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Yny4dweHne gekopaTtuBHbIX CBOMCTB CTEHOBbIX
KepaMunyeCcKux MmarepunasioB Ha OCHOBE
TeXHOreHHOro v NPUPOAHOro Cbipbs

Improving decorative properties of ceramic
wall materials prodused of technogenic

and natural resourses

IlepcnekTuBbl pa3BUTUS OOJBIIMHCTBA PETMOHOB
Poccun mpeamnosiaraloT KOMIUIEKCHYIO 3aCTPOMKY TOPOJOB
1 paiioOHOB CO CTPOUTEIHCTBOM Pa3HOTUIAHOBBIX OOBEKTOB U
OTKa30M OT TUIIOBBIX MPOEKTHBIX perieHuil. Hanbosee
MPUEMJIEMbIMU CTEHOBBIMU MaTepUuaiaMy JIJIsi BO3BEACHUS
TaKUX 0ObEKTOB SIBJISIIOTCS KEPAMUIECKUE JTULIEBOM KMUPITHY
U KpynHohopMaTHbIe TTIOpU30BaHHbIe OoKU. 1151 obecrie-
YEHUSI CTPOUTEHHOTO KOMILIEKCA YKa3aHHBIMU MaTepua-
JIaMU Hapsiy ¢ paclllupeHUeM ChIpbeBOIi 6a3bl HEOOXOAMMO
MOBBIIATh KAYECTBO U JIOJIO BBIMYCKa JIMILIEBOTO U JIeKOpa-
TUBHOTO KepaMUuyeckoro Kuprnuya [1].

OnHUM U3 OCHOBHBIX CITIOCOOOB MOJTYYEHUS 1eKOPATUB-
HOTO LIBETHOTO KUPITMYa B HACTOSIIIEE BPEMS SIBISIETCST O0b-
e€MHOe oKpalluBaHue. s 3TOro B IIMXTY U3 JETKOIJIaBKOM
KPACHOXTYILENHCS] TJMHBI BBOAUTCSI TYTOIJIaBKOE CBETJIO-
KTYILEECs] TIIMHUCTOE ChIPbe, UCTIOJIb3YIOTCSI MUHEPAIbHbBIE
n00aBKU (MeJl, 10JOMUT, U3BECTHSIK) U OKCUJAbl METALIOB
(Fe,03, MnO,, Cr,03, TiO, u np.). MHOrIa MpUMEHSIOTCA
TaKue TEeXHOJOTMYeCKHe IMPUEMBbl, KaK TMOBBILIEHUE WU
CHIKEHME TeMITepaTyphbl 00XKUra; U3BMEHeHUE OKUCIUTEb-
HOIi cpesibl 00K1Tra Ha BOCCTAaHOBUTEJIBHYIO U JIP.

YuuteiBasi, 4T0 KOJUYECTBO MECTOPOXKIEHUI CBETJIO-
XTYHIuXcs TMH B Poccum BecbMa orpaHnyeHO, OCHOBHOE
BHMMaHMe B HACTOsIIee BpeMsl HaIlpaBJIeHO Ha CITOCOOBI
OKpAallIMBaHUs MacChl TOHKOMOJIOTBIMU KapOOHATHBIMU
MOpOIaMU U KpacsAIMMU Ao0aBKaMu, conepxaiinumu Fe,04
i MnO,.

IIpakTuka paboThl 3aBOIOB CTEHOBOI KepaMUKHU MOKa-
3BIBAET, YTO JIMIITb HAa OTAEIbHBIX MPEANPUSITUSX BHEIPEHDI
yKa3aHHBIE BHIIIE CITOCOOBI 0O LEMHOTO OKpAIIMBaHMS, YTO
CBSI3aHO, BO-TIEPBBIX, C OTCYTCTBUEM TMOCTaBUIMKOB Kaye-
CTBEHHBIX U JIELIEBbIX J0OABOK 11 00bEMHOIO OKpalluBa-
HUSI; BO-BTOPbIX, C HEOOXOJUMOCTBIO JOTMOJHUTEIBHOTO
3¢ dexTUBHOrO MKMHONEPepadaThIBAIOIIET0 000PY10BAHUS
IIJIS TIATETbHOTO MIepeMeTMBAHUS TTOPOIITKA C TNIACTUIHOM
mIMHoOMaccolt [2]. MHorue aBTOpbl OTMEYaloT HEOOCTAaTKU
TpeagaraeMbIX CIoco00B MCTOb30BAHUS OKPAIIMBAIOIITNX
N00aBOK, TAKMX KaK HU3KOE KaUueCTBO OKpAIIMBAHYSI, HATTU -
yye Ha TOBEPXHOCTU KUPIMYA MSITeH, CBSI3aHHBIX C MJIaCTh-
YeCKUMU CBOMCTBAMU TJIMHBI U TPYIHOCTBIO MTOJTYYEHUS TO-
MOTEHHOI Macchl Ha OCHOBE MIUHBI. C TOYKM 3peHUs paB-
HOMEPHOTO pacmpenesieHns] Kpacsiieil 100aBKu B 00beMe
KUpnuya 0ojiee MPeANOYTUTEbHBIM SIBISIETCS TIOJYCYXOi
Croco® MoAroTOBKHY Mpecc-MOpoIIKa U MPECCOBAHUSI ChIp-
1na. OH oTJIMYaeTcsl CYIIeCTBEHHBIM COKpallleHUeM TeXHO-
JIOTUYECKOTO 1IMKJIA, BO3MOXHOCTBIO TILATEJBHOTO Iepe-
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Prospective development of the most Russian regions
requires integrated development of cities and areas with
construction of diverse buildings and refuse of standard de-
sign solutions. The most suitable wall materials to construct
such buildings are ceramic facing brick and large-scale po-
rous blocks. To provide construction industry with such
materials quality and output of facing and decorative ce-
ramic bricks are to be raised along with expansion of sourc-
es of raw materials [1].

One of the main methods of decorative colored brick
production nowadays is bulk coloring. For that purpose re-
fractory light-burning clay batch material is introduced to
fusible red-burning clay, mineral additives (chalk, dolomite,
limestone) and metal oxides (Fe,O;, MnO,, Cr,0;, TiO,,
etc.) are used. Sometimes such technics as increase or de-
crease of firing temperature, changing burning medium from
oxidizing to reducing, etc. are used.

