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Abstract

Finding new raw material sources has been a very popular and undoubtedly current topic
recently. The use of secondary raw maads in building materials has a leatanding tradition

at the Institute of Building Materials Technology and the Faculty of Civil Engineering at the
Brno University of Technology. Research, development and teaching in the field of lightweight
construction materials has an even longer tradition.

The goal of my scientific work is to verify the possibilities of using secondary raw materials for
two types of lightweight building materials, which | have dealt with in practice so far. Attention
is focused on tw main types, autoclaved aerated concrete as a building material with direct
lightening and artificial aggregate from sintered ashes as a material for use in the form of
indirect lightening. At the beginning of the work, a brief summary of the currente vt



research works in the given areas of building materials is given. Subsequently, the work is
devoted to individual contributions of the author to research in the areas of synthesis of the
mineral tobermorite as a basic step in the study of the formatad the microstructure of
aerated concreteSubsequently, attention is focused on the methodology of using secondary
raw materials for the production of aerated concrete by autoclaving in laboratory and
technological production conditions. In the case artificial aggregates, the work is first
devoted to the creation of ash body laboratory conditionsthen the own technology of
preparing artificial aggregates by séting of ash pellets in seraiperational conditions.

The results of the work bring relatively comprehensive set of findings, which confirm that
the possibilities of using secondary raw materials for the production of lightweight building
materials are wide. Secondary raw materials are not only a cheaper alternative to primary raw
materials, capable of achieving similar parameters, but often enable production technology
to become more efficient, achieve higher utility properties of building materials, and, in
addition to reducing production costs, eliminate the negative impacts of huatdinity on

the environment.

YE N62Ot &t 20l
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Key words
Secondary raw material, waste, autoclaved aerated concretejficéat aggregate,
tobermorite, agloporite, autoclaving, fly ash, glass, foundry sandfisel.
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Mole Fraction Cal/Ca0+5i10.) of Slaring Material
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5.3 Y%t @S NJ

. ef2 T2A00SYRSEYABS (1G4 (dddkMPNIAY & Yl 2N T4+ &l RyYN
vlastnosti a na tvorbu mikrostrukturgp %I 2NY I @68 OK K2Ry 24 LInjA ™A x>
AdzNR Ay 2dz R2al K2 OBt 18y 10112 NG @& 202 NE@SHLIEI N KSt NB |
FfS Kiaywsd 1 YESGSK2 20l 620Béz2 2 &RHBERL & B0
G20 SNY2NRGdzd b A OYSHISdA Y MIj NIPE LINRE d5 VT @& 21z B2 4 |
vifF1dz A LinjA @eaz21ée0K AyiGaSyl ALINOOK Lia2a025N2 NAK
Y2KE2 R 2NDS { YAINRLBSNA 12tSY TNy FfdARYNK?2
YSOKIFIYyAO1eOK LISgy2aiNd

Zhlediska mikrostruktun@i 2 NJ @ QO@NRHOFBSUIX 2 Gy NK2 LR LINE | dz
intenzity tobermoritu. Vzhledem kutnosi A Kf SRt yN @& dzOAGN A 2Ayéol
StLR&E SYyOAt t @1ttt Rty Kfl@yS R2 YiSUGSK2 20l f 2
6Aa0SK2 avilIiSNA& |ffdxd 2S @eaz20S NBIFI{GABYN I 2SK
BT 2N]l A §2f22R2BAO0FS2ON | @ISO&SLCORNY &X | INRE K ded.
vzorek 2 6 al KSY /{1 FT+TN LINSGt OyS @S FT2NX¥S (2068
' Y2NFYNK2 2EARdz 1 nSYA6AGSK2 R20t2 1S 19fA
YyST NBI 32813y 5k2 OISINIRZ NS 2SYy21 NYYSK2 2EARdz 1 n
YyS20K2RY S2ON R NUeKRPSH yBO SSRISNESO AR/ EF 6t T ST LINE Y|
LIs NPoSG2ydzz 2SS (1 yS2@K2RyS2ON LN} @S Yt SasS
L2 RLEMjRAIA G LSOy 2 &N | LdsONBE ANPG RFdz OGN LI2 1 NI 6 2 Gt y )
20SnAl GedzOAGN YNBlI FRDK2 ¥t KNP RK D KV 3 G y1 NG SR2A06S
08 LINRPRdzZl OS L2dzZ S YiSiSK2 20lt20SK2 aiftl LN
Zi2K2(i2 RAQO2Rdz 0& o0éf2 R20NB 20SniAld 12Y0AYl
sYft Stievyl agtl@egArd Gl oSyS¥adtes ({GSNB o0& (I ORt
gt Fatdy2aidN L NROoS(2Y dzo
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' o0{Y9[ b°a w9/ ., kY

