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Poliuretin Téltéanyagok Vizsgilata és Fejlesztése

cimii doktori disszertaciojahoz

Nagy biiszkeséggel és orommel tolt el minket, hogy az elmilt négy évben Hatvani-Nagy
Alpéar Ferencz-cel dolgozhattunk egyiitt. Ez ido alatt egy segitokész, lelkiiismeretes, és
minden szempontbdl kivdlé szakembert ismerhettiink meg. Alpar 6tvozi a szakmaisagot és az
emberséges hozzaallast, amik olyan kiilonleges és erds egységgé értek benne, hogy barki
szamara példaértékii lehet.

Remek kommunikaciés készségének koszonhetden kivaléan egyiitt tudott dolgozni a
kiilonboza kulturdkbdl érkezett kollégaival. Mar a tanulményai legelején bekapesolddott az
oktatasba és a hallgatok felé tanusitott tiirelmének és empatidjanak koszonhetden szamos fiatal
vegyészmérndk szerzett diplomat a tamogatasaval.

Jelentds szami kutatasi projektekben ért el kiemelkedd eredményeket, amelyeket
konferencidkon és tudomanyos folyo6iratokban (pl. Scientific Reports) publikaciok forméjaban
tett kozzé. Emellett tobb szabadalom kidolgozasiban és benyujtaséban is részt vett, amik a
kutatasanak ipari jelentoségét” mutatjdk. Fobb kutatasi témdja a bentonitok és egyéb
toltéanyagok poliuretdn rendszerekben torténd alkalmazhatosagaval foglalkozott.

Az évek soran szamos kiilonb6zd konferencian vett részt, ahol szobeli eldadasok és
poszterprezentaciok keretében mutatta be munkajat. Doktori tanulményai soran Alpér tébbszor
jart Lengyelorszagban és Tunéziaban is, ami bizonyitja, hogy képes nemzetk6zi kémyezetben
is dolgozni.

Alpér rendkiviil lelkiismeretes kutatd, nagyon aktiv, és egyaréant jol dolgozik ondlléan és
csapatban is. Alparral konnyli egyiitt dolgozni, koszonhetéen elképesztéen pozitiv
hozzaallasanak ¢s annak, hogy szigortan betartja a hataridoket.

Alpar publikacidiban és doktori értekezésében kozzétett eredmények mindegyike sajat
munkdjanak eredménye, és 6nallé tudoméanyos munkdajanak bizonyitckai.

Mindezek alapjan meggy6zodésiink, hogy Hatvani-Nagy Alpar Ferencz képes 6néllo kutatast
végezni, ezért javasoljuk, hogy kapja meg a PhD fokozatot.
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1. HYH]HWRGEBORPNXWDWiIV D WXGRPIiQ\ MHOHQOH.
11. 3ROLXUHWIQRN KHO\H D JOREiIOLV P&DQ\DJLSDUETI

*OREiOLV WHUPHOpPVL VIHPSRQWEYO D P&DQ\DJRN MHOHQW °
POHW V]LQWH YDODPHQQ\$ WHO MMHY\WY-E DNPHOK § LYOIDQ.Q DNR Q Q D
(XUySD D PDJD PLOOLY WRQQRW VBHDPHOpV)NWIBG MW WXGKD'
P&DQ\DJLSBEHQ PLOOLIiUG GROOiU IRUJDCER ROA5-@BBRQ\RO
PLOOLY WRQQiUD Q WW PLOOLIUG GROOIURV YROXPHQQH

(XUySiEDQ D OHJ\iUWRWW P&DQ\DJRN OHJQDJ\REE UpV]H FV
pStW LSDUL pV DXWyLSDUL - IEHODQK DX/ J@ B WIRHNU N QYA
PLOOLY WRQQD P&DQ\DJ KXOODG BH&KWM W\ &MWPWKDH/NQRVIW R D
iWw HQHUJHWLNDL FpORNUD iWDKNX@OWGWNHHPENYNED V]iOOtW
DGDWRNEYO NLW&QLN KRJ\ D P&DQ\DJRN NRPSR]JLWRNPBPVQ W|L
D WHUPpPV]HWHYV |[VVIHWHY N UpV]DUiIQ\iQDN QfYHOpVH DODSY|

Al HJ\LN OHJMHOHQW VHSEORX@PERIDaMehBekva R02HYV JOREIOLV
NHUHVNHGHOPH PLOOLIUG GROOIU *]OEWQ B UIN pNHW Olpi §GL
volt. $] HXUySDL 385 WHUPHOpVIVD WOIR FLONIVal &p@IDS$ SROLXUHWIQ
2021-es HXUySDL IHOKDWVKWOHRIWD UXJDOPDV KDERN pV D UD:
UHSUH]HID2+€DY RHO\]HW DQQ\LEDQ YiOWR]JRWW KRJ\ Q WW D N
SURJUDPRN N|YHWNH]WpPEHQ $] DXWyLSDU VWDJQi®iVD YLVV]L
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IEUPROLXUHWIQ WtSXVRN V]i]DOpNRWAHOKDV]QiOiVEL



1.2. BROLXUHWIQ WtSXVRN

$ SROLXUHWiIQRN D OHJVRNROGDO~EEDQ IHOKDV]QiQKDWy
PLQG D IHOKDV]QiOKDWY DODSDQ\DJRN VRNV]tQ&VpJIJpQHN PL(
HJI\DUIQW N|YHWNH]LN

$] HOV DOL4ILYRFQ N R KRQ B PEMOIEMQ &KDUOHV $GROSK :XUW] I
YDOyYyVtWRWMWDHRHH] N VIHULQW
H, H, 22 8 |(-|;2
C + C —_— ~N S
Hc”  oH H,c” NCO He” N o7 N

3

2.iEUL$] HOV GRNXPHQYRPMD QN RKR®FLY

Wurtz, aRUL]VL 2UYRVWnG&gorqQt\LD.DXUOWp GH 0p GHLBASO\Ha®RH 3D U L
Jean-Baptiste Dumas professz@ DERUDW Yy UL XRat’ DY WhV | BVEHQMNHEHQ H]HQ N
DODSMiIQ 2WWR %D\HU QpPHW YHJ\pV] pV NXWDSRG VRS RW NNRD
W|EE IXQNFLYV FVRSRUWRW WDUWDOPD]y3LIREDDQiWRN pV SRC

H H
R tn R —= OCN\R{N\C/O\R/O\C/N\R}N\C/O\R/OH
OH OH OCN NCO S S S

n-1
B.IEUULBROLXUHWIQRN V]LQWpP]LVPQHN iOWDOIQRV UI

(JHN D UHDNFLgADOPSH|Wp® NpV EEL LSDUL JViUWiVQDN §$ ¢
NJYHWNH] DONDOPD]iV WtSXVRN pV YDJ\ PHJMdbOstammer, IRUP |
UDJDVIWRNpPS]HI\pE

(JHQ IHORV]WiVRQ EHO+-0O V]iPRV DORV]WiO\ OpWH]LN 385
HO iIOOtWRWW NpWIiJLV~ N|QQ\& SyUXVRV V]JHUNH]HWE& DOQ\
PROHNXOINEYyO iOO $ KDERN OHKHWQHN OiJ\DN NHPpQ@KHN IpC
iOWDOIED Gk W] PWKIDEW p UKekO YWHYHUNELOWEHQ GHIRUPiIOKDWyD
HOOMIQIi GEOODV]HUNH]HWsN Q\LWRWW My OpJiWHUHV]W NpS¢
HOOHQIOOiIVXN QSBRPLQUDHBVHMNK@®ERN IHO*OHWH SyUXVPHQWHYV
D PDJ IHOp KDODGYD FV|NNHQ PLQpO QDJ\REE D KDE iWODJ V&
$] LQWHJUIO KDERN My PHFKDQLNDL WXODMGRQViJRNNDO EtL
NHPpQ\KDERN FHOODV]JHUNH]JHWH ]JiUW V]LQWpQ My K V]JLJHV
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PHFKDQLNDL WXODMGRQMMRWNEDP RMJQWDO\ NpSYL\ah&yek D] HC
UXJDOPDV VIJHUNH]HW& DQ\DJRN / ' ! NHYpPVEpP YHB\V]HUI
Q\~0iVW SURGXNIiOQDN .pPLDLOD de HODPN WSRPM UY@HN 1RIOQ O/H OVt
DQ\DJRN DPHO\HN HOWHU*OQHN D IHO*OHWHQ pV ILOPBEW NpS
) IHOKDV]QiOiVL SRIOWXUHHWAIN D O anslyekUIBheDeak] \aty Nvagy
NpWNRPSRQHQV&HN PHJMHOHQpPVL IRUPIMXN VIHULQW® ROGD\

1.3. $ODSDQ\DJRN D SROLXUHWIQ J\iUWIVEDQ
$ SROLXUHWIiQRNaDHIRIPW RYPERFLDQIWRN pV D SROLRORN

, JRFLDQiIiWRN

$] LJRFLDQIWRN NXPXOiOW NHWW V N|WpVW WDUWDOPD]y
KLGURJpQW WDUWDOPD]y YHJ\*OHWHNNHO pV N|U<OPpQ\HNW
/JHKHWQHN DURPIiV YDJ\ DOLIIV Q\tOW $]DHJ\] RIRMD M NoXD0O QQ E H O MG
IXQNFLYV FVRSRUWRN V]i-ADRVILHUL QAR Y CRACDULOE DHOETBNE DDYY UL R W
DONDOPD]KDWQDN D] LSDUEDQ +D PLQGNpPW PRQRPHU NpWIX ¢
KiURP FVRSRUW YDQ HJ\ PROHNXOiIiQ EHO+O D SROLRHIWPRYWUL|
LIRFLDQiW PRQRPHAUWEDONDOPD]QDN

o) o)
_ H, H, H, \\ Vi H, H, H,
TN OO O C e~ SN N
c c c N N c
H, H, H, H H H, H, H,

O=cC N=C=0

N

H,C

o

(9]

b \0/
s

o
o

H,C
CH,

N

O0=—C=—

4. iEUBROLXUHWeé@ortosabW. iR FLDQiIW DODSDQ\DJDL



,JRFLDQiWRN HO iOOtWiViUD iOWDOIEDQ IRV]JpQ DODS~ W]
NLLQGXEUMHY PROHNXOD DPLQ FVRSRBU®WBMgyRAHahi@QHO Ut
NORULG LQWHUPHGLHUHQ NHUHWM|S\* G pWWAD YYNLIOWSpVVHO L]

ZT

NH + | Cl + Hcl
/ 2 C —_— / \ e
R = R C
oZ i 3
AN NCO
R < — R~ + HCI

5. iEUD]RFLDQIW V]LQWp]LV
OHOOPNUHDNFLYNpQW D NHOHWS H]E M} ¥)Pcy eByEnR®, laQiQeD O Vy
IRV]IpQ VILQWpPpQ L]IBPLDQ@IDOWUBDD®MD NDUEDPLG V]iUPD]
IRV]JpQQHO VILQWpQ L]RFELS)WRYYemet)HGPpQ\H]

NH, NH,'1CI
R+ HCl— o 2)
Cl H
NHSIer | e N O 5 e
R PN R C
o) Cl O b)
H Cl
+ NH, —— NCO + NH-1CI
R N~ R~ o _NHy]
O c)
N. cl % §
+ NH
R/ \.C/ R/ 2 —— R/ \C/ \R + HCI
o) o) d)
H H Cl H
NN L g N O, NGO 5y
R C R ™ _C R C R
O 0 Cl O e)

6. EUDHOOpPNUHDNFLYN iOWDOIQRV VpPilL



$] L]JRFLDQiW FVRSRUWRKDWNAGN pRNJIRPHYV+OQHN D] DC
KDWiUV]HUNH]HWHNNHO

R-N=C=0 R—ES—CGB:O «— R—NZCEB—QG

7. EUDHR]RPHU KDWIiVRN D] LIRFLDQiW FVRSRUWE

$] R[LJIPQ pV QLWURJpPQ DWRP HOHNWURQHJIDW
HOHNWURQHJIDWLYLWIiViQiO -8$ ONHHNMWW R/QN|DMAMH N JPIREDD LW @
FVRSRUW VIWHUHRNpPpPLDLODJ OLQHiIULV H]pUW DiokHI\PiV
PRGXOXV]DLQDN N<O|QEVpJH $] R[LIJpQ QDJ\GRED ®EOMNMW UR (
HOHNWURQSiIiUMiWelpidg Dp R][QBPFE Y p@H J DWWUW | QN Ip® YMQQD V]p
marad. A spQQpO NHOHWN H ] dsak\akieRA RWG eV BV DOYRIRW URJIpE N|Wp
HOHNWURQMDLW KD D QLWURJpQ HJ\ HOHNWURQWDV]tWy F
pUYpQ\HV.O O0OiVUpVIW D QLWURJpQ PDJDV HDHEWURLQHJID
HOHNWURQMDLUD pV D QLWURJpQKH] V]tXGIOHWMW SIRHIOWL YO
a szenet!?

(] D VIHUNHJHW Q|YHOL D p¥]pd@rLWRR 3@ ]UW DN W{ODEEI W
QXNOHRILO iJHQWVHNNHO V]HPEHQ

*\DNRUODWL V]HBYSRQWHYMHDHQW VHEE LSDUL IHOKDV]QIiC
GLL]RRIDDQiSN7', VILQWDp]LY HOV UHDNFIBAMD D WROXRO QLWL

i\ iy i\
C C NO O,N C NO
HC” cH H80, v Nc NG ST
2 |l |+ aHNO, —— || | * I |
HC._ _CH -4H,0 HC__ __C HC._ _CH
C c C
H | H

IEHDROXRO QLWUIOiIVD

$ WROXRO PHWLO FVRSRUWMD HOV UHQG& V]XEV]WLWXHQ
J\DNRURO (PLDWW D] HOpHN BRI \BKRYEL y K BDIR WD JIORE B O H N
VIXEV]JWLW~FLYV PHFKDQL]PXV VIHULQWHJ\ YpJEH D] HPOt
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C CH CH CH
CHclzl/ @ Hclzl/ \cle HC|:|/ |(|3H Hclz’/ lcle
HC\C/CH HC\C/CH \6_/CH HC§C/CH
H\) H H H

9. iIEUDQHNW UR QK D WIVRIN HD] hWROEH-RD

A keletkezett dinitrotoluolt (DNT) Raney-nikkeNDWDOL]JIiIWRU MHOHQOpPWPpPEHDC
GLDPLQQiIi 7'$ UHGXNiIOMIN IEUD $ N|YHWNH] OpSpV L
IRV]IpQ Ji]]DO UWHEUOWDMNROXRO GLLIRFLDQIWRW iOOtWDQDN

$ NHOHWNH] Q\HUV WHUPpNHW GHV]WLOOiIOMiN PDMG P
NHOHWNH]LN H]HNHW D GHUPHGpPVL SROW ODU]QWENNKJIMW]DVO |
WHUPpNHW iOOtWYD HO

C|:H3 C|3H3 C|)H3 C|)H3
HC/C%C/NOZ OZN\C/C%C/NOZ Ni Raney HC/C\C/NHZ HZN\C/Ckc/NH2
I | * I | v 2H,— | | * I |
HC\C/CH HC\C¢CH -4 H,0 HC\C4CH HC\C¢CH
| H | H
NO, NH,
10. iEUD
T & & &
HC/C%C/NHZ HZN\ /C§C/NH2 (|:| HC/C\C/NCO OCN\ /C%C/NCO
l | + | | vooa L | + | | +8 HCl
HC\CéCH HC\C¢CH O% \CI HC\C4CH HC\CéCH
| H | H
NH, NCO

11. iEUHIDI V]LQW p]LVH

3ROLXUHWIQ J\iUWiVKR] KDV]QiOQDN WLV]WD L]RFLDQIiW
LIRFLDQiIWRN VDMiW PROHNXOiIL N | WD NN NV W]k G P-p®itLF KS
GLLPLG NpS] GpVVHO iEUD

11



N R N
VAR + (n-1) CO
n CVN\R/N%C — 7 Sv=c=n-4r" “c ’

n-1

12. i E UdPrepolimerNpS] GpVH
A polilkarbo-GLLPLGHNHW SROLXUHWIQRNEDQ KLGUROt]JLV HOC
Poliolok

$ SROLXUHWIQ J\iUWiV PiVLN DODSDQ\DJD[j] S(RHOK_HDV® NHR KUR@O
DODFVRQ\ PYyOW|PHJ& OiIQFKRVV]DEEtWiVUD -OW dsbpbktotW p UK i
WDUWDOPD]y DONRKRO PiVUPVIWX®KHEEW KDV QR® BIW DD O\NDRIKR
PYOW|PHJ«N N|]IWW YDQ .pPLDL VIJHUNH]JHWYBD M]SROQpW N
DODS~DN $ SROLpWHUHN LSDUL IHOKDV]QiOiVIiQDN UpV]DUi
YHJ\¢eOHW DONRWMD D]W D Ii]LVW DPHO\EH EHNHYHUpVUH N

3ROLPpWHU SROLRORN OHJJ\DNRULEE PRQRPHUH D] HWLOp
UHDNFLYy NpPLDL VIHPSRQWEYO SROLUD$& GHDNF DYPLHRRXKOW PR
OpSpVH D VIHUYHV DQLRQ NpS] GpVH LQLFLIiWRUEYO pV NDW
KDV]QiOQDN HWLOpPQJOLNRO JOLFHULQ SHQWDHULWULW
NiOLXP KLGUR[LG QiWULXP KLGUR[EMRZVWEi]L¥NNDWDOLYH
SURWRQ DNFHSWRU $ KLGUR[LO FVRSRUW N|WpWt &KHWHU
PDJDVDEE HOHNWURQHKHJDVEUDLWS$Y + RLELPWRPOWtSXVD pV PHC
NtYiQW OiQF HOiJD]JRWWViJiQDN pV PpUHWPQHN -asJJYpQ
PROHNXODW|PHODLFKIAM QW QDN PDJDVDEE SROLPHUEL]iFLYV
6500-DV PyOW-|PHD] DUiQ\

OH (o)
R/ + B — R/ + BH

13. i EUL XNOHRILO iJHQV JHQHUIOiVD DONRKROE

$ NHOHWNH]JHWW DQLRE®PRJWIPQEMYHURDWRPRY J\&U&W
VIHPSRQWYO DP~J\ LV LQVWDELO D N|WpVV]|JHN GHIRUPiOYG
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14 i EB>rHWHURFLNOXV QXNOHRILO WiPDGiVD

$ NHOHWNH]HWW DODSHJ\VpJ WRYIEEEUPROUNIXOFNDPW \Oi
Q|YHNHGpPV Ii]LVIED OpS

R
o) c|:H + n CH o} o

SIONAT TN | >c—rR, ~ /
H, O n+1

15. i EUWDIIQFKRVV]DEEtWIiV

$ SROLPHULJiIFLYW SURWRQIEWD GiVHPOKYWDt\F piVJ VH O

R
{,\ /Hﬂ—o + {,o\ /Hﬂ—OH + B

n+1 n+1

16. iIEBBMYHUPLQIiFLyV V]DNDV]

$ SROLpWHU SROLRQFSNR @ [LIPUIN HJHEMEN N RNRQGILIXUiFLyM~ PDI
KRVV]DEE V]pQOiQFRN VSLUIOLVDNNi YiOOQDN )L]JLNDL,WXODN\
VItQWHOHQ YDJ\ HQ\KpQ ViUJD IRO\DGpMRe&l D]pPWB LU \N||MPBO/R Q W
KLGUROWBIODKGWYY SHOAOLHQO QWLR[LGIQWVRNDW DONDOPD]QDN

.DWDOL]JIWRURN

$ SROLXUHWIQ J\iUWiV VRUIQ QHKp]lpP YDJ\ VIHUYHV NDWI
NDWDOL]iWRURN HOV VRUEDQ6YRUYBIIA NREDOM WHHI FQ H W HD\P L |
illetve diaminokat?? -HOOHP] NDW D O-arigRW DQ & DP HinV@&idy Hh\imérip Q
ciklohexil-amin.$ NDWDOL]JIiIWRURN D IHOKDV]QiOiV IRO\DPIiQ IRQWRYV
UHDNFLyY YpJpQ PLQG PLQ VpJL PLQG PHQQ\LVpJL VIHPSRQWE)
SROLPHU PiW ULQJ OFMOMHNDH N |iU S RHJAMQW JiPW JUDGLHQV PLD
YIiQGRUROQDN 92& YRO®DWILOHNRQID/QHB FHR\Q WHIWO HWHN HPL
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+DERVtWyN

+DERVtWiV VIHPSRQWMIiEyO PHJIN<O|QE|]WHW+QN NpPLDL p\
KDERVtWiV HJ\ D UHDNFLyY VRUIQ IHOV]DEDGXOy Ji] H[SDQ]LyV
SiUROJy IRO\DGpN Ji]JKDOPD]iOODSRWED p NHEEND IHRE@ BIND LKVD D\
VIpPQKLGURJpQHN KHO\HWW D] pUYpPQ\EHQ OHY N|UQ\H]HWYp
LQNIiEE YL]HW DGQDN D SROLRO NHYHUpNKH] H]iOWDO EL
UHDNFLYHBIBIJUHDNFLYHOHKIDERVEWYVIMHUHNHQ NtY.O KDV]QiOD!
KDERW®MWUiIV DPLNRU EHYLWW OHYHJ YHG*W|UWpPpQLN D FHOO

Tenzidek

$ UHDNFLYEDQ UpV]W YHY DODSDQ\DJRNRQ NtYeO D OHJIIF
IHO*OHWDNWtY DQ\DJRN /HKHWQHN SROIULVDN YDJ\ DSROiIUL\
SHGLJ OHKHWQHN HPXOJIiWRORIN YKDEN WOEVYHUNHRHWNV]DEIO\]

$ J\iUWiV HO NpV]tWpVH VRUIQ D VHJpGDQ\DJ NRRSWRHQVF
HOV GOHJHV INMQBGDMAD IiPLWtHPXOJHiOiVD D IHO*OHWL IHV]«O'
EOWDOIEDQ H]JHNQHN D] DQ\DJRNGDN VWDELOL]iOy KDWiVXN L

$ KDE VWDELOL]iIWROURNWBIQIiJHI\ D I[iJLV YLVINRJLWIiViQiO
PRQRPROHNXOiULY UpWHJHW DONRWQDN DPHO\ UXJDOPDVViJF
PHJV]LOIUGXOiViLJ IHQQWDUWMD DXFHOOOMVEGRILNMIBADB] WiteWitt $ KD |
pUL HO PD[LPXPiW D GLOVHYH U]] UAHDBOK HWEH IHOV]DNDGKDW QD
D] DGDOpNDQ\DJQDN D VJHUHSH NULWLNXV HEEHQ D Ii]JLVEDQ
UpWHJ H[SDQGiOKMWDMYVREBMH]MMQRPREWLYLWiV DQQiO MREEDQ C
PHQQ\LVpJ LV HOHJHQG D VWDELOL]JIWRUEYO (YWHOR M PHRNDS/
DONDOPD]QDN HOWpU OiQFVJHUNH]HWWHO $ KBEQWDEHW LQi\@
YDJ\ JiUW FHOODV]HUNH]JHWHW DONRW D UHDN F DM & RIp&i 100LQHD!