Taking into consideration that amount of light-burning
clay deposits are limited in Russia, the focus is now switched
to methods of stuff coloring by fine-ground carbonate rocks
and coloring additives containing Fe,0; or MnO,.

The practice of wall ceramic factories shows that above
mentioned methods of bulk coloring are implemented only at
a few enterprises, which is first of all due to lack of suppliers
of high-quality and low-cost additives for bulk coloring, sec-
ondly to the need for additional effective clay processing
equipment for thorough mixing of powder with plastic clay
mass [2]. Many authors have noted disadvantages of the pro-
posed methods of using color additives, such as low quality of
coloring, presence of stains on the brick surface associated
with plastic properties of clay and difficulty to produce ho-
mogenous mass based on clay. From the point of view of a
uniform distribution of coloring additives in brick volume
preferable is method of semi-dry preparing of molding pow-
der and pressing of adobe brick. It is characterized by signifi-
cant reduction in process cycle, possibility of thorough mix-
ing of materials with similar properties, molding bricks of
regular geometric shapes with sharp faces and edges.

Color of wall ceramic produced of industrial wastes is
determined by raw material composition mostly. Frequent
presence of luge amount of water-soluble salts, carbonate
inclusions, carbon, and other components in technogenic
wastes leads to loss of thick red color, the main advantage of
ceramic brick, providing buildings with the architectural ex-
pression. Thus, inexpressive colors of ceramic wall materials
produced of technogenic resources make them unpresent-
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KepaMH YECKHE CTPOHUTEIbHDBIC MATEPHAIBI

Ta6nuua 1
Table 1
XuMunyeckui coctas CbipbeBbiX MaTepuanos
Chemical composition of raw materials
MaccoBasi 40Nt KOMMOHEHTOB, % (Ha aBCONIOTHO CYXYto HABECKY)
Mass fraction of components, % (per absolutely dry weight)
HaumeHoBaHve 0TXo00B
Name of the wastes . . nnr
Si0, | TiO, | Al,O3 | Fe,053 | MnO, | MgO | CaO | Na,0O | KO | P,O | lossat
ignition
CYIIIMHOK HOBOKy3HeLKVA 509 | 09 | 142 | 49 |02 | 24 | 24 33,8 - 54
Novokuznetsk loamy clay ’ ' ’ ' ’ ' ’ ’ ’
LLnamvcTeie Xenesopyareie orxoas! (OKP) 3499 | 036 | 899 | 19,60 | 059 | 11,88 | 1497 | 5115 - | 1009
Slimy iron ore waster (IOW) ’ ’ ' ' ’ ’ ’ ’ ’
OTtxonbl o6orateHnst 6okcmtos (OOB)
Bauxite enrichment wastes (BEW) 14,3 | 349 (41,47 | 18,48 - 014 1 023 B B - 20,99
OTxopnbl o6orateHnst MapraHuesbix pyg (OMP) _
Manganese ore enrichment wastes (MOEW) 284 126 31,64 223 o.m 053 [ 0.27 123

MeIlMBaHUsl OJIU3KUX MO CBOMCTBAM MaTepuasoB, (hopMo-
BaHMEM KHpIIMYa TPaBWIbLHOW TeoMeTprU4YecKoi (hopMbl
C YeTKMMU TPaHsIMU U peOpaMu.

LIBeT cTeHOBBIX KepaMUIECKUX M3IEINI Ha OCHOBE TTPO-
MBIIIJICHHBIX OTXO/IOB TI0 OOJIbIIIE YacTH OTIPEIEISIeTCS Be-
IIECTBEHHBIM COCTaBOM ChIpbsl. YacToe MpUCYTCTBUE B TEX-
HOTE€HHBIX OTXOJaX OOJIBIIOrO KOJMYECTBA BOAOPACTBOPU-
MBIX COJIel, KApOOHATHBIX BKJIIOYEHUI, yIyiepoja U JAPYrux
KOMITOHEHTOB ITPUBOIUT K TOMY, UTO KepaMUYECKUI KUPITAY
TEpSIET CBOE TJIABHOE TIPEMMYIIIECTBO — HACBHIIIIEHHBIN Kpac-
HBII 1LIBET, MPUAAIOIINIT apXUTEKTYPHYIO BBIPA3UTEIbHOCTD
3naHusgM. TakuM oOpa3oM, HeBbIpa3UTeIbHAsI LIBETOBASI TaM-
Ma KepaMUYeCKUX CTEHOBBIX MaTepUAIOB U3 TEXHOT€HHOIO
ChIpbsl, Jeyalolliasi UX HeNpe3eHTaO0eJbHbIMU, SIBISETCS
OJIHO# U3 NMPUYMH OTCYTCTBUSI MHTEpECa K TIPOMBIIIUIEHHBIM
OTXOZaM KakK K ChIPbIO JIJIs KepaMUUYECKOIl OTpacu.

enbio HacTosIIe PabOTHl SIBISAIOCH U3ydEeHHE BO3-
MOXHOCTH OOBEMHOTO OKpaIlIMBaHMUS KEPAaMUUECKOTO Ye-
perka 13 TeXHOTEHHOTO 1 MPUPOTHOTO ChIPbsl HA MpUMeEpe
MPOMBIIITIEHHBIX 0TX0J0B Ky3bacca.

B kayecTBe KepaMUYECKOTO ChIPbSl MCHOJb30BAIUCH
LUIAMUCTAsl YacTb OTXOAOB OOOTaleHUs] XKEJE3HbIX pPy.
Abarypckoil 00oraTuTeIbHO-arJaoMepalloHHON (habpukmu
(r. HoBoKy3He1lK) 1 HOBOKY3HELKMI CYIJIMHOK, OTHOCSI-
IIUICS K MOJYKUCIOMY, YMEPEHHO IJIACTUYHOMY, JIeTKO-
[JIJABKOMY TJIMHUCTOMY ChIPbIO TMIPOCIIOAUCTO-MOHTMO-
PWIJIOHUTOBOTO TUTIA C HU3KUM CONEepKaHUEeM KPYITHO3eP-
HUCTBIX BKJTIOUeHUH. Mcrnosib3yeMble Keae30pyaHbIe OTX0-
16l (O2KP) nMeroT momMuHepaIbHBIA COCTaB, B OCHOBHOM
TIpeCTaBICHHBIN MTOJIEBBIMMU IIITTATAMU, KBapIIeM, CIIOIOM,
MUpoKceHoM, aMpuobojaMM, XJIOPUTAMHU KeJe3UCTOTO
TUMA, C HEOOJBIIUM CONEPXKAHUEM TJIMHUCTBIX CMEIIaHO-
CJIOMHBIX 00pa3oBaHuii. MaTepuaa TOHKOAUCIIEPCHBIM, Ma-
JIOTTACTUYHBIN C HU3KOU UyBCTBUTEIBLHOCTBIO K CYIIIKE, 11O
OTHEYIMOPHOCTH OTHOCUTCS K JIETKOTUIABKOMY, TIO0 TeMIIepa-
Type W CTEMEeHU CIIeKaHMsI — K BBICOKOTEMIIEPATypHOMY
U HecIeKaloleMycs ChIpbIo [3].