5

/I Nt SY (2K20(2 LINaLISPldz 285 LROK2LISYyN TYSy @
T+1fFRS LIa0dzLly SK2 yIFKNIT 20t yN LINaidz YfSidey
TYSye @ YAINRAGNH] Fazhjd 1t ¥Sdz&SDODKI yAO1 S 1 YSye
GStA12a0A YSNYSK2 L2 ONDOKdz

+T 2N] & oefLd tBYNGKRSY® Lyl | 1 nSYAS6AGS &at201ed

L2 dzOA G 1 nSYAB6AGe LINASTZ F 2112 VYl JeNdofRhN & dzNP
1 @2t Syl @S R@2dz K2Ry2(t OKZ LINAG6SYO 1 nSYAGAL
jemnosti. Jemnost byla zvolena 3000%gra 6100 crik 3 d %t 1 f F RYN OKLF NI 1 & SN
uvedeny vTabulka 5{ dzo & 1 A (1 dzOS LIN&A1dz a1t SYw daAGRatd2f Sy &

1 2 Y 1 NBoli2@& 5000, 75% a 100%.

Tabulka5%t 1 £ F RYN OKEF NI 1 GSNR&GAL® Q&G dzLy NOK & dzNB G A

hoa2aSY|] aSNyd SiQ | ALOs KO NaO | FeO;
hmotnost povrch [% hm.]| [% hm.]| [% hm.]| [% hm.]| [% hm.]
[g/cm?] [cm?/g]
YnNSYAGAI 3080
(Quartz sand) 2,70 5080 9291 | 253 1,53 0,70 0,84
hol f 23S 2930
sklo (Glass) 2,56 5160 6973 | 1,76 0,88 | 1220 | 041
+t Lly2 | 1nSYAS6AGt atz201F oeéfeée YNOKtye GF1= |
ndyor {(1GSNE @eOKITN T Y2ttt NYNK2 LR2YSNHz MIwMm
K2Y23SyAl 20t yl | LGS oefl IIGARAY ! 1E@FRIA &dISYX

a2dz6AYyAGSE | adzOKS ayYS&Emoeaov -5 niiR&e @2 HNJ & J2
1nNSYAB6A(G2dz &4t 20060 0 i ®dc YNDKPBYVENRE&sa 2SYySal
w=0.73¢0.8[-].

¢ S dziit & dza LIS golfdBem @ ddlikosti (PB2DR imnn YYO D t 2 wun K2
vzorky vyimutzF 2 NBY | @eaidl gSy e KW RNRJ S N2 OF N2 K2 @ $
hoN} hrdfeplotu190c / & Ke@RNRBUOSNXNI YN OeRNON T K2ZRAY
I NBtfyS @éeNeBo6e& Ll NRoSOZ2Ydzod
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61 CeT A1t fyS YSOKIFIYAO1S @flady2aia
.ef afSR20ty OGfAD YNNBR2deddoayid (1 dDS BINSRADRAY f ¢