$ WHQJLGHN KDUPDGLN FVRSRUWMiW D FHOODV]HUNH]HW
VWDELOL]JiWRURNNDO HOOHQWpPWHY D FHOOiIN UpV]EHQ |VV
HUHGPpPQ\H]QHN +LGHJKDERN J\iUWiViQiO DONDOPD]KBKVYDN

kopolimerijei.
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7|OWV Y i]H dnyaguy

$ IHQW HPOtWHWW VHJpGDQ\DJRNR QI LNOt GsHa@KE M @ PDR\D J R N
NRPSR]LWRN F®EzeR Gtatfats HIDUpV]IW YDODPHO\ IL]JLNDL pV YDJ\
PHJYIiOWR]JWDWiVD PiVUpV]IW D WHUPpPN iUiQDN FV|NNHQWp\
PHUHYVpJpW K pV YHJ\V]HUIOO§V/iBiKWHWQIH S i WEH U @H YHG
melamin, vagy szervetlen®k N«O|QIpOH iVYiQ\ UOHPPQ\HN +<YHJJ\|QJ\ YD

OHJMHOHQpPVL IRUPIMXN V]HY LQWDID W& POQNS$ @W RINQ DIDARNR N D J\
Yi] DODNMIEDQ DONDOPD]KDWYDN GH Q EQmennyibenédyQyed OYiOL
ILOOHU KDWiViUD YDODPHO\ WXODMGRQViJ MHOHQW VHQ MDY
-HOHQ GROJR]DW LV H]HQ D&\DJRN NXWDWiViUD IyNXV]iO

6]tQH] DQ\DJRN

(VIWpWLNDL YDJ\ SUDNWLNXV FpORNEyO D SROLXUHWIQEYy
SLJPHQVHNFKCrQ,/CrDs, Fels, FeOs , sth.) 2-10 %RW KDV]QiOQDN M]JHUYH\
pigmensek, ftalocianinDQWUDNLQRQ VW Ro-oD&&ayslra®’Ns SHFLiOLY KDWiVRN
PUGHNpPEHQ FVLOOIPRW YDJ\ IpPPSRURNDW DONDOPD]QDN

6WDELOL]JIWRURN

$ VWDELOL]IiWVORDURNBWRSIRWUWED RV]JWMXN KLGUROt]JLV HOH
IpPQ\WWDELOL]JIWRURN ELRVWDELOL]JIWRURN pV pJpVJiWOYN
NJ[YHWNH]LN EH D MHOHQVpJ HU VHQ EHIRO\IiVROMD D SROL)>
WXODMGRQNpPSSHQ D VDYFVRBRUDNEWS NJ}W LN ] OBQ WIVR [N.BUERR
R[LIJpPQMPQHN NiURVtWy KDWiViW ViUJX0iV |QJ\XOODGiV UX
.pPLDL V]JHPSRQWEYO OHKHWQHN SHUR[LG J\I[NIRJyN DURPiV
WLRpWH® HINQ\VWEBELOL]JIWRUNpPQW 89 DEV]JRUEHUHNHW KDV]Qi
IpQ\UH JHUMHV]WKHW FVRSRUWRNWYO iWYHV]LN D] HQHUJLIV
IRUPIMIEDQ YH]HWLN S ~$SEROXUWMIQRN HOOHQIOOYDN D F
SROLpV]WHU DODS~DN PU]PDNNYpHAL 6P BRRBVWIJBDL O L ]JamirRod, RN U p
DU]pQ YDJ\ KDORJpQ WDUWDOP~ YHJ\¢eOHWHN pvV EDNWHULFLG

eJpVJIiIWOYNpQW V]JHUYHV IRV]IRU YDJ\ KDORJpQ WDUWDOP~
VRUIQ NpS] G UH DNGLYMUHIAPAHYED NHU-OYH JIWROMIN D] R[LC

15



1.4, 3ROLXUHWIiQ V]LQWp]LV UHDNFLyL

$ SROLXUHWIQRN V]LQWp]LVH n@PBnatdifivelDQ UHHID NFSLR QWY DE BIG R
YiOVARQPJDWtY $] LSDUEDQ D]JRQEDQ HJ\UpV]W DQ\DJL PHJIRC
IHOKDV]QiOKDWYViJL SDUDPpWH Bk-EN LPHIDMAN Y NRW DO L]iWRUW K

$] HJ\W]JHU& NDWDOL]iWR ¢ ¢®pO N3 P& p RHIREMBIZH XVRSRUWMI E
OHY R[LJpQ DWRP V]DEDG HOHNWURQSiIUMD OpWHVtW N|WpVW
D VIpQmBIWIRPIEUD® ® UHJRQDQFLD QHJDWtY W|OWpVW JHQHU
LQWUDPROHNXOIULV WUDQV]IHU&2WNMRS R UW GELLNS YO X ¥ RARP®! Q]
NLPXWDWWD KRJ\ D QLWURJpQ DWRP QHJDWtYDEE D] R[LJp
jEOHQOPWH QpON+O D UHBINHPYW EHOPVLD\X\WDAO MNYHIRIO YR Q)
LJIRFLDQiIW FVRSRUWKR] N|W GLN Q|YHOL D V]pQ SRJLWtY W]|O\
QXNOHRILO WiPDGiVRNNDO V]HPEHQ (] D N]JYHWOHQ RND DQC¢
iOWDOIEDQ UHDNWtYDEEDN DOLIiV WiUVDLNQiO

$PHQQ\LEHQ QXNOHRILO iJHQV SpOGiXO, BkRdr @na¥ M@ NV WO H Q
HOHNWURQSiKNMD N WRVRIK®R] OpWUH D] DONRKRO KLGURJ/DO F)
b) (]JiOWDO D FVRSRUW R[LJpQ DWRPMD UpV]OHJHV QHJIDWtY
W|OWpV& V]pQDWRPMiKR] NDSFVROYGLN (J\ DNWLYiOW NR]
YLVV]DQ\HUM+N D NDWDOLJiIWRUW

HaHOHNWURILO iJHQV SpOGiXO VDY VHJtWL D UHDNFLyW DN
KLGURJpQ HOHNWURQGHILFLWHY iOODSRWRW KR] OpWUH D V]|
R[LJpPQMKHEUD F $ YpJWHUPpPN SURWRQ WUDQV]IHUUHO M|Q O

Egy WRYIEEL HVHW D IpP MHOOHP] HQ yQ NDWDOL]iWRWU KDV]

iIEUD G JiEUD®PEXWR@NWREBW\ Py@QDODS~ ND W Be@Uuiiol RURN
PHFKDQL]PXV VRUIQ HOQW\WU PIpR]FALRPMVQDN HOHNWURQMDL
NRPSOH[HW KR]QDN O pw@lkékid Rinplée® SROLROODO

$ IRO\DPDW FLNOLNNX\MBOPD NXPDpDWERUHMI @@ NDWDOL]JIWRU IHOV
ciklushoz.
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$ IHQWL UHDNFLY PHFKDQL]JPXVRN HOHP]pVpPE O NLW&QLN
NDWDOL]IWRUWYO $] iWPHQHWLIpPHN VJHUYHV WL D] DPLQRN

(QWHOLV pV 1HVWRURY NLPXWDWWD KRJ\ D V]XEV]WLWXiOV
HIJ\WW]Hh&VDIJRFLDQiIWRNKR] NpSHV\. i bUDD PIPOI\SWI QI tH R DWW O H

VA péaa'AL e é 18i E U Bammet egyenlet

aholkszuo p¥ D UHDWHHENVVpPJiOODQGYL V]XEVIWLWXiOW pV HJI\W]HUGE
DGRWW UHDNFLYyUD pUYpQ\HV iOODQGY 1 SHGLJ D V,]pagy]WLW;
NI[WKHW SDUDPpWHU .RQNUpW pUWpPNHLN WIiEOi]JDWRNEYO I
NJ[YHWNH]WHWQL OHKHW D V]XEV]WLWXiOW DURPiV L]RFLDQ]
VHEHVVpJpUH

15. 6SHFLIOLV WHUPpPV]WWHY VOIUPIERN SROLXUHWIQ NI

$ Yi] pV W|OW DQPpIORW /i[PIRVM\EGIJEDQ D KDUPDGLN. AHMH]HV
N|[YHWNH] NEHQ D VSHFLiOLV ILOOHUHN V]HUHS MV HUHR\D| HEAHH
DGDOpNRMUIDIDJIiVY WMRNQWHWpPEHQ 3ROLXUHWIQ DODS~ NRP
KDV]QiOQDN D MiUP&LSDU HOHNWURQLND E~WRULSDU pSt\
IVVJHWHY E O iOOy NHYHUpNHN PHO\HNQHN | HO Q\H D NF
PUYpPQ\HV+O pR/G\DIQO SBIWDAHpWHU pUWPpPNHN PHJYDOYVtWiVD DPF
QHKH]HQ HOpUKHW HN $PHQQ\LEHQ D NRP8RMHW W[EEWR P 0J UK
QDQRNRPSR]LWWyO EHV]pO+QN

6]JHUYHWOHQ NRPSRQHQVHNHW J\DNUDQ KDV]QiOQDN W]|OW
K iOOyViJXN pV PHFKDQLNDL V]LOiU&ydg XaNokerofiiitokat Tp3thany SF
IHMOHV]WHWWpN NL D 7R\RWD NXWDWyL 1\ORQ IHOKDV]QiOiVi
HOV SRMUXDHWIQRNRPSR]LW VILQWPpP]LVPW = :DQJ @mén®¥- 3LQQ
$] DJ\DJiVYiQ\RN N|]*O D UpAVHUKMBEH IYNRIOMR ND HJRQNUEE WDQXOF
NRPSR]JLW HO iOOtWiVL NtVPUOHWHNHW KHNWRULWWDO pV ODS
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Kezeletlen montmorillonit PUR kompozitokban

$ EHQWRQLW QHY& IHKpU V]tQ& QHPHVDJ\DJMMTP@ANRWY i
montmorillonit egy (Na,Cg)o3dAl,MQ)2SisO10(OH)2+ Q@2 |VV]HINpSOHWWHO OHtU
VIHUJHNH{ MM @ UNOVWRDPHO\ DQWSHAMIVDpILH N pillHE: D2tpeM{OMES$ O
RNWDpGHUHNE O iOOy UpWHJ tO/PpW B UNHYHRW R]BWI B WH Ji®E H
KHO\HWWHVtWpV PLDWW D QHJDWtY W|OWpV GRPLQIOZ#*DPHO\C
Mg?* pV 1DRQRN KHO\H]NHGQHN HO $ NUQVMEUIDVWKWBOMMI EHOp S

| " yly

~1nm

(B)

19. i EUMRQWPRULOORQLW NULVWiO\WW]JHUNH]HWH ROGDOQp

$ UpWHJIN|]JWL LQWHUODPHOIULY WpU NDWLRQMDL QDWtY
LPPRELOLRLARW RID-7$ UpWHJIHN N|][WW D NDWLRQRN PHOOHWW
WDOIiOKDWYDN (QQHN D VIJHUNH]HWQHN N|V]|QKHW HQAD NUL"
QDWtY UpWHJIN|]WL W4YCROMiNpPHOQ HPP MIQ iV R NMD P UHY pWi O WR |
HJ\UpV]W D] iVYiQ\ OHO KHO\pW O PiVUpV]W D Yt]WDUWDORPW
WiYROViIJRW HUHGPpPQ\H] YDJ\LV D] ,\LOi@NWYHH W pl$HMJEHI} VG
VIHUYHV RYPHWEO]WD PRQWPRULOORQLW LSDUL HO iOOtWiVD
PDJDV 007 WDUWDOP~ EHQWRQLWHW KDV]QiOQDN NRPSR]JLWRN
tartalma meghaladja az 50RW EHQWRQLWQHN QHYH]KHW-E RQ LS RICHISQUIR S\
R[LG DODS~ SROLROEDQ GLV]SHUJBELMDYL-GR B VRIER D QOW\R Q DWUHH
HJ\ LNHUFVLJiIV DI[WDXRBWWEWMROORDWYEBHOGLBRWWIiIN pV ODSRNN
NRPSRILW-BIIQWINFLYV YL]VIIiRYWD7 |[VWHWpPWHOQpPO QHP PX
FV-FVRNDW DPL D 727 UpWH2EN WHBMHV KiPOiViQDN MHOH
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Tiszta MMT
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2 4 6 8 10 4000 3500 3000 2500 2000 1500 1000 500

Théta szog (em™

20. i E UtA. PR O L X-tddhivio@ionit NRPSRILW U|QW JH G?GolM FERIDN. KILNWAWN Q@ S
(PU)-montmorillonit (MMT) NRPSR]LW )7,5 VSHNWUXPD |VV]HKBVRQOt

(QQHN PHJHU VtWpVpUH SiV]Wily HOHNWURQPLNURMEINygSRV Y
2%-RV NRPSR]LWQiO HJ\HQOHWHV HORV]WiVW PXWDWRWW D P
MHOHQOpPWpPW HUHGPpPQ\H]WH GH |[VV]HVVpPJIPEHQ D PH]JRVWUX|

$ NRPSR]JLWRN UpV]OHWHYV )7,5 HWDRI]WWRF iQ\E DEAp ™ [BA p&/MH N
HORQJiFLYV pV WRU]JLYV YLEUiIFLYMiW PXWDWMD DPL D V]HI
V]IHUNH]20W.piEER) D 8J\DQDNNRU D WLV]WD SROLXUHWIQ MHOC(
ELIRQ\tWMD KRJ\ D] DJ\DJ MHOHQOpWH QHP PiIRAporEKEEMD D !
WHUPRJUDYLPHWULIV PyGV]HAD6PSNNH O W W HDOWHPH|GPA\DIRN SiUF
ERPODQDN D NRPSR]J]LWRNEYyO D WLV]JWD SROLXUHWIQQiIO NL
alacsonyabb, viszont 406C IHOHWWL WDUWRPIQ\EDQ D] DJ\DJiVYiQQ\DC
K iOOyViJRW PXWDWQDN D WLVI]WD SROLPHUQpPDV RQWD]\L INDWHX
WDOIOWDN D PHFKDQLNDL WXODMGRQViIJRN WHUpQ %HQWRQL
VILOiUGViJ $PHQQ\LEHQ D] DJ\DJ PHQQ\LVpJH Q H]JHNUH D W:
PDMG HJ\ DGRWW SRQWRQ W~O D WUHQG HOOHQNH] MpUH IRU
VIDNtWy V]LO@ GVIiDBRW WDUWDOPD]PpYPJVIF\WEHQWRQLW HV

2UJDQRILOL]iOW PRQWPRULOORQLW

$J\DJiVYiQ\ DODS~ NRPSR]JLWRN HVHWpPEHQ G|QW IRQW!
VIHPEVHPPUHWH pV NRPSDWLELOLWiVD D] DGRWW N|]JHJJHO 0
VIHUYHV IROYMG@N@®MNJ\REE SHUHPV]|JJHO QHGYHVtWLN D IH¢
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QHGYHVtWpVHEQ iODQOIBDQ GH QHP PLQGLJ MHOHQW VHQ Ji
FVINNHQWL D NRPSDWLELOLWiIVW 1DWtY PRQWPRULOORQLWR
KRPRIJHQL]JIOKDWYDN SROLXUHWIQRNNDO $ NDWLRQRN ODEL
RUJDQRILOL]IiOW PROQWPRJULOWRIQVWWN (]JHNEHQ D] HVHWHNEHC
egy olyan szerves ionra,PaAHO\ KLGURIYE NDUDNWHUpPE O DGyGyDQ NLVHE
SROLXUHWIQQDO $ NpPLDLODJ PYGRVtWRWW iVYiQ\ tJ\ V]H
NRPSDWLEDQONVEPSROLXUHWpQVIRIWUWD®iIYROViIJ PHJIHOHO N
HOpUKHWL DUWpPpNHWUBWHIHN N|J]WL WpU EHIRIJDGKDW WHKiW
YHI\ecOHWHNHW KR]YD OpWUH DPHO\HN HUHGPpQRHYDQRHLOHY:it
PRQWPRULOORQLW NRPSR]LW R\ JD® ROIOOW]iDIKRID DY NWYIG MWV |
OHJ\iUWKDWY D RFIRPSR]LW DQ\DJ

2UJDQRILOL]JIOW PRQWPRULOORQLW HO iOOtWiVD

2UJDQRILOL]iIOiIVQDN QHYHHO\ D/VJRW Iy B APMRIQWRARULOORQL\
HOKHO\H]NHG IpP NDWLRQRNDW®*JHUYHVY PROHNXOiINUD FVHU,|

$ OHIJW|EE NXWDWyFVRSRUW V]iUtWRWW U|OW PDJDV |
NLLQGXOy D-Q\DNPQWHPFVHPpUHW WDUWRPIiQ\E hQvan$zo®R U EH
PHQQ\LVpJ& Yt]JEHQ V]XV]SHQGIOMiIN pV FVHSSki@iope@sty DGD
6]REDK PpUVpNOHWHQ NHYHULN yUiQ iW PDMG VyVD&DW DG
,VPpW  yUiV NHYHUpV N|YHWNH]JLN PDMG V]&UpV PRIV GHV]
on% B. HanhpV NXWDWyYFVRSRUWMD HJ\ PiVLN RUJDQRILARJOIVL P
PRQWPRULOORQLWHW G X]]D VEWR Majl Betll-trimetilB® PYIQEND EURPLG
DPLQR XQGHNiQVDY NHYHUpNpW DGDJROWDN yUiQ NHUHV]W
GHV]WLOOIOW YYNXK® EPIRY W] NJ t W R B/AMQ NG B D NSt U@ O Wi N

2UJDQRILOL]iIOIVL iJHQVNpQW OHJIJ\DNUDEEDQ D N|YHWN
dietanol amin, trietanol amin, benzidin, quateri2P Py QL XP Vy Nois-Brio \WioQ©OQU DQLOL
cetl-SLULGtQLXP EruRett-ID® Py QWX P EURAEME&I-EGBRIOCODPPYQLXP VWE

SROLXWHRPRIQWMP RULOORQLW NRPSR]JLW DQ\DJRN HO iOOtWi\

$ IHQW HPOtWHWW NRPSR]JLW HO iOOtWiViUD DODSYHW HQ NpW
- GLUHNW EHNHYHUpV ROYDGpPNEDQ YDJ\ ROGDW IRUPIMIE
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- 0-007 MHOHQ O piwgitiE S RO]IDIVHAM JiF Ly

$] HOV HVHW HJ\ HJ\W]JHU& ILJLNDL NHYHUpPVW IHOWpPWHC
MDYXOiVRN pUKHW HN HO D ILJLNDL SDUDPpWHUHN WHUpPQ ,S
KDV]QiOQDN HUUH D FpOUD $ FVLJIN HOHMpQ DGDJROMIN D P
SHGLJ PiU IRUPiINKWDWMRPSR]LW

$ PiVRGLN HO iOOtWiVL PyG HVHWpQ D PRQWPRULOORQ
SROLPHUL]iFLY ~J\ ]DMOLN KRJ\ D ILOOHU PiNpSIIHOABNY D@N QW
YHJ\*OHWHN $ UHDNFLY iOWDOiIQRV VpPiMiO07 GIMHWPQ@RG',D
IHOKDV]QiCRiViMDu® WHPOpOWHWL

CH,-CH,-OH CH,-CH,-OH
HCI
MMT "Na* + R—N —— MMT " NH-R
CH,-CH,-OH CH,-CH,-OH
+
CH—CH
~E 0—CO C// \\C NH-CO40—CH,—CH T
H—40—R,—O0—CO—NH— —NH- —CH,— P
1 \ / 2 2 /C% /N—C—O
CH=CH n 5 HC|3| ?
+ - n
R—NH MMT ™ <—— HC. CH
VA T
72N\
H*EO—R1—-O—CO—NH—C\ /C—NH—CO]—O—CHz—CHz N=C=0
CH=CH n +
2n R,
HO”  NOH

21 iEUD-MMT +SROLXUHWIQ NRPSR]LW V]LQWp]LVH

$] LQNO~]JLYV YHJ\¢OHWHNHQ DODSXOy NRPSR]JLWRN H]H
IHOWpWBOHVOHENH]HWPQHN Q\LWiVD D PHJIHOHO QDJ\ViJ~ U,
RUJDQRILOL]JIOW PRQWPRULOORQLWHW HO V]|U HJ >GLRWOIBADMY NY

yUiQ NHUHV]W+.O DNiU D W|EEL NRPSRQHQV MHOHQOpPWpPEH
LIRFLDQIWRW DGQDN KR]J]i D UHDNFLY SiU SHUF DODWW V]REL
DMF-EHQ V]XV]SHQGIOMIN PDMG -3¥CIRRQ Y N\LEXPDEIMON VHNJtWMIiN
OLRILOL]iOiVKR] KDVRQOY HO M iUiewo\RRU KR | B PWHDD W [E%P EMMEBDUWVE Q N
D] HVHWEHQ D] DJ\DJiVYiQ\ YDOyV NpPLDL N|WpVHN p@narDO EH,
szerkezetet is.
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+DVRQOY V]LEPW PEILND XRDMDW QDN EH - ;LDQJ poftoPNKGYND W il
DQLOLQQHO PYGRVtWYD D PRQWPRULOORQLWHWH@ WHHIDH OAN B
VLNHU+O RO\DQ UHDJHQVW OpWUHKR]QL DPHO\ NpSHV SROLRO
DPHO\EH LQWHJUIiOWDQ YDOyV NpPLDL N|WPVVHO EHOH YDQ IR

