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ABSTRAKT

7DWR EDNDOi VNiIi SYUJFRHFKIO RDE@G8MDYOLFN\ DNWLSR®BRp VWL
JIFKMNWKORULGS$ YH IyRsbliR DN BEGDRN\ DNWLBRIWDOPP VOWXW hPX
PHWDNDROLQX D FHPHQWRGESIEPBEWNWERSBMUWPRWLEFK\O\ YROHQ\
SRWHQFLIiOQt |GURMH KOLQLWDQRYéFK LR@MRAY WL BA\KVCREUF Lk
VSHYQéFRtNFKRYMH Y élyk stdhsveo WLWUDFt GOH 9ROKDUGD 3UR
VORA&HQt Y]RUN $efgedmR YS R B LUNDIN p@&R SO @rhlametrickou a
GLIHUHe@pd®du DQDO érikka QHMYtFH FKORULGS$ BAWRYVpDEK\F
REVDKXPAMHFHQWI VNp @BERD &SRR PHWR VI\VWpPX GRAOR NH WY
soli 8 S tRiwhiny a metakdmuse FKORULGRYp LRQouze/D]®ORNESTFW U Q
C-S+ li]L

ABSTRACT

This bachelor thesis deals with chloridending in alkali activated afjy and tries to bind
chloridesby adding metakaolin, alumina and cement bypass kilntdusRUP )ULH@GHOYV VD
alkali activated systenT.hese admixtures were selected as a potential sources of aluminate ions

that are necessary for the formation of this §die amount of chlorides in solid samples and

in leachates was determined by Volhdrdation. To find out phase composition-pay

diffraction and thermogravimetric and differenttaermalanalysis were usedhloride ions

were bound in by far the greatest extent in the pastes contamrimgnt bypass dust because

only in this casd-riedH O { \Wwag fo@néd In the case of alumina and metakaolin chlorides
werebound likely via adsorptioon GS-H phag.

JEYy29E 6/29%
Friedlovws$OFHPHQW i V NpeRKa@it BldnhNnia
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&+%$',08 - ORAQRVWL Yi]l]iQt FKORULGRYéFK LRQWS$ Y SURVW
Brno, 201951s. % DNDOi VNi SUiIFH 9\WVRNp XpHQt WHFKQLFNp Y %
FKHPLH PDWHULiIO$ 9HGRKFt SUIFH 90DVWLPLO %tOH

352+/EAa(1E

BURKOD&XML &aH MVHP EDNDOi VNRX SUIFL Y\SUDFRYDO VL
JGURMH MVHP VSUIYQ D ~SOQ HleWsRavobsahu ¥hé&)dtkBnOfFakUtlyy S Ui F F

FKHPLFNp®B® YD P$aH E&éW Y\XALWHP NVHH Q@ RAH Y RF KFO DVHHE® Y |
EDNDOi VNp SUiIFH D G NDQD )&+ 987

podpis studenta

3RG NRYiQt

&KW O E\FK SRG NRYDW YHGRXFtPX Pl %DONNDFOY LV N3K S U]BHF HQ
UDG\ RFKRWX S L Y\SUDFRYiQt EDNDOi VNp SUiFH D pDV |
VODERUDMWRE\FK FKW O SRAAMRIDPMFRYL 3K ' ]D JP HQt Y]R
TG-'7$ D ,QJ -L tPX OiVLONRYLL 3BOYMNRYp/KFLP HQt QD S

GLIUDNWRPHWUX D Y\KRG QRFHIR V] OVHNDI & FXG VIBRHRQ\GPEBP N R
URGLQ\ NWH t P SRGSRUREDGOD D RRMKRRYDOL E KHP
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1 092

+ODYQtP GSYRGHP SURp E\OR WV PD KADp WRODW BRSIPARIIRFQRW i
RGSUDAN\ NWHUp VMV \8IPXNIDOLLF IB\R DN W L YRQY B QpW QW UKW
SUREOHPDWLNX DNWXiOQ H&t HYURSVNEé& SURMHNW A x|
YE]NXPX QD )DNXOW FKHPLFNp KIOFPYQtP FNRR Q @/l Q/iMR WRHEF
REVDKXMt VQDGQR UR]SXVWQp FKORUL®YHNRVFHIDR YO\ &EYPW 64
SURWR MH W HED W\WRSRIGREU IKGG SBEWQ p PiIFKWSYRGXNW $

&tOHP WEWNMWHUI YOQYN@RWWL QD ]P LieRiyD\QED 8 DRAVRH QWM Y t
]JDFK\WLW FKORULG\ NIGINDPOMWRX REWDERQPQYP V\VWpP X
koncentraciYH YRGQEFK -DARX]SEKINXU]JRU EXGH JYROHQD Y\VRN
VWUXVND D MDNR DONDOLFN &vBditaN.0 RW RUVRX RS H F RO HQIRQ
VWUXVND QHREVDKXMH FKORULG\ SURWR EXGRX FKORULC
GUDVHOQpPKR =iFK\W FKOR UGN WX EPSRESRRIKQDIB X P \Q D
FHPHQWIi VNp RGSUDA&N\

%RGRX Y\WYR HQEXFRRINSRN@IRUPJYROHQRX GREX YH YRG N
3HYQp Y]JRUN\ D YRGQt YEOXK\ EXGRX SRGUREHQ\ WLWUDF
NWHUpP VI\VWpPX VH FKORULG\ |DFK\Wt QHMYtFH O9\EUDQp
UHQWJHQRYp BQEPDNBQt DMQHUPRJIJUDYLPHWMHUPBDRNPO & HIHU
(TG-'7$ 3RPRFt LQVWUXPHQWIiOQtFK DQ D O \#%tli F/NHé PKWPHRWMR G
K\GUDWDDPQt SIDRXRPNW KWELHGORYD V$O0

3UYQt piVSWHIMWHD Y XMH WBROQHVWPBEWOFHRGINODGHP WHRUH
Y\WWRNRSHFQt VWUXVND NGH MVRX VKUQXW)\ J[INODGQt LQIR
'iOH MVRX ]GHQOQPKERMQW YD Y \RBYSPU DBMNNOL NWHUEP MH WD
G OiQD YRGQt WNsQIRNDVHWIpHBORY KODYQtP K\GUDWDpPpQtP S
SHYQ Yi]DQp FKOWRHRMGHWRGEGEXNpQiIiVOHGXMH H[IS\HUH B H QDN\Hbit@Q t
YEPWHP SRXALWéFK PDWHULIO$ SR NWHUpP QiVOHGXMH SR
Jsou zde shrnuty metody NWHUéPL E\O\ Y]RWN\DEFRVMGFHIREPIDGHQ QD WL
O9ROKDUGD NWHUp VORXALOD SURHBQPVOQHPN RYGIREOREH Qt F K (
YEOX]9ENOHGN\ MVRX S HKOHGQ JUDILFN\ BIYHJHPQ/RYiQWD
SUIFH
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21 $ONDOLFN\ DRDWIM R YIODQ p

$ONDOLFN\ DNWLYRYDQp PDWHULIO\ MVRX SRYD&RYiQ\
kpRUWODQGVN pRIG DHDHOWRDHKD VQtaLW NR RFYHQMANDFH UK 2
YEURED SRUWODQGVNpKR GHPH QMR EREBBRYp VXP\ NWHUp
GR DWPRVIpUILFPPQ/WDPRWQé SURFHV DONDOLFNp DNWL
SYRGQéPL DONDOLMNEPL WRRW RINRURJLYQt YLVN{JQt D 4NRG (

$ONDOLFN\ DNWLYRYDQp PDWHULDDXNPVYRR WIEHRUEBHREY R FU H D |
DONDOLFNEéPL DMWRYWWYREMNEGEXMNW 7\WRKRBR VER WL YOX PIRiQ\ Y
Y\WREH N YoBt@hed @ k&&micel HMSRXAatYDQ MatPL SUHNXU]JRU\ SUF
DNWLYRYDQ&FK PDWHULiIO$ MVRX SU$P\WORYp GUXKRWQp V
struskaD SRStOHN 'iOH \étakaolidtS RWONPXFRO[ZMD ANYiUD