1NSYAG6AGS adz2NROAYyd yI T+{1tFRYN Fe&lAlttysS YS§0
tlaku.
1150 1130 _. 400
T 1080 g 390
£ 1100 1070 1070 1070 = 300
=< 1050 050 B 25.0 22.8
> 5 193,168 1o 4I
= £ 200 164 T
§ 1000 980 W 3000 o 150 4 3 = 3000
= 6100 % 10, 6100
S 950 g 100
E so0
900 S o0
%  25% 50% 75% 100% %  25% 50% 75% 100%
Sand substitution with glass Sand substitution with glass
hoNlT SRo@a§Y20t KY2i hoNI T SHS@yp2 a i tlaki 2 N.
(Bulk density of samples) (Compressive strength of sameg)

ho2aSY2@t KY2B9gRBUEPA aNGgEy DA OGN G& 0 dzLly?djel njSYA 6
Rt S geaft SR1 A4 yévég&yaﬁmjd‘zdmméméeléd‘z)\avﬂ-évqn w21
KY2Gy2aiN 242dz @ NI YOA p :2d w2l RNf @ YPse2SY2 Deé
LJ2 Ke 0 dz2 Nz ZADRE‘hcﬁitﬁb@@ﬁa@IOﬂ\\IQQIfe i 2Ny & asS wmnm:
/2 &S (es6RakKNRY® (i fLISAy>x dz O1 2NJ A & 2SVWg2a8i0N ¢
(h © NI TS 10 ofdd LJ2 1 2 NBsubstiyidiLIN &t | @k 3af] X oy ldoizae O ON
NEFSNBYSYN Q@i 2NB1® t20S LISGy22aid LkRalddzlyS 1f ¢
prE: AdzoalGAddzON R2alI K20t Ll2dd S LRf2A6YyN K2R
oef TFITyYyFYSyty dzO 2Sy LY2NNINSB W HaNBia i 1a SLIN & edd dee
& 1 nSYAGA(G2dz adz2NP R FT2B2 &l REFYREGN2 CMNYIS OY2 Yy a
Gt AGdz YY20480 0N &dzoaidAGdz0OS LIN&{1dz a1t SY®

6.2 Mikrostruktura

"RIF2S T RAFNITGEG23INI YA o0éfe K2RATFNING yNOKY 1A
GF 1S eRESt RWADI T LINjSaySyN yvI Yy20ai0N 206al OSy S
g G2YG2 LNNaALISG1dz LG O20tylE T 1 LINA2NAGYNSO =
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9 V+5_100%_6100
10000_V+S_1006_3000 10000 - e o
sooo~\k\ 5000 |~
0
03V+s 75% 3000 10000 —V+S_75%_6100
10000
2 N 5000 45 41.2
3 9 0 =40
&) 0, =X
10000 <7 *5-A08, 2000 10000 *>-30%-6100 F 31
5000 ~\“~g.~h sooo—\‘k\, 230 :
0 0 S 25 227 232
10000‘V+S‘25%'3000 100004\/*5,25%‘6100 g 20 18.5 m3000
J 5]
5000_\\&\ 5000 g 15 95 10.3 10.7 6100
0 0 : 210 7.4
10000 V+5_0%_ 3000 10000 -{V+5_0%_6100 2. I I I
5000_\k““‘~\ 5000 ‘\&\--\, 0 I
1 P 0 —— 0% 25%  50%  75%  100%
10 10 Sand substitution with glass
hoN} | SXRDgLA 2f REFWL 1 6 ho NI | Sqgy2a@maild dN 020 SNJ
tobermoritu (Tobermorite content)

(vlevo vzorky 8 S Yy 2 & (i Ng, epravon
vzorky 2 SYy 2 & i R TIm nynl KCRYI
LI2 RNf LIN&aidzz R2¢tS