PUchain
/

c
H H H / O
C=C C=C C C
MMT MMT ~ NH,"-C, No—o—d c—H—c—n—c  o—ctw
. N \\C C// H, N\ C// O H N\ 7/ H
12 H H Fi 5§ n
218 +PPG
& F cl ol o] of NCO
& N\ H H / \ H H / H
c=C c=cC c= c=c¢C C=c
MMT"NH*+C/ \C—C—C/ \C—H Hﬂ’MMT"NH* d \c—c—c/ \C—H c—N C/ \C C—H
LN 7 H, N 7 N 77 H N 7/ 6 H N\ /7 H
c—¢C c—cC n Cc—cC c—cC cC—C n
H H H H H H H H H H

22. iEUDXQNFLRQDOL]iIiOW DJ\DJiVYiQ\ EHpStWpVH 385

(JHQ NRPSR]JLWRN PHFKDQLNDL WXODMGRQViJmr®BAN HOI
N|YHW N H]WtaW fddy Haz MOXO7 FV|NNHQWL D SROLPHU <YHJHVHGp
XJ\DQDNNRU Q|YHOL D] HODV]JWLELWiVW pV D Q\RPyV]LOIUGVil
KR]JIDGRWW iVYiQ\L DGSDN PHERIJUWRBNIPIRUIROYJLDL VIHUNH]HW
VSHNWURPpWHGUIHOD NFQYWIM@V]*OpNNHO WHUPRJUDYLPHWUL
'6& 6(0 SiV]Wi]Jly HOHNWURQPLNURV]NYSSDO PpULN $ PpUpVHN
NpW YpJOHW N|]W RV]FLOOIO D KR]]iDGRWW QHPHV DJ\DJ PHQ
NLV PHQQ\DUPJIRDODIOKDWY D NRPSRJLWEDQ DODFVRQ\ V]HPFV
H[IROLIiOW i{OODSRWEDQ WDOiOKDWYy UpWHJHNUH V]pWHVYH 1
PHOOHWW PHJWDOIOKDWY D NRPSDNWD EE NUQ MW HONVDOWNRAN HD

PIWUL[ PROHNX®DEGUDFDLYDO

Izocianat

Poliol _ . 1
\ o E ’
Rl W (155 i VoS Interkalalt
Py 7" nanokompozit
Toluol o”oi“ o
0%
e o \
Hamlott
nanokompozit

23. iEUBROLXWHIMMQQAD QRNRPSR]LWPRUIROYJLIMD
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O-007 KDWiVD SROLXUHWIQRNUD

$ NRPSR]LW DQ\DJRN HO iOOtWiViQDN HJ\LN FpOMD RO\L
DPHO\HN D] HJ\W]HU& SROLMNHPPHEDpO XMBREHERIQVIRPNNDO Et!
QDQRNRPSR]JLWRN IL]LNDL MHOOHP]pVH W|EE PHFKDQLNDL ¢

HODV]WLFLWiV V]DNtWy V]LOipNGINQUJ VR LIITHVWNQ N p BHV/Y\HIO p V

*DLGXNRY pV ODNVLPRY ELRSROLROODO HO iOOtW&WW PH
RUJDQRILOL]iOW PRQWPRULOORQLW WDUWDORPPDO-MMUUD D N
tartalom,40%D O Q|YHOL D SROLXUHWiIQ NHPpQ\VpJpW $ VIHUYHWOH
Q|YHNHGpPpVH PpUVpNHOWHEEHQ -@PRMHOL] D UMNHRp G X|FOMBGR N
SRUGLIIUDNWRPHWWUYIHQIJiODW NLPXWDWWD KRJ\ DODFVRQ\ |
HOV VRUEDQ KiPORWW i0ODSRW E DX\ BtOpedit Dayjslemk $ BOaRH U P

szerkezet is.

$ UXJDOPDVViJL PRGXOXV] YIiOWR]iViW VILQWpPQ YL]VJIiOWi
1+JJYPQ\PpEHOQRGIPLQWINQMQ|YHNHGpPV YROW WMMTSHRJBERE KD Wy
DO Q|YHOWH PHJ D UXJDOPDVViJL PRGXOXV]W $ VJHUYHWOH

QDJ\REE K iOOyViJRW EL]WRVtItWRWW $ Q|Y HNMWGpaftaprimali.O O OL:
61

0iV PHFKDQLNDL WXODMGRQViJRN WHNLQWHWPpPEHQ-+DQ p"
007 MHOHQOpPWH MHOHQW VHQ Q|YHOL D V]DNtWyO VQL ®HOGWHIJ |
PUWPNHNHW .pW V]JHUYHV DQ\DJRW Kidm&lioh® W PNL SRR JIDURRPI L G
&7%$% pV DPLQR XQRGHNiQVDYDW -HOHQW V HOWpUpVW QHP
deD U|[YLGHEE V]pQOiQF YDODPLYH® MREE NRPSDWLELOLWIiVW |

$ Yt]JIHOYpWHO PpUWpPNH QDJ\EDQ EHIRO\IVROMD D SROI
VWDELOLWIiVD FV|NMHQHRH®EWIRHEFLYO|QE|] NRPSRJLWRNDW
NRPSR]LW DODFVRQ\DEE Yt]IHOYpWHOW PXWDW D WLV]WD SRO
HJ\HQV~O\L iOODSRW&RW MBDHQQpMH2ODVVtWMD pV JiWROMD
7RYIEEi D NRPSR]JLWRN Yt]IHOYpWHOH 1+JJ D] RUJDQRILOL]J
UHQGHONHW WDSPWDOPD]y NRPSRJLW OpQ\BJHVHQ NHYHVHEE Y
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1.6. .RPSR]LW DQ\DJRN PHJKDWIiUR]iVD pV RV]WiO\R]iV

$ GLVV]HUWIFLYEDQ OHtUW NXWDWiV DODSMD D ILOOHUNDP
D SROLXUHWiIQ NRPSR]JLWRN HO iOOtWiViQDN IRO\DPDWIEDQ
PYHJUHGHV VtURN UpJpV]HWL IHOWIiUiViIEyO PiU NHU*OWHN H
VIDOPiYDO YROWDN PHJHU VtWYH (JHN WDUWyVViJiWw PiU EL
WHNLQWKHW D YDOIRNWPDOPHIWWD VIWHWW G|QJ|OW I|OGE O N
V]pQV]iODViFRDQ\DJ

.RPSR]JLWRNQDN QHYH]]*N DJRNDW D WiUVtIWRWW KHWHUR
DQ\DJ NHYHUpPVpPYHO iOOtWDQDN H Okat W]ERWNW B B BIJRYHHUGHNP E\R. Q1 WE
$] DQ\DJWiUVtWiV iOWDOIEDQ D NLLQGXOiVL DQ\DJRN PHJKDYV
UHQGHONH] DQ\DJRW HUHGPpQ\H] )HOKDV]QiOiV WHNLQWHYV
J\yI\iVIDW pV HQHUJHWLND ®HONRWMiN DI WHU<OHWHNHW

2V]WiO\R]JKDWyYDN D NRPSR]LWRN BPEHDeilOm] LWN VLY BIDIMRIO M |
|U|FFEV,| QpWpN IHIOBY WA pSURILOK~]iV  $ JViUWiV NLYLWHOH]KHV
WHFKQROySituiMD®iUiVVDO DPLNRU D IHOKDV]QiOiV KHO\pQ iO
HO JHWHV EHNHYHUpPVVHO pV XWyODJRV IRUPi]liVVDO $ NRPSR
V]iODV OHPH]HV YDJ\ UpWHJHV NRPSR]JLW $] |[VV]HI*JJ HQ MH(
GLV]SHUJIOYD WDOiOKD % 4 kbmpeiPEV ] NPRR/S R Q HQ W ¢/DX00 BIW@P OV
WLVIWD DQ\DJIRWKRD Qp SHN W weAK BI@/HNDN WXODMGRQViIJDLN M
anyagRNpQiO |QV~O\XN iOWDOIEDQ FVHNpO\ pOHWWDUWDPXN KF
IHOKDV]QiOiVEYyO HUHG KDWiVRNQDN

2. 9L]VJIiODWL PYGV]HUHN IHOKDV]QiOW DQ\DJRN
2.1. Abentonit-SROLRO SUHPL[HN iOWDOiIQRV NRQGtFLRQIiC

$ NXwWDWiVvV VRUIQ WHUPpV]J]HWHY V]JHUYHWOHQ W|OW DQ
DPHO\HN N|]W N«O|Q NDWHJyULIW DONRWOQDAN BGGIRQFHYVDG\PDW R/
PLDWW D EHQWRQLW OHWW NLYIiODVIWYD UpV]J]OHWHV WDQ X
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WpUVPJEHQ pV D UpWHJIV]JLOLNiWRN N|UQ\H]JHWYpGHOPL pV YI
QLQFV NHOO NpSSHQ NLKDV]QiOYD

$ NXWDWiV VRURGQGBQFBSBHQWRQLW WtSXVDL NHU<OWHN
GLYHU]JLWIiIVXNQDN N|V]IQKHW HQ PHJIHOHO HQ UHSUH]JHQWIiO!
NDSRWW D :\R Pegsiamerdbentonitis (IWIEOi]DW

1. WIEOIPDWLREWJIIOW EHQWRQLW PLQWIN pV OHO

6RUV] %HQWRQLW WtSXVD .yGM
1 OMYiURVL Q\HUV EHQWRQLW 6]DWPiU PHJ B1
2 OXWQLNL Q\HUV EHQWRQLW +QXVWD MiUi| B2
3 0iGL DNWLYiOW EHQWRQLW %$= PHJ\H 0@ B3
4 5iNyFJLEiQ\DL Q\HUV EHQWRQLW 1yJUiG P| B4
5 0iGL |QW|GHL 21 DNWLYiOW EHQWRQLW | B5
6 \RPLQJ VWDQGDUG Q\HUV EHQWRQLW :\| B6
7 WLVIWtWRWW ORQWPRULOORQLW 6LJP MMT

$ W~OV]iUIWRWW EHQWRQLW NULVWIO\UiFVD |VVHRPOLN

QHGYHV SHGLJ NpSHV YL]JHW OHDGQL pV H]JiOWDO EHIRO\iVR
UHFHSW~UIEDQ PHJKDWmiaRd B WRH $ ¥ WUDi I WNOIQHRREDE i) | BHEGi&iU V

LV WHOMHVHQ toV pikdnpzteE QWREBP KRVV]DEE NRQGtFLRQIOiV X
QHGYHVVpJWDUW D O RP] W @y UpWW\WNKW HVW HWQDUWYD NHU«OWHN
VHJtW D IRO\DPDWRN MREE PHJpUWpPVpPEHQ pV PHJ UJL D NULV
EHQWRQLW pV QHP GX]]DGyY iVYiQ\ UP\D®IBWNHP ¥ ROWH KRJIV D]+
VIHPFVHHORV]OIVEYyO V]iUPD]y HUHG N+O|QEVpJHN QH ]JDYDUM

$ NLYiO Blyd@WRWQWRRP-303DV IRUPXOi]JRWW SROLROODO NHYHUYH
HJ\ QDSRW KDJ\YD GX]]DGiVUD LQWHUDNFLYUD $ PHQ@@ALVpPpJIH
PIUNDQHY& O0', DODS~ LIRFLDQIiWWDO W|UWpQ NHYHUpPV XWiQ

anyagot tartalmazzor$ UHROyYyJLDL PpUpVHNQpPO HJ\ E HQW R DV VOHOAMMD |
D] pU]pNHQ\HEE SDUDPpWHUHN pV IRO\D PP B&IN KNDEE F\ i&VRIFBQ |
LIRFLDQiW, &z [RPHOVULNXYV DGDJROIVVDO W|UWpPQW J SR
$ KDE VWDELOL]iOiVD THIRVWDE % HPXOJHIWRUUDO W|UWpQ
HOQHYH]pV& YHJ\WW]HUNHYHUpNHW KDV]QiOWDP DPHO\LN W

26



WDUWDOPD] 7pUKiOyVtWyNpQW:'GXRNR SROIW DQIRFHERVY |PE GVD YR
NDWDOLWLNXV KD WisM2{RINRH W LOD FSHHEQHWX G WONAWPDQ YiOODOI
=) PIUNIiM~ DODFVRQ\ 92& HRLY M Dy VWRW\T ONLOD WMCRAL AW R U U H C
(KDERVRGIVL pVSRIOLRRFLDQQOWpPpS]pVL UHDNFLYN HJ\HQV~O\E
'$%&2 /9 iIOWDOIQRVY NDWDOLWLNXV KDWiVW EL]J]WRVtW D '(2
DGDOpN D SROLPHU PIiWUL[ PHFKDQLNDL LQWHJULWIiViIW pV D J
JEFFCAT ZF-22 mint specifikusk DERNDMWD OLCW RISIDGpV VHEHVVpPpJpW V]
ELIWRVtWYD D] RSWLPiIiOLY FHOODVWUXNW~UIW $ NpW NRPS
KDENpS]pVL NLQHWLND ILQRPKDQJROHWVIW VPLYW ]EHRI DO D © OPAVJF

$ NRPSR]JLW HO iOOtWiViKR] 2+286 ([PO®RWEOiQ RDDERMINDN|JRN ¢
KDV]QiOWDP

22 )RDPDW PpUpVHN

$] HOV pV OHIJIRQWRVDEE PpUpV IDOPQAMWL M RIPSR & pWRHN W K
PpUYDGYQDN WDUWRWWDP D] D KDENpS] GpV YL]VJiODWD (] C
LOQWHJULWIiIVD Q|YHNHGpVL VHEHVVpPpJH pV VWDELOLWIiIVD V]HP
IRQWRY LUIQ\EDQ LROQW NP 5p UHONN NtL GH O\ QVI U V@ KD MDi V F
pV YDJ\ ILILNDL IRO\DPDWRN EHIRO\IiIVROMIN D KDERN NpS] ¢
IHOGHUtWVeN W|EEHN NINPWPL D] BDODBF piWWH ULHN N B D, Bzt pediy pW N H
XRD + 5|QWJHQ GLIIUDNFLYV IHOHPMV|V7VSHNWURV]NYSLD EH
NDSDFLWiVIiQDN PHJEBWH@RALVO PpHANEDHet-7HOROGDXMIRUSFLYV |
GHULYDWRJUIILD IHO*OHWL [IHV]*OWVpJ PNaKHHROQRILYVD HO
PHIJKDWIiIUR]iIVIQDN D VHJtWVpJpYHO pUWeN HO $ PiVRGLN L
WXODMBRQYILJDhiOD]W D NpUGpVW iOOtWYD D N|]JpSSRQWED K
WXODMGRQVIJRNDW HUHGPpPQ\H]QHN PHFKDQLNDL pV DNXV]WL
NLGHU«O KRJ\ KRJ\DQ WXGXQN HJ\ ELIRQ\RV W Xt0 O @ GNRQDMWYU B
egy adottW X OD M G R Gkvmpazid. O EtUy

$ NXWDWiV VRUIQ D] DGD@INRPIV WRIPERQWNEBQPOPLQGHQ
W|PHJV]i]DOpNRW MHOHQW WHUMHG pUW pNWheDtohWkRRpaitdkD Q Y R
pV KDEYL]VJiOy UHQGV]HUemVEJt38%p NoR'FMSR]HWRRHNpPS] GpVL
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GLQDPWNIN2$0$7 NpV¥# OBNMD HJ\ UDGDURV KDEHPHONHGpV
IPODXWRPDWD PHGROPMNJFWWRPpSpVHLW pV D IHOGROJR]JRWW
KDEHPHONHGpPpVW DQQDN YpJV PDJDVViJiW LOOHWYH YLVV]DN

24, iEUD)RDPDW KDEYL]VJiOy EHUHQGH]pV

$ NpV]eOpN J\iUWyMD D )RubADMKDERVRGIFKQLINVDL pV D NHO
VaUgVWptleHa EHOV K PpUVpN&HABTM DOY8R]8\IBtve EN 14315-1(Annex E)
V]IDEYiQ\RN DODSMiQ W|UWpQW $ UDGDURYV V]HQ]JRU iOWDO Pp
IXWQDN EH DPHO\ IHOGROJR]]D pV JUDILNXVDQ iEUiIJROMD D U
240 s-raY ROW iOOtWYD H]DODWW PpUWHP D KDERN HPHO NHGL pW

pV YpJV V&U&VpJIJpW D KDEPDJDVViJRW PV INtWHDRFAMHMNKEHV
WpUIRJDW ~ PP IHOV iWPpU M& pV PP DOVy

iWPpU M&
UHSURGXNiOKDWYViJ pUGHNpPEHQ

23. $ODSYHW-NILRL®DLSDUDPpWHUHN MHOOHP]pVH

$] HOWpU -FFQWBBLMQWHUDNFLYN WHUPpV]HWpPQHN NLG

V]*NVpJHV D] DJ\DJiVYiQ\RN MHOOHMpVHLQW IV]JHNNH]JHWL V]
iVYiQ\RN ILJLNDL SDUDPpWHUHL V]JRURV |[VV]HN|WWHWPpPVEHQ iC

WXODMGRQViJDLNNDO DPLQHN N|YH smerieMEMHQ W] Vi@V IXRi] QiR
NJOFV|QKDWiVRN PHIJpUWPpPVpKH]

$ NtVPUOHWHN VRUIQ PHJKDWIiIUR]iIVUD NHU<OW D-&p\QWRQ|
EHQWRQLW V]iPD IH8 7MJ@DEYiFL. DODSMiQ
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A bentonit PLQWiNDW HO J€BHJ yUiQ iW an)iUtadRIWW KpWLJ
VIREDK PpUMpNO-B2WU & QHGYHVVpJWDUWDOP~ OHYHJ Q
QHGYHVVp JAVpUWW\BKHR]N YW R U E DHOWB WWRMM i iOODQGY W|RHJILJI NI
KDV]QiOBMPWRMULXYV V]iUtWyPpUOHJ VHItWVpJpYHO KDWiUR]JWD
A pH-t, 10 gV ]i UdBrjtonitot 200 MIGHV]WLO OiOW Y t] BWR pMdnoMésaHIQBL PH: D
PpU YHO NRPELQIOW HOHNWUYGD VHJtWVpJpYHO PpUWHP PHJ

$ EHQWRQLWV]iP HJ\ GX]]DGiVW MHO] SDUDPpWHU OHJKD
EHRV]WiIVRV NpPFV EHQOKRPRIPQ]MRV]SHQ]LYW, majj léoRasstk « OH S
D NHOHWNH]JHWW JpO PHQQ\LVpJpW (JW D WpUYIRdIPpWRE D] H
V]i]DOPNEDQ IHMH]]*N NL 3? BHQMWMOR Q DWN\RJEFE H]VDINpWWpN DQQ
GX]]DGYNpSHVVpIJHpOHAWpPUIRIJDWD PO PO

24. 5|QWIHQGLIIUDNFLYV ;5" HOHP]pV

$] DJ\DJiVYiQ\RNDW KiURP QDJU P WBHQO HAE DV\PRAMOOGGNeR R O Vi .
7, 10 vagy 14c-sek WHWUDpPGHUHV 6L pV YDJ\ RNWHEHGHWEWK) $O 11
HOUHQGHA ORNMHQEBLRWRBHNOGiXO D EHQWRQLW LV PLNURNUI
YDJ\ PLNURV]iODN IRUPiMiEHRiQysitekaoind Morkhd@eh®illit Sy@ukonit
NORULW shkinaBtjtekl pebikulitok). $ Up W HJ Hibeh PJRHO\QHN QDJ\VidiWw D] I
SHULYGXVVDO WHQ@WHPRQRN N|W GKHWQHN PHJ (QQHN HUHGH
WiYROViJ YIOWR]JKDW H]pUW D] iVYiQ\ KLGUDWiOyGiVUD G X]]

hajlamos.”®

$] DQ\DJRN D]JRQRVtWiViUD pV YDJ\ HOHP]pVpUH DONDOP
aU|QWJHQG HOWPNEMYWMViO\RYV pV DPRUI V]LOiIUGL@IXHWIRN JilR
YL]VJiODWIiUD W|EEIpOH U|QWJ&QGLYIWDNRVMy D @WGE RN b1 \OHWHQ L
PYGV]JHUHN D] ~Q HJ\NULVWIO\RV pV D SRUGLIIUDNFLYV DQDC
$] :5' WHFKQLNIEDQ NOX®FpPM RID W RY Weil§ $JOHOMIMWpWI\LN HO Q\
QDJ\RQ NLV PHQQ\LVpJ& PLQWD V]*NVpJHV pV D] HOHP]pV QHP ¢
NpW WHFKQLNiYDO WDOIONR]KDWXQN GH]JRULHQWIiOW YDJ\ RL

$ YL]VJIOW DJ\DJiVYIiQ\EyO UHSUH]JHQWDWtY PLQWIiW YHV]
ODERUDWYULXPL N|UsOPpQ\HN N|]|WW G|U]JVPR]VIUEDQ SRUtV
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https://hu.frwiki.wiki/wiki/Phyllosilicate
https://hu.frwiki.wiki/wiki/Halloysite
https://hu.frwiki.wiki/wiki/Kaolinite
https://hu.frwiki.wiki/wiki/Montmorillonite
https://hu.frwiki.wiki/wiki/Illite
https://hu.frwiki.wiki/wiki/Glauconite
https://hu.frwiki.wiki/wiki/Smectite
https://hu.frwiki.wiki/wiki/Vermiculite
https://hu.frwiki.wiki/wiki/Diffraction_de_rayons_X

