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Abstract

Purpose. To do experimental research into the potential utilization of residual quartz-based sands and kaolin from the tin
mine tailings in Bangka Belitung Province, Indonesia.

Methods. Process of raw materials beneficiation by washing, vibration on the screen, magnetic separation. Manufacturing
whiteware from beneficiated quartz sand, beneficiated kaolin, ball clay and feldspar. The whiteware properties were ana-
lyzed in terms of shrinkage, water absorption, flexural strength, and whiteness index.

Findings. The amount of iron oxide in the quartz sand and the kaolin was reduced by beneficiation process from 1.12% and
1.06 to 0.51% and 0.5%, respectively. The whiteware specimens showed the required physical and mechanical properties.
Thus, these raw materials can principally be utilized for the manufacture of whiteware ceramic items with whiteness index
up to 68.3.

Originality. Quartz sand and kaolin extracted from tin mine tailings were used after beneficiation of raw materials for
whiteware manufacture.

Practical implications. This research can provide practical solution to the problem related to mine tailings rich in quartz
and kaolin which can be utilized for manufacturing whiteware.
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1. Introduction

The tin mine tailings in Bangka Belitung Province, Indo-
nesia were considered as a waste from mining activities. The
tailings, which predominantly contain quartz sand, were
abandoned in some areas in the province. Until recently, the
tailing material has not been utilized for any industrial activi-
ties. In a plain view, these tailings can potentially be used as
a raw material for industries such as glass and ceramic indus-
tries. However, the tailings cannot be used directly due to its
impurities such as gravel, clay, iron minerals and organic
matter. Based on standard SNI 15-1026-1989, quartz for
porcelain type is limited to Fe;O3 <0.4% and TiO, < 0.3%.
In addition to that, the SiO, content in the sand tailings is still
relatively low, which is around 95%, while quartz sand
which is used as a raw material for fine ceramic manufacture
should have a minimum SiO; content of 97% [1].

The beneficiation process needs to be done to increase
the SiO; and reduce the iron and organic impurities in the
sand tailings. Some relevant research had been conducted
effectively by washing the sand and by the iron separation
process using flotation, high intensity magnetic separation or
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leaching [2], [3]. Besides, attrition scrubbing can also be
used in the processing of tailing materials that predominantly
contain low level of quartz sand mixed with clay impurities
and when the impurities occur in the form of oxide coatings
on sand grain surfaces [4], [5].

In addition to the sand tailings, kaolin was also derived
from the tin ore refining process. The kaolin by-product
came with some impurities such as gravel, red clay, and
organic matter. Beneficiation is also needed to remove or
reduce some impurities and improve the quality of kaolin.
Kaolin can be called white clay because the colour remained
white after being burned at 1250-1300°C [6]. Therefore,
kaolin is one of the basic ingredients for whiteware applica-
tion. SNI 15-0578-1996 [7] specifies that kaolin for
fine ceramic should have maximum Fe;O3 in the range of
0.4-1.0%, depending on its ceramic class. Aigbodion et al.
(2010) [8] had been experimenting with tin mine tailings
from Nigeria, containing 4.75% Fe,O3, for manufacturing
refractory materials. The tailings had refractory properties
which means they can withstand pressure at high tempera-
ture, but the colour of the specimens became deep-brown. In
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this study, the quartz sand and the kaolin derived from tin
mine tailings will undergo beneficiation process and be ap-
plied as raw material for manufacturing whiteware ceramics.

In the manufacture of whiteware bodies, there are four
main raw materials that need to be prepared. Those are
quartz sand, kaolin, ball clay and feldspar. Each of those
materials has an important role; quartz sand is used as a
building block for the body, kaolin and ball clay serve as
plastic components or binder which increase green strength,
while feldspar as a fluxing agent [9]. The purpose of this
research is to carry out beneficiation of tailing materials,
predominantly quartz sand and kaolin from the area of Bang-
ka Belitung Province, with the ultimate aim of applying them
as raw materials for producing whiteware ceramics.

2. Materials and methods

The samples of quartz sand and kaolin were collected
from a tailing disposal area of PT. Timah, a tin mining com-
pany, in the region of Tempilang, West Bangka District,
Bangka Belitung Province, Indonesia. The quartz sand and
the kaolin, in the form of loose particles, were sampled with
coning and quartering method to obtain the representative
sample. The ball clay and feldspar, the additional raw mate-
rials for whiteware, derived from the local area product, have
iron content of, 0.97 and 1.24%, respectively.