+S PGOSOK @1 2 NONGKF NG § 68/ NRS WY IASBitmsav Yy Y (206 SNY
YAYSNIfe& (1nSYSysz 2NI2 1 EZNFYFN ORKITZS dinjiNyRit $y51
tobermoritu h 6 NI TS 1 a & nVSyZatat 2aGA yI Yy20aioN alfl
af 20180 wnYSyeée ySoeteée (1BNEDONIYNOYWSEF SANHEY & ¢ZNP
Fgeaz21S AYUSYyT AGRFRARNODBDYNS t Ay NBSVW TOR VA ES Y T A (
1002 alfl RROXE A Y dz T S&ESyNsde ON AidaNR|Odz Y2 dz 0 &
AYiSyTl AGeé LRR2oyS 21 {BR dRNNSRDOKEE N@KI D2 BINYz4A &
2 LIS (poklebu. M2 af SRYN njl RS o0&t N IAyIiSy Y Syitey 2 R ATFME
G20SNXY2NARiGdz 4S 1 geOSyey YSNyeyvy LRONDODKSY 1nSy
YOLYOGAGI GAGYN - w5 Fylftell LkRajedtr T I2NYI BS

O R2 LR2RNt &S aPt eNJrqzz ySgelt i fte YRENRG&PN t hj’
adzoaiGAldzOA aJNall doavinnl t SYV RO WRYyRYyayVyORHSE?2

GSYSn B viigmN® SYNSINSNBY Y NY @1 2N] SYPYYRIOATNIN O é
G20 SNXY2NAGdz 68t TFIyFrYSyty yvIi TH1tVzl§ NRIT R]
seSYYyS2ON 1nSYAG6AG2dz af 207 2 dz: 2 6 £0 (BN @S | KS3HD !
YY20&aiON G206 SN)Y2NRA Gdp L LJ2 RNES K288 & Rigdd NG 10 Ya

63 {1 Sy20FON StS{UNRYy20t YA{NRA]2LRAS
VLINN& LIS @1 dz 242dz NBLWET 8V EORBF0Yad 0026/ K, By byla
I OKeOSyl LRRadGlFil TYSyeée Y2NF2t23IAS (G20SN¥2N
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SEM MAG: 10.0 kx Det: SE L MIRA3 TESCANJ  SEM MAG: 10.0 kx Det: SE L 1 MIRA3 TESCANJl  SEM MAG: 10.0 kx Det: SE MIRA3 TESCAN|
SEMHV:200kV | 2pm SEMHV:20.0kV | 2pm SEMHV:20.0kV | 2pm
AdMas - FAST VUT Brno AdMas - FAST VUT Brno AdMas - FAST VUT Brno

hoNY T Sy NY|SEMclzEkyga 2SYy2a8¥%N onnn OY
a) vzorek s 0% skla, b) vzorek s 50% skla, ¢) vzorek se 100% skla

I 20602dz LI dzOA (e OK 28YY2AFRt2AGARNBETYE dd VB¢ S
YY2080 0N &1t @S o1 ¥RNIz® Y b L2 @ NI SR A BH 2 Niadz
2a42dz OARAGSH)weSzorkul® 22 NI ZdzaAfyS {NBRalSHe (20
38t SY LINRLIR22dz2NON T NYI 53NBIIldz2c2D|BetlR2RIR
tobermoritu, ato jinak W2 R206 S &Af yaBRR2SI E&EX2@a18 @F OF NR
100 alfl 2a2dz LI GNYS RNRBOYS | G4Sy{1S {NeBAGFT 1
OStSY LIRONDKdz ' Y2NFYNK2 T Ny o

R

\ P |
< AN
{ ¢
L 4 iR I “*\
VES smay AN "’\\a; R
SEM MAG: 10.0 kx | Det: SE MIRA3 TESCAN|
SEM HV: 20.0 kV 2pm