IHOKDV]QiOiViYDO pUMeN HO $ SRUW HJ\ UR]VGDPHQWMV DFp
VHItWVpJpYHO pV HJ\ SROtUR]JRWW «YHJO DG DOCH \M B\WD D D IDNDt S
NULVWiO\RN GHJRULHQWIiOW KRPRJpQ HOKHO\HINHGpPVH pV D |
VINRN SRQWRY IHOPpUpVpW

$] RULHQWIiOW PLQWIiN NpV]tWpVH HVHWpPQ D N<O|QE|] IL¢
PLQWIiW Yt]JEHQ V]XV]SHQGiOMSNVNINVIGY DG RIWOW LIRIOLDGpN 1i]L
a2 PDODWWIQIHDMFNYYW.VV]D DPHO\HW AWLV]WD”  DJ\DJIiJLVW W
D] ROGDWEDQ OpY IUDNFLYW H]XWiQ sYHJOHPH]JUH KHO\H]]*N
DJ\DJ UpV]HFVNpN D NULVWiO\WDQL VINMXNQDN PHJIHOHO
DQDOt]JLVQHN YHWLN DOi FVDN D EIJLVYRQDODNDW NDSMXN
DJ\DJiVYiQ\RNDW

$ UIQWJHQVXJDUDN D] DJ\DJiVYiQ\ NULVWiO\RNRQ iWKDC
KXOOiPKRVV]XN |[VVIHPpUKHW D UpWHJHN N|]|[WWL WiYROViJJD
FVDN EL]JRQ\RV LUIQ\RNEDQ OHKHWVpJHV HJ\pE LUIQ\RNEDGC
Q|YHNHGpPVPQHN JHRPHWHLUDHQIGIOW KDMOYR] D BHDIDPHO\ OHt
KXOOiPKRVN]DpWHJIHN N|d|VWW LDWERIROPAIL G L | INJP/MALYE M VMBI 1JJ)

P G VLQ

ahol azAPD GLIIUDNFLY UHQ @&MNpIDPW OHO/IONLUiIBLYyMD V]JHULQW $
~WN+O|QEVpJH HI\HQO D KXO@ONPKRVV]GWEBV]|U|VpYHO

25.iEUB|[QWJIHQ VXJiUl]iV GLIIUDNFLYMD NULVWIiO\U
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$] ;5 U|IQWJHQVXJDUDLQDN N|OFV|QKDWiVL SRQWMDL HOV V
IRWRQMDLQDN HJ\ UpV]H *WN|JLN D] HOHNWURQRNNDO pV HOW
NJYHWNH]WpEHQ D] DWRP HOHNWURQIHOK MH PiVRGODJRV VXJ
PDJDVDEE HQHUJLD V]L@s8zENHH UNeIOMQeHMQUHHNG PWB M GBS iO\iUD pV PLQ
VXJiUR]QDN U|QWJHQIRWRQRNDW

$ MHOHQVpPJHW U|QWJHO AD ylJ iW>QIDNJ DM YOHH P  NHV]JtWHQHN HQ|
UXJDOPDV ~J\QHYHJOMWYV  IWRFSWRQD VXJDUDN HQHUJLIMiQDN
felveszi, akkor rugalmatlan ComptorpOH V]yUivVDO iOOXQN V]J]HPEHQ $] ;5°'
UXJDOPDV V]yUiVW YL]VJIiOMXN $ NULVWIO\RN U|QWJHQGLIIUD
WDUWRPIQ\W D NULVWIKBRWiURJYDOPHI GHMDNXV pUWENWDUWEF
N|JU.O YDQ $ UIQWJIJHQVXJDUDN KXOOiPKR&- VI WDUWRPiIQ\D KR]

$ PLQWDHO Np¥ 4PNV HQ @/I-IOUDNWRPHWULiV IHOYpPWHO NpV]
PHQWpPQ NLYLWHOH]KHW

ABragg-NRQFHPRQRNURPDWLNXV VXJiU]JiVW KDV]QiO DPL SROL
DONDOPDV 3RUPLQWIN ;5" YL]VJiODWiQRODQDWW]LPV]NRRYP®WUK
PLQWDWDUWYED SO +YHJNDSLOOIULV LQR[ YDJ\ «YHJOH
PRQRNURPDWLNXV HJ\ KXOOiPKRVV]~ U|QWJIHQVXJiQFRW®D XDV
&R IRUUIVW $ QDJ\V]iP~ UHQGH]HWOHQ NULVWIiIO\V]HPEVH PL
EHHVpVL V]|JHW YIiOWR]JWDWQL D JRQLRPpWHUEHQ AHJ\N|U|V .

OLQGHQ V]|JQpO OHV] RO\DQ NULVWIiIO\UpV] DRPHOQOWHWRQ D&
UHIOH[LYN HUHG MH FVDN PHJKDWIUR]JRWW LUIQ\RNEDQ DG NI
felfoghat.

Alaue-NRQFHBIRLNROVWRQRV V]pOHVViY~ U|QWJHQVXJiUJivL V
PRQRNULDWIDIRWUD DOCNCEEMM]IN HOUHQGH]pVEHQ nbntsK RUG R
PRQRNURPiIWRUNPQW P&N|GLN

&VDN DJRNUD D KXOOiPKRVV]~ViJRNUD NDSXQN UHIOH[LYW
YRQDWNR]yDQ-LHOWPWAHID I¥] RSWLNDL EHUHQGH]pV LOVHQNRU
26 iEUIQ V]JHUHSHO
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50 keV elektronok

Fokuszalo tiikor
(monokromator)

Elsédleges
Forgéanod Rontger-sugar

26 IEUD|QWJIHQVXJDUDN GLIIUDNFLYMD PRQRNUEVWIO\RQ JR(

$ SROLNUILVWIOHRVHJI\VIHU&EE NULVWIO\RN YL]VJiODWiUD D
LQIRUPIFLYW VIROJIOWDW

a NULVWIO\V]HUNH]HW-réntsYeR6,ROiVD D %UDYLDV

b D YHJ\eOHW D]JRQRVtWiVD MHOOHJ]JHWHV VSHNWUXP
NHUHVpVVHO -ind&x, PbB=(PbvddBr@MWffaction File),

c JUDQXORPHWULIV PpUpVL LQIRUPIFLYNDW DG PLYHO D
DUIQ\RV D NULVI]WDOOLWRN PpUHWpPYHO

$] HI\NULVWiO\ GLIIUDNFLYV NtVPpUOHWHN VRUIQ |VV]HWH
NLpUWpNHOpVL HOMiIUIVRNDW NHOO DONDOPD]QL D V]HUNH]
GLIIUDNFLYV PLQWIi]DW P-RGH®®p]pNORN DO H/QHWWWNRIBHN DOD S
VIHUNH]HW V]LPPHWULiMiUD D V]yUy DWRPRN UHQGV]iPiUD HJ
LQIRUPIFLYW $ VJHUNH]JHWL PRGHOOH]pVW HO VHJtWL KRJ\
UHQGHONH]pVUH DPL WJ|EEV]|U|[VHQ AW-~OKDWiUR]]JD" D P
YL]XDOL]iFLYMDNRU HOOLSV]RLGRNNDO MHOH]KHW D] DWRPRY
VIHUNH]JHWPHJKDWIiUR]iVW WHV] OHKHW Yp D N|WpVWiYROViJR

$ YL]VJIOW EHQWRQLWRN MHOOHP]pVpUH SROLNULVWIiO\R
V]iUtWYV]HNUEGREHQODQGY W|PHJLJ V]iUtWRWWDP PR]VIUEDQ
a63PDODWWL IUDNFLYW DFKiW PR]VIUEDQ ILQRB5BPHMHP $]] i C
ILQRPtWRWW DJ\DJ (SSHQGRUI FV|YHNEH NHU+OW OpJPHQW
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PLQWDWDUWYEDQ FVLV]ROW «YHJODSSDO HSS®PIVIQHNY BH WRHIA
QP KXOOiPKRVV]RQ

25. IQIUDY|U|V VSHNXRVMR)RV]NyYSLD

$] LQIUDY|U|V VSHNWURV]NYSLD PLQW D UH]JpVL VSHNWU
YLVV]DYHUpVpPQ HOQ\HOpVpPQ YDJ\ NLERFVIMWiViQ DOB®XO $
N|JW GHILQLiOIRWI0 cmt KRPOOiPV]iPPDO (J\ 1 DWRPEyO6iOOy P
HI\PiVWyO 1«+JJHWOHQ UH]JpVH YDQ OLQHIULY PROHNXOD HVF
LUIQ\ED PR]RJKDW VIDEDGRQ $ I« JJHWOHQ UH]JpVHNHW QRUP
VRUIQ D] HJpV] PROHNXOD XJ\DQD]]DO D IUHNYHQFLiIYDO
QRUPIOIUHNYHQFLIQDN $ PROHNXOINDW IHOpStW DWRPRN HJ
NIWpVHLN PHQWpQ UHJ]HIJKHWQHN D KRVV]DEE PROHNK2KkOIN KD
(IHN D PR]JIVRN WHUPpPpV]J]HWHVHQ NYDQWIOWDN WHKIW FVDN
(JHQ PR]JJIVRN NYDQWXPHQHUJLIL D N<O|QE|] LQIUDY|U|V V
HIJI\HQO HN $] HPOtWHWW SHULRGLNXV PR]JiIVRN IUHNYHQFLiNMN
D NpPLDL N|WpV WtSXViWyO pV D PR]JiVE# Qagyip az]atiottldtsmoR W R P F
N|JIWW OpWUHM|Y N|WpVWtSXVRNKR] QpKiQ\ NDUDNWHULV]W
WHFKQLNiYDO PHIJPpUKHW+QN (JHN D PpUpVHN NpSHJLN D] ,5 V
- YHI\pUWPNUH]JpV NNMW DWORPONY][WWL N|WpV Q\~OLN LOOH\
(streching).
- GHIRUPIFLYV UMH|NpPpWHWWiYROViIJ QHP YIOWR]JLN FVDN D N
DVILPPHWULNXYV NDV]iOy VINEHOL V]JLPPHWULNXYV ViINULI
DV]LPPHWULNXYV pV D WpUEHOL WRU]LYV V]|J PHJYIOWR]iVi

$ PpUpVHN HOYpJH/m HPiD] HPOtWHWW PLQWD HO NpV]twW|
LOQWHUIHURPpWHUWNDO KRN O FEREKEF REWNWWRVINYSSDO $75 IHOW
V]LOiUG Ii]JLVEDQ YpJH]WH® D VSHNWUXP IHOYpWHOpPW

26. IRQFVHUpO NDSDFLWiV PHIJKDWIURI]iIVD

$] DJ\DJiIVYiQ\RNDW PHJKDWIiUR]y UpWHJHLN YiOWR]iVD V]
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, YDJ\ 72 DJ\DJiVYiIQ\RN (JHN HJ\ WHWUDpPGHUHVUpYV
i0O0OQDN EQWDOHWHEN LQWHUODPHOIULY WpU $] RNWDpGHU
PHIN*O|QE|[JWHW+QN GtubitNMgBiE H N VWALL RNW D p G H U bsite 2 D J\ L
Al(OH)3).

| YDJ\ 727 DJ\DJiVYiQ\RN (JHN NpW WHWUDpPGHUHV
RNWDpGHUHV UpWHJ IRJODO KHO\HW $]cipW i © \NW { S/XWOMBY®D [+JJ
LQWHUODPHOIULVY WpU $ 72 iVYiQ\RNKR] KDVRQOyDQ LWW
WULRNWDpPpGHUHV 727 DJI\DJRNDW

YDJ\ 727 2 DJ\DJiVYiQ\RN (JHN NpW WHWUDpGH
RNWDpGHUHV UpWHJHW IRJQDN N|JUH D] LQWHUODPHOIULV V
RNWDpGHUHV N|JEHHV ODPHOOiIQDN XJ\DQD] D VIHUNH]HWH P
EHV]pO*QN $ DJ\DJiVYiQ\RN MHOOHJ]HWHV PpUHWH iOW
RNWDpGHUUpWHJ pV D EUXFLW GLRNWDpPGHUHV YDJ\ WULRNWD

(JHQ iVYiQ\RN MHOHQW V W|EEVpPJpEHQ D UpWHJIHN QHJ
NRPSHQJiOiViUD D] LQWHUODPHOIULV WpUEHQ SRJLWtY LRQR
OHFVHUpPOKHW HN OLQGH®RQFWiQUPD MH-DBSDHFRMWINV] YDJI\ ,(& ,RQ
pUWpPN OHJKDWIiUR]iViUD D OHFKOLFK PyGV]JHUW KDV]QiOWDP
PpU¥BYyGV]HUWDQLODJ D] DQDB OV]ID\E YDQ \0 ¥ FHELQIVAB/IE2M78-Q L N
HV VIDEYiQ\ |VV]HI*JJpVW KDWiUR] PHJ D PHWLOpPQNpP® UHWH
OLYHO D PHWLOpPQNpPN PROHNXOD YL]HV ROGDW E BQ WJ\R/H HilOH U
UiIFVIHO*OHWHQ pV D UpWHJN|]L WpUEHQ WDOiIiOKDWYy PR]JpNR!
YiOWMD IHO $WPIIR\LR W NDDPRMWLOpPpQNpN ROGDWRW D ]QBII\DWitWY WY
VILOLNiWUpWHJHN HOHNWURV]WDWLNXVDQ YRQ]]JiN D NDWLRQ
IVV]HV QHJDWtY W|OWpVKHO\H LRQFVHUpPO NDSD-FLWDEN i @AHO
VIHULQWL WLWUIOiVQiO H]W D SRQWRW D V]&\] BDUFRQWHIME

Al ,(& pBPMPKDWIiUR]iVIKR] KiURP ROGDWRW NHOO NpV]tWHC

J VIIUIWRWW PHWLOPQNpNHW ROGRWWDP -R\W O GHAOW IR@MC
p\ harmadik egy 3RV KLGURJpQ SHUR[LG ROGDW $] DJ\DJiVYiQ\RN
VIIUtWRWW EHQWRQLWRW NHYHH Ykt JH\W YD G FO\R|MVELIONE D@V Y t]R 8¢
yUiQ iW PiJQHVHV N HafH UHE B GO \PWHPRL /L H @&s Erled@yer lombikba
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WHWWHP (KKH] PO KLGURJpQ SHUR[LG ROGDWRW DGWDP pV
50ml-UH pV SHUFHQ iW Ji]pJ Q IRUUDOWDP

$ PpJ PHOHJ ROGDWRW I&WpVHV PiZioGi R 8 VWN MAHHOMIEIR IOH O \
1+ PO PHWLOpPQNpN ROGDW KR]]iDGiViYDO .pW SHUF YiUDNR]i\
HJ\ FVHSSQ\L PLQWiW YHWWHP pV V]&U SDSStUUD KHO\H]WHP

2 JEUBHQWRQLW V]XV]SHQ]LY PHWLOLQNpNHV WL

$PtJ D FVHSS NRQW~UMD MyO N|U«O KDWiIiUROW DGGLJ D] I
IHO*OHWpPQ 7HKiIW IRO\WDWWDP D IHVWpNROGDW KR]]IDGiViW
$PLQW D FVHSS N|U-O WDUWyYyVDQ PHIMHOHQLN HJ\ GLII~] PHW
MHO]L OpKiBIR®W SRQWWDO W~OKDODGYD D] HNYLYDOHQFLD SR
HOpUWHP D]W D KDWiUW DKRO D] DJ\DJ PiU QHP WXG W|EE IH\

27. Zeta-SRWHQFLIO PpUpVH

A poliol-bentont NHYHUpN HJ\ SROLGLV]SHU] UHQGV]JHU DPHO\ QH
NROORLGQDN PLYHO D EHQWRQLW UpV]HFENBP plddMiad ®dk HO N
HJ\ IHOV pPpWRUELIWRVDQ WDOIOKDWYDN D GLV]SHUJLYEDQ R
VIHPSRQWMIEyO—DWDUWRPIQ\ED HVQHN WHKiWVagROoik & iOOLC
polidiszperz rendszernek vanndkROORLGRNUD MHO®®HP] WXODMGRQViJDL
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A kolloid UHQGV]HU VW DB ROHNIFDI (D PHMS B p # 4O UM -G IR WD K Hi D
HOPPOHWLOHJ DSROIULV N|JHJHNEHQ LV pUWHOPH]KHW pV F
YL]VJiODWD VRUIiQ D OHJN|QQ\HEEHQ PpUKHW HOHNWURPRV |
$] pUWPNHNHW YL]HV N B 2B}I&/H (E PiQU AitdRKPEANAS NpV]eOpNd$HO
V]XV]SHQ]LY-RIQ Y&D IRO\DPDWRYV NHYH®UpV pV NRQGLFLRQIiO

28 iEUPQWRQ 3DDU '/6 NpV]+OpN

2.8. Brunauer-Emmet-7HOOHU V]JRUSFLYV DQDOt]LV

$ SROLXUHWiQ NRPSR]JLWRNEDQ KDV]QiOW W|OW DQ\DJRN 1
OHKHW D IDMODJRV IHO*OHWQHN EOWDOIEDQ D V]LGIUG SF
DGV]RUSFkyPIR@RBBOHNXOIiULVY UpWHJJHO ERUtWYD EH D] HO ]
JI]WDODQtWRWW PLQWiW $ PpUpVHN NLYLW HEHSRWFRJHP HWH D
KDV]QiOWDP DPHO\ DONDOPDV D EHQWRQLWRN IDMODJRV IHC
LIRWHUPiIN #4OYpWHOPpPUH

Az alkalmazottNpV]*D@ENI@OLM SRQWRVVIiIJ~ PpUpVHNKHMMPRLWURSY
PHIRSYyUXVRV + QP WDUWRPIQ\EDQ $ PpUpV D IHO*OHWL DG
Emmet-7HOOHU Ji]DGV]RUSFLYV PYyGV]JHUH DODSMiQ
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29 IEUMOLFURPHULWLFV $6%$3 NpV]«OpN

$ PLQWiW PDJDV YiNXXPQDN NLWpYH Ji]JWDODQtWMXN F
Q\RPiVFV|NNHQpVH DODSMiQ N|YHWNH]WHW+QN D] DGV]RUSFLY
SRUR]JLWIiViYDO $] DGV]JRUSFLY PpUWpPNPQHN D] HJ\VpJQ\L W|
YDJ\ W EEOHW PHQQ\LVpJpW WHNLQWMsN $ PpUpVHNHW iOODQ
CO, HVHWpPQ: MMBIMM QL IRO\pNRQ\ QLWURJPpQW KDV]QiOXQN $] HJ'
iOODQGY K PpUVPNOHWHQ N|[YHWM+N Q\RPRQ D] DGV]RUEHIiOW
DGV]RUSFLYV LIRWHUPIQDN +D D WHOtWHWWVpJ HOpUpVH XWi
Q\RPiVW GHV]RUSFLYV LIRWHUPiW NDSXQN $PHQQ\LEHQ D Np
KD D] ~WYRQDO PiV KLV]WHUp]JLVY MHOHQLN P Hraver&imlisSMGLJ Q
NpV]*OpN VHJIJtWVpJpYHO W|EEIpOH DGDWIHOGROJR]iVL PyG N|
Dubinin-$VWDNKRY YDJ\ DNiU PiV PRGHOO VHJtWVpJpYHO LV IHO
PpUpV QHP GHVWUXNWtY HOMiUiV D PkQWQOHRWEFRLY HBHO DV

3yUXVHORV]OiV V]HPSRQWMIiEyO D V]LOiUG DQ\DJRN J
SyUXVV]HURHIBWHWW ODSMiQ D N|YHWNH] SyUXVWtSXVRN N+O|
OLNURSYUXVRMHOOG®P] UiMXN D QMihtsjB@MBQWRV NDSLOOHONULYV N
OH]JRSYUXSORMMHWHWPEHQ NDSLOOIULV NR@GEM@)IFLY OpSKHW IH(
ODNURSYUXVRMzAGVIRRUSFLY | NpQWWJ LBBWPEVYNDODNRQ
$ SYUXVRNDW D IHOYHWW L]RWHUBINBLUDWpU UpJLYLEDQ GHWFE
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Amount adsorbed

v v VI

Relative pressure

3 JIEUBSHFLILNXV LIRWHUPIN pV SyUXV GHWHNWIO

$] LIRWHUPIN WtS30VDEW E BPXWHBHWWH] MHOOHJ]HWHYV J|UEpPN |
, WtSXV [WWOSRMYEUINYRSYUXVRV NLV I[HO*OHWWHO UHQGHONH]
HPHONHGpPV NLV UHODWtY Q\RPiIiVRQ S Su PDMG WHOtW G
Raduskevich (DR) vagy Dubinin-Astakhov (DA).

., WtSDHWP SRUY]XV YDJ\ PDNURSYUXVRV |HORQ R WpINHHE VNS B3
W|EE UpWHJ DODNXO NL HEEHQ D] HVHWEHQ QLQFV pOHV WHO

., WtSX\WQJH DGV]RUSFLYV N|OFV|QKDWiV PLDWW NLDODNX
PRQRUWWEIW GpV *\HQJH W]OFWQ@KJWVUD MHOOHP]

9 WIDHRSYUXVRV DQ\DJRNUD MH O O Hakil ki IRYRE&Q WHIVBIQV R
UpW HJ&UWHNDI SMO O U L jleNiRMeGaPOIiIFEYyUXVRNEDQ 7DUWDOPD] KL

SYUXVRN «W{i@w\pl INGABMPEMPNPE O DGYGLN 7LSLNXIyie®@ OHV]W
Halenda).