2.1. Beneficiation of the quartz sand and the kaolin

The aim of the beneficiation of quartz sand is to reduce
the content of unwanted components, such as ferric, alumi-
num and titanium oxides, which have adverse effect on man-
ufacturing conventional ceramics. Firstly, the sand sample
was washed with water to remove some clay impurities.
Washing was conducted by stirring the sample manually in the
water with sand and water volume ratio 1:1, and then screen-
ing. After the sample became slurry, it was screened with a
vibrating screen apparatus with 60 mesh or 0.25 mm sieve to
remove coarser fraction (grains size > 0.25 mm). Furthermore,
the mass of quartz sludge (60-mesh sieve undersize) was
screened using a 200-mesh sieve, where the material passed
through the sieve was considered as clay material. In order to
reduce the iron mineral content from the sand, the dried sand
sample (200-mesh oversize) was treated by means of dry mag-
netic separation using a magnetic ferro filter device.

The magnetic ferro filter (MMF) device employed 20000
gauss magnetic field to process the sample in the form of
slurry with dried sample and water volume ratio 1:2. The
magnetic component in the sample is attracted by strong
magnetic force and remains in the MFF. The non-magnetic
component sample will circulate through the device (Fig. 1).

The kaolin beneficiation process was the same as the
treatment of sand tailings samples, but the kaolin was de-
rived from the 200-mesh undersize. The sand and kaolin
sample (before and after beneficiation process) were ana-
lyzed by standard chemical analysis of their oxide contents
with the standard of chemical analysis to determine the oxide
contents (SNI 0449:2010) [10]. The method comprises atom-
ic absorption spectroscopy (AAS) to determine the reduction
of iron content, gravimetry for measuring SiO; content, titra-
tion for determining Al.Os; and spectrophotometry for TiO;
content. Besides, X-ray diffraction (XRD) was carried out to
reveal the mineral contents. Ultimately, scanning electron
microscopy (SEM) was used to analyze the morphological
structure in the quartz sand to identify clay and organic matter.
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Figure 1. A photograph of magnetic ferro filter device (a) and its
flow charts (b)

2.2. Experiment on fabricating whiteware ceramics

The experiment utilized the beneficiated quartz sand and
kaolin with additional feldspar and clay from the local area.
The composition of the ceramic body was designed with refer-
ence to previous studies, where 50% clay (consisting of kaolin
and ball clay), 25% feldspar and 25% quartz sand were used as
raw materials [11]. The composition was varied into three
different ratios of raw material components shown in Table 1.
Quartz sand and feldspar were inversely calculated, while
kaolin and ball clay remained in amount as fixed variables.

Table 1. Experimental composition for whiteware

Materials Composition 1  Composition 2 Composition 3
wt % wt % wt %

Beneficiated 25 20 15
quartz sand

Bengfluated 35 35 35
kaolin

Ball clay 20 20 20
Feldspar 20 25 30

The process of fabricating whiteware specimens was be-
gan with preparing 2000 grams of materials in accordance
with each composition shown in the Table 1. The dry ingre-
dients were mixed and an appropriate amount of water was
slowly added to bind them together until the mixture became
workable. The mixture was shaped on a plaster mold of
100x15x10 mm dimension with a solid-casting system. The
specimens were dried at 110°C for 24 h to evaporate the
moisture. Ultimately, the specimens were heated in an elec-
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tric furnace at 1280°C for 9 h. The properties of those speci-
mens were analyzed for shrinkage, water absorption, flexural
strength and whiteness value.

The shrinkage value was calculated by dividing the
change of the length of the bulk specimen by the initial
length (100 mm) in percentage. The formula for calculating
the shrinkage data is as follows:

dry length — fired length

-100% . 1)
drylength

Shrinkage =

The water absorption was determined by soaking the
specimen in the water for 24 h. The specimen was weighed
before (dried weight) and after the soaking process (soaked
weight). The percentage of water absorption is calculated by
dividing the difference of the dried weight (D) and the
soaked weight (S) by the dried weight (D), as shown in the
following formula:

Water absorption = % -100% . (2)

The flexural strength test was performed by three-point
loading method (Fig. 2). The specimen was placed symmet-
rically on the two supporting points (knife edge). Then, the
entire load was applied at the center of the specimen. The
flexural strength or the modulus of rupture value was calcu-
lated by Formula 3.

Flexural strength = H-100% , 3)

2bd 2

where:
L — breaking load, kg;
D — distance between supports, cm;
b — breadth/width of the specimen, cm;
d — depth/thickness of the specimen, cm.