B KayecTBe TEXHOTEHHBIX OKpAIIMBAIOIIUX J00aBOK
MPUMEHSUITUCh OTXOAbl O0OTallleHWSI MapraHUEBBIX Py
(OMP) Ceneszennckoro pynHuka (KemepoBckas o0i.,
Tamraronbckuii p-H) M OTXOABI OOOTaIlEeHUS OOKCUTOB
(OOB) bap3zacckoro mecropoxnenus (KemepoBckuii p-H).
XVUMUYECKU COCTaB OCHOBHBIX CBHIPEBBIX MAaTepUaOB
MpencrasjieH B Tab. 1.

[1pn oGxure oOpa3uoB U3 HIJTAMUCTBIX XEJIE30PYyIHbBIX
OTXO/IOB, HECMOTPSI Ha BBICOKOE COiepXKaHue B HUX XKeJle-
3UCTBIX MUHEPAJIOB, (POPMUPYETCS KepaMIIeCKHil YepermoK
KEJITOBAaTO-0yporo LiBeTa; Haiuuue 3epeH nupura FeS, u
OKCHIIOB XeJjie3a TPUBOIUT K 00pa3oBaHUIO Ha MOBEPXHO-
CTU U3JEIUI YepHBIX TOUYEK, a IMOBBIIEHHOE COACp>XXaHue
CaO (1015%) u MgO (o 12%) — 6enoro Haneta. Takum 00-
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able, which is one of the reasons why there is no interest to
industrial wastes as a raw material for the ceramic industry.

The aim of the present work was to study possibility of
bulk coloring of ceramic crock produced of technogenic and
natural raw materials taking as example industrial wastes of
Kuzbass.

Slimy part of the iron ore tailings of Abagurskaya enrich-
ment and agglomeration plant (Novokuznetsk) and
Novokuznetsk loamy clay, which is semi-acid, of moderate
plasticity, fusible clay material of hydro-mica montmoril-
lonite type, with low content of coarse inclusions were used
as ceramic raw materials. Used iron ore wastes (IOW) have
polymineral composition, mainly represented by fieldspars,
quartz, mica, pyroxene, amphiboles, chlorites of ferriferous
type, with small amount of mixed clay formations. Material
is fine dispersed, low plastic, low sensible to drying, by its
refractoriness corresponds to fusible, by temperature and
sintering extent — to high-temperature and non-baking ma-
terial [3].

As technogenic coloring additives manganese ore enrich-
ment wastes (MOEW) of the Selezensky ore mine (Kemerovo
region, Tashtagol) and bauxite enrichment wastes (BEW) of
the Barzasskoye deposit (Kemerovo region) were used.
Chemical composition of the main raw materials is presented
in Table 1.

During firing of samples made of slimy iron ore wastes
ceramic crock of yellow-brown color is formed despite the
high content of iron minerals, inclusions of pyrite grains FeS,
and iron oxides result in formation of black dots on the prod-
uct surface, and increased content of CaO (up to 15%) and
MgO (12%) creates white plaque. Thus, use of chalk, lime-
stone, dolomite and other high-calcium additives to improve
decorative properties of ceramic products made of iron ore
wastes with excess of carbonates in their composition is un-
reasonable.

At the first stage to test the above assumptions study of the
effect of pure chemical compounds on bulk coloring of ce-
ramic crock of slimy iron ore wastes comparing to their col-
oring effect on natural clay material were performed. In labo-
ratory conditions two series of samples were prepared, in
which in the first case Novokuznetsk loamy clay (95 wt. %)
was used as the main component of ceramic mixture, while
the second mixture contains slimy part of iron ore waists
(65 wt. %) and loamy clay (30 wt. %). Metal oxides (MgO,
Fe,05, V,05), carbonates (NiCO;, CaCO5;, CuCO;) and
cobalt hydroxide (CoCl,6H,0) were used as coloring addi-
tives in the amount of five percent by weight.

Ceramic samples with diameter of 45 mm and height of
45—50 mm were molded using dry pressing method. Humidity
of the press powder was 8—9%. Pressing mode was two-stage
with single load application, compression pressure was
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Tab6nuua 2
Table 2

dusnko-mexaHM4Yeckme CBOMCTBa kKepaMmnyeckux oo6pasL,oB Ha OCHOBE LLJIAMUCTbIX XXeJ1e30PYAHbIX OTXOA0B
C OKpalIMBaloWmMm1 Ao06aBKaMu
Physical-chemical properties of ceramic samples made of slimy iron ore wastes with coloring additives

CpepHss MpoyHocTb Npu | Boponorno-
Ne Cocrtas LWnxTbl, Mac. % NJOTHOCTb, |<r/M3 cxatuu, MMa weHue, % KKK Liset
n/n Mixture composition, wt., % Average density, Compressive Water cQc Color
kg/m® strength, MPa | absorption %

OXP - 70, cyrnnHok — 30 BexeBbilit
! I0W- 70, loamy clay - 30 1830 1.5 18,1 9.7 Beige

OXP - 65, cyrnmHok — 30, MgO - 5 CBETN0-KOPUYHEBII
2 IOW - 65, loamy clay - 30, MgO - 5 1700 3.6 2 2,12 Light-brown

OXP - 65, cyrnuHok - 30, Fe,03 -5 KpacHo-kopunyHeBbIi
8 IOW - 65, loamy clay - 30, Fe,03 - 5 1840 1.4 18,8 6.17 Red-brown

OXP - 65, cyrnuHok - 30, V,05 - 5 YepHbiit
4 | 1ow - 65, loamy clay - 30, V,0; - 5 2260 88,7 1 3923 | Black

OXP - 65, cyrnuHok - 30, NiCO5 - 5 KopwiHesbiit
5 | low- 65, loamy clay - 30, NiCO, - 5 1800 6.2 19,1 3,46 | Brown