9 WtSKXW]RSYUXVRVHMHWKHEBOW N|OFVEQKYD WROMNX OiRitka] RWH U |
URNR QMBI Q H Qaip 8extartaimak LV]WHUp]LV W

9, WtSHQWHJIHV DGV]RUSFLY Om8dv, KRPRIpQ D HWPtSRW KXV THO.
UpWHJINpS] GpVHNHW MHOHQtWL PHJ EOWDOIEDQ NpW YDJ\ Kil

$] DJ\DJiVYiQ\RN HVHWpPEHQ iOWDOIER[RWHHOU tWWMDXOH D
YLVHONHGpPVW $ PpdapVpiNHWSMKp YGURNEGVHUPRVIEDQ K&W N|]
KDV]QiOWDP (EEH NHU+OW D PLQWDWDUWYFV D] DGV]R&SFLYy I
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GH J DODWWL V]JiUtWRWW PHQQ\LVpJ& DJ\DRIRO\D WEBW.] QXQW IIRRJ
PLOQGHQ PLQWD HVHWPpPEHQ $ YINXXPRW W|EEOpSFV VARODM ¢
PLQWINDW HO V]|U Ji]WDODQtWRWWDP PDMG WHUPRV]WDWIiOIiV

29. '"HULYDWRJUIILD

A Q\HUV EHQWRQLWRNDW pV D] HONpV]tWHW&enmeRidRNDW W
WHUPRJUDYLPHWULD 7* RO\NEQLPpWDPHORWRWIHUD PLQWD W|P
YDJ\ D] LG 1+JJYPQ\pEHQ PpULN pV UHJLV]WUIOMiIN V]DEIO\R]
K PpUV-PRBDHMRPiQ\D iOWDOIEDQ D N|UQ\H }gWagy Km&gasabbp N O H \
K PpUV piblterjddhvet DPL PHJIHOHO WDUWRPIQ\ °0$SARuQLAPHHIU N NJ HGD HPL
|[EOtW Ji] LQHUW SO QLWURJpQ R[LGiIiOy SO OHYHJI YDJI\ R[
8+ KLGURJpQW WDUWDOPD] QLWURJpPQEHQ DWPRNV L OPN KR
NRPSRQHQVHN PDUDGYiQ\ VHIJpGDQ\DJRN YDJ\ WOMRAWRQDN |
WXGKDWQOHWYH PDJDVDEE K PpUVPNOHW WDUWRPIQ\EDQ D E
HUHGPDQ\H

Hopajzs

Kemence

Mintatarté emeld

Mikromérleg

IEUD 7THUPRJUDYLPHWULIV P&V]HU HOYL VJHUNH]}L

$ YL]VJIODWRN VRUIQ D UHQGV]HUEH PO SHUF WpUIRJL
$ EHUHQGH]pV NLLQGXOiVL K PpUVPNOHWH f& YROWYy.pV  f&
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2.10. )HO*OHWL IHV]*OWVpJ PHIJKDWIUR]iVD

Apolio-EHQWRQLW SUHPL[ UHQGV]HU IHO*OHWL IHV]*OWVpJpQ*t
MHOHQW VHQ EHIRO\iIVROMD D KDE NpS] GpVL VHEHVVpJpW Y
PpUpVpUH %LROLQ 6FLHQVB2ILE UMD JRD WRIQ@WRPpWDRHW\ HI\ Q
PpUOHJ pV DJW D] HU W PpUL&DEHODHIHIXSDROKWHOBRHY & VWI
SODWLQDOHPH] IRO\DGpNIHOV]tQW F"W|[UWpQ HOYiODV]WiViK]

32 IEHBLROLQ WHQ]JLRPpWHU IHO<OHWL IHV]-OWYV

$ %LROLQ NpV]*OpNKH] :LOKHOP\ OHPH]W KDV]QiOWDP $ I}
PpU FHOOIMIiED PpUWSIROEROWKH] DGDJROWDP D N+O|QE|] EH
PHQQ\LVPJEHQ D UHFHSW~UIEDQ PAUKD M RLRW WURPRW pW B W itD
UHFLUNXOIiIFLYV XOWUDWHUPRVWfWiW ELJWRVtWRWWD IRNUD i

211. (OHNWURQPLNURV]NYSLD
+DJ\RPiIQ\RV PLNURVINYSLD VHJtWVpJpYHO D] DQ\DJV]HUNH]
OLNURV]NYSLIEDQ D] HJ\LN DuO®iBI¥ Hparturs INBinely\E HPH @]Ly QpON -

V]iPNpQW tUMD OH KRJ\ D OHQFVH PLO\HQ V]|JEHQ NpSHV
UpVIOHWHVVpPJIJHO NpSHV D PLQWiW PHIMHOHQtWHQL
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NA=n,VLQ

Ahol Q D N|]HJ W|UpVPXWDWyMD SO OHYMGLJ DYRD[LPiOR®DMQ\
V]|J IBPON\PLNURVINYSRN HVHWpPQ D QXPHULNXV DSSHUW~UD plL
HVHWEHQ LV FVDN -IpOMKHWHOPDKMWEP IHOROGYNPSHVVpJHW
1«JJYPQ\pEHQ

064 0.64
nsina@  NA

(QQHN DODSMIQ D IHOROGYNpPpSHVVpJHW MHOHQW VHQ EHIRO)
QP DPL QHP WHV] GRKBWDIHP\REEQRBRDI\tWiVW (] D] RSWLNDL |
NpSHVVpJpQHN DOVy KDWUODi JSEMKNDWRME WBDR XD PiQ\R]iViUD V
UpVIHFVNHQ\DOIE DONDOPD]iVIUD DPHO\QpO D KXOOiIPKRVYV]
OLYHO D] HOHNWURQ VXJIiUQ\DOIE UHQGHONH]LN H]JHQ WXC
IHMO GpVQHN LQGXOWDN NpW I LUIQ\HOY PHQWPQ

A TEM zTransmission Electron Microscopy, egy 100- QP YDVWDJViJ~ UpWHJHW
SIUKX]DPRV NpSDONRWIVVDO D]JRQQEDO PHJMHOHQtWL D Np
VHItWVpJpYHO

A SEM £Scanning Electro® LFURVFRS\ HJ\ NpV EEL IHMOHV]WpV pV HEE
eOHNWURQVXJiU iOWDO JHQHUIOW UpV]HFVNpN YLVV]DYHU Gp\
KRJ\ QHP V]*NVpJHV YpNRQ\tWiV pV HOHPWPpPUNpPSHW LV Op
NpSDONRWEHDWRQLW pV NRPSR]LW KDEPJGWINISOV]Wi]yHO"
HOHNWURQPLNURENpyBISWOGI WW N 9 IHV]*OWVpJHW DONDOF
VIRURV QD XB®tN S HBNQH O G 260D-¥s tbfbwared KDV]&PPOWDP

d =

IEUHRO HOHNWURQPLNURV]NYS
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2.12. Poliol-iVYiQ\L DQ\DJ SUHPL[HN UHROyYJLDL MHOOHP]
2121, 5HROyYJLDL MHOOHP]pV URWIiFLYV YLVINR]JLPpW

$ SROLEWHHMRQLW NRPSRJLWRN V]LQWp]LVPpQHN NpPLDL
YHQQ+QN DJW D WpQ\W KRJ\ D UHQGV]HU Q|YHNHGpPVPQHN YDQ
NpPLDL KDQHP ILJLNDL WpQ\H] N |[VV]HVVpJpQ LV P~OLN $ K
NpS] GLN FHOOiIN DODNXOQDN NL H]JHN IDODL SHGLJ PHJ Nt
LG VIDNEDQ IRO\DGpN iOODSRWEYO PHJ\ iW D UHQGV]HU D JpC
Ezalatt pedigD YLV]NRJLWiV D IHV]*OWVpJHN MHOHQOpPWH pV PLEHQ

$ URWIFLYV YLVINRJLPpWHUHN D IRO\DGpNRN GLQDPLNXYV
HJHN D OHJV]pOHVHEE N|UEHQ DONDOPD]RWW P&V]JHUWtSXVR
PR]JiIVIEyO V]iUPD]y Q\RPDWpN pV VHEHVVpJ PpUpVpYHO PHJK
IRO\DGpN D Q\tUyHU NNHO V]HPEHQ 6]iPRV WtSXVXN OpWH]L
VSHFLDOMiOyGWDN

$] HJ\LN OHJLVPHUWHEEYYM WR]DAYVWH &R DPWOHEHQ HJ\ E
WDOIOKDWyY DPLW HJ\ NeOV IRUJy KHQJHU YHV] N|U*O $ IRO\
HO $ PpUpVHN VRUIQ D NeOV KHQJHU IRUJDWIiViKR] V]*NVpJHV
NLV]iPtWKDWy (] D WtSXV QDJ\ SRQWRVViJ~ PpUpVHNHW WH
IRO\DGPpNRR HVHWpQ

$ ERXHWWH HOY |IRVIGYA MNRWW MW HU 6 BPUHOMEHQ D EHOV KH
NeOV KHQJHU iOO (] D] HJ\W]JHU&EE NRQVWUXN F Lp\XisepbQ W p Q
YLV]NR]LWIiYdrtdsathly, hivit p Qouette.

(J\ PiVLN J\DNRUL WtSXV D WiQ\pURV YLV]NR]JLPpWHU DK
N[]p KHO\HJLN $] HJ\LN OHPH] IRURJ PtJ D PiVLN iOO tJ\ D
YLV]NRJLWiVW (] D PHJROGIiV N+O|Q|VHQ KDV]QRV YpNRQ\ IRO\
HVHWpQ

$ W|OFVpUHV pV RUVYV YLVINRJLPpWHUHN V]LQ éekQerHJ\V]H
HJ\ RUVYW IRUJDWQDN D YL]VJiOW IRO\DGpNEDQ (]JHN LSDUL
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N|[JEHQL J\RUV HOBPHONUPNWHNKHUWHEE YiOWR]DWD D %URRN
N O|QE|] FVHUpPOKHW IRUJyRUVYNNDO PpUL N<O|QE|] YLV]N

$ SRQWRVVIJRW PpJ WRWIER pQ|RW L VMRHERFWHR URYV UpV
HJ\ IRUJy N~SRV IHMHW pV HJ\ iOOy WiQ\pUW DONDOPD]

9pJeO QDJ\REE PLQWDPHQQ\LVpJHN PpUpVpKH] D GLQDI
IRUJYGRERY UHQGV]HUHNHW DONDOPD]QDN (JHN LSDUL DON
IHVWpNHN PLQ VpJHOOH® U]pVpQpO KDV]QRVDN

JHOWHY GLN D NpUGpV PLpUW IRQWRV D SUHPL[ EHQWR
SROLRO UHROyJLDL SURILOMIQDN IHOPpUpVH

A UHROyYJLDL YL]VJIODW D]pUW UHOHYiQV D 385 NRPSR]LWH
VIROJiOWDWOD ISR GIURPL[HN IRODIFHOYX R PMGRRWiLUR]YPE D] DO
VIHPSRQWMIiEYyO KD D NHYHU IHMLJ YD OyDHOMXNWISWG pAHW VGe| K
EHIRO\iIVROMD D NHYHUpNHN UHROYJLiMD

2.12.2. Ipari rendszereRRGHOOH]pVH

.RPSRJLWRN J\iUWiViUD LSDUL N|UQ\H]HW BN Quutothstd) Wy UR
JViUWYyVRURN HVHWPEHQ N+O|Q WDUWIO\RNEDQ KHO\H]JLN HO
NHYHU IHMEHQ WDOIONR]QDN D SROLRORNNDO t$aNais¥DOL]iV
WDUWDOPD]]D PLYHO H] D NHYpVEp UHDNWtY NEHRBY|BU pWD B/
MREEDQ EL]JWRVtWKDWyY (JHNQpO D EHUHQGH]pVHNQpPO NXC
NHYHU IHMEH $KKR] KRJ\ HJ\ IRO\DGpN HOMXVVRQ D QDSL V
V]*NVpJ $ VILYDWW\~N FVDN DNNRU NpSHVHN D EHNHYHUW S|
HOMXWWDWQL DnhikiK HGUIRIGIKH) P KMDD W XODM G R QW DDW RPAQER [,
EHO+O KH\HOIHE YLV]NR]LWiVL WDUWRPiIQ\RN LOOHWYH NpV
bekevert poliolok UHROyYyJLDL YLVHONHGpPVpPQHN [HOPRPWYNHL YD DN BV
NHYHUpNHNHW 3\N5) W0, i6pHOWHRM NRQFHQWUIFLYEDQ

$ JViIUWiV HJHQ IiJLVIiQDN YL]VJiODWiKRIIQH O H K HWpHIM ND USH
WXODMGRQViJDLW D] HUHGHWL SROLROKR] NpSHVW D KL
VIHPSRQWMIEYyO $ SROLRO $OFXSRO PiUNDQHYHW YLVHO
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EHQWRQLWWtSXVW N+O|QE|] YpJWH UPiVEURHSHPIRDMVBOINIRIQ F H Q V
OLQGHQ NHYHUWNE:®HGRQJHQ 3U+IJHUDWH iOWDO J\iUWRWW ¢
UHRYLV]NR]JLPpWHUUHO HOHPH]WHP N<O|QE|] Q\tUyIHV]-OWVp
6 6 NRPELQiFLYW DONDOPD]WDP DPHO\ V]pOHV YLV]NRJLWiV V
VILPXOiOMD D YH]JHWpNHQ EHO+OL IRO\iVW

$ NpV]*OpN PpU FHOOIMD NpW NRD[LOLiOLVDQ HOKHO\H]HW
IRO\DGpN W|OWL NL $ N+OV KHQJHU IL[ D EHOV W-HXJPRWR
NDSFVROYGiVL UHQGV]HUHQ NHUHV]W+O $ EHOV KHQJHU IR
PHJKDWiUR]JRWW

9LV]JRQW D NpW KHQJHUSDOiIVW N|]|[WW HOKHO\H]NHG IR
EL]JRQ\RV HU YHO YLVV]DWDUWMD D EHOV KHQJHU IRUJiVIiW (
V]|JJHO YLVV]DPDUDG

(]JW D V]|JHW YLVV]DPDUDGIVL V]|JQHN QHYH]]*N pV H]
NHOHWNH] Q\tUg4HVEUDWVpJIJIHO

YA

h o x
o (0

forgasirany </

34 iEUDLYV]DPDUDGIVL V]|J pUWHOPH]pVH

$ YLVV]DPDUDGIVL V]|[JHW . D NpV]+OpN KHQJHUSiIUMiQDN
IRO\DGPNEDQ IHOOpPS Q\tUYIHV]*OWVpJHW 2 (JW HORV]WYD D
PHINDSMXN D IRO\DGpN G¥}QDPLNDL YLV]NRJLWiViwW



=k«

n=t/y

$ UHRPWPY VILPXOiIFLYNpQW DONDOPD]KDWY D KHQJHUN|
PR]JiIVIW HJ\ FV EHOVHMpPEHQ $] HO UH EHNHYHUW ))3 SROL
EHQWRQLW PHQQ\LpJWNEDEDWROiViYDO

WIiEO)IDDM HU PHQQ\LVpJHN D] HO UH IRUPXOi]JRWW

.RPSR]JLW YpJV EHQW, ))3 SROLRO PHQ| %HQWRQLW PH
1 0,606
3 1,855
5 37,5 3,157
10 6,665
15 10,588
20 15,000

A premixeket 63PP DODWWL V]JHPFVHPpUHW& EHQWRQLW VI
NHYHUpNHW D KDERVtWiVUDBKDN[QOCWH®ORKQHIEHDG WHHIRVRWMA P y UiV
PDMG H]XWiQ NHU.OW VRU D UH¥®¥OyJLDL SURILO IHOWpPUNpPSH]¢

213. OHFKDQLNDL PpUpVHN

$ SROLXUHWiIQ EHQWRQLW NRPSRJLWRN Q\RPyV]LOIUGYVi
DQ\DJYL]VJiOy EHUHQGH]pVVHO PpUWHP D] $67'0 ' & V]DE
NRPSUHVV]LYV VWUHVV]QHN YROWDN DOiYHW YL Q5 I Ry U QN
VIW|FKLRPHWULNXV DGDJROiVVDO NpV]+OW DPHO\ D UHDNFLYC
SROLRO UHDNWtY IXQNFLYV FVRSRUWRNDW 1&2 LQGH] $
QpON+OL PLQWiINRARKPUDWHMPHV]WHNQpPO YDJ\ Q\LWRWW UH:
N[JYHWOHQ+O pULQWNH]LN D OHYHJ YHO (JHQ D IHO*OHWHQ D
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OHKHW pV D IHOV]tQHQ PHJNH]G GKHW D KDERV DQ\DJ PHINHP
(] D IHOV]tQL UpWHJ V&U&EE VLPIiEE J\RUVDEEDQ V]LOiUGXO
SpOGiXO IRUPDKDE J\iUWiV VRUIQ DKRO D KDE HJ\ HO UH PHJk
OpS IHO (] D N|]JYHWOHQ pULQWNH]pV HIJ\HQOHWHVHEE KDE
HI\HQOHWHVHEE FHOODV]HUNH]HWHW HUHGPpQ\H] DQpON-O
DODWW NHOHWNH]JHWW PLQWiNQDN NLIHMHJHWWHQ D EHOV
PDJDVVIiJEYyO NLYiJYD KRJ\ D E U]V HOHYH QDJ\REE V]LOiUC
UHSURGXNiOKDWYViJiW pV |[VV]H WXGMDP KDVRQOtWDQL D N+O
|I~UYEHUHQGH]pV VHItWVpJIJpYHO YiJWDP NL HJ\ FP EHOV iWF
YiJWDP D KHQJHUHNHW PP HV PDJDVViJ~UD (JHNHW D V]DE
WHWWHP D YL]VJIODWL EHUHQGH]pV Q\RPYOHPH]HL N|]p

2.14. $NXV]WLNDL PpUpVHN

$ IOH[LELOLYV SROLXUHWIQKDERN DNXV]WLNDL KDQJFVLOC
EHHV KDQJHOQ\HGOp VRH BK DWW R PWDWP BONDOFDPWRNKR] D] $(
WtSXV~ $FRXVWL7XEH LPSHGDQFL IDFPVPYHNO P OUH KIHWG G\p] MUHA JK D
LPSHGDQFLD YDODPLQW D UHIOH[LYV pV KDQJHOQ\HOpVL HJ\:
LOOHWYH D] $670 ( VIDEYiQ\RN iOWDO HO tUW iWYLWHOL Ie.
DODSMiQ

$ PpUpvL WDUWRPIQ\W D FV JHRPHWULDL NLDODNtWiVD p
PHJ $ R¥YEHOV iWPpU M& PpU FV DONDOPD]iVD PHJEt]KDWYy I
HY IUHNYHQFLDWDUWRPIQ\EDQ $ KiIURPPLNURIRQRY HOUHQGH
pvV PDIJDVDEE IUHNYHQFLDWDUWRPIQ\RN HJI\HWOHQ PpUpPVL FL
NtVPUOHWHW

$ KDQJHOQ\HOpPVL HI\eWWKDWy V]iPtWiVNKRH M]BNMR W U H
DOIEEL PLNURIRQRN N|]|WWL iWYLWHOL [+JJYpQ\W DONDOPD]W

*56F A oy
N = AT
e F *s56

DKRQ D NpW PLNURIRQ N|]|WWL *R poO/ Di W Y. ¥ WHDOYH U\WJ YLpgGQd H W Y H
iWYLWHOL I6JDY K@OHQiPV]LPD PAU]VJIiOW PLQWD pV D OHJWIiYRO
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WiYROViIJRW MHO|OL $ UHIOH[LYV WpQ\H] LVPHUHWPpPEHQ D
DOIEELDN V]JHULQW V]iPtWKDWy

ULsF N

$ PHFKDQLNDL YL]VJIODWRNKR] KDVRQOYDQ D] DNXV]JWLNEC
PDJDVViJ~ KHQJHUHYV P LHPMLWWM R Wt MNYHDWD NFpW ] NHRUOW WIW P HW V] H V

3. (UHGPpQ@WKELV]NXV]LY

3.1. A bentonit-poliol premixek gyakorlatt NRQGtFLRQiOiVD
PLQWDHO NpV]tWpV

A2.1. fejezeEHQ OHtUWDN VOHSIpYBWHQ PHIIHOHO P Hen@hitVpJ& F
SUHPL[ pV L]JRFLDQiW ELJWRVtWiViUD W]|UHNSBI GV AFP-30$ NtV p
NDWDOL]IWRURNNDO pV VWDELOL]iWRURNNDO EHNHYHUW SRO
TR- PIUNDMHOG& L]RFLD QEWRMD BN-OL D OMH WWUWHRO iVL N|U<OPpC
K PpUVPpNOH®HQLWURJpQSiUQD DODWW $ W|OW DQ\DORN V]HP
KRPRJpQ UHSUH]HQWDWtY MRén@mt@Vy pWiS /@ ON DV PHE [Q O YWARGVDAD
Bentoflux Zrt., 6]DWPiUQpPHWL 5CGeReQRobDtuctie Sk) X W QLN 6]ORYiINLD %
*HRSURGXNW .IW 0iG ODJ\OWRMINDURKWV]EIL %iQ\iN .IW 6L
ODJ\DURUV]iPH®W\\& EHQWUH 7THFKQRORJLTXH 9DX®{Ghe@i¢ HX )U|
%HUOLQ %HUOLQ 1pPHWRUV]iJ

$ NDSRWW PLQWIiN V]iUtWPV]hWiQ Qp\D ®@WORMHHWULIV RV]WicC
pV FVDN D PP DODWWL IUDNFLYW KDV]QiOWDP IHO YDOL
QHGYHVVpIWDWWDOPOIDMNI QHG YattatmBMWDIE\® DO RPWDUWDOPD

WIEOH DXW]¥JiOW DJ\DJiVYIiQ\RN HIJI\HQV~O\L QHGYHVVpJIW

%HQWRQLW Ny{ BL | B2 | B3 | B4 | B5 | B6 | MMT
(J\HQV~O\L QHGY®)\N 818 | 656 | 7,75 | 9,01 | 450 | 856 | 4,88

Az FFP-303SROLRO NHYHUpPN N« O|QE|]] DONRWYHOHPHNE O iOO DF
NHU.OW |VV]HIRJODOIVUD
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4 WiEOKFFB-803HO NHYHUW SROLRO UHFHSW-~UD

BRLOR(Alapanyag| *\iUW 7|PHJV]i]l Alkalmazott | 2+ V]ih OH
hab KDWiUR DUIQ\R (mg UpV]DU
KOH/qg)

Alap poliol | Alkupol Repsol 100,0 100,00 28 26,452
NHYHU F2831

.HUHV]Y Alkupol Repsol 0,52,0 1,00 32 0,302
FHOOD| F3231

+DERV| '"HV]WLU 2,05,0 3,60 6233 211,986
Yt]

JHO«OH| Tegostab | Evonik 0,41,5 0,50 43 0,203
anyag B4113

.DWDOL DEOAS85 | Evonik 0,050,5 0,50 1363 6,438

.DWDOLl DABCO | Evonik 0,050,5 0,15 560 0,793
33LV

.DWDOL Jeffcat Evonik 0,050,5 0,10 251 0,237
ZF22

gVV]HV 105,85 246413

$] LIRFLDQiW WHNLQWHWPpPEHQ D-404B @'V R GRAKLLPQ i &/\F IVOK D\

$ NHYHUpVL DUIQ\ D] HO JioH: N&FILCDHEW § L22,5g @V 3R O

3.2.