22 $ONDOLFNp DNWLYiWRU\
1HMpPDVWDRINDZOHLWNNp DNWLYDFL PDWHULIO$ SRX&tYDMt K\GL
GlukhovW N\ UR]G OLO DONDOLFNp BaNWBNYiWRU\ GR 4HVWL VNXS

Tab.l ' OHQt DONDOLF Kd&RK= Ra\KyL[3 i WR U $

Skupina &KHPLFNp VOR&HC
+\GUR[LG\ DONDOLFN MOH
6ROL VODE&FK N\V M2COs, M2SQ0s, MaPQu, MF
. HPLpLWDQ\ M20 ASIO
Hlinitany M20 AAILOs
+OLQLWRN HPLpLV M20 Al203 & 6)Si0;
SROL VLOQEéFK N\V M2SQy

ZYEAMYHGHQORNKDOLFNEFK DNWLY iWRY $aOASOXa NBRQ; 1D

Y\X4tYiQ\ QHMYtFH D WR KODYQ GtN\ DY pyWKIDE PP QL G\RE\D.
WHVWROYDERYDWR tFK QLFPpQ MHMLFK Y\Xgdokéucéidd. OLP LW R
VODVWQRVWL VRGQ&FK D GUDVHOQEéRK KVD&RXD 8 QEQp MDMNRXL
Y\WRNRSHFQt JUDQXW®RW R G ML UEXDIR\ SRXALWR VRGQp YRGC



23 9\WVRNRSHFQt VWUXVND

Struska MDNR VHRXOQRYUQD S L YBURE 4HOH]D MH pDVWR FK\E
SU$P\WORYpKR RGSDGX 9H VNXWHpPQRVWL MH WHQWR SURC
Historie Y AX &Y WU XV N\ NWHUi PB\8 R X & { © EEDWNEINBEAX G RVOIR E \
tiH6 LEOLAQ S HGLQp VWWLAWt E\OR RMHGLQ OpkiydseNVH G\ GF
YHONp PQRAVWYt VWU X PRQ\RKHDINR S MRAIND WGRY p YUVW Y\ N
V SRV OHG Q tjE KnabaF\R HFEFR& Qi P D F\Ri®@cklovat GUXKRWQp VXURYL
odpad,D WR KO®INR@RJPLFNpKR D HNRODR MH NELKRY RO BGYRIEDS UR p
vVSRVOHGQt GREBWDN Y\X&tYi

231 3URGXNFH Y\WRNRSHFQt VWUXVN\

9\WRNRSHFQt VWUXVNDREH SHIGRIEDON X i F{ar. B) NSt @M/ N p
pecekychty) VH QDYH]H AHOH]Qi UXGD N W& BhRbBmEgh¥tit (E804),K HP D W L
AHOH]Q&/ WWRWNRWYRUQpP OiWN\ YiSHQHF D GROR®LW D !
redukovado 3RWp FR MH Y\VRNi SHF QDS®RQLGDpMEXNNRILPGR
chePLFNE&P SURFHVRBEX NSASIXSHBA FISRGQt pbiVWL YiLGRM@ SHFH ¢
Pi YH Y\WRNp SHFL IXQNFL RFKUXMGIQS YWYV K [L GIDVFRUY X DR |
koncentruje WWRE QHpLANW RWp QLAAt KXVWRW d Matind@UEXRANMb K/RV U X
AHOWIDIVW ML VH SRWp VXURYp AHOH]R D VWUXVND pDV RG |
Ca0aSi@ WtP YtFH MH RGVL RYiQ2SHUWUW RN\ SHJRNMVDG®@ AR E\ ¢
GR VWUXVN\ S LGDW ML QapWR PGP @AtWG EEKHKR LY S pl XFHD VW Q R V
WHSORWD WO85.Qt D IOXLGLWD

Obr.1 6FKpPDWLFNp ]Qi]RUG @ MaMaRpaveddi F H



232 &KHPLBNRPLQHUDOBREHAMRNRSHFQt VWUXV N\
&KHPLFNp VORAHQt Y\WRINR SHFQHO MBURKION\ UX G\ NRNVX D Q
VWUXVNRW Y ROUKFERKF 8 p \OOQAD O €]\ Y\ V RNNRIS| X MQ t FakH VWY BRXV HDIN/ W

bW\ PL KODYQtPL R[LG)a ARDs2 NI2H WBh X YA Qnidikdosti celku
h [5].

Tab.2 3U$P UQp FKHPLFNp VORAH@®I.Y\WVRNRSHFQtFK VWUXVHN

60RAND ZDVWRXSHQt >
CaO 3245
MgO 545
SiO, 3242
Al203 746
S 12
FeOs 0,14,5
MnO 0,24,0

Struska NWHUi MH SR\WRNW)ISSIEH U\FKOH F K Q\DY RQMW REYIL W/éi Q
QHNU\WWDOLFN& PDWHULiOv 3VRiR INQN WM D BK Q D YWH Qft DWHIBUHL NO X
PLQH[tabBB 1HMpDVW ML VH WYR t DNHUPDQLW D JHKOHQLW |
'DO&t PLQHUIO\ MR \SORWR\PLO DIIOIDWREREE H\OVUXVFH 1DS t
PLQHUIO GLNDOFLXPVLOLNYVAAR WERDKKI MO XVIM RE tVSR V)
QiU$SVW REMHPX D QiVOHGQ&5JUR]SDG VWUXVN\ QD SUi&HN

Tab.3 OL QyMH VWU XV F rzdEthen2]3) Q p

OLQHUIO &KHPLFNEé Y] Zkratka
Akermanit 2Ca0O0J2A L2 CoAS;
Gebhlenit 2Ca0Al,0; 8i0; C2AS
Wollastonit CaO8iO, CS
'LNDOFLXPVL 2Ca08i0o, C2S
Diopsid CaOMgO 2Si0, CMS;
Spinel MgO Al ;O3 MA
ODJQHVLXPVL 2MgO 8i0, M2S
Monticellit CaOMJI2A6GL2 CMS
Merwinit 3CaOMJ2A L2 C3MS;
Anorthit CaOAIl,03 2SiO, CAS,
Sulfidy CaS, MnS, FeS +
-LQp FeO, FeO3 +

10



233 )\[LNiOQt YOD\VRERRYMAQt VWUXV N\

Struskaje ZY \WRNp SHFH RGSLFKRYiQDVREN R BAVDKKMIHQ D R NoX B Wi
3RGPtQNDPL S L NWHUE&FK FaK OBGYW M B NGWDDVIIER XD YONDHRFA N WY t
YHOLNRVW ERPRBRX MNWHIDR X W]D QKK QORWMEHMI/NPANNP WHG\
UR]JKRGXMHPH R NU\WWWDOLQLW VWUXNW Xjakou chholégW D SR
FKOD]HQt [YROtPH O]H UR]JOL&LW W I[5}iNODGQt W\S\ Y\VRNR

XV]GXFKHP FKOLDRNRBEHFQt VWUXVND
Xx JUDQXORYDQi Y\ WVRNRSHFQt VWUXVND
X HISDQGRYDQi Y\ VRNRSHFQt VWUXVND

9]GXFKHP FKOD]HQi Y\WRNRSHFQt VWUXVND VH QHFKiYi JWXFk
SRGPtQHN 3URVWRUHP SUR HXOMMHUI WHU X R ED HEe YA WRIRp
FKOD]HQt O]H JU\FKOLW WtP &H VHR XD ]$/WADUNM [ K BRIV YA NN X
XVQDG XMH PWD @ISXOBIRORPKOD]HQt MH VWUXVND Y\NRSIQ
SRADGRYDQRX YHOLNRVWUX\ERW NV VRO R E\FKIE PAO DR SFODLI QVHRY
IHMYtFH VH SRXA&tYi GR SRGNODGRY&FK YUVWHY VLOQLF N
AW UN X &HOHIBILPQtFK NROHM

*UDQXORYDQi Y\WWRNRSHFQt VW0X%VNRF KI®IDHERIE®X N R WOLY HD
6WUXVND VH QHMpPDVW ML FKODGt YRGRX DOH FKOD]JHQt Y]
Y\XAtWFKiJtWN RUE SURGRNWX SRGtOHP ¥RGOQPH]IHVNHOQI
NU\WWDOLFNRX li]t MH GHiRQHO\G & GRGWQ ¥WOUXMNNItREVDKXMH
NWHUp RRUMKXMPHGVNE FHPHQW OL&t VH YADN KPRWBRVWQ
alkalicky aktivovat aS R G R&k@pRUWODQGVNEé FHPHQW Pi H[FHOHQWOQ't

[5].