OXP - 65, cyrnuHok - 30, CaCO3 - 5 bexeBblit
6 IOW - 65, loamy clay - 30, CaCO; - 5 1690 5.2 21,1 3,05 Beige

OXP - 65, cyrnuHok - 30, CuCO3 - 5 3eneHoBaTO-KOPUYHEBDIN
7 IOW - 65, loamy clay - 30, CuCO3 - 5 1980 395 14,9 19,92 Green-brown

OXP - 65, cyrnnHok — 30, CoCl,-6H,0 - 5 YepHO-KOpWYHEBBI
8 | low- 65, loamy clay - 30, CoCl, 6H,0 - 5 1780 7.2 20,6 4,06 | Biack-brown

pa3oM, HCIOJb30BaHUE MeJla, M3BECTHSIKA, ITOJOMUTA
U APYTUX BBICOKOKATBIIMEBBIX T0OABOK ISl YIYUIIIEHUS JIe-
KOpPAaTHMBHBIX CBOWCTB KEpPaMUUYECKUX M3JCJIMA Ha OCHOBE
JKEeJIe30PYIHBIX OTXOJ0B, UMEIOIIUX B CBOEM COCTaBe U30bI-
TOK KapOOHATOB, HE1leJ1eCO00pa3Ho.

Ha nepsom smane 1151 IpOBEPKU BbICKA3aHHBIX MPETNO-
JIOXKEHU OBUIM TIPOBENEHBI MCCIICAOBAHUS IO BIWSHUIO
YUCTBIX XUMUYECKHUX COSAMHEHNI Ha 00bEMHOE OKpAIlIBa-
HUE KepaMMUYECKOro yepernka M3 HUIAMHMCTBIX KeJe30py/-
HBIX OTXO/IOB B COMOCTABJIEHUM C UX KPacCSIIUM AeCTBUEM
Ha IPUPOAHOE TNIMHUCTOE ChIpbe. B 1ab0paTopHBIX YCIOBHU-
X ObUIM TIPUTOTOBJIEHBI IBE CEPUM 00Pa3lloB, Y KOTOPHIX B
MEePBOM cJllyyae B KaueCTBE OCHOBHOI'O KOMIIOHEHTa Kepa-
MMYECKUX IUXT UCTIOJIb30BAJICS HOBOKY3HEILKUI CYTTMHOK
(95 mac. %), a BO BTOPOM — IIJIAMKCTAs YaCTh OTXOI0B 000-
raueHus Kejae3Hbix pyd (65 mac. %) UM CYrJIMHOK
(30 mac. %). B kauecTBe OKpalIMBaIOIINX J0OABOK MCITOJb-
30BaIMCh OKcHIbl MeTautoB (MgO, Fe,05, V,05), kapboHa-
Tl (NiCOj;, CaCO;, CuCO;) n ruapoxjopus KobaabTa
(CoCl,'6H,0) B kOMYeCTBE MATH MPOLIEHTOB O Macce.

KepaMmnueckue o6pasLbl 1HaMeTpoM 45 MM U BBICOTOM
45—50 MM (OpMOBAIMCh METOAOM IIOJYCYXOro IpeccoBa-
HUA. BriaxHocTh mnpecc-mopomka coctaBisia 8—9%.
PexxuM mpeccoBaHMS IBYXCTYIEHYATHIN ¢ OMHOCTOPOHHUM
MPWJIOXEHWEM Harpy3KHu, AaBjieHue npeccoBanus 15 MIla.
OO0UT TTPOBOAMIICS B JIAOOpAaTOPHOI My(eIbHOU ITeUH IPHU
temnepatype 1050°C.

LIBeToBas ramMma 00eux cepuii 000X KEHHBIX 00pa3l0B
C OKpalllMBaloUIMMU 1o06aBKaMu W 0€3 HMX MpelncTaBiie-
Ha Ha pwuc. 1, 2, pe3yabTaTbl UCHBITAHUNA MX (PU3UKO-
MEXaHUYECKUX CBONCTB — B Ta0J. 2. MOXHO OTMETUTh, YTO
BBeJeHIE 100aBOK B 00X CEpUSIX U3MEHSET CTPYKTYPHYIO
OKpacKy KepaMMUYeCKOTro 4eperka, Mpu 3TOM B OOJIbIINH-
CTBE CJIyyaeB MX OKpalllMBalollee nelicTBre Ha oOpaslibl U3
TEXHOT€HHOTO ChIpbsl MeHee BbipaxkeHo. Kpacsiiiue no6as-
kn MgO n CaCO; BbICBETISIIOT 00pa3lbl U3 IIMHHUCTOTO
CHIpB (pucC. 1, T103. 2, 6) M TpaKTUIECKKU HE MEHSIOT OKpac-
KM 00pa3loB Ha OCHOBE XKEJIE30PYIHBIX OTXOHOB (pHC. 2,
1o3. 2, 6), 4To OOBSICHSAECTCS U30OBITKOM KapOOHATOB B HUX
U TOATBEPXKIAeT BbICKA3aHHYIO Heleaecoo0pa3HOCTh HC-
MOJTb30BAaHUS MeJia, U3BECTHIKA U IPYTUX BEICOKOKAJTbIIME-
BbIX JobaBok. Kpacsauime no6asku Fe,O;, V,05, NiCOjs,

HAYYHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

15 MPa. Calcination was carried out in a laboratory muffle
furnace at 1050°C.

The range of colors of both series of samples fired with
coloring additives and without them is shown at Fig. 1-2, the
results of their physical-mechanical properties test are shown
in Table. 2. It is to be noted that introduction of additives in
both series changes structural color of ceramic crock, at the
same time, in the most cases their coloring effect at techno-
genic material samples is less expressed. Coloring additives of
MgO and CaCOs lighten samples of raw clay (Fig. 1, pos. 2,
6) and practically do not change the color of the samples
made of iron ore wastes (Fig. 2, pos. 2, 6), due to excess of
carbonates in them that confirms assumed aimlessness of us-
ing chalk, limestone and other high calcium additives. Fe,0s3,
V,05, NiCO;, CuCOs;, and CoCl,6H,O coloring agents
color samples in various shades of dark colors from red-
brown to black.