$ PpUPV HN SRQWEDQ OHtUW PYyGV]HU VJHULQW YpJH]JWHP H
$] LURGDOPL IRUUIVRN W|EEVpJpYH G W-®U HBDOYERQ i@ H K DWW U
ILOOHUW DGDJROWDP D EHNHYHUW SROLROED PD
S DadiStfopiy gidfikidan W $

1,3,5,10pV

JRDPDW PpUpVHN

LIRFLDQiW W D OK|D\E NPpSJWGHR/ IDH MHOOHP]
iEUIJROWDP ~J\ D UHIHQ W Q BILRSnBIRRWESIDEH-Q
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A kezdeti tiszta, | LOOHU QpON-OL 385 #iBt& a@BpY HENUH@ poki fERKHENAGaBOrt
tekinthetM s MH IHU H QiPHIKQKCHY YLV]RQ\tWWY D PWHRRW]KHW D N<O|QE|]
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35 bra +PoliX U H AUR) habN D U D N W H\WHL ¥ H\W ¥ RID J DFFR-803p VR-4040
DODSDQ\DJRNEyYyO ILOOHU QpON-O

(] VIROJIOW D NpV EEL YL]VJiODWRIMN VRIE@NH U R DR QDN PY¥
D YL]VJIiOW VWDQGDUG PIVRGSHUFHV LG V]DNEDQ D KDEF
KDEHPHONHGpPV VHEHVVpJH SLURV J|UEH DPL YpJV VRUR
PpUWpPNHJIW KIEFHPHONHGpV iOWDOIEDQ IRO\DPDWRYV D PD[LPi
NLVHEE FV|NNHQpV N|YHWNH]JLN EH D VWDELO iOODSRW HOpUp
D JJUEpN HOHMpQ DKRQQDQ IRO\DPDWRVDQ FV|NNHQ -HOHQ H
iWODJVHEHVVpJ SHGLJ PP V

$] HOV NLSXN}DIOW iW[QW. DQ\DHIV BEHQWRQLW YROW .LVFH
DGDJROYD D] HUHGHWL UHFHSW~UiKR] FVHNpO\ PpUWFNEWQ F
(36 IEUDUHIHUHQFLD HVHWPEHQ PpUW PMOIEIRD/IDVVIBP V.V Ppl
KDEHPHONHGPVIB VWEBBDPR ®iVD BMihww/p-EaH QPLPY KDEPDJDV Vil
V PpUpVREVLIGKSE QIEUB%-RV |VV]HWpWHOEH R DEMNYS{WA\WY W0X DDQ] BQ
%-DO Q|YHOL D KDE Q\RPyYyV]LOiUGViJiW $ UHDNFLYVHEHVVpJ Q
DQQDN PD[LPXPD LG EHQ LV HOWROYGLWDADW\LE W EHQWRQLW

+D D % EHQWRQLW PHQQ\LVRPWH P HUHDNAL.G MDHDHQW VHQ

(35 IEUD JUDILNRQ WHUPLQIOLV \SHDWABUHI @D B KOMENH HVHEbW @ plV L
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PpJ IHQQRBMUDGLQVWDELOLW iV -04 KOHLAMW RWWQ VDMNDH ]S HWL OiW\
XWiQ D KDE yUiQ EHO+.O |[VV]HRPOLN $ NROODSV]XV D FHO
aggloPHUiIWXPRN NLDODN X ®indel B%-QY@abjobbL Rip U W p RE HeQtonitet
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$] HO] NpW DQ\DJIJDO HOOHQWpPWEHQ H] D] iVYiQ\ ~J\
WHUPpPpV]HWEHQ PHJWDOIOKDW? QD WilYR DR Q W QW I UMD BVAROD E D
LiIUSIMHGHQFH WpUVpJpE O V]iUPD]y PLQWIiN HVHWhge@ongk DONiO
N|WpVL pV GX]]DGiVL WXODM G R @it DD Oi 9\ DR I L\W]BlO pNR A 5 |
UpWHJV]HUNH]JHWHN H]pUW D] LSDUEDQ EL]RQ\RV DONDOPD]i

+iURP DNWLYiOiVLsHONIWDY VPHGEGHWW pV D NRPELQIOW $
D V]iUtWRWW EHQWR®Q DW HR/Q WD DG NG MHWLLENP |FVRP DR R OB ND
ILILNDLODJ pULQWNH]JLN D NpW SRU GH UHDNFLY LRQFVH
QHGYHVVpPJIJHO pULQWNH]YH DNWLYiOyGLN D EHQWRQLW $] |
FVHNpO\ pV EiU ROFVy RV]FLOOiIOy PLQ VpJ& WHUPpPNHW H!
V]XV]SHQ]LYW NpSH]QHN pV D]JW NHYHULN HO PRVyV]yGiYDO
PLQ VpJ& QiWULXP LRQRNDW W Damv DBy p&H QWR@HLW BHOA
GUiJD GH My PLQ VpJ& PYGRVtWRWW DJ\DJiVYiQ\W DG- $ KDU
NDUERQiW SRUW NHYHU@® ND Bi]QOQWH VW R H QQV PQIWGW |W V]iUt
PLQ VpJHW HUHGPpPQ\H] PLYHO D] LRQFVHUH FVDN D QHGYH\
IHO*OHWpPQ PHJ\ YpJEH

$ % NRPELQIOW HOMiUIVVDO DNWLYIiOW EHQWR@BY GH V
D NW béhiahstal Y pJ]HWW NtVPpUOHWHN PHJOHS HUHGRPY@\S® R W
UHDNFLYyW D KDERMNIHWE QFRVBIB Hahi2i§ DMIB2BDADWW HOpUWDpN
PDJDVVIiJXNDW tisxta PUJR-HEBHBHWMNHGpVpKH] NpSHVW QDJ\REE Py
A referencia hab 123.9 mmtV PDJDVVIiIJiKR] NpSHVW D % NRPSR]LW KDE
D N1&)7 %-al N Y H N H(G47 Wriwh/ 123,9 mnD % WDUWDOP~ NRPSR]LW HVF
VHEHVVpJ PD[LPXPD -QM KM@ HViHapEANYBIRESW |EE QDS HOCBWHOW L
cellaszerkezet stabil maradt.

% i UndgyobbV&U &V pJ& ILOOHU PHQQ\LVpJH HJ\UH Q WW D W|F
WpUIRJBWABY &UKVpJIJH DOLJ YIOWR]JRWW V W Q piPDHEK\RH WH\S B M QY

JYHWNH] YL]VJIOW W|OW DQ\DJ olef39. lEIWD F]LEIQ\DL EHQV
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39 IEUB tEHQWRQLW Q|YHNY PHQQ\LVpJpQHN KDWiVD D 38!

(] D KD]DL EHQWRQLWIRUUIiIV PiU NLV PHQQ\LVpJEHQ LV
DGDOpNROi{V PHOOHWW LV GHVWDELOL]iOMD D UHDNFLPVHEHV
D KDEIHOV]tQ ]DYDURV KXOOiP]y $ UHDNFLYy VHEHVVpJH FV|N
MHOHQW V D] D KDERN LQWHJU L5%-\QiildD QD DWRREER P MQ R DIWip/J HW
NRPSR]LW HJ\ QDSRQ EHO+<O |[VVIHRPORWW
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40 IEUBD EHQWRQLW Q|YHNY PHQQ\LVpIJpQHN KDWIiVD D 385 KI

(QQHN D EHQWRQLWQDN D] DONDOPD]iViYDO D KDERN YpJV
N|[UQ\pNpUH PpUVpPNO GLN pV FV|[NNHQ D KR]]iDGRWWy ®#0. PHQQ
iIEUD %)B$ UHDNFLYN VHEHVVpJH NHYpVVHO FV|NNHQ LQNIEE [
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D] [VV]HV KDE LQWHJULWiVD PHIJWDUWRWW W|EE QDSRV PHJIL
habPDJDVViJ FVINNHQpPVPW $ % V]LQWpPQ DNWLYiOW EHQWRQLW

Habmagassag (min)

Habemelkedési sehesség (mm/s)
Habmagassag (mm)
Habemelkedési sebesség (mm/s)

1d6 (s) —B§_1% 1dé (s) ——B6_3%
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Habmagassag (mm)
Habemelkedési sebesség (mm/s)
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41 iEUD tEHQWRQLW Q|YHNY PHQQ\LVpJpQHN KDWiVD D 385 KI

$ % EHQWRQLW HJIJ\IDMWD UHIHUHQKLRP SBRIDWMDION vV PQRE
D] HO ] HNKH] RBIVROQODY®IQ KDWY KRJ\ D] iVYiQ\ QHP LQHUW
|OFV|QKDWIiVED OpS DQQDN-RRPBHRQMHQVHLYHQHPVEHIRO\iIVRC
UHDNFLY OHIRO\iVgyanakkor aEpif@V]tQ& SLOODQDWQ\L VHEHVVpJ
LQVWDELOLWiIVW LV $ KDEIHOV]tQHQ EMNBMSHRNEND QNHD®E Q/i
minikollapszusokkalM iWV]yGLN OH IHOHWW J\DNRUODWLODJ IRO\DP
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JIUEpN LV IRO\DPDWRVDBDQi&WINNBPPHPVL SHULYGXVY DODWW N
*\DNRUODWLODJ PLQGHQ IHOHWWL NRPSR]JLW HVHWpPEHQ HJ\

A tiszta montmorillonitotW DQ XOPiIiQ\R]YD H] D UHDNFLYy ODYVtWRUKDW iV
$ SLOODQDWQ\L VHEHVVpPJ FV~FVD HJ\UH WiIiYRODEEUD NHU-O
KDERN NH]GHWEHQ VWDELOQDN W&QQHN PLQGHQ HVHWEHQ
NRQV]ROLGIiFLYyV VIDNDV]EDQ D FHOODKDWIiIUROyY UpWHJHN IHO"
yuiQ EHOO |[VV]JHRPOLN $ KDEIHOV]tQ LQVWDELO HPHONHGpPV

Habmagasséag (mm)

Habemelkedési sebesseg (mm/s)
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42 IEUDOE PRQWPRULOORQLW Q|YHNY PHQQ\LVpJpQHN KDW
NpS] GpVpUH
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LMHOHQOW&HHWHGPpPpQ\HN DODSMiQ KRJ\ D Q\HUV PRQWPRUL
FVINNHQ D SROLXUHWIQ NRAR&RIipLtspaszaER ND U /O LD DWHIDLN OH.
NIYHWNH]WHWpV D] KRJ\ D YiUDNR]JiIVRNNDO HOOHQWpPWEHQ E
LV NROODSV]XVW LGp]QHN WOE ®i|PRPSRIIVRWENDQ® Q|YHNY NR:
LV NpSHVHN VWDELOL]IiOQL D KDERW V W EL]JRQ\RV EHQWRQLW
viselkednek a polb GtFLYED Q

WIiE@HDERN LQWHJULWIiIVD D EHQWR @LWMWM D UPMD &/DR) @ RY
KDEVIJHUNH]HWHW MHO|O D A+ SHGLJ D KDE LQWH

Bentonit 1%
Bl +
B2 T
B3 +
B4 +
B5 +
B6 +

MMT +

FHOYHW GLNmD RpURAY D] DJI\DJiVYiQ\RN HOWpU KDWiViQDI
YLVHONHGPVPQHN" OLYHO D MHOHQVpPJHN SHUWLQHQV PDJ\D
UpV]OHJHV LQIRUPiFLYN KDOPD]D D NXWDWiV WRYIiEEL Fp¢(
UHQGV]HUV]LQWE& PDJ\DUi]DW NHUHVpVH pV D YL]VJiOW L
KRUGR]y SEGDRXWRHQLN NRPSRILW UH|QY®VHMHMN O/ WDE]LHD £IA
IHOWIiUiVD

(QQHN PpUGHNpPEHQ D WRYIEELDNEDQ ILtarND]L p® DNSDRQ\DL) N/
KDV]QiO Wt pl\® keletdaddit kompozitokat, illetve azokat &zQ W H ) anfelygiN a
SROLXUHWiIQ NRPSR]JLW HO iOOtWiVD VRUIQ IHOOpSWHN
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33. $ODSYHW-NIPRL®DLSDUDPpWHUHN MHOOHP]pVH

$] LGHYRQOWNRWH]HWEHQ OHtUW PYyGV]HUWDQ DODSMiQ M
ILOOHUNPQW KDV]QiOW EHRMPROQLWWXOD®BRQHMI D LWL NDJIRND V
MHOOHP] NHW DPHOHBHNEWQMEBQWR WM IWDENHPIRW L]iO QL

6 WIEO)HDOKBRV]QiOW EHQWRQLWRN IL]LNDL MHOOHP] L

%HQWRQLY 1HGYHVVpJ WEC pH %HQWRQLW

B1 8,18 6 18
B2 6,56 55 25,3
B3 7,75 11 100
B4 9,01 8 16
B5 4,50 9 97
B6 8,56 8,5 100

MMT 4,88 4,8 16

$ NRPSR]JLW V]LQWp]LVQpO DONDOFBB]RW W ENHLGHPRIQNWM B NF
GX]]DGiVL NpSHVVpJHW PXWDW $ D pVPRIRNDRIEE KB EpANDIENNOH
VIHPSRQMHIIEYOHOKHW KRJ\ DYD®DJP B DIBVDEEHP+EHQWRQLWRN
a legstabilabbak$ G X]]DGiVL NpSHVVpJ YLV]IRQW QHP V]JROJIiOWDW NR
GX]]DGiVL V]iPRN D OHJVWDELODEE pV D OHJLQVWDELODEE NR

$ PHWLOpQIGL]IRHFLIDA iW 0-SRYLRROOMNp\WHWL UHDNBEY GpYRO
DODSYHW NpPLDL IRO\DPDWD PHO\ QXNOHRPIMO LING Gt RJLIH/IVNIFH ¥
a poliol hidroxilcsoportjatmint nukleofi tPHIJWIiPDGMD D] L]R¥ | DQDODWRFMiINWODORH
VIRPV]pGRVY QLWURJpQ pV R[LIpQ HOHNWURQV]tYy KDWIiVD
HUHGPpQ\HNpQW NDUEDPIWN|WpV DODNXO NL D] IEUIQ EHP X!
R+1&2 572+ MNH+&2257 VHPOHJHVOHMWEBHWGILW D]JRQEDQ DQQDN
rendszer pHMiWyO pV D] ROGDWEDQ MHOHQ OHY LRQRNWyO

6DYDV N|]JHJEHQ D SROLRO KLGUR[LOFVRSRUWMD SURWRC(
FVINNHQWL DI DQUINODMHRUMO H]iOWDO ODVVtWMD D UHDNFLYyW $
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KDWpNRQ\DQ PHJWiPDGQL D] LIRFLDQiW FVRSRUWRW tJ\ D SRC
YiOLN pV DNiU |VV]H LV HVKHW (]J]JHO V]HPEHQ EiJLNXV N
GHSURWRQIOYGKDW DONR[LGLRQW NpSH]YH %i¥2& ONHI®LN RN I
NHOHWNH] DNWtY FHQWUXP J\RUVDEEDQ pV QDJ\REE KDWpNR
J\RUVDEE OiQFQ|YHNHGpPVW pV VWDELODEE KDENpPS] GpVW HUH

$ QIWULXP LRQRNDW WDUWDOPD]y Ei]MNWV HE® @ WR@LWVH H
DONRKROFVRSRUWRN GH S UDWIR Q)ONDIMR Ip 0 BN®W DIOWIRMR]0iV L
szerepelhet aSSURWRQiIWPHQHWHN NDWDOL]JiWRUDNpPQW LV pV EL]F
VWDELOL]iOKDW DPHO\HN NHGY HPKEHEQHWH KB WLW RDJ \ DA ?vH QMR
UHDNFLYW

$] HOHNWURQHORV]OiVL KDWiVRN V]LQWpQ EH(ERENEVROMI
N|[WpVHN PHQWpPQ KD@QLARNMVBDYGYD GHSURWRQIOW SROLRO
QDJ\REE HOHNWURQV&U&VpPIJIHO UHQGHONH]LN DPL Q|YHOL D
QHJDWtY W|OWpVH VILQWpPQ KR]]IMIiUXOKDW D KHO\L HOHNWU
teremtve OH]JRPHU KDWiVRN WHNLQWHWPpPEHQ D] L]RNECBMYWEVRSRL
1p&a2q VILQWpPpQz HODMNWMWRILID MHOOHJ IHQQPDUDGIVIW (]
PUJpNHQ\HQ UHDJiO D NJUQ\H]JHW HOHNWURQGRQRU YDJ\ HOHN
UHDNFLYQDN KD D N|JHJ HOHNWURQEDQ JD]GDJ SO DONR[LG

gVV]HVVpPpJpEHQ HOPRQGKDWY KRJ\ D UHDNFLYy PHFKDQL
QXNOHRILOLWIiViQDN EHIRO\iVROIiV D bdpgapdaghH Q B R QR WD &l R YH B/
EiJLNXV NDUDNWHU EL]WRVtWiVD pV SURWRQWUDQV]IHAJHN IDF
EHQWRQLW 727 UWWHNHYVONMEB'WWKRUGR] GHNRPSHQJIiOW $ SF
KHO\HWWHVtWLN D PDJQp]LXP pV NDOFLXP LRQRNDW GH PLYH(
mintall. | FYRSRUW (RQWDRQDN727 UpWHJ QHJDWLYLWiVD MREE
LPPRELOL]iOy NpSHVVpJH HU VHEE

34. 5| QWIHQGLIXBDNHFONF]pV
A B1-B6 bentonitok, illetve a montmorillonit XRD spektrumaingk VIHKDVRQOtWiViW D
NIYHWKHWM+sN Q\RPRQ
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Referencia Montmorillonit
| B1
| 82
| 83
| B4
| 8BS

7000

B6

l PDF 06-0263 KAI2(Si3AI)0O10(OH,F)2 Muszkovit-2M#1

| PDF 71-0785 SiO2 Krisztobalit low

I PDF 46-1045 SiO2 Kvarc, syn

| PDF 05-0586 CaCO3 Kalcit, syn

| PDF 47-1870 (Na,K,Ca)5A16Si30072-18H20 Klinoptinolit-Na
PDF 80-0885 Al2(Si205)(0H)4 Kaolinit 1A

5000 6000
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0

43 IEUNH®KDV]QIiOW ILGABHGHNWHQAWIHMQOQVSHNWUXPDL

$ IHOYPWHOHNHW 3') 3RIIG HWOHP U CSFURLIRQ@PPDO pUWNHOW
HOWpPUQHN ~J\ D PRQWPRULOORQLW WDUWDOPDW LOOHW H¢
EHQWRQLWQiO P H3\® WKiOKD VWY WpNQpPO D MHOOHJ]JHWHV PR
XJ\DQRO\DQ LQWHQ]LW8ABD B2p¥} %BH IV R Gt odlosidt jelez,
aB3, B5pV % EHQWRPRIOQWPFRULDORQLW D MHO/GMPIE HE %V HEHPQ
QiWULXPRV EiQ\DQ\HUV iOODSRWEDQ LV IHOOHOKHW LRQ|V
PHVWHUVIDNWVYM@OW EHQWRQLWRN (JHQIHOO RV YW WEENLQ pl§
WDOIiOKDWY PRQWPRULOORQLW FV~FV DODFVRQ\VikzZQWHQ]LV
MHOHQW V PHQQ\LVpJ& PLNURNULVWIO\RV NYDUF MHOOHP]L
WDSDV]WDOKDW Yy -\DR®OYDRSW\WX M JAWM @ @ NDWDOLWLNXV KDW VL

$ PLNURNULVWIO\RV NYDUF MHOHQO$ Wi NWBIOOMIP]\VPH B NH
HJ\HG+0i0Oy PYGRQ QDJ\ PHQQ\LVpJ& PLNURNULVWIO\RV
VIHPSRQWEYO QHP NDWDOL]JiWRU PLYHO QHP DYDWNRI]LN E
UpV]HFVNpPN QXNOHiFLYV FHQWUXPNpPQW YLVHONHGQHN $ L
6L2w IHO*OHWpPQ pV QDJ\REE OWRINIi®@H\VY NSR QF B § AL FHL {ED H ©1 ¢
ORNIiOLVDQ J\RUVDEE PHUW N|JHOHEE NHU<OQHN HJ\PiVKR] |
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IRQWRYV OHKHW D KDENH]GHPpQ\HNQpPpO DKRO D UHDNFLY K
VWDELOL]iOKDWMD D UHDNFLY]yQiwWw OLYHO D NYDUF V]LQJX
LQGLUHNW PyGRQ UHDNFLYJ\RUVXOiIVNpQW MHOHQLN PHJ
PHIJYIOWR]JWDWiViYDO J\RUVXO D UHDNFLYy KDQHP HJ\V]HUUL

35. IQIUDY|U|V VSHNWR)RV]NYSLD

A tiszta bentonitok IR spektrumaita44 EUIQ OIWKDWMXN.|VV]IHKDVRQOtWIiVE

P IR
|

=i

— =
g 8 g 4

[

—1022

—asaa|
—a6z1

Bl
B2
B3
B4

B6
MMT

44 praz)HOKDV]QiOW EHQWRQLW WtSXVRN LQIUDY|U

$ EHQWRQLWRNEDQ HO IRUGXOyYy N{$\QpFWHINF KD ]|RW RD/ t % i/ XN DI |

VSHNWURV]NySLiV DWODV]IEDQ L OOHWWID GiIDWKLOQMBERDSHOHHE RBNH T
SOr.