([ISDQGRYDQi Y\\WUSANRIS WRYOWEMNMHP J]SUDFRYiQt UR]JWDYHQp V
PQRAVWYtREYRGE\GQEé SURGXNW MH PQRKHP OHKpt QH& Y]G X
struska. Podle toho, d Y HOM@RAVWYtP YRG\ D MDN U\FKOH VWUXVN>
YODVWQRVWL SURGXNWX 5\FKOHM &0 IPKWOQ RVALR P V BIU BQD
Y\WRNRS KK\ WVSIURGXNW REVDKXMH Y\ddat SRGtO VNHOQp
S LEOLAXNOHDPMW ®RVWHP Y]GXFKHP FKOD]HQp Y\WVRNRSHFQt
PQRAVWYt li]H[BLU\WWDOLFNp

234 +\GUDWDFH Y\VRNRSHFQt VWUXVN\

6WUXVND EéYi RIQDpRYIiQD MDNR ODWHQWQ K\GUDXOLFNI
K\GUDWXMH YHOPL SRPDOX RY&HP Y S tWRPQRMNMHENT Ml
K\GUDWDFH YéUD]Q XU\FKOt D UR]JYUOQ.RX VH MHMt K\GUDXO

.G\& MH MHPQ QDGUFHQIi \RBRXVNOY V®ORKVBDGR UR]JWRN X
YiISHQDWE&FK LRQWRURFRHSNRSXVWQp JHORYp YUVWY\ NRO
GRpDVQ ERJOXAW Qt VW WXV NS KBLEPYYWpPPX S tWRPQ& QDS

11



SRUWODQGVNEé FHFRQW\GEDWDFt WULSGBOBLZPNDOENXPX LO
(C2S) reaguje gelovou vrstvou za vzniku kalcivV L O KNGW (CGAG-H) a tetrakalcium

aluminium K\ G U iGAXl13). Pokud jestruVND DNWYYWRRDQGPPHQDWEP Y\WYi t
C-S-H 1i] H ettringit[6].

SBRUWODQGVNé FHPHQW MH YHOPL GREUé NDWDO\]JIWRU SU
KODYQt NRPSRQHQW\ NWHUp VWUXVNX DNWLYXMt 9iSQR
UR]J]SRXaW Mt SUY QWY R WINREOKKES Pi WM L FEcRWUWXIWRIX SSRG\Rp NRQV
SYRGRX 9é6VOHGNHP WpWR UHDNFH MH W YRUEDX YW M aY U \
S$YRGQIDIWON YREGIMIEt SHQHWUDFL 3RNXG MWRIXQ RiWWIL
roztoku Q D V\F H Q ilsKH&Awvity, hydratace strM N\ VH JU\FKOt B YQRRIEKi]t |
NU\WWWDOLFNE&FK K\GUID.ABhQtFK SURGXNWS$

Obr.2 6FKpPOWEBBRPHQt K\GUBJWDFH VWUXVN\

12



24 &HPHQWEWNDPV\RRGYU D &N\
&HPHQWiI VNp RGSUDAN\ MVRWEYRBOWK BIPGCYNR &R NFHHPMH Q W >

0 SUIANRYLWE& PDWHULi6&pRUKNOHGERV NDRXXR ERP FHIDOWX WHFK QR
YEURE\ PRKRX Y]QLNDW RGJat® 5N\iFBIS]QPERY W SEBRMXALWtP

FHPH QIWHiasové FIRG S $D&XN3' 3URWROHDOLFNp FKORULG\ S
W NDYp MVRX XQiGdHQ\ SURXGHP SYHGHAK XNRBIPR RPiNX GBI
NRQGHQRQMHQWUDFH DONDOLFNEFK FKORULGS$ Wab ]JiYLVOI
NRQGHQ]DFH MH QHAiGRXFt D SHRM RDMHGHD |BWE VWK BIRWH
WUDQVSRUWX DO N DS HBM&F KY BRIPR B LGSR RPERS DADWYH VHQTY 64
VSRW HED HQHUJLH D SURWR Mh B& S PD HNY VR & Y BNUTKX QRIE V
bi®WKUDMt URO\ VRUEHQWX D VRUEXMt QD VHEH SO}Q\ NWH
NGH VH &%342VYR t

241 90DVWQRVWL FRBSQWaNNEFK

&HPHQWi VNp RGSUD&N\ MVRX KHWHURJHQQt MDN SR VWUIQ]
&KHPLFNp YODVWQRVWL JiOH&t QD YVWXSQtFK VXURYLQIiFK
&KHPLFNp VORA&HQt &%3' VH Y@UDD@N® L 3R RFEH R PAY B MY &F B HRY
D DONFGIPtHQWi VNéFK RGSUD&FtFK MH ]JiYLVOi L QD YHOLNF
Y\WRNé& SRGtO YiSHQFH -HPQ M&t piVWLFH MVRX FKDUDNW
DONiOLHQWHHQRY flu@dstehDeNIV@RIX ¥ &% 3' [IDVWRXSHQOW\WR VO
SiOy, ClY, SQ;, Al20s, FeOs, MgO, NaO a TiQs [13 5],

CBPD je SUIiANRYLWEé PDWH WLH O DAHLGQ EQWNRX SRO\GLVSHU]JLV
PolydisperzitaY HOLNRVWL piVWLE ]iYLVt QD VDPRWQpP WHFKQRC
FHPHQWi VNEFK RGSUD&aN$ FKHPLFNpP VOR&HQt FHPHQW,]
OD[LPiOQt YHOLNRVW pBVMMWR &NHHMV R XPPHPHQWi VNp RGSUD
VW HhM@Qdévm jakopRUWODQGVNE VOtQHN D QDY]GRU\ WRPX &H
SRGREQpP FKHPLFNpRVUWREHDG VMBNRHPHQW E\OR Y\SR]JRUR
FKHPLFNp VOR&HQt FHPHQWi VNéFK RGSUD®MNS$ VH OLA&t FHPF

13



25 9RGQt VNOR

9RGQt VNOR MH YRGQé& NRORLGQt VR PMDRK RO OGNWDIDMH O @ I R RN Dt
Y]QLNDMtFt UR]SX&W QtP-1¢6 HPOQKEWPKR DRNDOMHF NRG 9RGQ
vzorec MO ASIO; (M = Na, K, Li). Teareticky hodnota koeficientm P$aH E&éW MDNpNR
NODGQp PURWMR E&Yi VORAHQt YRGQtKR VRADIQaAMhBRW WH PF
SidaM:2 NWHUE \WH HPRipasuinas(1)][3; 16].

