroIen
«Ooratelii» MUTaK, YAENbHBIA pacxof YCIOBHOTO
ToIuIMBa cokpatutcs B 1,5-1,7 pasa, a ynenpHas
MIPOM3BOANTEILHOCTE BRIpacTeT B 1,4-1,5 paza.

7. IlpoMblluleHHass peanu3anusi arperara
«peakTop HWHBepcuu  (a3-TpyduaTas  Imeuyb»
MO3BONIMIA OBl PEHTAa0EeNbHO TIepepadaThIBaTh
orBanbl 1UIaKoB IIIBIMKEHTCKOTO CBHHILIOBOTO
3aBojia, KJIHMHKEpa BENbICBAHUS, «OCTHBICY
UHKOBBIC PYAbl KOMOWHATa «AYIIOIUMETAILI,
XBOCTHI ~ oborameHust TeKkemmiickoro TOpHO-
METaJNTypru4eckoro  KomMOMHAaTa ©  APYTHX
00BEKTOB IIBETHON METAJLTypIHH.

Cite this article as: luxaun6aes b. 1., Jluxan6aes A. b. Pazpabotka sHeprocoeperaroriero crnocoda as
nepepaboTKH TeXHOTEHHBIX 0TX0/10B // KoMIuekcHOe HCIOB30BaHHe MHUHEPATIBbHOTO ChIphbst (Complex
Use of Mineral Resources). — 2019. — Ne4 (311). — C. 82-92. https://doi.org/10.31643/2019/6445.41

OHepKracinTiK KAJABIKTAPAbI OHAEY/AiH JHePrusi YHeMIeHTiH J/1iciH xacay

Juxan6aeB b. 1., Iuxan6aes A. b.

Tyitingeme. TexHOreHIIK KaNJBIKTapbl KaliTa OHACYIH SHEPIusi YHEMJIECHTIH ToCiini — MHBEpPCHsUIbI (a3a OalikpiMa
KabaThIHBIH "MIHCI3" apanacTeIpy jkoHe "MIHCI3" BIFBICTBIPY PEKHUMAEPiHIH KOMOMHAIMACKH peTiHae a3ipiaeHiai. OHbIH
Heri3iH/e *aHa OybIH OaJIKBITY arperathl-"HHBEPCUSUIBI (ha3a peakTopbI-KYObIpIIbl nent " Kypbulbl. TaxpuOeieH aibiHFaH
JIepeKTep MHBEPCHsUIBI (pa3a KabaTbIHIAa MBIPBIIIBI "Keael'" »KoHE MBIPHIIIBI "Oall" IITaKTapAbl eHIeyre apHalFaH
OTBHIHHBIH MEHIIIKTI HIBIFBIHBI IIaMaMeH Oip ekeHiH kepcereai. COHFbI JKaF/iail MBIPBIII KOHIEHTPAMACH 5% - TeH KeM
OUTAKTapAbl ©HAEY THIMCI3 JEreH METauTypIrTepliH TypaKTaraH miKipiHe Kaimbl keneni. Ecenrey OofibiHIIA,
"KeIel 'IakTapabl OHICYTe apHAFaH "MHBEPCHACHUIBI (Daza peaKTOpHI-KYOBIpIEI Tem" arperaThIHBIH ©HEPKOCINITIK
YIITICiH eHTI3reH karFaaiia,"0ail" NIIakThl KalTa OHICHTIH BeJbII-TICIIIICH CaIbICTRIPFaH A MAPTTH OTHIHHBIH MEHIIIKTI
mBIFEHE 1,5-1,7 ece KpICKapaapl, all MEHITIKTI oHIMAiiK 1,4-1,5 ece ecexi."MHBepcHACHUTHI (haza peaKTOPHI-KYOBIPIBI
nem'" arperaTblH ©HEpPKICINKe EHri3eHIe()BIOMHUHITEY MUIAKTAPBIHBIH YHIHAIIEPiH, BEJbLICI KIMHKEpiH, "kenei"
MBIPBIII KEHAEPiH, OalbITy KaJIbIKTapbhlH JKOHE TYCTI METAUTYPrHSHBIH Oacka Ja TacTaHIbUIAPBIH THIMAI OHIeyre
MYMKIiHJIK Oepep eni.

TyiliH ce3mep: 3HeprusiHbl YHeMey daici, (pa3aiblKk MHBEPCHSUIBIK PEAKTOpP - TYTIK MelTepi, «MbIPbILICHI3»
HIJIAKTAP, «MIeAJIbI» apajacThIPY KOHE KbIIKBITY PesKUM/IepiHiH yiljiecimi.

Development of energy-efficient method for processing industrial waste

Dikhanbayev B.I., Dikhanbayev A.B.

Abstract. An energy-saving method for processing technogenic waste has been developed — a smelt layer with inversion
phase as a combination of “ideal” mixing and “ideal” displacement regimes. On its basis, a new generation of melting
unit was created - the “reactor inversion phase - rotary kiln”. Experimental data show that in the inversion phase layer the
specific fuel consumption for processing the “poor” on zinc and “rich” on zinc slags is approximately the same. The latter
provision contradicts the prevailing opinion of metallurgists that the processing of slag with a zinc concentration of less
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than 5% is unprofitable. Calculation results demonstrate that in case of implementation of an industrial sample of “reactor
inversion phase - rotary kiln for processing “poor” slag, compared to the Waelz kiln processing “rich” slag, the specific
consumption of fuel will be reduced by 1.5-1.7 times and specific productivity will increase 1.4-1.5 times. The industrial
realization of “reactor inversion phase -rotary kiln” would allow cost-effective processing of fuming slag dumps, Waelz
clinker, “poor” zinc ores, enrichment tails and other non-ferrous metal wastes.

Key words: energy-saving method, phase inversion reactor — tube furnace, “zinc-poor” slags, a combination of “ideal”
mixing and displacement modes.
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