Calcium and nickel carbonates, magnesium oxide and
cobalt hydroxide reduce strength characteristics (in 1,6—
3,2 times) and increase water absorption of samples, which is

Puc. 1. Kepamunyeckne obpasiibl Ha OCHOBE HOBOKY3HELIKOrO CyrfiMHKa:
1 — 6e3 pnobasku; ¢ fobaskoi 5 Mac. % Kpacswero KoMmrnoHeHTa; 2 — MgO;
3 - Fe,03; 4 — V,05; 5 — NiCOg; 6 — CaCOg; 7 — CuCO3; 8 — CoCl,*6H,0
Fig. 1. Ceramic samples made of Novokuznetsk loamy clay: 7 — without
additive, and containing 5 wt. % of coloring component; 2 - MgO;
3 - Fe,03; 4 — V,05; 5 — NiCOg; 6 — CaCOg; 7 — CuCOg; 8 — CoCl,*6H,0
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CuCOs;, 1 CoCl,"6H,0 oxparmBaioT 06pa3Libl B pa3IndHbIe
OTTEHKU TEMHBIX TOHOB OT KPaCHO-KOPUYHEBOTO /10 YEPHO-
o 1BeTa.

KapOoHaThl Kajbldsl U HUKENSI, OKCUI MAarHusl U TUJI-
poxjopull KobOajbTa CHUXAIOT MPOYHOCTHBIC XapaKTepH-
ctuku (B 1,6—3,2 pa3a) ¥ MOBBIIAIOT BOIOIOTJIOIIEHNE
00pa31oB, YTO OOBSICHSIETCS pa3phIXJICHUEeM YepeIlKa BCIIeI -
CTBUE ra30BbIIEICHUS TTPU AUCCOLIMAIMY KapOOHATOB U OT-
CYTCTBUEM O0Opa30BaHUs MUPOIIACTUYHOMN CBSI3KU, 3aITyC-
Karouein MexaHu3M XUAKoMa3HOro crekaHusl Mpyu o0Xure
B YKa3aHHOM WHTepBajie Temiieparypsl. HaoGopor, BBene-
Hue 100aBOK OKCUA BaHaAUs U KapOoHaTa Meay TPUBOAUT
K 3HAYUTEIHHOMY TOBBIIIEHUIO TIpeesia MTPOYHOCTU TIPU
cxatuu (B 3,4—7,7 paza) M pe3KOMY CHUKEHHUIO BOJIOIOIIO0-
IIeHKST 00pa3lioB, YTO CBUAECTEILCTBYET 00 MU3BMEHEHUM Ha-
pSY C LIBETOBOM OKpacKoit (IoCyIOIUX CBONCTB CUCTEMbI
MpU 00XKUTe KEPAMUUYECKOT0 Yeperka U3 OTXOH0B.

HaunGonee BbIpaxkeHHBbIH 3¢hGEKT OTHOBPEMEHHO
M OKpalllMBaIOIel U CTPYKTYpUPYIOLIei 106aBK1 OBbLI 1MO-
JIydeH TIpY UCITOIb30BaHUM MSATUBAJIEHTHOTO OKCHIA BaHa-
VST, BBITTOJTHSIIONIETO (DYHKIIUIO TUIaBHS B CUJIMKATHBIX CTEK-
JI000pa3ylonx cucreMax. BBeneHue B coctaB mUXTHL 5%
V,05 npuBeo K OKpallMBaHUIO 00pa3LoB B YEPHBII LBET,
WHTEHCUBHOMY OOpPa30BaHUIO TMHMPOTUIACTUYHON hba3bl U
CTIEKaHMIO YepernKa TMpHu O0XHUIe, O YeM CBUIETEbCTBYIOT
MPaKTUUECKU «KJIMHKEPHBIE» XapaKTePUCTUKU KEPaMUKMU:
MPOYHOCTh MpHU cxkaTum cocTtaBwia 87—93 MIla; Bogomno-
rioieHue — 6,9—7,9%; ornesas ycanka — 6,6—7,5%.

B pesynbraTe nmpoBeneHHBIX UCCIeN0BaHUM pa3pabora-
Ha 1 3a[aTeHTOBaHAa ChIPhEeBast CMECH JIJIsT TPOU3BOJCTBA Ke-
pamuyeckux usaenuii (mareHT Ne 2415103. CoipbeBasi cMecChb
IIJIsT M3rOTOBIEHMST Kepamuueckux usnenuit. A.1O. Ctoi-
ooyuikuH, .. CropoxeHko, I''M. bepnos u np. Ony6i. B
BM 2011, Ne 9), BkiItouaroliast OTX0Ibl 00OTallIeHUs JKeIe3-
HBIX Py, TJMHUCTOE ChIPhE M OKCHUI BaHAJUSsI, TTO3BOJISIET
3HAYMTEIbHO YBEJUYUTh MPOYHOCTD MPU CXKATUW U TOBBI-
CUTh MOPO30CTOMKOCTh U3JCJINI CTEHOBOM U CTPOUTEIBHOMI
KepPaMUKU TIPU CHUKEHUM COAEPXKaHUS MPUPOTHOTO TJIW-
HUCTOTO ChIPbSI B CMECH.

B Poccuu npuMeHeHue YUCThIX OKCUIIOB JIJISl CTPYKTYP-
HOTO OKpalllMBaHMSI KEPaMUUYECKOTO 4eperka BO MHOTOM
CIEPKMBAETCS UX BHICOKOW CTOMMOCTBIO, YTO 3HAYUTEIBHO
YIOPOXaeT MPOU3BOJACTBO M CHUXKAET KOHKYPEHTOCTIOCO0-
HOCTb IpoayKiuuu. OMHUM U3 HalpaBJIeHUN pelleHus 3TOI
MPOOJIEMbI MOXET OBITh MCTI0Jb30BaHUE TEXHOTEHHBIX MTPO-
JTYKTOB M OTXOA0B MPOMBIIIEHHOCTU B TEXHOJIOTUU OOBEM-
HOTO OKpalllMBaHUS KepaMUYECKOro KUpITya.