L

(1)

+RGQRWD N HPLpLWpKR PRGXOX NRPHUPQ Y\WiBRJOFKtW\SS$
RG D& GRLPR N HPLPpLWpPKRFRRGXOWHUL]®FL YRGQtKR V
SRX&tYi MHKR KXVWRWD NWHUi SRVN\WXMH LQIRUPDFL R N
VNOD GiOH YLVNRJLWD D KRGQRWD S+ 9LVNR]JLWD YRGQt
hodnoW N HPLPpLWpPKR PRGXOX Y&FKR]JtKR VNOD 3 L SRURYQ]
VSRWD] 4H YRGQt VNOR VH FKRYi MDNR QHQHZWRQVNi NDS
]SS$VREX P HQt +RGQRWD S+ MH WDNp IXQNFt AR FINFND KR
9RGQt VNOD MDNRAGR/D K| VDRWO IVRO/NR\X HOD RPQ[3;REENDOLFNI

9RGQt VNOR VH SR XA$DiSMDHNRY N pIS ISAUBR\VOX MDNR S tVDGI
SUDMAKEYMK SURD VE BIGANF K GHWDHNRISEWBYR S L YEURE StVN
VOpYiWPQEK\WR ~pHO\ VH SRX&tYi S HGHY&tP VRGQp YRGQt
D WPHOS$ YH VWDYHEQLFWYt VH SRXEt BiR @®EIDNVOLEOVRID R 6
SL YEDRERDOLFN\ DRWWHRNDMEFRUR QIMERNRpMYKRALEDER\V (
SRGODK\ VSHFLIiOQt SURWLSR¥H GRROWBMLEI©pQEDQ i DR
OLWKQiOVRE&QR D CALWDRASD Q R

I\WYU]RRI@QtKR VNOD MH ]S$VREHQR WY RUER XGHVO@X GINXKH O
UHDNFH DONDOLF NDKR HPHPHLO L MDDSP W H Y ] GXKEXIXp LWHRAS G\G

rovnic[16].
t <oE ¢ o\ uEt<u3%°¢zt®<ti 2

VeGOHMA&tP SURGXNWHP Y\WYU]JRYDFt UHDNFH MH WHG\ SR
SR\I6).4
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251 9URED YRG@GQtKR VNO

([LVWXMt GYD ]iNODGQt ]S$VRIES)Y SWREM ¥ RE\G tkFR WHN § DU R E T
skla ZpHYQpKR N HPLpLWDQX VRGQPpKR QHER G(GDMHGEDIKR 3t
Y\UIiEt JH VNOi VNpKR StVNX YH YPQRYg $BISIRBRFWBHGROR®/L
WDYLGHO NWHUEP ,CHBAHQHEW SRWDABSROWDYHQI WNdOeRYLQD \
]JFKODGt DESRSBREOM It QD PDOp piVWL NWHUp VH QiVOHG

PDWHULIO VH SRPRFt K\GUR[LGX VRGQpKR GUDIMXVORINKRY XYR
QD WHNXWHIMRGQt VNOR

DruK&éP W\SHP MH YEURED YRGQtKR VNQDVMK\GHRWH SRIORE QW
WV\SX DOH PtVS&/@®RHMBKIR HINEWPYRLWDQ VRGQé& QHER GUDVHO
StVHN S tPR GiYNXMHDER/ PNXGIRNGRBH QIR VWL Sokidd XANpKR K\C
WHSORW\ D WODNX SRWHIM]QLNi WHNXWp YRGQt VNOR

Obr.3 %ORNRYp VEKpPD YéWREY IHGQHRNY N O D
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26 9i]iQt FKOREtam$ Y

6FKRSQRVW FKORULGS$ WYR LW K\GUDWDpPpQt SURGENW\ D V
KODYQtP WpPDW MR N vSYIFRIYpP URJWRNX JY\AXMt SUD)
NRUR]JH RFHORYp YREW VIR DWW € HEWRQ®RZp & WERINW XEG\& YRO
FKORULG\ QDUXa&at W]JY SDVLYDpQt YUVWYSRGCHWRBRWp REKWMXD:
YUVWYD QD SRYUFKX PDWHULIOX NWHRUWRKRW YR RRXLGIB HAD
SRMHP AFKORULGH WKWMNMMKROEB\ YHYBREA BAHQRRENV DK FKOTF
NWHUé& MHWSRAX HEDB\ NDSRpD B SURKUR ] Nkl )JHRAa YHGH
REMHPRYp H[SDQ]L D NDWDVWUIRIHOPR$EN EBWVATDISRMRR|®G:
KRGQRWD PROiUGIKR GHRKREQRW\ &7/ GDQpKR PDWHULIOX |
VSRGVWDW L S HGSRY G W MDN (EbB VGVDRNECR X (HROGH W R QR \
bude QHXVWIiIORYBIOORULEEDFKRP J]Y&@ELOL KRGQRWX &7/ O]H ¢
inhibitory, jako jedusitanY i S H Q1D ®2¢

9i]iQt FKORULGS$ MH \GIRVDR/IDQRFMBRLIENE PN i ORREFNY NHL NG\
FKORULGRYp LRQW\ MVRX SHVIRHERHER\ @D MIRYQ FIHH&K\GUL
VIVWpPX &KHPLFNé SURFHYGRXERK\MEQMBIDW E X FsA@RRL Q i W >
tetrakalciumaluminoferitu (8F) &KHPLFNéP SURFHVHP Y]QLNV$S@HMpDYV
neboli  hydocalumit &D2:00&D&O0O+H2 D PpQ bDXMAQOMRYD V$O
&D2,80 &DFH2 &D&QO)rebolikuzelit 9i]iQt FKORULGS$ P$aH EEW R
Q NROLND-HBNWRYIWRUS P$&H EEW LQWHU NMNRBH FIK DRQWG RN @
jsou vVRNROt S tWRPQ\ -H SURNIi]JiQR &H VtUDQRYp LRQW\ VC
GRNRQFH GHVWIEQ®O EKXVRUMIGA %\OR WDNp ]MLAW QR &aH Wl
Yil]iQt FKORUQGEFKORULGS E\OR QWNMUVY DB GQ MEE YIIBRPER
QRY Mat VWXGLH XNDIXRt W& CROW Yt RMHH ptBzN konGeditatl AL Wp E
FKORUUBYWRXFt WHSORWRX VH VQLAXMH YithQrR KRR GI$G $
QDRSDN S L Y\ WVRNéEFK NRQFHQWUDFtFK. FEORULW X @/lHHYANQEL
d&H UR]GtOQp NN, ICRQWNWIHDUp MVRX S tWRIPQQIPIMiQW FK©® R
VFHPHQWRY éFKaPD@tHIH. iORBYER. N X
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26.1 JULHGORYD V$0
JULHGORYD V$0O E\OD SRSUYp ]PtQ QD * )ULHGOHP URNX
YiSHQHRIbIidMKOLQEMMEE\OR JPUQHGBGORY VROL VH WaRiNip Q NG\
D EEYi WR QHMKDGWRWSH Q tRIBEY R & X R W KRWDLALEF N\ DNWLYRY
PDWHUKLDQ EF® [DFK\FHQ Y&HFKHOQYSGBROE RO BEmPS®.
JULHGORYD V$0 Pi VESRPOIWK BSESHOUNIHGEROBRWSWRY SRXAat
OLNYLGDFL UDGLRDNWLYQtKR D KD]JDUGQtKR RGSDGX 6KLJ
V$O E\ PRKOD E&W VFKRSQD DNXP XBRAMINWIEQILIRSRXELYBP Q|
JULHGORYX V$0O MDNR PRGLILNiIWRU [26]0Y QWU RIG t FSKU RO HDV KX |
JULHGORYD V$0O ]DXMDOD VYRX W FRK\RPQRRB/SDVE QRF G NR B i F|
FFILHGORYD V$0 Pi Y\WWRNRX DGVRUSpPQt SRURYRRMEDDMWHA B LWV L
DGVRUEHQW\ 1DS tNONWHURLHBORY\QWRBWLIRYiQVyS L Qt]N
velice HIHNWFIRY §H WépH DGVRUSFH DBGISQOB®@ERNK D NDGPLD |

Friedow VROL MVRX ]JiVWXSFHP W tG\i ADDMH U Hi® $G RXE B Ui KNG WOF
(LDH). 7pWR W tG PDWHULIO$ VH Q\Qt GRVWIiYi ]QDpQp SR]RU
vAaLYRWQRV WieHl@dt VROL MDNR B WIDEBRIEAMWXSXMH W tVWXS
rozkladu MDN MHWSDUPRQP D YLP HW U L folrp I8 WWQHAP A4\§ KQID P UR]

NWHUé VH YWHN\OWRXWIGILEF28Rf] ddddhydratace '"UXKEP VWXSQ P NWH
vyskytue vW HS O RW Q 2804J R |R§d iehydroxylace SRVOHGQtP YWORXQ HQM H
DOQLRYWRIOLPWLQ ADQLRQW H[SXOWDRIQ¥Ft M\MESEZBRWMH Y\YR

Obr.4 7*$ N LYND )URBIGORYL VROL

17



3  (:3(5,0(17E/1E yE67
([SHULPHQWIiOQt piVW REVDKXMH S HKOS$IRGX 8§ RW 8 IMDA KQ [P DWW
DONDOLFN\ DNWLYRYDQ pKdke VilNavilaqn /1 D @/ DtNp QDV W IMMHUBR S Vi Q