$ EHQWRQLWRN XMMOHQ\RPDWV]HU&HQ KR]]JiN D UiMXN
IUHNYHQFLILW $ % pV % EHQWRQLWRN W|EE~-REVDQ@ NLHHPGIHON
DPHO\HN QHP WDOIOKDWYDN PHJ D W|EEL iVHVQK XVGE R WU KR NK

WDOIOKDWYyY Y he?\ gstiatpig) \H WiKHW FV~FVRN D] 2+ FVRSRUWRI
LQWHQ]LWiIVXNEYO DUUD OHKHW N|YHWNH]WHWQL KRJ\ D] iVYi
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WDUWDOPD] D W|EELQPQp® MHEOWHQW NHP]-O-BY ~FARRIN L PVel §®I ]I p \
DJRQRVtIWKDWYNpV D VIRNiVRVQiO HU VHEE LQWHUDNFIMYW MH (
$] DOXPtQLXP KLGUR[LGRYV UpWHJUH PLNURNULVW{O\RV NYDUF

$ ILOOHUHNHQ NtY«O D NRPSRJLWRN V]LQWpPQ )7,5 YL]VJi
N|[WpVHN NLDODNXOiVi@GDNEUDWpUNpSH]pVpUH

§ B Blhab

B B2 hab

B B3/B5 hab ‘
E B4 hab ‘
W B6 hab |
B MMT hab |
B Referencia hab

45 i E UHR © L X-heHtovit ompozit habok IR spektrumai

$] HOV V]HPEHW&Q N+-O|QEVPY XOOiPV]iPRNQiO MHOHQW
az -2+ FVRSRUWRN MHOHQOpPpWpW MHOJLN $ WLV]WD UHIHUH
FVRSRUWRNDW D NRPSR]JLWRNEDQ H] QHP V]iPRWWHY 7HKiV
YiOWR]JWDWQDN D VHEHVVpPpJHQ HJ\WpJHVHQ Q|YHOLN D UHDNF
B3-DV EHQWRQLWQFY~BV D] LIRFLDQiW FVRSRUWRN MHOHQOpPW
WLV]WD PRQWPRULOORQLWWDO NpV]+OW NRPSR]LWQiO $ W]|E
.LHPHONHG HQ QDJ\ dzQ0o85H\Q JEW- K+ -2l VDp & UH MHOOHP]
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36 ,RQFVHUpO NDSDFLWIiV PHIJKDWIiIUR]iVD

A EHQWRQLWRNDW PHWLOLQNpN ROGDWWDO WLWUiOYD D
LRQFVHUpPO N46SMVIEpIHWDBWDOPD]]D D WLWUiIOiVRN YpJSRQW
FVHSHJHWHWW N<O|QE|] LG SRQWRNEDQ YHWW PLQWiNNDO

46 iEU®I¥DJIiIVYIQ\RN LRQFVHUpO NDSDFLWIiIVIQDN PHIJKDWIiUR

$ WLWUiIOiVKR] HOKDV]QiOW PHWLOpPQNpN ROGDW WpUIRJIJDWiE
LRQFVHUpPO N pShavRhfgeeny PHT J

. o srr
+ %Llra8|—

DKRO D] PO PHWLOpQNpN ROGDWUD YRQDWNR]JWDWRWW P
ROGDW WpUIRJDWD P SHGLJ D PO EHQWRQLW V]XV]SHQ]Ly V]

$ % :\RPLQJ EHQWRQLW ~J\QHYH]HWW UHIHUHQFLD DJ\DJ
iOWDOIQRVDQ HOPRQGKDWY KRJ\ D % pV %-orNIENp\® HXODpQY HON B
FVHUpPO N(@ SWFE®/ii\DmV
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7 WIiEO®HBDWWRQLWRN LRQFVHUpPpO NpSHVVpJH OHFKOLFK PyG

7LWUiIOy ROG
Bentonit (ml) IEC (meq/qg)
Bl 17 141.7
B2 21 175.0
B3 9 75.0
B4 22 183.3
B5 10 83.3
B6 41 341.7
MMT 28 233.3

$] DODFVRQ\ LRQFVHUpPO NDSDFLWipWUEHQ JH O KRLIR & RHS\M. DV
HQHUJLIMD PDJDVDEE D QDJ\REE* IpRQ¥MNRQBNPQUM Q4G pilDW HQ H |
PRELOL]JIiOKDWYDN YLV]RQW PpUHWeN IRO\WiQ NLVHEE V]Wp!
UpVIWYHY V]JHUYHV PROHNXOIiN V]iPiUD tJ\ HJHN MREEDQ KR
HO VHJtWL D KLGUR[LO FVRSRUWRN GHSURWRQIiOiViwW DONRJ[L
iJHQVNpPpQW J\RUVtWMiN D UHDNFLyW

3.7. Zeta-SRWHQFLiIiO PpUpVH

$ EHQWRQLW V]XSFEWQRINOMDN DV P Hd KD VE URjkdhaD NHU o
iEUIJROYD

AZeta-SRWHQFLIO D V]XV]SHQGIOW UpV]HFVNH N|[U+O NLDODI
PpUL eUWPpPNH DUIQ\RV D V]XV]SHQ]LY SLOODGRWGGHQFMWODELOL
QiO NLVHEE D UHQGV]HU LQVWDELO DJJORPHUIFLYyUD YDJ\ D
D] pUWpW P9 N|[][WW YDQ D UHQGV]HU PHWDVWDELO Ne<OV E
a Zeta-SRW H3FQi® QDJ\REE D NRPIORWR QMWRAN. ®IVHWpPEHQ D %
LQVWDELO D % % % pV 007 PHWDVW CEHARetaXSRIWINQ E HilR @ U V
QHP PXWDWMD PHJ D NRPSR]JLWRN VWDELOLWIiViQDN KDWiUDL
UHQGV]HUHN OHKHWQHN NLWpYH VWDELOL]iOy YDJ\ GHVWDEL
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Relativ frekvencia (%)
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$ KDERN VWDELOLWIiVD QHP HJ\ HI\WpQ\H] V HI\HQOHWWHC
HI\pUWHOP&HQ LQVWDELODN DPLQW D NtVpUOHWL HUHGPpQ\
~J\ YiODV]WDQL D W|EEL SDUDPpWHUW KRJ\ D UHQGV]HUHNH
LUIQVIiED Y$JWPUpVHN VRUIQ V]iPRV SDUDPpWHU U|J]tWpVUL
YH]JHW NpSHVVpJ LV IRQWRYV MHOHQW VpJJHO EtU KLV]HQ D %
NpSHVAWY %-al QDJ\REE pUWpPSNHWIEOIYWODWY (] iWODJRVDQ Q|YHO
YH]JHW NpSHVVpJpW LV pV N|QQ\tWL D U HDINRILBz éeKtFofoRHWs] P X Vi Q
PRELOLWiV PDJDVDEE pUWPpPNHL J\RUVDEE KDE]|V\HHRRFOUWNMWR
HUHGPpPQ\HN DODSMiQ HJ\pUWHOP& |[VV]HI*JJpV iOODStWKDWYy
HOHNWURIRUHWLNXV PRELOLWiVD YH]HW NpSHVVpJH YDODPI
VWDELOLWIiVD N|]|[WW $ EHQWRQIGN]NJHERE pN LD i X UKRE ~
~J\QH Y PigkéMiAU pVIHFV NLNHONM G QHN DARO\BBOMNN DWIiJIHO+OH
cellafalaiiUD NHOO NL+OQLeN D EXERUpNRN |[VV]HROYDGiViQDN NR
NDSRWW DGDWRN UiYLOiJtWDQDN KRJ\ D KDEVWDELOLWI{V V]H
WDUWRPiIQ\ PtJ D V]pOV pUWpPNHN D eflBEVWUXNW~UD |VV]HRPO

A% pV 0PLQWiIN PXWDWWiN D OHJPDJDVDEE PEE[LRQWMW WU

PV PFP 9V DPHO\ pUWpPNHN NLPDJDVOy IHO-O#MWL QH

PDJDV D JHWDSKRWHQ PDIDDYVJHWDSRWHQFLIO iOWDOIEDQ VWDI

N[JHJEHQ D SXUKDE NpS] GpVH VRUiIiQ H] D UHQGNtY+O PDJDV W
PiU DODFVRQ\ L O O HRYQH H Q WALH B MWRQQ WV V]HRPORWWD N

Ennek fizikai-N p P L D L DR\NOD HID P gi@hgvin, Landau, Verwey, Overbee ODSMiQ D
W~O]RWW HOHNWURV]WDWLNXV WDV]tWIiVEDQ NHUHVHQG $ Up
KRJ\ D EHQWRQLW OHPH]NpN V&U&Q HI\PiVKR] N|JHO UHQGH] G
burkot DONRVVDQDN D EXERUpNRN IDOD NokdzzD O]WLDWMMN OH@D/K
YHJHW NpSHVVpJH pV P6 FP $ODFVRQ\ LRQNRQFHQW!L

("/ NLWHUWRHONDW Hpi YIOLN DPL JIWROMD D EHQWRQLWRW DEE
HJ\ |[VV]HI«JJ WKL[RWUyYS JpOKiOy]DWRW KR]J]JRQ OpWUH *pOK
IRO\DGpN V]IDEDGRQ NLIRO\LN D EXERUpNRN N|]*O GUpQH] Gp

okozza.

67



Ezzel szemben & pV % PLQWIN PXWDWWIiIN D OHJVWDELODEE YLVHC
(20%-RV WHUKHOpVY PHOOHWW LV VWDELODN PDUDGWDN (]JHN D
el: elektroforetikus PRELOLWIiIVXN PpUVpNHWOWHEE Rm/Vs), ugyanakkor

YHJHW NpSHVVpJeN FVDNQHP D GXSOiMDpW W|EPIE FPQWi KFRJJD M
LROQNRQFHQWUiIFLY OHIUQ\pNROMD D UpV]HFVNpPN N|]IWWL W-~(
HOHNWURPRY NHWW V UpWHJHW (] D NLHJ\HQV~O\R]JRWW LRQ
V]iPiUD KRJ\ KDWpNRQ\DQ YIiQGRUROMDQDBWpWHIHWKDMWSHUBQH
purhabQ | YHNHGpPVL Ii]JLVIEDQ PHJ UL]]pN D ODPHOOIN LQWHJULW,i

$ OHIJNLVHEE DEV B @in/(-PRE L @®imWsykerai (3%RYV |VV]HRPOiVD LJD]
MHOH@VYLINNROGDOIW D W~O DODFVRQ\ IHO*OHWL W|OWpV QH
PHJDNDGIiO\R]iViUD tJ\ D V]HPFVpN FVRPYyVRGQDN pV NpS
habszerkezetben.

8 WIiEOS DYW]¥JiOW EHQWRQLWRN HO HNWUHRHRW N WPHWYYRRE H &

HUHG®.pQ\
Bentonit (OHNWURIRUHWLNX 9H]HW NpSHVVp
Pcm/Vs) (mScm)
Bl -1,5543 0,100
B2 -1,3689 0,092
B3 -1,9085 0,172
B4 -1,4680 0,102
B5 -1,8851 0,173
B6 -2,0851 0,111
MMT -2,0644 0,092

3.8. Brunauer-Emmet-7HOOHU V]J]RUSFLYV DQDOt]LV

A V]IRUSFLYV PpUpVHNHW V]pQGLR[LGGDO YpJH]WHP D] |VV]
UHJLV]WUIiOW L]JRWHUPiINDW U|MaWE)NVW+N pV |[VV]HKDVRQOtWR
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Elnyelt gazmennyiség (cm’/g)

L] L] L] ] L] L
0.000 0.005 0.010 0.015 0.020 0.025 0.030

Relativ nyomas (p/p°)

48 IEUBHQWRQLW ILOOHUHN V]pQGLR[LG DGV]RUSF

$] LIRWHUPIN PLQGHJ\LNH \MCBDNA-] L INUEp M| MRKR\WI i ]DG VIR U
Q|YHNY UHODWLtY Q\RPIiVRQ D % % pV % HVHWPEHQ D IHO+O
Q\RPiVWDUWQR®R iG\EB® @4HY EHQWRQLW HVHWpPEHQ DODFVRQ\DI
PHQQ\LVpJ& V]pQGLR[LG U|J]*O D IHO*OHWHQ DPL W|EE DNWtY
DGV]RUEHIOW PHQQ\LVpJléV LYPMEHOIH PWNURSYWXVRYV DQ\DJ [
PHJRSYyUXVRV .LVHEE PpUWpPNEHQ XJ\DQ GH D PLNURSYUXVRYV
$ OHIJW[EGLR[RGRW D WLV]WD PRQWPRULOORQLW N|W|WWH F
IDMODJRWIEQ -PIHAYN® WAEOi]DW

9 WIEOHDW]Y¥ &noMioNE IDMODJRYVY IHO*OHWH

Bentonit IDQJPXLU IDMO#JRYV
Bl : Po J
B2 : Po J
B3 : Po J
B4 : Po J
BS : Po J
B6 : Po J
MMT 84.6927 Po J
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$ W/ EEL EHQWRQLW D YL]VJiODW V]JHPSRQWMIiEyO D N|]pS
NLYpPWHOpPYHO DPHO\HNQHN LJHQ FVHNpQASDiE QG tR[DGYADDI
DGDWRNDW |VV]HKDVRQ Gt WWIi X ipD WD FPVHU DEQ DEWIK BBV XN KR
IHO*OHWWHO UHQGHONH] DJ\DJiVYiQ\RN VWDELOL]JiOWiN OH.
DPHO\HNQpPO D OHIJNLVHEE PpUWpPNEHQ VpUsOW D NRPSR]LW KI

$ % NDWDOLWLNXVSEKDVIINO « &/HWHQ QWPOiOKDWyY DNWtY Ft
PDJ\DUiI]JKDWy KDQHP D]JRN PLQ VpJpYHO D] ;5 GLIUDNWRJUD
MHOHQOPWpPYHO pV D QHJIDWtY W|OWpPVFHQWUXPRN KR]]JilpU
YL]VJiODWIRINED@QW W|EEL VILQHUJLNXV KDWiVD

$ OLFURPHULWLFV $6$3 NpV]eOpN W |E E- DOISGW K M H YW FIK
Dubinin-$ VWDNKRY LOOHV]W pfe NMi\E ODYDIBMQ W TROGFSIEWM DR/ JLQW M p Q H |
IHO*OHWPQHN pV PLNURSYUXV WpUIRJDWIiQDN NLV]iPtWiViUD

10 WiIiEODQmMM-5DGXVKNHYLFKSYWDANKIRM QOOHV]WpVHN SDUDPpWI

Bentonit 3DUDPpWHL Dubinin-Radushkevich Dubinin-Astakhov
Karakterisztikus energia |18.904282 kJ/mol 14.117941 kJ/mol
OLNURSyYyUXV ND
KDWiUpUWQpN FPA J 673 FPA J 673

i OLNURSYUXV Wp “
KDWiUpUWpN FPA J “ FP
)DMODJRV IHO-C Po J Po J
Karakterisztikus energia |20.318949 kJ/mol 13.782608 kJ/mol
OLNURSyYyUXV ND
KDWiUpUWpN FPA J 673 FPA J 673
52 OLNURSYUXV Wp “
KDWiUpUWQpN FPiA J : FPH
)DMODJRV IHO-C Po J Po J
Karakterisztikus energia |28.292378 kJ/mol 13.075709 kJ/mol
B3 OLNURSYUXV ND
KDWiUpUWpN FPA J 673 FPA J 673
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OLNURSYUXV Wp “
KDWiUpUWpN FPi J “ FP
)DMODJRV [HO-«Q P8 J P8 J

Karakterisztikus energia |39.267241 kJ/mol 24.357369 kJ/mol
OLNURSYUXV ND
KDWiUpUWQpN FPA J 67 FPA J 673
OLNURSYUXV Wp “
KDWiUpUWQpN FPA J “ FP
)DMODJRV IHO-C Po J Po J

B4

Karakterisztikus energia |22.841425 kJ/mol 10.307687 kJ/mol
OLNURSYUXV ND
KDWiUpUWQpN FPA J 673 FPA J 673
OLNURSYUXV Wp “
KDWiUpUWQpN FPA J “ FP
)DMODJRYV IHO-(Q Po J Po J

B5

Karakterisztikus energia |20.148756 kJ/mol 10.091187 kJ/mol
OLNURSyYyUXV ND
KDWiUpUWQpN FPA J 673 FPA J 673
OLNURSYUXV Wp “
KDWiUpUWpN FPA J “ FP
)DMODJRV IHO-C Po J Po J

B6

Karakterisztikus energia |20.114063 kJ/mol 15.416132 kJ/mol
OLNURSYUXV ND
KDWiUpUWQpN FPA J 67 FPA J 673
OLNURSYUXV Wp “
KDWiUpUWQpN FPA J “ FP
)DMODJRV IHO-«C PO J Po J

MMT

$ IDMODJRV IHO OHW DOWHUQDWtY PpUpVL HUHGPpPQ\H
IDQJPXLU LIRWHUPINa WGEHOWEBIIOQWYON PpUURQWMpPpQ KDVRQOY N|[YHWI
% pV % EHQWRQLW HVHWPpPEHQ WDSWVH GABD\ED BAyBE,pWIMINLV HE |
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ILOOHUHN IDMODJRV IHO+OHWH D SRUR]JLWiVQDN WXGKDWy
HOKHO\H]JNHG W&V]HU& PLNURNULVWIO\RV NYDUF Q|YHOL D IH

$ PLNURSYUXVRN WpUIRJDWD PLQGNpPW V]iPtWiVL PyG HVH
pV D % LOOHWYH % EHQWRQLWRNQiO D OHIJNLVHEE (]JHQ DG
VWDELOLWiVW DGy EHQWRQLWRN HVHWpPEHQ D OHJNLVHEE D] |

$ SUHPL[HN NpV]tWpEHQW®R QL WS RHYRHUpNHNEHQ D QDJ\
UHQGHONH] DQ\DJRN PRQWPRUL®PRD ISW OH\RKDW/p BAHXG Q DRP P D.
jobbanODVVtWMiN D UHDNFLY PHQHWpPW MHOHQW VHEE EHIRO\iV)\

39. '"HULYDWRJUIILD

A PLQWINDW WHUP R JUEKYTGAN MWW Diti DHRVBYE W WNHK DV R Q O t W K D \
NeO|QE|] SROLXUHWiIQ NRPSR]LW KDEPLQWIiIN EHGBWROQEWNRN |
klasszikusan aPLQWiN W |PHPWHE]WRIRQ@IV VHEHVVpJIPW KiPpURONVION
1+ JIJYPQ\pEHQ SayahkkiNW Y@ JBI \E H Q WdRe@hdd Rab®@ YREHD valamint a 20%-
0s p Y0%-os filler W D U WabkorRpezitodO W YL]V3]OBWWDINR Qrds YRRDODN D 7*$ P
D VIDJJDWRWW YRQDODN DV G7H U I MJ B pWN WihelpeR @EEDRPYIRLiR/HIWDUALH Q ] L\
NDUDNW @Y L3008 B®

$ EHOQWRQLW PLQWIKIiU R OPH ?MOP-@QPOQtWKHW VIDNDV] ILJ\F
iIEUB] HOV V]IDNDV]IEDQ D EHQWRQLWRN QHGYHVVpJWDUWDORPI
a szakaszban a|l UEBNUHGHNVpJH pV D V]DUDGiIV LG WDUWDPD HOWpl
WiYR]JLN D] HQ\KpQ N|W|WW QHGYHVVpJ PiVUpPV]W DQQDN PHQC
szakaszN*O|QE|] K PpUVPNOHWHNHQ IHMH]-0B,aNB2EXh OD YR VFHW p E |
D % pV % PLQWIN HR/GI WINKHDQ $ %f& LQWD HOA D WDRHEFE|MNNH Q
B6-0s bentonip SHGLJ +RQ fBEMH]MBLR]EHO7 HVHWPEHQ $ PiVRGLN V
EHQWRQLWRN pV D] 007 PLQWD NULVWIO\UIF¥iEXDXR WME R]OMKD
ILJ\HOKHW PHJ (QQHN D GHKLGUDWIiFLYV V]IDNDV]QDN D YplJ
N|UsOEHO-=-0b, aB2Q&% O = f& NHQWOW Dif%aB4QpO = f& N|U+<O
B5-QpO -onf&B6QiO -of &PtJ D] 007 HVHWPpPEHQ + f& N[T|WW ]i
VIDNDV]EDQ D W|OW DQ\DJRNEDQ MHOHQ OpY N+<O|QE|] NDUE
MgCO: ERPOIVD Pi{RQ PRRINH]G GLN D W|EEL NtVpU NDUSBRQIW E
°C-ig D PpUpVL WDUWRPIQ\ YpJpLJ

72



(a12d / 95) DI (212d / 94) D1 (a1ad s 24) D1
e O T ¥ ® g AT Y s 4T g xS Y Y a8 xS AT
& g § @@ o o nin g & &g A e Eigg o of ig s e e i
m 3 1 |
............................ ..n \ L
- 7 oS L L 7 L
= ¢ i ' i
{ i
i }
= - Lk -
{ <l i g
1 g ” 8
> 3 2E[T o g2
Y ' _ 3 '
h ] 3 \
'3 [ | e I
T T T T T T T T T T T T
g & 8 2 &8 8 & 8 g &8 2 I 8 & 8 8
s (%) Sowo C (94) Bawoy, & (%) Bowa .
(010d / 95) 1A (o12d / 94) OILA (a1ad / o4) DLA
S W B o %o W S i W g W W e & o Qo
SO NS e & @ @ g e et g o Bl o %
L - - ﬂ‘w- =
¢
|
- - a.u =
S
- [=]
2a|| | | =
1 M . T T T A -
S 8 8 2 £ 8 £ 32
= (%) Sawo]. = (o) Fowg, B (9%) Sowg

200 300 400 500 600 700 800

100

400 500 600 700 800

300

2

100

Hémérséklet (°C)

Homérséklet (°C)

(o1ad / 95) DIA

s O T v ® S g % 9

0.000”1]1.1

T

¢

1

b L

3

b

.«. -

H

¢ £

-v

w.