Ha emopom smane Gblv IPOBENEHBI UCCAENOBAHUS TIO
BJIUSTHUIO OTXOMIOB OOOTAIllCHUsT MapraHIIeBbIX U OOKCUTO-
BBIX pyA Ha CTPYKTYpHOE OKpallMBaHUE KepaMU4YeCKOTO

Puc. 2. Kepamuyeckre obpasubl Ha OCHOBE LUIAMUCTOM 4acTM OTXOO0B
oboralleHus xenesHbix pya: 1 — 6e3 nobasku; ¢ nobaskoit 5 mac. % kpacs-
wero komnoHexta: 2 - MgO; 3 - Fe,03; 4 — V,05; 5 — NiCOg; 6 — CaCOg;
7 — CuCOg; 8 - CoCl,*6H,0

Fig. 2. Ceramic samples made of slimy part of iron ore enrichment wastes:
1 — without additive; and with the addition of 5 wt. % of coloring component:

2 - MgO; 3 - Fe,03; 4 - V,05; 5 — NiCOgz; 6 — CaCOj; 7 — CuCOg;
8- CoCl,+6H,0

explained by loosening of crock as a result of gas emission in
carbonates dissociation and absence of pyroplastic bind trig-
gering mechanism of liquid phase sintering during firing in
given temperature range. On the contrary, implementation of
vanadium oxide and copper carbonate leads to significant
increase of compressive strength (in 3,4—7,7 times) and
sharp decrease of water absorption of samples, that indicates
change of fluxing properties of the system along with change
in color during the firing of ceramic crock made of wastes.

The most strongly pronounced effect of both coloring and
structuring additive was obtained using quinquevalent vana-
dium oxide, acting as fluxing agent in silicate glass-forming
systems. Introduction of 5% V,Os into the mixture resulted in
coloring samples in black, intense formation of pyroplastic
phase, and crock sintering during firing, which is testified by
almost «clinker» characteristics of ceramics: compressive
strength made up 87—93 MPa, water absorption —6,9—7,9%,
firing shrinkage — 6,6—7,5%.

Studies resulted in development and patenting of feed mix-
ture for production of ceramics (Patent number 2415103. The
raw material mixture for manufacturing of ceramic products.
A.Yu. Stolboushkin, G.I. Storozenko, G.I. Berdov and others.
Published at BI in 2011, Ne 9 (in Russian)), which includes
wastes of iron ore enrichment, clay material and vanadium
oxide, it can significantly increase compressive strength and
improve cold resisting properties of wall and building ceramic
products and decrease content of natural clay in mixture.

Ta6nuua 3
Table 3
du3nko-mexaHu4eckue CBOMCTBa KepaMU4eckmnx o6pasL 0B Ha OCHOBE HOBOKY3HELIKOrO CYrjIMHKa
C okpawmBaioLieit ,,06aBKOI N3 0TXOA0B 060ralleHNs MapraHueBbIX pyn
Physical-chemical properties of ceramic samples made of Novokuznetsk loamy clay
with coloring additive of manganese ore enrichment wastes
Ne CocTaB LWKXThl, Mac. % CpeaHsas NnoTHOCTb, Kr/M3 MpoyHocTb Npu cxatum, MIMa | Bogonornowexne, % | BogocTonkoctb | KKK
n/n | Mixture composition, wt., % Average density, kg/m® Compressive strength, MPa | Water absorption % | Water resistance | CQC
1 | Cyrmwok - 100 2040 459 5,4 0,87 225
Loamy clay - 100
CyrnuHok — 90, OMP - 10
2 Loamy clay- 90, MOEW- 10 2055 39,9 6,6 0,72 19,4
CyrnuHok - 80, OMP - 20
3 Loamy clay — 80, MOEW — 20 2065 35,7 6,4 0,66 17,3
CyrnuHok — 70, OMP - 30
4 Loamy clay - 70, MOEW — 30 2061 33,1 7 0,65 16,1
CyravHok — 60, OMP - 40
5 Loamy clay — 60, MOEW — 40 2054 32,6 7,9 0,46 15,9
(&3 EOVIEIIBHBIE HAY4YHO-MeXHU4eCKUil U nPoU3B00CMBEHHbLI HCYPHAN
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Tabnuua 4
Table 4

Pdusnko-mexaHMYeckme CBOMCTBa KepaMuyeckux o6pa3L,oB Ha OCHOBE LLIJIAMUCTON YacTU OTXOA0B oOoraLeHus
)eJsne3HbIX Py, ¢ OKpaluMBalLwWmMmn A00aBKaMu U3 0TXOA,0B 000oraleHus MapraHueBbiX U 6OKCUTOBBIX pya,
Physical-chemical properties of ceramic samples made of slimy iron ore wastes
with coloring additives of manganese and bauxite ore enrichment wastes

Ne CocTas WmxTbl, Mac. % CpepHss nncsmiocn:, MpoyHOCTb Npm CXaTuu, Bo,u,onor;lo- BonocToiikocTs | KKK
n/n Mixture composition, wt., % Kr/M Mra Luenve, % Water resistance | CQC
T Average density, kg/m® | Compressive strength, MPa | Water absorption %
OXP - 65, cyrnnHok — 35
1 IOW - 65, loamy clay — 35 1860 15,6 14,8 0,93 8,4
OXP - 65, cyrnuHok — 30, OMP - 5
2 IOW - 65, loamy clay — 30, MOEW - 5 1870 15,9 15,3 0.86 85
OXP - 60, cyrnmHok — 30, OMP - 10
3 | 10w - 60, Ioamy clay - 30, MOEW - 10 1910 16,8 153 0,88 88
OXP - 60, cyrnmHok — 20, OMP - 20
* | 1ow - 60, loamy clay - 20, MOEW - 20 1890 16,1 16,2 0,85 85
OXP - 60, cyrnmHok — 20, O0B - 20
5 [ 10w - 60, loamy clay - 20, BEW - 20 1870 154 13,2 0,89 8.2

yeperka. YKa3aHHbIe OTXO/bl CYIIWJIUCH MPU TeMIepaType
105°C, uaMenbpuainch Ha JJabopaTOPHOM ]_[IapOBOI/I MEJIbHU -
e 00 YICTBHOI MOBEepXHOCTU Topsaxka 1500 cM?/T U uc-
MOJIb30BAIMCh B KaYeCTBE OKpalllMBaloluX n106aBoK. st
MOJyYEHMSI COMTOCTABUMBIX PE3YJIbTaTOB TaKKe ObUIM U3ro-
TOBJIEHbI KepaMUYeCcKue OOpasLbl-LWIMHAPHI Ha OCHOBE
cyrmmmHka 1 OXKP mo mapamerpam u pexxumam, aHaJIOTU4-
HBIM TIEPBOMY 3TaITy UCCIeI0BAHUS.