MHGQRWOLY&FK Y]JRUNS$ D MW 8RN HG\DD HIGRCSHLGH/IRE® Vi\G\t L F
PHWRG\ NWHUp E\O\ SRX&LW\

31 3 HKOHG SRxtHIUNL e K
CKORULG GUDVHOQé E\O SRXaLW MDNR S tP V GR DONDOLFN
FKHPLNiIOLH E\O\ $deVdbivda QD WLWUDF

311 YyLVWp FKHPLNiOLH

FKORULG GUDNVYHRBRHS PHQWD V U R
GXVLpQDQ VWYEHURFERE sbh.o

WKLRN\DQDWD£)Y OPRERME SHQWD V U R

VtUDQ &HOH]LWRDPRQ®BEE®REHANDBEN®WY % D R
FKURPDQ GUDPWHIREFS BHQWD V U R
N\WHOLQD GXWAWRERHDIHQWD V U R

X X X X X X

312 VIVRNRSHFQt JUDQXORYDQi VWUXVND

VysokopH FQt JUDQXORYDQi VWUXVND E\OD POHWD WSR@#HpQRV
SRYUFK GOH % ODLQD?E'OH&Inbte @\ & Qt iYPH © WhRe/RGlem

11 m.'LVWULEXFH YHOLNRVWL pivms JQP]IHFN\ JQI]JRUQ Q

313 CHPHQWi VNp RGSUD&N\

&HPHQWIi VNp RGSUDAN\ E\O\ GRGiYiQ\ VSR GéthaeRW WIG&H P P D
velikosi pi\dso)je S LEOLAM 'LVWULEXFH YHOLNRV Wi Ro@dRQF MH .
[obr.1dv S tOR]JH 1HMYtFH ]DVWRXSHG@RX |i]3RMH IQ]iV DHPGRUNI®It
(19,7%), CaO (15,3%), lamit (9,7%) a arcanit (8,5 9H VWRSRYpP PQRAVWYt VH
DOXQLW D N HPHQ

314 VRGQt VRGQp VNOR

9éUREFRGQtKR VRGQpKR VNOD E\OD VSROHPQRVW 9RGQt VN
YRGQtKR VNOD E\OD S,Q 6,650, obsahESWWbyK34, 6% a obsah vody

byl 51,69%.

3.1.5 Metakaolin

V WpSWRFL E\O SRXALW]®BMDND RO LYW LNRYW [E&RbldnF G

4 m. 'LVWULEXFH YHOLNRVWL piVWL[BbrMeH vUDORFNM YT HR U Q
]DVWR XS HQ R XiOf (5RW&)NAR: (23¥0)aa illit (18%). 0pQ ]DVWRXSHQ\ ]GH
kaolinit (5%), TiO (3%) a FeOs (1%). 60 RAHQt PHWDNDROLQX MebrJUDILFN

[2dv s toR]H
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3.1.6 Alumina

98UREFHP K\GUDWR SRYWOIDQ-HBTRPKPERQ G E\OD VSROHpPQF
6W HGQt YHO kN RNAWSPLEW LEQYOVULEXFH YHOLNRYWR WQVRF N
nalobr.21l Y S tOR]JH 1HMYtFH |DVWROIHHRX 24O RAENRXHMKH BOXP
JUDILFN\ ]Qi]6ouZIveeRtQ B H

32 3 tSUDYRUNS

3UR DONDOLFNRX DNWLYDFL Y\WRNRSHFQt %WU >SVNS DY R QS
vzorky NWHUp E\O\ IBOPRWRY&FK YLDIBMIFE KU ¥ BahH
3URFHQWXiOQ z BRGN® YD WRNRSHFQt StakdyetvaNd E9® G Q't
VRXpLOWWWE SUIFL GHKPRRWYOREWMBMEBNRYp YRGA\bWX KPRW
stanoven na 0,35l D ]iN CBJ&Y RWQtFK H[SHULPHQWS$ E\O SURFHQWXiO
ZFHONRYp VXP\ Y\WWRNRSHFQt VoK LGRE O RRHOVQD H GR
DNWLYRYDQPKR W\VWHRX FS =IBOWRASHQt FKORULGRY&FK LRG
tak, aby se rozp WLO Y&AHFKHQ .&0 YH YRG =iURYH VH WDNp ¢
VFHPHQWIi VN&EFK RGSUDBFitEM\ MR/@ENEAMOG HOQ\ Y

9RGD D VRGQp YRGQt VNOR E\O\ P{FKIA MR\ FALR/ NP\t FEK O F@ DP\L\SN
.&0 D VORAN\ E\O\ PtFKiQ\ GR UPR|GXREW RJS X&W QR .&RNRQD
VWUXVN\ QDV\SiQD GR PtFKDFt PLVN\ e&kfhdV FRW/DP EHORIED SR
QD VHNXQG SR]DVWDYRDWHDBADY I PHENUDEDRSO\QXOp GF
PtFKiQD GDO&tFK VHNXQG 9]QLNOi SDVWD E\OD GiYNRYi!
XFKRYIQX&UQ S I5WHSORW

Tab.4: . RQNUpWQt QDYiaN\ SUR S tSUDYX Y]RUNS$ SDVW\

60ORAaND 1DYiaAND >J@
Struska 500,00
9RGQt VNOR 120,12
Voda 112,91
KCI 26,28

'iOH E\O\ &ylSIBDX\ NWHYpS REWHVWRYDMDROLQX FHPHQWI VN
a aluminy =S$VRESUPYRUNS$ E\O SULQFLSLIiOQ VWHMQé& MDNR
REVDKRYD-GUWMYXYMpY 3HFK S tSDGHFK E\OD piVW ssiwUXVN\
VSR&DGRYDQpPP SURFHQWNXS$OtGIPE GD VIWRWSMQIUXVN\ E\OD C
FHPHQWi VNéPL RGSBNDENFNWVHNMRLYRYDQpKR VI\VWpPX QHS
FHPHQWi VN pMREBSityD&HMP p Q@ WR REVPDKRMp PQRAVWYt FKOFR
FHPHQWi VNp RGSUDAN\ REVDKXMt E\OR ]MLAW QR SRPRFt V
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BUR SUYRWQt Y\I[NRX&aHQtSRJRVRD hQt FXK\ (PHVRREEQWHF EFORUL G
S LSUDYHQ\ VDG\ Y]JRUNS$ NWHUp S tvDG\ QHREVDKRYDO\
s S tPmV5%, 10%, 20% a 50% metakaoliny vzorky sS tPmV10%, 20% a 50%
FHPHQWIiI VNéFK RG SY DRNESYa NYFalimiknyV

9]RUN\ E\O\ SRA&D G RNGEQRXGHEENK]NOR NH |BiRtYYARUNSp GRE
GHQ GQbyly YBRUMN\ YH IRUBMYy@MhN®HN D XPtVW Q\ GR

SODVWRYéEFK QiGERD IS UrsebthdK Vi O H by zality destilovanou vodou

tak, aby hmotnost vody byla 1i5Y Wat QHAa K© R¥QPa N pyyluho Yy po

QiPL Y\PH]HQRXRGBREXNRYQiQt E\O\ Y]RIDN\GX\DX® NSDpFH
3R XSO\QXOp GRE YeéOXHPREOOFK QX WF KB HW W 8 MRMING RER OXR G
VXaHX&iUQ S L WHSORW f& SR GREX KRG 9iOHpN\

9eO0OXKSHY®MPNRYp YERON\WQIVOHGQ SPBPRQUREHQYDWRWHQt RE
F K O Rkap|a31).

Obr.5 7 H S WMmsN WiseShakeHR2D.

33 6WDQRYHQIWKWRDEG $

V WpWR SUIFL E\OD VQDKD VWDQRYLW FKORULG\ GY PD |S$\
9ROKDUGD 7LWUDFH GOH ORKUDPNE [SLURGQGIQOD MG Q RFGO
2GP UQézbkemje AgNO:s NWdHaUrévnice WYRRKORULGRYERPQRXRQW\
VUD&HQLQX $J&0O -DNR LQGiL NNWW/RIBOEMARVIVAIRXE tedguje se

VW tEUQE&PL LRQW\ D WYR t pbHU YdHeQdvmcg|(4d R XHY @ B B 6@ XQW pSA
PHWRG\ MH & Holrey Ghlasti BHR-XE5AN[29].