Upper surface Load (L) applied

in compression Specimen
A Ny
Lower surface Knife edge

in tension

Figure 2. The illustration of three-point loading flexural strength
test [9]

3. Results and discussion

Based on the data on the chemical composition (Table 2),
after being beneficiated the sand from tin mine tailings
showed a decrease in the percentage of Al.Os, Fe;Os, and
TiO; and an increase in SiO; content. The beneficiated sand
tailings had 0.51% iron (Fe;O3) and 0.06% titanium (TiO,)
content. Besides, the beneficiated kaolin showed about half
reduction in iron content from 1.06 to 0.5%. This low
amount of iron and titanium in the quartz sand and kaolin
could be beneficial to compensate those contents in the addi-
tional materials in manufacturing whiteware. The total
amount of Fe;O3 and TiO; in the raw materials is preferable
to be less than 1% in the perspective of whiteware applica-
tion [12].The kaolin with 37.96% Al,O3 and 0.5% Fe,O3; was
supposed to be a potential raw material for whiteware.

Table 2. Oxide contents (in wt. %) in the sand and the kaolin

Component  Quartz  Beneficiated . Beneficiated
. Kaolin .
(oxide) sand quartz sand kaolin
SiO2 95.06 98.77 53.12 48.25
Al2Os 0.43 0.39 34.78 37.96
Fe203 1.12 0.51 1.06 0.50
TiO> 0.07 0.06 0.29 0.34

The X-ray diffraction (XRD) pattern of quartz sand most-
ly corresponded to the quartz. There is no indication of iron
oxide in the sand tailings before and after the beneficiation
process, which is shown in the Figure 3. This is probably
because the percentage of the iron oxide is very low, so that
the iron peak is hardly visible. The same absent of iron oxide
phase also appeared in the XRD graph of the kaolin. The
beneficiated kaolin showed a decline in quartz phase followed
by the increase of kaolin group of minerals and illite (Fig. 4).
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Figure 3. XRD pattern of the quartz sand (QS): Q — quartz, SiO2
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Figure 4. XRD pattern of the kaolin: Q — quartz, SiOz; K — kaolin
group of minerals; I —illite

This is in line with a previous research by Bertolotti and
Kuparadze (2018) [6], which used raw kaolinitic clays con-
taining Fe,Os ranging from 0.40-3.62%, resulted in a range
of white colour for the clays with Fe,O3 less than or equal to
1%. The beneficiated quartz sand and kaolin, therefore, were
supposed to be potential raw materials for whiteware.

In addition to the XRD analysis, SEM was employed to dis-
tinguish the morphology between the sand tailings before and
after being beneficiated. The SEM micrographs of those sand
surface can be seen in Figure 5 with 10000 magnification.
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Figure 5. SEM micrographs of sand tailings before (a) and after
(b) beneficiation

The morphology of the raw sand tailings showed the
quartz mineral with considerable amount of clay and some
organic texture. The organic matter was considered to be a
part of plants from the surroundings. The beneficiated sand
appears to have dominant quartz content followed by lesser
clay content compared to the raw sand and no longer con-
tained organic impurities.

3.1. Whiteware body quality

Table 4 represents some data related to obtained quality
of whiteware body specimens expressed through quality
indicators: shrinkage, water absorption, flexural strength and
whiteness. According to these data, the water absorption
value was below 1.0%, which matches the porcelain body
standard i.e. a requirement for manufacturing tableware ce-
ramics [13], [14]. Water absorption values were possibly
affected by the amount of feldspar; the more feldspar will
result in the lower water absorption value. This is because the
feldspar, which also functions as a flux when burned at high
temperatures, melts and reacts with other substances, fills the
pores in the process and consequently became denser.

Table 4. Characterization of whiteware specimens after being

fired at 1280°C

Tests Composition 1 Composition 2 Composition 3
Shrinkage, % 9.63 9.85 10.21
Water
absorption, % 0.94 0.91 0.87
Flexural
strength, 4715 476.8 460.3
kg/cm?
Whiteness 68.3 67.2 65.4