SEM MAG: 10.0 kx Det: SE i1 © MIRASTESCANJ| SEMMAG: 10.0 kx Det: SE il MIRA3 TESCAN
SEMHV:20.0kV | 2pm SEMHV:200kV | 2pm
AdMas - FAST VUT Brno AdMas - FAST VUT Brno

hoNY T S{{yNYISEMclUzEkyda 2SYy2a%N cmnn OY
a) vzorek s 0% skl) vzoreks 50% skla, c) vzorek se 100% skla

AdMas - FAST VUT Brno

t nfjA LRNROYLYN ayNY1l4& O12N] A4 &g 2800/cgieN | nSYy
GARAGSE Yt TYSyl Y2NF2f{23AS (G20SNX¥2NRGdzd b}
1 NjSYA62AQASYy eadaNd2dz BARAGSEYS @St YA R206nS @& g
L2 &0dzllyS RNROoYyS20ONZT & NR&G2dzONY Yy20ailioNY &\
t 2dzOAGN a1t 2112 &dzo&adA(dz0S 1 nSYAB6AGSK2 LINA
Bl 2N] dzz LR 1 dR (8d&2 d2RNRY@& @t 1 KIFARY B t S WY DH( Mdz0d
geat SRMNMOIGS SR2 pn 2 adzoadAiddzOS LIN&(dz a1tfSY 1
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pevnostiNB F S NBGNEIIFKR A 1+ 12 0SK2 12YLRT Aldzd 5402 R4
SigeS &aA0S NBIF{GAGYyS2ONI .28 al Kldz2Nt IGESOGINY AR Y S
6SYdz R2OKHT N 1S TLRYLItSHI MRS i NEBRET A2 K2
YySR2aill G6S1 LRa2AG20S F+1S LINB LINRLR2SYN 1Ny
mikrostruktury tytoR 2 Yy S0 RLI2 NHz2N® %YSyl Y2NF2f23AS (2
KNI 2S dzNBAG2dz NBfAX aiaSaysS 2112 Yy20ai0N (G206
suroviny6100cAk 3 20 al K2@Ff & Yy2KSY ONOS (20 Fdy2NR Gd
FfS LnBada dzii$diyzac ySYSttr @GtA@d yl @éeat SRy
LINjSRLIR2 1ttt Rty2d {(GS2yS Gl 1 Y2NF2f23AS (20 SN¥;:
krystaly jsounositeliy A ODIRGK 2 & G NI Y S XF 2, indBsh B feaiel [56R Ale v

G2YG2 LINNLIRS 2S5 G2 yIr2L11® x12N)Je& a R20onS 0o
pevnosti v tlaku.

/|2 a8 (ée6s8 gf A ddz oMPIKMIZ2 00erf 2Y SNGASKRSy 25 OS 2
tvorbu tobermoritu, 02 4SS Yy20ai OGN A Y2NF2f23IAS (es6So
1NSYAG6AGS adiNP@Aye ayt 1 S NBI LMzaGyt F T FLR22Af
bl RNMzK 2 dz &3 (- NJayLd2 GinN\SY® 200t Yy I 6+ ad LI YyAODF =S 1 GSNE
BT 2Ny dzz 020 aS LINR2S@OAf2 yI Lk1fS&adz LISGy24i0N