ZE %\ 1% Z (3)

t %E” 8\ 1% ", (4)
20



%WRKXAHODX ISHFOPWiIiANRYp FERDKXMt VXOILG\ NWHUp S$VREt L
JEDYLOL BAOMRI Q@D R EMH PRWiANRYpSHRDNW YH ] HGXYA NQYHOL
7tRse VXOILG\ RILGXMt QD QHUXA&ALYp VtUDQ\ 1LpdRp® WLWUI
SUR VM 6t5G10, proto bO R S Rrd¢tokdAadutralizovat.= W R K R W Ryl&riakoRe8 X
SRXAaLWD WLWUDFR > O H 9RUIBMNIG\GH O W W RVW HGt

3.3.1 Titrace dle Volharda

3 L WLWUDFL G GogtoRuR QIK\DHIUGED R\EN DNKSX MGHi F& (PRURGRAVW Yt $J.
JakovS HGFKR]tP, dierogizdi3)] AQNOs WY RFK @R UL G RYEEPIR X RAQMD & H Q L
$J&0 1DGE\WHN VW tEUQE&FK L RESM$leVdnivel(5|v U3RaMpeU R]W R N
VSRW HEXMt Y4AHFKQ\ VWSCHUQ® G RNW RSB A% Hile

rovnicd(6). 7LWUXMH VH GR WUY@&G]UYHQpKR JEDUYHQt

%WE P\ ]%o (5)

MEE O\ Pt % (6)

Obr.6 9]RUHN S HG S;S@GNOWeNd), Rzdrekhodu ekvivalence (vpravo)
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Postup titrace byl provede@ D JINQBRGP\ y61 ((1 -HGQi VH R QRUPX NW
SRXatYDOD NH VW RRMHIL pre \ KWRQRE B QtSFKOWRMYIEFpY DONDC
DNWLYRYDQpP V\VWpPXWURNpPQ XQORSBOHHEANXNRY & PNRUHN

SRVWXS SUR WYWKPFY]RUNXN E\O'RQINIGH@XMtENOR QDYia
(1,0000“0,0000 g SHYQRKRANRYpKR Y]JRUNX NWBWUE vedyODW R]PtFKi
NiGLQN\ E\OR QDOLWR PO ] NV LIQ\Y HBOX\MQ\p G X ELP Q p] HC
VREMHPRYpP SRP BXNiGLQNMB\YDRERK D SUS$SE A5G LFLM& i Q

RK t¥liQinuwu D SRWp BFRXID DHERUDWRUQt WHSORWX 2EVDK NiG
ED N\ iNdbsHhdvala 2énl 0,1M roztoku AgN@ a 5PO QDV\FHQpKR UR]V
[NHsFe(SQ)2 822H0]. RoztoN E\O WQ, MMIezdk€n NEHSCN dobodu ekvivalence.

3RVWXS SUR WLWUDFL Y&@OXKX E\O YHOPL SRGREQé& &HO®&
ED Nbdbjemu500ml NGH E\Qlektit@nqu vodaZz RGP UQp ED N\ E\OR RGH

PO UR]JWRNX NWHU@& EVO S LGiQ GR NiGRQWG L\QWHN & \ RE \R[SK
nalito 50PO ] HG Qp N\VHO'LQM ONXVLPRMWW XS VW HMSHEY QDR S |
SUiaN Rxopkd R

34 RentJHQRYi GLIUDRP®D)DQD

3UR Y\EUDQp Y]JRUN\ E\OD SRXALWD D QI)Q\WQ BadbéfRtdd¥ RGD Ut
VH SRX&AtEHQWLILNDFL 1iJt NU\VW D QueRrifopraRe &5 W\ WLD O X F N p!
P tAFHH QW JHQRYQ tCRLOWMBNGDQt E AQRX PHIWRBRUW WDORY éFK
[31].

%\O\ Y\EUiQ\ Y]JRUN\ G Q¥tHG@RW@Y Ml UR]P OQWOHFt.PLVFH
5R]P OQ Qé Y]RSPBBVEMRY®¥FK YLDONiIFK ]DOLW LVRSURSDQI
hydratace. 3R KRGLQiFK E\OD VPDVVSR thh HQMKRFAVKQBNR YQ DQUO HY F
J)LOWUDpPQt NROip E\O VX4HQ SR BREXR XBRGELQOHF G REHSOR
QDPOHW D SRGUREHQ DQDOE&]H

VWpWR SUIFL E\O\ SRURYQiWiWdh¥awayDY gt PYAIBHNUHQPQtP

vzorkem NWHUé S tP VL QHREVDKRYDO 7NMWH EBpOR SRRDKRYD Q \

S th,ale OlyavLl® VYEP KPRWQRVWQtP |DYWRWXSRQRPY Qi @\ WNHEXI
rentgenogramyY]RUNS$ 6SHFLiIiOQtD SROUWGHRMON QEAOStNY WWHUp L
produkty R E V DR¢Mdvidy.
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35 7HUPRJUDY L PHGWLU HENIQY B D RN QT&5-DTA)

7HUPRJUDYLPHWULFNi DQDO&]D MH ]iNODGQt PHWRGD NV
SUREtHRDMQYP V\V\WILPJORWWWHS QRW 9EVO R GWBWYLRHWULFNi N
NWHUiI ]Qi]RU XMH JiYLVORVW KPRWQRVWL QD WHSORW QH

Principemd L IHUH QP QR NMHDWD 6]\ MH P HQt PH]JIHG@tPDYYRRNNP M

YJRUHN NWHUé& MH QiPL VWXGRNQP QD @ BBRKE RYRY HPNX \M HE &/\M
]JD VWHMQé&FK SRGPtQHN 98VOHGNHP MH N LYND S tPpKR RK

D PD[LPD SRGOH WRKR MDNp MH WHSORWQt ]DEDUYHQt L

HQGRWHUPQt UHDNFL D O RANM®IQH [RBVH EBR]PPYOMAISMKAF HVQ X O W i G

WHUPLFNRE\ODDD@EA] M\ W\ Y]RVIWD QIRWHRUg (E\\ BabwsehevRIxX ;5
hydrocalumit
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4  9é6/('.<
7DWR NDSLWROD MH UR]G CGHQMVDL GM RXO D &\ HhGWWW W LOW U
D ;5 SUR DONDOLFEN\ DNWLYRY BBQ&KpHVWYR LEMVBXPYEVOBG
9ROKDUGD D ;5' SUR DONDOLFN\ DNWLYRYDQp V\WVWpP\ REVI
FHPHQWi VNEFK RG S USRS\ Q& BS-IMMX.R X

41 6OHGRYiQt YIMIXKKROYRULGS Y pDVH

9]RUN\ EH]tE\®\ W\OXISRY MQPH]HQé& pDV D K
Y\PH]HQp GRE E\O\ Y]]RBEXKXQFHRQXW\ XVXaH @vebe®mR P OHW\
WLWUD R NEQHKRNRYpKR Y]R WbpkoldS.B.$ V@I Y S LBsddyY H Q\
YJRUN$ SUYQt VDGD ]JUIOD ®ituQa B UEAIOIDVD\®XKBEYIQD G HQ
Y\OXKRYiQD QD W HSDpFH &tOHP E\OR JtVNDW N LYN\ NWH
YEOX]tFSHH YDQ SRMHANRYEFK YJRUMDtFIWILWWLW G R EXO SRRY HEQR
YHENHUpPKR PQRAVWYt FKORULGS$

98VOHGN\ WLWUDFt MV R X |[obUD4|olfr N8} Z] QUIIRIS QMPI\ FHBKP p

W HSDPN\ MH ]DQHIGIEQ WM OR WRWILS tP VP L . WejiySiBjVée
FKORULG\ Y\OXKRYiYDMt E KHP SUYQREK VKR Lchioaby FAKR) N
Y\OXKRBRJGtO PH]L D KRGLQDPLY W®N ¥ PIXO LYF&D R X0 & KO
VWRPWR LOQWHUY PMX KR&LQHBRMH]Y]RUHN SRYDARYDQé ]D