Quartz sand acts as a filler in the mixture and a rein-
forcement in the conventional ceramics, so that provides
better strength performance. Therefore, it can be seen that the
higher amount of quartz sand in the mixture resulted in lower
level of shrinkage. However, the use of higher quartz sand
followed by insufficiency of feldspar reduced the flexural
strength as in composition 1. This phenomenon can cause by
the increasing quartz sand which improve the hardness, rigid-
ity and lower shrinkage [15], but at some level where the
quartz is excessive can lead to some detrimental microstruc-
ture for its bending strength [16]. In essence, the adequate
amount of quartz sand and feldspar was crucial for higher
flexural strength, at 476.8 kg/cm? as performed in the com-
position 2. Even though the flexural strength of the three
different composition was fluctuating, those all values are
still in the range of acceptable flexural strength for white-
ware [17], [18]. The kaolin also has an important role espe-
cially in maintaining creep resistance in conventional ceram-
ics. This is probably because the kaolin could form some
mullite crystals (3Al,032SiO2) at high temperature which
support the mechanical strength [19].

In addition, it is apparent that the whiteness value became
lower with the higher content of feldspar. This is probably
because of influence of iron content in feldspar and the iron
content in ball clay, that is rather high i.e., 0.97% and 1.24%,
respectively. The use of higher content of beneficiated quartz
sand and lower content of feldspar resulted in greater white-
ness of the ceramic body, as shown in Figure 6. Above all,
the use of feldspar as a flux with content between 20-30%,
quartz as a filler with content between 15-25% and kaolin
with 35% content in the mixture, resulted in whiteness index
ranging from 65.4 to 68.3.

(@) (b)

(©)

Figure 6. The photograph of whiteware specimens and its
whiteness index: (a) whiteness 68.3; (b) whiteness 67.2;
(c) whiteness 65.4

3.2. Whiteware ceramic application

The highest whiteness value of the ceramic body obtained
in conducted tests is 68.3 degree (raw material composition:
25% beneficiated quartz sand, 35% beneficiated kaolin, 20%
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ball clay and 20% feldspar). The raw material composition
was applied to fabricate a tableware ceramic product. The
bowl form was achieved using a slip casting in the gypsum
mold. The results are perfect in the sense that the prototype
does not experience cracks after being casted (Fig. 7).

d =45 mm

Figure 7. A prototype of whiteware ceramic body

4, Conclusions

It can be concluded that a beneficiation process is neces-
sary to improve the quality of tin mine tailings containing the
quartz sand and the kaolin, from Bangka Belitung area, so
that they can be utilized as raw materials in the manufacture
of white ceramic bodies. The pretreatment can be conducted
by washing and sieving to remove coarser size and organic
matter. The Fe,Osz content in the raw materials have a
marked effect on the whiteness. Using the beneficiation pro-
cess by means of magnetic ferro filtration, Fe2O3 content in
the quartz sand and kaolin decreased from 1.12 to 0.51% and
from 1.06 to 0.5%, respectively. The quartz sand was puri-
fied to SiO, content of 98.77%. The content of clay minerals
in the kaolin, such as kaolin group of minerals and illite,
increased, while quartz and iron oxide contents decreased.
The whiteware specimens, made of the beneficiated quartz,
the beneficiated kaolin, feldspar and clay, showed the re-
quired physical and mechanical properties. These raw mate-
rials can principally be utilized for the manufacture of
whiteware ceramic bodies with whiteness index up to 68.3.
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Mo:xx1uBe BUKOPHCTAHHS KBAapPLOBOIO MiCKY i KaoiHy 3 XBOCTIB

0JI0B’SIHUX PYIHHKIB /151 BAPOOHUITBA 01101 KepaMiku

Cy6api, b./1. Epnanrra, E. Mapiani, J[.H. Apidin

Meta. ExcriepuMeHTanbHI AOCTI/DKCHHS! TOTEHIIHHOTO BHUKOPHCTAHHS 3aJHMIIKOBOTO KBAapIIOBOIO IIICKY Ta KAaoNiHYy 3 BIAXOMIB
0JIOB’SIHUX PYJHUKIB y OyaiBenbHiil ingycTpii B npoBiHuii banrka benitynr, Innonesis.