Ha ocHOBe HOBOKY3HEIIKOTO CYIJIMHKA OBbLIM IPUTOTOB-
JIEHBI IBE CEPUU 00pa3IIoB: TIepBasi — C OKpAIIUBAIOIIEH 10-
0aBKOIi M3 OTXOA0B 00OTallIEHUSI MapTaHIIEeBbIX Py B KOJIM-
yecTBe 10, 20, 30, 40 mac. %; BTOpast — ¢ HOOABKOM U3 OTXO-
OB oboraiieHus1 OOKCUTOB B KosuvectBe 5, 10, 15,
20 Mac. %. Ha ocHOBe IIUTAMMCTBIX XeJIe30PYAHBIX OTXOJI0B
¢ nobaBkamu OMP 1 OOb Takke ObUTM U3TOTOBJIEHBI JBE
cepun o0Opas3loB. LIBeToBass okpacka, COCTaBbl KepaMHUyie-
CKOMl IIMXTBI W pe3yJbTaThl MUCIHBITAHUNA (HUUKO-
MEXaHUYEeCKUX CBOMCTB KepaMUYeCKMX 0OpasloB Mpel-
CTaBJIeHBI Ha puc. 3 1 B Ta0JI. 3—4.

OTxonbl MapraHLUEBbIX Pyl OKPAIIMBAIOT KEPAMUYECKUE
00pasibl U3 CYrJIMHKA B KPacHO-KOPUYHEBBIE I[BETa, OT
CBETJIBIX 10 TEMHBIX TOHOB B 3aBUCUMOCTH OT MPOIIEHTHOTO
colepxkaHus Kpacsiieid go6asku (puc. 3, a, nos. 1-3).
IIpoBefeHHbIE UCTIBITAHUST MOKA3aJIW, YTO YBEJIUUEHUE MX
KOJIMYEeCTBA B IIMXTE CHUXAET IMPOYHOCTH 00pa3loB
(puc. 4), moatomy ontumasibHoe coaepxaHue OMII, obec-
TeynBarolee BhIPAXXCHHBIN Kpacsiuii 3GdeKT, TOoIKHO
cocraBisaTh 10—20 mac. %. HanpoTuB, 0TX0IbI 000TaIleHIs
OOKCHUTOB MPUBOIAT K BBICBETJICHUIO TIIMHSIHOTO Yeperka
MpU 00XKUTe 10 SIPKO-OpaHXKEBOTo 1BeTa (puc. 3, a, no3. 4).

M3meHeHre 00beMHOI OKpacKM KepaMHUUECKUX 00pa3-
IIOB Ha OCHOBE IIJIAMUCTBIX KEJIE30PYIHBIX OTXOIOB IPHU
nobaske OMP MeHee BbIpakeHO, KaK U B CJTy4ae C UCTIONb-
30BaHMEM YMCTHIX OKCHUIOB. [locme obxura o6pa3ibl uMe-
IOT OKPAcKy OT CBETJIO- 0 TEMHO-CEPOro 1IBeTa B 3aBUCH-
MOCTU OT KOJIM4ecTBa no0aBku (puc. 3,6, 1mo3. 5—7).
OTtxoapl oboraiieHnsT GOKCUTOB OKpAaIlllMBalOT Kepamude-
CKMUi1 YeperoK B p030BaTO-KpacHBIH 1IBET (puc. 3, 6, mo3s. §&).
HccrenoBanue Gu3MKo-MeXaHUYECKUX CBOWCTB KepaMu-
YeCKMX 00pas3lioB Ha OCHOBE IITAMUCTBIX KeJIE30PYIHBIX
OTXOIIOB TT0Ka3ajio, uro BBeaeHue B muxty OMP u OOBb B
KojmaecTBe 10 20 Mac. % BKITIOUMTEIBHO MTPAKTUYCCKU HE
BJIMSIET HA X MPOYHOCTHBIE XapaKTePUCTUKMU.

ITo pe3ynbTaTaM MpPOBEAEHHBIX MCCASTOBAHMI MOXKHO
cienaTh CASIYIONINE BEIBOIBI:

— TpaguUHUOHHBIE T0OABKM, MCIIOJIb3yeMble I 00beM-
HOTO OKpallMBaHUs KUPITUYa U3 MIPUPOIHOTO TNIMHUCTOTO Chi-
pbsl, B OOJIBIIMHCTBE CBOEM HETPUTOAHBI MPU MPOU3BOACTBE
CTEHOBOM KepaMHMKH Ha OCHOBE TIPOMBIIIIJIEHHBIX OTXOIOB,;

HAayYHO-MexXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

In Russia use of pure oxides for structural coloring of ce-
ramic crock is still limited by their high costs, which signifi-
cantly increases cost of production and reduce competitive-
ness of products. One of direction of solving this problem
would be use of technogenic products and industrial wastes in
ceramic brick bulk coloring technology.

At the second stage studies of influence of manganese and
bauxite ores enrichment wastes on structural coloring of the
ceramic crock have been conducted. Wastes indicated above
were dried at 105°C, crushed in laboratory ball mill to spe-
cific surface of about 1500 cm?/g and used as colorlng agents.
To obtain comparable results cylindric ceramic samples
made of loam and IOW were also made using parameters and
modes similar to the first stage of the study.

Using Novokuznetsk loam two sets of samples were pre-
pared: the first — with the addition of coloring additive of
manganese ores enrichment waists in amount of 10, 20, 30,
40% by weight, the second — with the addition of bauxite en-
richment wastes in amount of 5, 10, 15, 20% by weight. Using
slimy iron ore wastes with the addition of MOEW and BEW
two series of samples were also prepared. The colors, compo-
sitions of ceramic mixture and test results of physical-me-

a

Puc. 3. Kepamunyeckre o6pasLibl HA OCHOBE HOBOKY3HELIKOrO CyrfinHKa (a

1 LUNAMUCTBIX Xenes3opyaHbix 0TxoaoB (6) ¢ nobaekoit: 1, 2, 3 — OTXOJJ.OB
oboralleHns MapraHueBbiX pyA, COOTBETCTBEHHO B konuvecTtse 10, 20,
40 mac. %; 4 — otxogoB oborauieHns 60kcuUToBbIX pya — 20 mac. %; 5, 6,
7 — oTxopoB oboralleHusi MapraHueBbiX pynd, COOTBETCTBEHHO 5, 10,
20 mac. %; 8 — oTxon0B o6oraLleHns 6okcnToBbIx pya — 20 mac. %

Fig. 3. Ceramic samples made of Novokuznetsk loamy clay (a) and slimy
part of iron ore enrichment wastes (b) with additives: 1, 2, 3 — manganese
ore enrichment wastes in amount of respectively 10, 20, 40 wt. %,
4 - bauxite ore enrichment wastes in amount of 20 wt. %, 5, 6,
7 - manganese ore enrichment wastes in amount of respectively 5, 10,
20 wt. %, 8 — bauxite ore enrichment wastes in amount of 20 wt. %
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chanical properties of the ceramic sam-
ples are shown at Fig. 3 and in Tabl. 3—4.