—e—vklidu —e—vVv 87 %o
100

()
70

Zo}E] % €9

60

[ 3 u% Vv
N
o
e

o
[ ]

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170
} AEopZp €2} -

Obr.72.9éVOHGN\ WLWUDFtrEOXIKOIROKDUGD SUR

24
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=
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[ *3}u%o Vv

0
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} AEopZpu €2} -
Obr.8 9éVOHGN\ WLWUDFSH@pkp ROKDUGD SUR

411 )i]JRYp VOR&HQt YJRUNX Y\WRNRSHFQt VWUXVN\ EH] S tP
9]JRUHN Y\WVRNRSHEADRSVEWXSRGUREHQ UHQWJHG@RY@ GLIUDI
XUpPpHQR NYDOLWD W Histqie W@KR jeHigederid mapltbiekd.d '"HWHNRYDQE&PL

[iITHPL NWH U p uWyskytddaly, oyl dkermanit, merwinit, melilit NDOFLWa N HPHC
KDOLW 60RAHQt Y]JRUNX Maébr.2d D SLENR HD i] R HIR PERNQPH E\ O\

GHWHNRYiQ\ Ii]H K\WRRRDOPEHPHXX¥RXGLW A&H YAHFKQ\ |DF
DGVRUBRISQ\Ii]L

42 3RVRX]HQt PtU\ J[iFK\WX FKORWR WPIYH Y]RUFtFK V
Pro NDAG& V\VWpP E\OD SURYHGHQD WLWUDWHU & MH SSREKD
v kapitold3.3.1 %\O WLWURYiQ MDN YEOXK WDN SHYQ& SUiaANRY&
S HGVWDYXMH ]iBIO\@\b P KORW P8 X\ FUDH £ WadRBeMyUH QW IJHQR Y p
GLIUDNpOQMRDRBO¥WHRULH Y]R U Kebittd3.4K YRIG] H QO \WkiieViiyieP X

biVW VWUXVN\ QDKUD]HQD F HPHD VBIURNHGHRBGSWBERRJIUD
GLIHUWGNPRE R D &JmrA)7 *
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421 9\VRNRSHFQt Y¥YWRUXVIRBBWDNDROLQX

V VI\IVWpPX E\OD Y\VRMNRSII% QOIWaABWXNdMNd2eha metakaodim. Byly

Y\WYR HQ\ VDSGLIHRAWBGD JCGIO@CN XKD GD JUGQD Ay

E\O\ GRVWDWHpPQIAMRKKDYBHYQp SUIANRYp Y]JRUN\ E\O\ S|
Volharda.

98VOHGN\ WLWND FN VBEHQIRI YV RNX\ JJWOD]R Ulobrcel ikt 1z
Y\SR]JRURYDW &H QHMYtFH NKOWRNRG SR ADKDEMEFNALO R Y
1IHMPpPQ FKORULG ¥ \WRXpRIERK\MVQIOMPAMW DN DR O L Q W\ WhHPPQ Y
REVDKSMtPHWDNDROLQX VH FKOR UL G& ABFEIGYOLBRMERA]H R
N W IR & ¥ DIOK120% metakaolinuje 16,2%. 96 VOHGN\ P HQt GRSURYIi]HMt
~VHPp MWHUSUH]HQW XMt VP.URGDWQp RGFK\ON\

98VOHGN\ SUR Y]RE2B\3 QN WHARNX ] DU® I L F fobr.1q i |RS @ @\HQDHM Y tF
FKORULGIS v] D PRWRENX D K065BtFHWDNDROLQX D QHMPpQ FKORL
VVI\VWpPX REWOHeKNaoit NGH UR]SVOWHRIW H U p BBV BOKX M t
metakaolinu MH PHQ&t QHEPpPQ MH SDWUQp AW gWR \WD BK OIRU ¥ GAX:
VVDG S HGHaOp VADWpRADPIG dd B vDmekkiokuje QiUSVW ]iFK\W X
FKORUL®$ R

mAEO| Z% AVE AI}E |

5 10 20 50
I 8}u% V_ % Z u"e] €9

Obr.9 9&8VOHGN\ WLWWBIRtp YR BM&EOMYGRED JUIQt GOQt
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Obr.10 9éVOHGN\ WLWUDFt YYRUBNEGD NND\RFHOULM R ERE BR]YDQt

Vzorky, kde vV\VWpPX E\OD Y\VRNR%BHPB®,t 204Va) 30%N@Aahrdzena
metakaolinemE\O\ SRGUREHQ\ UHQWJHQRIM® B XNUP&AIQPR INYQ D Q€ MD
vzorku. Ji]lH NWHUp MHGQRWOYLYNLYFRON\YREDPDKRRNGREQpP 'HV
[iIJHPL Y V\VWpPX 5REMdaKaIMu Foyly akermanit, merwinit, melilit, kalcit,

N HPah@it 6WHMQp NYDOLWDWLY Q tD\KXRIEH E20% meavhkabling\ V W p P\ |
7\ REVDKXMt VWHMQp Ii]HWMNDRPR WDWDFRFORE X D R RkruRIE VD KX M t
Ji]JRYp VOR&AHQt SUR V\% WatdRaBliELWMBIK\XWMHM Qp MDNR VW WpP\ R
a 20% metakaolinu, aleREVDKXMHIliQ® Xadfinit. 60RaHQt Y]JRUNX REVDK
50% PHWDNDROLQX MH JU[BGr2EN S I@RRHQ QR QD

V AiGQpP ]H Y]RUNB R EV VK XPMH\WOMNDB\RO IBHWHNRYIiQ\ Ii]H K\GU
Chloridy tedy nebyly zachyceny 8RGRE K\GUDWDpPpQtFK SURGXNWS$ DOF
DGVRUERYS$QG\ IQID &iOSDWHQp &H ]JiFK\W FKORULGS$ #\0 Y wWa

GQt 7R P$aH EéW GiQR L SHUPHDELPLWRBXFPDYWWDL B &t KNRGYX'
QLa&t D WtPYEGRKKiIXtANKORULGS$ SRPDOHML
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422 9\WRNRSHFQt YWRUXVRDXPLQ\

V VIVWERXD Y\VRNR S HIPQd 10 WUXK/WD] QD DOXPLQRX %\O\ Y\W
YJRUN$ NG\ SUYQt VDGD JUIiOD GQt D GUXKi VDGD ]JUiOD
Y\OXKRYEQWXK\ D SHYQp SUia4NRYp YJRUN\ E\O\ SRGUREHQ\ W

98VOH®@NWUDFt MVRX JUD[bbEM) Z] QUIRMQOQN §DSR]JRURYDW &
FKORULGS VH JDWK PXLREMD KDXOKFLQ\ -H WR MHELQRLY \WGH P
JY\ERYiQtP S tP VL VH ]Y&&LO ]iFK\W DRKIO® UY Gt -JHBKQ DVORK €
9]RUN\ NWHUp JUIiO\ GQt VH OL§it RGQt V& FOWMY RVWH U p=]|
FKORWLOSG YNWHUG QWi WEDGHANWHUiI JUIOD SRX]JH GQt
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Obr.11 9éVOHGNRtWIRUNS$ NWatlipuREVDKRYDO
Y JiYRUFH XYHGHQD G.RED JUiQt YH GQHFK

Vzorky, kde vV\VWpP X E\OD Y\VRNRAG bl E®ot ndhvddgnavaNiminpu, byly

SRGUREHQ\ UHQWJHQRL EXMRUVONHQROYIDPDE MW OWLXNMHVER a
MHGQRWOLYp YYRUNEREVWRRWRHEQpP 'HWHNRYDQEéEPL Ii]JHPL E
PHOLOLW NDRafLWYDNOHPWBDYQ MH WR WHG\ VWHMQp VOR:
VWUXVN\ EHJOR &P QViL Y | R U RoXLOREAMIDIiKyXWMH FItU D I L F N\ ]UQ QR

[26v s tORTH
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SRGREQ MDNR WWRMpEBEXCR/LY PHWDNWRCWR BIWH] SRR QEP
]DVWRXSHQtP S tP VL DOXPLQ\ QHE\O\ GHWHNRYiQ\ Ii]H K\CGC
zachyceny VSRGRE K\GUDWDpPQtFK SURGXNWSS-+DOH z#a@E\ DGVRL
SDWUQpP &H ]JiFK\W FKORULGS$ B\O % Q¢Je7®i YRREMIS P HINEHDE-
PDWULFH NG\ SHUPHDELOLWD PDWULFH VWK K RF KX DRRUNX
pomaleji.