Metoauka. KBapuoBuit micok i kaosiH y BHIVISIII KPUXKHMX YaCTHHOK OyJM BigiOpaHi METOOM KOHYCHOI i YeTBEpTHHHOI 0OpPOOKH s
OTpPUMAaHHS penpe3eHTaTUBHOI Mpoou. [Ticok i KaoiH MOMepeaHbO OYHIICHI BiJ JOMIIIOK MeToaaMu 30araueHus. [y qoCiHKeHHS XiMid-
HOTO Ta MOP(OJIOTiYHOTO CKJIaJy BHKOPHCTaHHH CTAaHAAPTHUN XIMIUHMH aHawi3 Ui BU3HaueHHs BMicTy okcuaiB SNI 0449:2010. Takox
BHUKOPHUCTaHI PEHTTEHOCTPYKTYPHHI aHaI3 1 CKaHyloda MIKpOCKOMist. JIJIsl BUTOTOBIIEHHS €KCIICPIMEHTAIBHOTO 3pa3ka KepaMiKu BUKOPHC-
TOBYBABCS KBapIIOBHIA ITiCOK, KAONiH, IOJLOBHHU IIMaT. BiracTuBocTi 61101 KepaMiku aHaI3yBalll 32 YCaJKOI0, BOJOIIOTIIMHAHHSM, MIITHICTIO

Ha BUTHH Ta 1HIEKCOM OLIM3HH.
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Pe3yabTaTn. BeranosneHo, 1o npoiiec 30araueHHs HeOOXiJHUI ISl MOJIIMIIEHHS SIKOCTI XBOCTIB OJIOBSIHUX PYJHHUKIB, 10 MICTSATh KBa-
PLOBHII MCOK 1 KaoJiH IpH BUPOOHHULTBI 017101 KepaMiKH, KU 301HCHIOETHCS MIISIXOM IPOMHBAHHS, POCIFOBAaHHS Ta MarHiTHOI cemaparii
JUIs BUAAIEHHS OUTBIINX YAaCTHHOK 1 OpraHiYHUX peyoBHH. BU3HaUeHO, 110 KUIBKICTh OKCHAY 3alli3a y KBAPIIOBOMY IICKY 1 KaoJIiHi B IpoIle-
ci 36arauenHs 3meHmmiacs 3 1.12 1 1.06% no 0.51 i 0.5% BiamoBigHO. EkcriepuMEHTATBHO PUTOTOBAHO Ta JIOCHTIHKEHO CKJIa]] 01101 Kepa-
MIKH, IO CKJIQIA€THCS 31 30araueHoro KBapIioBOTo MicKy, 30arayeHoro KaoJiHy, INIACTHYHOI TJIMHY 1 MOJIB0BOro mmary. BeraHoBieHo, mo
3pa3ku 017101 KepaMiKy BOJOIIIOTE HEOOXITHUMH (i3MKO-MEXaHIYHUMH BIACTHBOCTSIMHU 1 JTOBEEHO, III0 CHPOBHHA MOXKE OYTH BUKOPHCTaHA
JUIsl BUpOOHHUIITBA O1TMX KepaMidHNUX BHPOOIB 3 iHAeKcOM Oinn3HH 10 68.3.

HayxoBa HoBu3HAa. Briepiie BUKOpHCTaHi KBapIIOBUH IMICOK 1 KaOJIiH 3 XBOCTIB OJIOB’STHUX PYIHMKIB Micis 30araueHHs CUPOBUHH JJIs
BUPOOHHUIITBA 017101 KepaMiku 3 XapaKTepHUMH (Pi3MKO-MEXaHIYHUMH BIACTUBOCTSIMH.

IpakTHyHa 3HaYUMicThb. e HocTiKeHHS MOXKe HagaTu NpaKkTHYHE BUPILICHHS MPOOJeMH, HOB’SI3aHOI 3 XBOCTAMH TipHUYHX BHPO-
00K, OaraTUMu KBapIOM 1 KaoJIiHOM, SIKi MOXKYTb OyTH BUKOPHUCTaHI AJsl BUPOOHUITBA 017101 KEpaMiKu.

Knrwuosi cnosa: xeocmu 0106 siHux pyOHUKie, Keapyosutl nicok, KAOIIH, MAZHImMHa cenapayis, 6ina Kepamika

Bo3MokHO€E HCII0JIB30BaAHUE KBapueBoOro 1necka u KaoJimHa
U3 XBOCTOB OJIOBSIHHBIX PYTHUKOB JJIfl IIPOU3BOJICTBA oeJoi Ke€paMUuKHu

Cyoapu, b.J1. Opnanrra, O. Mapuanan, J[.H. Apudun

Heas. DxcrieprMeHTaIbHBIE HCCIEIOBAaHUS ITOTEHIMATIBHOTO MCHOJIB30BAaHMS OCTATOYHOTO KBAPIIEBOTO ITECKAa W KAOJNMHA U3 OTXOJ0B
OJIOBSIHHBIX PYJHHKOB B CTPOUTENHHON UHyCTPUH B IpoBUHIMH banrka benurynr, Munonesus.