6.4 2#+t=w
t fNaLISPS| aS @Sydz2S @f A Jddz Yi SASIKR] kingodit® KIS K 2
I &d2dz6F ay S & ftAS RASNS/ S 24 A JRAENIK d2 adlia G dzLIy N & dzNB & .
%S T NallyeoOK LRITylLil14d 18 aidly20AiG yt at SRdzeN
T tnNG2Yy2ad YiSGSK2 aifl LR2RLR2NUHzZS (02NDdz
Bl 2N dzz |t S az2dzéalySdzagihDONREP LISGy2ali O
T %l YIFEAYtH YN &dzdd BriLdadp OB \idojAa 1 Siy2 & dzo -
ky S 2y Apokieplpekmosti tlaku.
9 .&8f2 12A00Sy2: 0OS LN 2RA/1A&SIa (unkdel pldivat A O S
tnjSaidz2 25 Y20y S | NE A& Iy IAONI2RIA BXZNRIGS yide dzi| §
OS 06dzR2dz YA OON (R 2 &IdD XK 2LAZBYNONIGR O
1 %@SGOSYN @St Al 2a3d00 ciWSmMIbRB &tk B2 WRIDRdzI I y1t &
GeNITysS 1 0eOSyN Yy20aiG@N (20 SNYpddostidz FS ¢
vt 1dzz {GSNY oéfl (12yaidlyidyN o0ST @t Agddz vyl
kit SNHzZ OS TRNRBOYSYN @alGdzLly NK2 Y| GSNRY
VLINfNLIF RSE 28t A G(nSol LijNaB RS2 NBEIT Adch ¥ ¥ Si AY
gt I aldy2@iN AQHLIYRSK2 12YLIRIT Aldz a8 (202 25¢
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242dz 11dz0Sy2ai0A 1 GeNRBOYN LINF ENBYWE iN Oy &1 /B S
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t21dzR &8 el 1dzy @SydzeS @edzOA0N RNHK2{Gyeé OK

G§SOKYy 2t 23AA dziz21ftt @20y SK2 [ REd S DBy d 0XKE @
12yT A40Sy0S WedB oAt GOBSEN ol $2YSy Il | R@2dz Kt |
T OK20tyN G6SNLI (0Sty2aiGA LINaA]120e0OK &adzallSyl NI
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12yT A80SyOA YAOS R22Ni 1 §gyAldz @92RN1dz 2 a
Ky2de T LRYFIfSyod tsNRGAGE adN¥zl GdzNI @1 yAlt &L
LJs NA | trhin@2 Nb S
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T%MMGWZTOZMJ@&G@UYNQK & dzNB QA Y “
Jednotka Ygﬁ;é W Ssokli [ Struska E]; I(_jjji\lfF [pongz f

Obsah Si© [% hmot]| 92,91 70,90 51,00 38,05 38,40
hodt K OSt | [%whmot]| 023 10,96 4,37 17,76 12,99
Obsah A [% hmot]| 2,53 1,98 22,44 24,67 24,60
hoal K aNNJ [9% hmot] 0,02 <0,1 1,11 5,44 5,40
aSNYt KY2( [kg/m 2700 2560 2610 2740 2510
aSNyée LE23I [mikg] 240 293 298 295 250

+eaf BIRERSOONY
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1nAdlie T NyadGz2adar LiNSR | L2 YESiNe® wSOe Of SR
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Particle size distribution
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—FBC ash = FBC bottom ash - produced --FBC bottom ash - milled
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Water absorption of raw materials
250,0

200,0

150,0

100,0

Water absorption [%]

50,0

Quartz sand Recycled glass Coal slag FBCash FBC bottom ash
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Results of consistency determination
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liningd t njA G OONOK LIRRNfSOK 2SYYeOKINMYy aal3c2bp8
LISOY 23 0dA P nffBMAGR GSK2 LINa{dzz 1 0SNef SAISS oONIV2 (21¢
valounky ¢hamotte blocksa@ & I R N @ Furnangeiding. O 6

Tabuka9 CE8T A1+ E YN Gt ady2ada

Vlastnosti aSNYyt KY2{@®y aSNyeé LIZGINIbl at | b}
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YySYIF2N géelylyYyye QfRY §JURY | PeiMSTNSHEY SEA | LA
WSTSNBYS6YyN @1 2 NHilnjRREDLE DNR2 DB Ky | 1008 gYRyaiivnt gy Si ¢
n atl | 202SYYUBA KPEIRGBL2\VEAINY &6 & wmmE: | omE:
af SOt NBy afaénitydaiNG C8Mn B C{ on0 RRtaH K o 3LyS Cayt2lads N
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