423 9\VRNRSHFQt ¥WRUXVIRBPHQWiIi VNéFK RGSUDA&N$

V VIVWpPX E\OD Y\VRNRSHFQIDVWURDVKIDD]HQD RHGHIPVENV NE|
%\O\ Y\WYR HQ\ VD&U YWIREIN $UiINOGU XBMEMD JUIOD GQt 2E
E\O\ GRVWDWHpQBURWRERYFGPHQWi VNp RGSU®@Nto FKORUL
VIVWpPX VH FKORULMKIMBE LIGURNIOR OQ X Vit (5 HVEBIDRRIQ W XiOQ't
PQRAVWYt FISORUWHEIPHOWi VNEFK RGSUDA&ANS$ +RGQRWD ]
VFHPHQWI VNEFtrKRGBUWAIDFt G Odtandyéhe kb UIAB0,05)%.
CHPHQWI VNp §LBS|FBDODND KR PR YNMP®GE sezde vS Y O XA Qrafech
Y\VN\W XM bdGhislikg Y W at

98VOHGN\ WLWUDFt SURGOIRMWR XNJWHU Ip F]lehr O i frafQzed\ QD
Y\SR]JRURYDW &H QHMYtFH \RAKORDP XGREWH K BFMHEFHQ\G R VX é F K
RGSUD&N$ 1HMPpQ FKORWVGW PYH RBYRKXEBRHQ Wi VNEFK
RGSUDAN$ +RGQRW)\ ]JiFK\W$ FKORULGS$ MVRMXWWYER\Y N/ |3
obV D K20Mita 50 %FHPHQWi VNEéFK4R%. STUHIEBWR V\VWpP MH FKDUD!
QHMY WAEtP ]iFK\&# MRHFM RIRL SN F

98VOHGN\ SUR Y]RUNGONWMURX WIODILFbr.1di R @ R\GOD 2G
VAV WpBXGD Ynhetdlaolinu se trend Pt H JiFK\WX SRORDLGSGQHFK OL3
IHMYtFH PQRAVWYt FKORULGS W\WMpWX QRE R N K RWIFI@MEWK OR Y
RGSUD&ARBPQ MH SDWUQp &W p WK \WD 6K MRIVE G\B3 BBRIRAORA H
REVDK FKORUWUIBHBHEK MH GtN\ U$]QéP QDYiaNiP FHPHQWi V|
KPRWQRVW FKORULSHYQH Frke G X]EAKR B VK tab]JFBRUFtFK RGOLA

Tab.5 +PRWQRVWL FKORULGS$ YH YEOX]tFK DY SHYQéFK SUial

} AEouZpwW 6 v_ DobaAEoOpZuUW 16 v _
VEouz PE “I}AE Al VEouz PE “I}AE Al

Z *8}Uu% | mCl |[~u"E&} | mCl |~u"®} | mcCl |~u"E®} | mCl |~u"E&}
} %0 & [94]1 [d] odchylka [d] odchylka [a] odchylka [a] odchylka

10 0,273 0,009 0,28 0,01 0,183 0,008 0,36 0,01
20 0,465 0,007 0,55 0,02 0,341 0,009 0,65 0,02
50 1,23 0,02 1,13 0,04 1,124 0,009 1,29 0,03
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Obr.12 9éVOHGN\ WLWUDFt YYFUHBR$ QNW WWp RESIJKORBRWD OGRED |

mAEOpZ% AVE AlI}E |
110 -
100 -
90 -

ZOYE] % €9+

80 -
70 ~

60
50
40 -

[ «3}pu% Vv

30 -
20 A
10 ~

20 50
| o8}u% V_ %0 Z u"e] €9

Obr.13 98VOHGN\ WLWUDFt Y WRAEHFSH QWiHWN pREE B W R ¥ND\O
GRED JUIQt GQt
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Vzorky, kde vV\VWpPX E\OD Y\VRNRIBH,F 2086 AWK \hdhiazeha
FHPHQWi RESPDaN\ E\O\ SRGUREHQ\ UHQWJHQRYp GLIUD!
NYDOLWDWLYQt VORAHQt YJRUNX 7HQWR V\VWpP MH MHGL
'"HWHNRYDQ &P\ Vi\\pPLX YRrE 10D KEHWPIRQWi VNEFK RGSUDANS$ E\O
merwinit, PHOLOLW N Dalfit. Mfit&l hydiRea@mit. 6 WHMQp NYDOLWDWLY Qt
i VIVWpP REVDKPHPIROQWiI VNEFK RGSUDANS$ )i]RYp VORAHQt
50% FHPHQWi VNéFK RGSUD&N$ REVDKXMH QDYtF DUFDQLYV
SHQWJHQRPHWU\ YAHFK YJRORBHMBR.ZIYXYHGHQ\ Y

7HQWR V\VWpP MH MHGLQ&P YH NWHKWRU MW DHKR B XNBAX S
Hydrokalumit E\O G HWX NRMIFK RER KXAMHPHQWIi VNpPPRGE YQ &

Y\EUPQWHGQRWOLY&FK UHQWJHQRPHLE MH JUDILFN\ ]Qi]F

hydrocalumit portlandit
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=
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Obr.14 3RURYQiQt Y\EUDQp piVWL M H G/QRW DFRAHEFHGEI H QW I H Q
Y\WWRNRSHFQ® YWUX¥NRHQWi VNEFK RGSUDANS$
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3UR S HKOHGQRVWGDTA\WRNOBIBAY GR  JUDI$ 3UYQt JUDI |
nalobr.18 Y\MDG XMH ~E\WHNV KPR WQEORMWL QDX KEH SORIW NW H U ¢
zobrazen Habr.16 Y\MD P XMHKPRWQRVWL PNWBP P S REMKAMO R V W L
QD WHSORW 7 HWt JU D [obrNM Haskytuje HnfdimEd) ® jdheda @

MHG QR W Ol YRpWUHHIPNRHOHER HQGRWHUPQt

KQHMY WAatPX SRN@HAKVKPARW QRN KNG SDRRY Q 60 20RA & H ] t
7DWR UHDNFH MGIHH]GERBAE YA QM HG\VOR RQPYRO RYiQt YRG\ NW
INJLNiOQ DGWRCERYIDJ@IWRPWR UR]JPH]t E\ VdehytRwaH W LF N\
hydrocalumit[28] 'iOH VH ]GH Y\WN\WXMH L K\GURWDOFLW FRA& N
J[iIVWXSFH /'+ PDWHULIiO$ D P O E\ GHK\GUDW RWISMD ROV Q HH
URJPH]GDOAIPX SRNOHMXVKPRAMERWREORRV Q tP 850]P&H | t
7DWR UHDNFH MH HQGRW H U P Q totaléitGahydvadal BmiG28K Ka&lesR [\O D F L
teploty 450f & W\VWpPX REMDKXMPHQWIi VNEFK RG & GDANEPGRFK
YEUD]Q M&tPX SRNOIRIXO K P& WOHRYBSE] e K\NRH BEI#IR/ Mdkylaci

portlarditu  FRA& MH HQGRW H[obP.Qd QIHMDSRHRURXYDW L YH ]JE\O&FK
SS tP Vt FHPHQWIi VNG K DG SUNDENEROHA WHG\ RREDQEp &H
VIVWpP\DUpP PQR&VWYt SRUWODQGLW REVDKXMt QLFPpQ
V WHSORWQBPOUR]P&H]ERFKIRIMNODGX NDOFLWX FRA& MH WDNp
[35]. Od teploty 800f & GRFKIR]JNODGX DONiOLt
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Obr.1598VOHGQp FA WWIPPNK\

32




























