Manganese ore wastes color ceramic
samples made of loam in red-brown
from light to dark tones, depending on
the percentage of coloring additive
(Fig. 3, a, pos. 1-3). The tests showed
that increase in their quantity in mixture
reduces strength of samples (Fig. 4),
that is why optimal content of MOW,
providing distinct coloring effect should
be 10—20 wt. %. On the contrary, baux-
ite enrichment wastes lead to lightening
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—— cyruHok (loamy clay)
(slimy part of iron ore wastes)
O —npoyHocTb npu cxarumn, MlMa (compressive strength MPa)
O - BopgonornoLexne, % (water absorption,%)
A - cpefHss NNoTHOCTb, Kr/M3  (average density kg/m3)

Puc. 4. 3aB1cuMoCTb GU3NKO-MEXAHNHECKNX CBOMCTB KEpaMmnieckmnx o6pasL,oB Ha OCHOBE HOBOKY3-
HELKOro CyrinHKa 1 WIaMmmncTon YacTn OTXOA0B 0060raLleHns XeneaHblx pya OT KONMyecTsa okpaLumn-

BaloLLlelt 1,06aBKM OTXOA0B 060ralLeHNs MapraHUEeBbIX Py,

Fig. 4. Dependence of physical-mechanical properties of ceramic samples made of Novokuznetsk
loamy clay and slimy waste of iron ore enrichment of the amount of coloring additives produced from

manganese ore enrichment wastes

— UCIIOJIb30BaHUE KaJbLMcOoAepKalux A00aBOK IJIst
VAYYIIEHUST TEKOPATUBHBIX CBOMCTB KepaMHUECKUX U3MIe-
JINf Ha OCHOBE TEXHOTEHHOTO ChIPbsI, UMEIOIIETO U30BITOK
KapOOHAaTOB, IPUBOLUT K YXYIAUIEHUIO UX (PU3KKO-
MEXaHUUYECKUX CBOICTB;

— B TIPOU3BOJICTBE CTEHOBOU KepaMUKW Ha OCHOBE He-
IJTACTUYHOTO, HECIEeKAIOIIErocsl TEXHOTEHHOTO U TIPUPO/I-
HOTO 3aKapOOHU3MPOBAHHOTO CBIPhS 1I€JIeCOO0pPa3HO HC-
T0JIb30BaTh OKPAILIMBAIOIIME T0OABKH C BBICOKUM COIEpXKa-
HueM Fe,0;, MnO, u Al,0O5;

— no0aBKa B COCTaB LIMXThl U3 HECMEKAIOIIMXCS IILJia-
MUCTBIX XeJIe30pYIHBIX 0TX010B V,05 B KouecTse 10 5%
MIPUBOAUT K MHTEHCUBHOMY OKpAaIllMBaHUIO 0OOpa3IoB B
KOPMYHEBO-YEpHBbIE I[BETa, 0OpPa30BaHUIO IMUPOIIACTHY-
HOI a3bl M CHEeKaHUIO 4Yepenka C BOAOIOIJIOLIEHUEM
7—8% W IPOYHOCTBIO IIpH CXaThu Gojiee 85 MIla;

— no6aBka OTX0A0B O0OOrallleHus MapraHUeBbIX U OOK-
CHUTOBBIX pyJ B KoamdecTBe 10—20 Mac. % npuBOAMUT K yiIyd-
IIEHUIO TEKOPATUBHBIX CBONCTB 0€3 CHMXKEHUS TIPOYHOCTH
MaTtepuajia 1 MOXeT CITOJIb30BaThCs 1T 00 eMHOTO OKpa-
IIMBaHUSI KEPAMUUECKUX U3AEINN U3 MPUPOTHOTO TIMHU-
CTOTO WJIM TEXHOT€HHOTO ChIPbSI.

KiroueBble cioBa: kepamuuecKuil Kupnu4, mexHo2eHHOe
cbipbe, 006eMHOe OKpawueanue, Kpacsaujue 006aeKu.
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— — wamucTas 4acTb Xene3opynHbIX 0TX0O0B

of clay crock during firing up to bright
orange (Fig. 3, a, pos. 4).

Changing the bulk color of ceramic
samples made of slimy iron ore wastes
with addition of MOW is less obvious, as
in case of using pure oxides. After firing,
the samples are colored from light to
dark gray, depending on the amount of
additive (Fig. 3, b, pos. I—3). Bauxite
enrichment wastes color ceramic crock
in pinky-red (Fig. 3, b, pos. &). Study of
physical-mechanical properties of ce-
ramic sample made of slimy iron ore
wastes showed that introduction of
MOW and BEW into mixture up to
20 wt. %, inclusively have virtually no
effect on their strength properties.

According to the study results, the following conclusions
may be made:

— conventional additives used for brick bulk coloring
made of natural clay material are mostly not suitable for
manufacturing of wall ceramics made of industrial wastes;

— using calcium containing additives to improve decora-
tive properties of ceramic products made of technogenic
materials, with excess of carbonates leads to deterioration of
their physical-mechanical properties;

— in manufacturing of wall ceramics made of non-plas-
tics, nonbanking technogenic and natural high carbonated
materials, it is reasonable to use color additives with high
content of Fe,03, MnO, u Al,O5;

— addition of V,05 in amount up to 5% to the mixture of
non-baking slimy iron ore wastes leads to intense coloring of
samples in brown-black colors, forming of pyroplastic phase,
sintering of the crock with water absorption of 7—8% and
compressive strength greater than 85 MPa;

— addition of manganese and bauxite ore enrichment
wastes in amount of 10—20 wt. % leads to improvement of
decorative properties without reduction of the strength of
material and can be used for bulk coloring of the ceramic
products made of natural clay or technogenic materials.

Keywords: ceramic brick, technogenic material, bulk color-
ing, coloring additives.
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