Metoaunka. KBapiieBblii mecok U KaoJHH B BHJIE PHIXJIBIX YAaCTUI] OBUTH OTOOPaHBI METOIOM KOHYCHOW M YeTBEpTHYHOI 00paboTKu uist
MOTy4YeHNUS PeNIPe3eHTaTUBHON MpoOkI. [lecok M KaoIMH MpeaBapuTENbHO OYUIIEHBI OT IIPHMecei MeTogaMu oborameHus. s ncenenosa-
HUSI XUMIYECKOTO ¥ MOP(OJIOTHUECKOTO COCTaBa MCHOIB30BaH CTAHAAPTHRIN XUMUYECKHUI aHaIHM3a AT ONPEACNICHUs] COAEPKAHNUS OKCHIOB
SNI 0449:2010. Taxke MCHONB30BAaHbl PEHTICHOCTPYKTYPHBIH aHAIN3 M CKaHMPYIONIas MHKPOCKOMUs. J[Jsi M3rOTOBIEHHS JKCIEpPUMEH-
TaJbHOrO 00pa3lia KepaMHKH HCIIOJNB30BAJICS KBapIEBBIH MECOK, KAaoJUH, MoneBoi mmar. CBoicTBa 6eloi KepaMHUKH aHaJIM3MPOBAIM O
ycaJike, BOJOIIOTJIOEHHIO, TIPOYHOCTH Ha U3IHO M MHIEKCY OCIN3HBL

Pe3yabTaThl. YCTaHOBIIEHO, YTO HpOLecC 00OTalleHHss HeOOXOIUM JUIsl YITydIIeHHs KauecTBa XBOCTOB OJOBSIHHBIX PYIHHKOB, COIEp-
JKaIMX KBapLEeBBIH MECOK M KAOJIHMH IIPU MPOU3BOACTBE OEJ0H KepaMHKH, KOTOPHIH OCYIIECTBISETCS ITyTeM IPOMBIBKH, IIPOCEHBAHUS U
MarHUTHOM Ccemapaiyy Uil yAaleHus Oonee KPyIHBIX YacTHIl M OpraHuYecKkux BemiecTB. OmpeneneHo, YTo KOJIMYECTBO OKCHAA XKele3a B
KBapIICBOM IIECKE U KaoJMHE B Iporecce oborameHns ymensmmioch ¢ 1.12 u 1.06% 1o 0.51 u 0.5% cooTBeTcTBEHHO. DKCIIEPUMEHTAIBHO
TIPUTOTOBJIEH M MCCIEAO0BAH COCTaB Oellol KepaMHKH, COCTOSIIMN U3 000TAIIEHHOTO KBApLEBOTO MeCKa, 00OTaIeHHOT0 KAoJIMHA, IIacTHY-
HOM TJIMHBI U TIOJIEBOTO MINAaTa. Y CTAHOBIEHO, YTO 00pa3Ipl Oesioi kKepaMUKH 001a1at0T TpeOyeMbIMU (PH3UKO-MEXaHUIECKUMH CBOUCTBAMU
1 JJOKa3aHO, YTO CHIPhE MOYKET OBITh HCIIOJIB30BAHO JUTS IIPOU3BOCTBA OEJBIX KepaMHYECKUX N3AENNI ¢ HHAEKCOM Oenn3Hbl 1o 68.3.

Hayunasi HoBu3Ha. BriepBrle HCIIOIb30BaHbl KBAPLEBHII TECOK M KAOJIHMH M3 XBOCTOB OJIOBSHHBIX PYIHHKOB ITOCIIE 00OTAlIeHHs CHIPhS
JUISL TPOM3BOJICTBA OO KepaMUKH C XapaKTepPHBIMH (PH3HKO-MEXaHHIECKHMH CBOHCTBAMHU.

IIpakTHyeckasi 3HAYMMOCTB. DTO HCCIECJOBAHUE MOXKET NPEIOCTABUTH NPAKTHYECKOE pelIeHHe MpoOJIeMBl, CBSI3aHHOI C XBOCTaMH
TOPHBIX BBIPAaOOTOK, OOTAaTEIMU KBApIIEM M KAOJIHMHOM, KOTOPBIE MOTYT OBITh HCIIOJIL30BaHbI ISl IPOU3BOACTBA OOl KepaMHKH.

Kniouesvie cnoga: xeocmoi 0108AHHBIX PYOHUKO, KBAPYEBbIU NECOK, KAOAUH, MACHUMHNAS cenapayust, Oenas Kepamuka