--. ™~

/

: =1k

§

: -
B
%m-

-

100 4

. .
o (= %
> (=} *®

(%) Sowqy,

700

200 300 400 500 600
Homérséklet (°C)

100

iEUD 007 PLQWD 7*

$ HUHGPpQ\H

73



Tomeg (%)

Tomeg (%)

Tomeg (%)

T T T T T T T 2 d) T T T T T T T
100 P 100~ L0
e, .
N W -2 - -2
80 Dol 804
o L4 ~ F-4 o~
2 g 3 §
60 R H-6 2 S 60 6 &
% [.g g / L8 X
i >~ B o i g
404 : '-IOE_L’_ & 40 : __log
i 122 i 12
204 " !
——REF i --14 i =14
—— 2081 i i
04=-REFDIG | § H-16 } [-16
=== 20B1 DTG
T T T T T T T -18 T T T T T -18
S — 2 9 ————— e 2
1004 1004 Lo
L2
R0+ 804
5 L4
g = §
60 1 () £ 604 -6 o
A i <
h 9\: ’g -8 ?\:
1 ’ 4
404 ! --10§ X D --log
i Lo12 L.12
20 i 204
—REF i H-14 ——REF H-14
! 2082 i 20B5
0 11 ----- REF DTG --16 odF-- REF DTG --16
== 2082 DTG -.=-- 20B5 DTG
T T T T T T T -18 T T T T T T T -18
T T T T T T T .2 n T T T T T T T 2
o 100 - Lo
L2 F-2
5 80
L4~ B
g = 2
6 & S 60+ 6 &
L .8 § éb L.g g
102 £ - 108
L2 ) {
12 = \k [ .12 (]
[ 20 4
14 —e ——t 34
L .16 20B6
o4~ REF DTG L-16
2 --18 -~ - 2086 DTG
T T T T T T T = - - T+ T T T -18
100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 800
Homérséklet (°C) Hoémérséklet (°C)
T T T T T T T 2
100 4 P I
4 o '/"j L2
80+ H\Vg X 7
1 L o
= g
X 60+ L %
N ~
%'b 40 [ z\%
pi=) q - -
& IOE
.12
20 4
——RFF --14
20MMT
0 4--==REF DTG --16
|-~ 20MMT DTG
T T T T T T T -18
100 200 300 400 500 600 700 800
Hémérséklet (°C)

iEUD $ UHIHUHQFLD KDE pV D

74

RV 007 WDUWDOP~

38



Az50-HV iEUIiQ D NRPSR]JLWRN WHUPRJUDYLPHWULiV JJUEpL
D PHOOpPNOHWEHQ pV ILOOHU WDUWDORPPDO UHQGHONH]
LQWHUDNFLYNDW OiWQL EOWDOIQRVViJEDYHOLMNRD GKHRWPR VAR
UHIHUHQFLiIKR] NpSHVW N+O|Q|VHQ D KRVV]DEE ERPOIiV QpON:

9DODPHQQ\L J|UE29-2B0YCHRAp BMIQUWRPIQ\EDQ OiWKDWy D] LO
WiYR]iVD (] D] HOV WHUPRJUDYLPHWULDL LQWHUYDOOXP $ S
HOLPLQiFLY VHEHVVpJpUH Y RGDW XiFOJ)NO DW WS P D D HRNP-XWDW V
WHKiW D '7* JJUEpNUH HEEHQ D Ii]JLVEDQ QHP NM®R SIRWLNARR KD pW;
PHJIHOHO EHQWRBIMBRMOKHWL KRJ\ D ILOOHUHN HVHWpPEHQ
IRNLJ WiYRJLN ~J\ KRJ\ H] D '7* JJUEpNHQ LV PHIMHOHQLN

OLYHO D V]iUD]DOQ\BDBEDWNDORR D NRPSRJLWRN J|JUEpLQ L
(] D KLiQ\ DUUD XWDO KRJ\ H] D WtSXV~ IHO *O HRMyel&ftreW D U W |
PpOWyYy KRJ\ D UHIHUHQFLD KDERNKR] NpSH Vlfeljgbd\hBl e L W R N
helyezkednek el ,0\HQ V]XSHUSR]tFLRQiOiVW OiWKDWXQN D % % %
KiURP HPOtWHWW HVHWEHQ D NRPSRJLWRN V]DNDV]DL KRVV]DE
D VIDNDV]RN Yt]JVILQWHVHN D]D] QLQFV W|PHJYHV]WHVpJ

(] I\DNRUODWLODJ DJ]W MHOHQWL KRJ\ EiU D KDERN LQWH
QHP VWDELOL]IWRUNpPQW KDW GH MHOHQW VHQ FV|NNHQWL D
PDUDGQDN D KDERNEDQ FVDN PLYHO LIPIPREWDILYIOIKRD LD/ WIN @ }
YHIJ\eOHWHNHW pV H]-250 W-WD Y HKIIQPIVUDG DPL PHVV]H PHJKE
IHOKDV]QiOiVL N|JU*OPpQ\HN K PpUVPNOHWL LQWHUYDOOXPiW

$ N|]YHWNH] °GH®IDSLQGX0O DPLNRU D UHIHUHQFLD KDE PH.
WHUPRJUDYLPHWULIV JJUEpL YDODP HQHQ H ViAW HY\DEHEDINE W DD W
JJUEpNHQ HJ\ PDJDVDEE K PpUVPNOHWHQ RNRASHROEMD UFNOEVE @
NpV EE pV PDJDVDEE K IRNRQ J\XOODG PHJ 9DJ\LV HOPRQGKD\
Q|]YHOWH D KDERN J\XOODGIVL K PpUVpNO HMHPW¥ O BB O DY t W\
VIHPSROWEY® % pV D PROWRROLUOWRQLW
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11 WIEO.IRPWRYLW KDERN J\XOODGIiVL K PpUVpNOH!'

YHQWRQLW W OS5HIHUHQFLD KDEH .RPSR]LW KDE J
K IRICD K IRYCD
Bl 275
B2 280
B3 275
B4 250 300
BS 300
B6 300
MMT 310

A10% W|OW DQ\DJRW WDUWDOPD]y KDERN H \iihtapiQaDTERP O iV
JJUEpN pOHVHEE FV~FVDL PXWDWQDN (] D]JW MHO]L KRJ\ D ERF
le. Ezzel szemben a 20RV W|OW DQ\DJRW WDUWDOPD]y KDERNQiO D E
VIPOHVHEE K PpUVpNOHWL MDUWRPIQ\EDQ N|YHWNH]LN

(] D N O|QEVpJ D PDIJDVDEE EHQWRQLWNRQFHQWUIFLYy V\
FVINNHQWL D ERPOiIVL VHEHVVpJHW pV MDY tW MigpaKeriton@yViJR
WDUWDOP~ KDENRPSRJLWRN MHOHQW VHEE PpUWPpPNEHQ MDYt
K PP UVPNOHW WDUWRPIQ\EDQ iOWDOIEDQ PHJNMDMQENJIHDO ISJ
YiOWRJLN YDJ\LV D EHQWRQLW P H JNY P\ OMHOVOHOW N FDQ9 N8R R 5 RR)F

3.10. )HO*OHWL IHV]*OWVpJ PHJKDWIiUR]iVD

$ NRPSR]JLWRN J\iUWiViK RéntdhiopemidiDiH @WO SIRVA.L RHO#]Y OWE )X PIEVE i V |
LG HOWHOWH XWiQ/BoLtRVO/LpQ pW HQ] PR B pWH L. )\R EEDOKZ PME W NGO
MHO|OW H RenBgzerakBt\W PHO\VHN HVHWpPQ D KDE PHJP D UDRHD HWNQ O
D KDEVIJHUNH]JHW LQWHJULW VDU W WD-iOWK D W Y KKIDEM\E D B LIIL WiV L
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12 WIiEO)HDOWGHWL IHV]-OWVpJ pUWpNHLHD W RIQYLIWO. B/U M FL|[®

Bentonit| Bentonit

W[PH DUIQ YHO<OHWL IHV]-OWVpJ

Recept g % 1HZWRQ FP

Bl B2 B3 B4 BS B6 MMT

0.000 0 1360.26 1360.26 1360.26 1360.26 1360.26 1360.26 1360.26
0.606 1 1368.3(0 1380.16 1361.52 1369.32 1362.51 1372.35 1390.14
37,5g| 1.249 3 1372.26 1411.36 1362.25 1374.39 1364.32 1380.32 1420.41
poliol | 1.302 5 1387.20 1425.351368.48 1390.65 1371.81 1397.91 1440.84

3.503 10 |1407.351458.351376.131414.39 1380.94 1421.31 1481.32
3.928 15 |1425.26 1490.671392.48 1437.40 1397.39 1447.85 1520.65
4.412 20 |1452.161525.92 1401.78 1468.62 1405.17 1488.74 1564.91

A PpUpVHN DODSMiQ PHJIiOODStWKDWyY KRJ\ D] DJ\DJiVYiQ\R
IHV]+OWLY p Wil GLJDMEUD $ KDERN LQWHJULWIVD -ateMRPp WU« O
IHO*OHWL IHV]+OWVpJ QDA RJEyBIDONGWRW-+M D PRQWPRULOORQ
YROW PpUKHW $ N|[YHWNH] KiUPDV FVRSRUW D % % pV %
EHIRO\iIVROWD D SUHPL[ IHO*OHWL IHV]*OWVpJpW $hdgyap UO HW
YL]VJiOW N|U<OPpQ\HN N|]JW D UHQGV]HU VWDELOLWiVD QDJ\ED

1600 1

1550 A

1500 A

1450

1400 A

1350 = T T T T T T T T T J
0 2 4 6 8§ 10 12 14 16 18 20
—Bl B? —B3 —B4 —B5 —B6 ——MMT

51 IEUMHO*OHWL IHV]*OWVpPJ YIOWR]iVD D EHQWRQLW \
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3.11. (OHNWURQPLNURV]INYSRV YL]VJIODWRN

(OHNWURQPLNUR V]iNig® R VE HONR Rikt/@iétislD OKDENRPSR]JLWRN |
NpV]+OOMMS PHOOpPNOHWEHQ

3.11.1. $IJ\DJIVYIQ\RN HOHNWURQPLNURV]NYSLiV NpSH

$] HOHNWURQPLNURVINYSLiV IHOYpWHOHN DODSMiQ PHJiO«
aPHO\HNQDCE LQWHJULWIiVD NLVHEE W|OW DQ\DJ NRQFHQWUIFL
XQLIRUPLWIiVB1-BOBEBYNR @ PHO.QpB2OHHW EHQWRQLW H-¥Zdrdép EH Q
QDJI\tWiV~ IMDOHWKONQ  BROWHMWNFSNENHWHOHQ YDQQDN D
kisebb UpV]JHFVNpPN LV +DVRQOYDQ D PRQWPRULOORQLW HVHW
LOOHWYH PLNURQRIC RAp\W|DIGME pNN N |]W

$ % pV % EHQWRQLWRNQIO VILQWpPQ MHOOHP] D V]pOHV
KDWiURN V]&NHEEHN $ % pV % HBKQWRQLW RNy BHIAWQBEMVIHW
“HOOHP] UpV]HESBAIHMPUBIWNYRPIQ\ED HVLN

EOWDOIQRVVIJEDQ HOPRQGKDWY KRJ\'D % % DJ\DJRN JUD
SRUR]JLWIiIVXN NLVHEE $ % % % % pV 007 HVHWpPEHQ D
VIDEiO\WDODQ DODN~DN $ QDJ\REE IHO*OHW MHD® QW YHEE

szemben.

3.11.2. KompozithaboHOHNWURQPLNURV]NYySLiIV IHOYpPWHO
$] iVYIiQ\RN XWiQ VRU NHU+OW D NRPSR]LWS&DE&ERNEWUJNUNH]
PHOCpNOBWDONDOPD]RWW WHFKQLND D] HO EELKH] KDVRQOYy
200-V]RURYV QDJ\tWiV $KRO D KDEV]HUNH]HW OHKi$i®p ¥ MWRH W W H
$ UHIHUHQFLD KDE |VV]HI*JJ FHOODV]JHUNH]JHWHW PXWDW
alkalmazott 1HV 1&2 LQGH[ DPL D UHDJHQ@MH§\ MWW H&WR AHWD b [ IN X D
KRPRJpQ SROLPHU DOYHYOXVRNDW HUHGPpQ\H] DPHO\HNHQ Q
NRPSRQHQVHN HOUHDJIiOQDN HJ\PiVVDO D AKRfErendi/ bdbL O V
HOHNWURQPLNURVINYSRV iEpSHLW YL]VJiOWDP
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BES 15.0kv 26Pa x40 500pm == BES 15.0kV 26Pa x90 200pm
Sample Feb 26, 2024 Sample Feb 26, 2024

52 iEUA2 BGDOpNPHQWHYVY UHIHUHQFLD KDE HOHNWURQF

A legnagyobb, 20%RV EHQWRQLW NR Q FH Gakpoizit LhphoRe® eléhtéQe@H O N H
PLYHO D N|OFV|QKDWiVRN HEEHQ D] H\8H WHEDHYQ W H PHINO KDAYK
YDQQDN D KDERNNDO NDSFVRODWRYV J\DNRUODWL WDSDV]
EHQWRQLWWDO (58 p VEUEDAK RAOREIPY FHOODV]HUNH]JHWHW PXW
EHiJ\D]yGiVD D SROLPHU PiWUL[ED PHJIHOHO D SROLPHU N|
D KDEV]JHUNH]HWE O $ W|EEL KDE DQ\DJIiEDQ LQKRPRJpQ L

VWUXNW~UeNDW KR] OpW

BES 15.0kV 26Pa x90 200pm

BES 15.0kV 26Pa x100 100pum =
Sample

Sample

Apr 16, 2024 Apr 16, 2024

53 iEU® #pV % ILOOHUHNHW HAbDKUHVD BIGI VO R QNFIRLANSLRR VPN y S L i

$ % EHQWRQLW VHJtWVpJpYHO OpWUHKR]JRWW NRPSR]LW F
IHOV]DNDGiVD HJ\HVtWL D WHUHNHW pV QDJ\REE <UHJHN M|
PHJYiOWR]iViYDO PDJ\DUiI]JKDWy D] pSSHQ NLDODNXOYEDQ ¢
YLV]NR]JLWiV PLDWW HOV]DNDGQDN D SROLPHU DQ\DJIEDQ QH|
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$ % NRPSR]JLW FHOOILQDN IDBIQ0-B VP \WNDRHOID ND/W DO YRBEQ W Kl
—MAHVHN $ PHWV]JHWHNHW QDJ\IRN~ VIHUNH]JHWL LQKRPRJHQLW
PHJ D % NRPSR]LVWMDNVQIDOMD VW D JVaslhithak @aRHhak\Ki, szemben a
B3 —MPV KtG MDUA0B-FHHPW IDOYDVWDJIViJiY D ©az HOD P i wWH B DOVO v MtV
PLVIHULQW D YLV]INRSODV]J]WLNXV NRPSRQHQV FV|INNHQpPVpYL
SROLPHUUHO HJ\*WW PR]RJ D ILOOHU QHP JIiWROMD D 0iQ
UXJDOPDVViIJRW DG D NLDODNXOy KDEQDN IEUD

$ % pV % NRPSR]JLWRNEDQ D SROLPHU PiWUL[ VIHUNH]HW F
OiIWV]LN LQKRPRJHQLWiV FVDN HJ\HWOHQ SRQWEDQ $] |VV]H
63 —mMODWWL D] UOpV XJ\DQRO\DQ IHOWpWHOHN PHOOHWW ]D
HVHWpEHQ MHOOHP] D] DJJORPHUiIFLYUD YDOy KDMOD® D KR
habok valamint a montmorillontoNRPSR]JLWRN WHOMHV |[VV]HRPOIVW PXW
IHGH]KHW IHO UHJXOiULV FHO O D V-JIB0U-NRS] IHVD Y D]VOND B IR/ X INRDWV KRH
GH D % pV N*O|Q|VHQ D % LQKRPRJpQ NRQJORPHUIBMXPPRN UH

BES 15.0kV ) - BES 15.0kV
Sample Apr 11, 2024 Sample

g . 3
: - e . s
BES 15.0kV 30Pa x im BES 15.0kV 24Pa x50
Sample Apr 16, 2024 Sample Apr 18, 2024

54, iEUD% + % % EHQWRQLW ORQWPRULOORQLWWDO NpV]s
IHOYpWHOH
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$ % pV % EHQWRQLWRN HVHWPEHQ D FHOOIN LQWHJULW,i
VIDNDGiVRN D KDEQ|YHNHGpPVE O HUHGQHN $ % % pV 0C
UXJRJLWiVVDO EtU D] tYHN V]DEGDOWDN FVLSNp]HWWHN
SROLPHUL]iFLY Q\RPDLW PXWDWMiN gV%]HYW¥pupEHQ WHRGDRLR\C
NRPSR]JLWMDL DONRWWIiN D UHIHUHQFLiIKR33VJEUNH]HWLOHJ

3.12. Poliol-iVYiQ\L Dp@vXxék UHROYJLDL MHOOHP]pVH

3.12.1. 5HROYJLDL MHOOHP]pV URWiFLYWHRIO&NFILP pW
WXODMGRQViJRN KDWiVD D KDEV]JHUNH]HWUH

$ WLV]WD SROLRORN HVHWPENQ DHEHVYYPHVND\EWRODW U
1+JJYpQ\ ORJDULWPLNXV 1JJpVW PXWDW 1DJ\REE VHEHVVpJ
iUDPOiVRNQiO QHP PXWDW QDJ\REE HOOHQiOOiVW $ EHQWRQ!
pV D]W IRO\DPDWRVDQ HPHONHG Yp WHV]L OLQpO QDJ\REE D] i
DQQiO QDJ\REE D YiOWR]iV

$ QDJ\REE NULVWiO\RQ EHO+OL UpWHJIN|JWL WpUUHO UHQ
LOQNO~YIHYM+OHWHNHW DPL J\DNRUODWLODJ SROLRO PROHN
LPPRELOL]JiFLYMiW MHOHQWL D NULVWIiO\EDQ (] QDJ\REE DJJI
IRO\DGpN EHOV V~UOYGiViW DPL D Q\tUylHV]OWVpJ QJ|YH
Q|YHNHGpPVPYHO $ % EHQWRQLWDN|MWDUW R PDJ% UNDIN@\® L D

$ SUHPL[HN WHXROWGGROQViJDL pV D KDENpS] GpV GLQDPLNIiN
$ SROLXUHWiQ KDE HO iOOtWiVD HJ\ HJI\HQV~O\L IRO\DPDW HUH
PXWDWy UHDNFLY HO UHKDODGiVD DODNtW $] HJ\LN D JpOHVHC
szerkezetopV H] D WXODMGRQNpPSSHQL SROKPENpBFGYPVERD/LIN KRG
PHIJMHODIRMHPOHNLDODNtWMD D VIHUNH]JHWEHQ PHIJRHRHW NpPQC
YDJ\ ILJLNDL HJ\WV]JHU& HOSIiURORJWDW iVYD|® 319 BIGSSX\O- S HEQ\Wi N
KDERVtWiVW ,2u@iND @Ienbh,KRDP D FHO O DAL O/ IW@PLDL UHDNFLy V
(]JPUW WDOIOKDWY D SROLRIPBEON B[ LYRRLEW HV EN GdRigbW WD O
iOOtW HO WHUPLQiFLYW HUHGPpPQ\H]YH D OiQF YpJpQ
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(] D NpW HJ\PiVVDO DQWDJRQLVWD pV NRPSNWKIODNWGIRQYDJ
PHJOpWH HVHWpPQ HUHGPpQ\H] VWDELO pV UHSURGXNiOKDWy
ODVV~ QHP NpS] GLN HOHJHQG SROLPHU@®LRHGOD OPOB N EH J\
$PHQQ\LEHQ D Ji]JIHMOHV]W IRO\DPDW ODVV~EE D KDE QHP
PHJQ|YHNWQED PpUHWH HJ\HQO WOHQ HORV]WiVW PXWDW pV ]
KDEV]JHUNH]HW |[VV]HRPOIiViW HUHGPpQ\H]L $] KRJ\ HJHN D IR
1+JJ D UHQGV]HU YLV]NR]JLWiViWyO Q\LOYiQ PLQpO QDJ\REE
JPOHVHGpPVQHN PLQpO NLVHEE DQQiO LQNiEE HO WpUEH NI
PHJKDWiUR]]D D IRO\DGpNE DoQultM 0O p'$ DIHRW *I0OGV E i DHNYPOW R iV L

3.122. $ PLQWIiN UHR®yJLDL SURILO

$ NtVpUOHWL DGDWRNDE@TIWSBROSTR)W PRIDR MNBBQLWAD UW D O
YLVINRWDWWRPIQ\ OHKHW Yp WHWWH HJ\HBVFOLHI® W B Q JFW|SIiINH @
OHKHW VpJH $ NtVpUOHWL DG B5WHRN i EUWDN L NUDHLR DS RIFHI N QMO FQ. @
OHKHWPYHO\HN D Q\tUytHMWHEWVEHI 1+JIJYPQ\pEHQ W UM Q YiC
JHQHUIOW IHV]*OWVpJHN DUIQ\RVDNsaD UHQGV]HUEHQ IHOOpS

600 -

500 -+

400 4 —— Tiszta poliol
1% bentonit
— 3% bentonit
——— 5% bentonit
—— 10% bentonit
——— 15% bentonit

——20% bentonit

300 -+

Nyirofesziiltség
(Pascal)

200 -+

100 +

0 50 100 150 200 250 300 350 400 450 500
Nyirdsebesség (s1)

IEUB tEHQWRQLWWDO NpV]awatdiwwW SUHPL[HN UHR
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600 -

500 -
¥ 400 _ |
=~ Tiszta poliol
E % 300 — 1% benton?t
o= —— 3% bentonit
= —— 5% bentonit
2200 .
z —— 10% bentonit

100 - —— 15% bentonit

= ——20% bentonit
0 L] L] L] L] L] L] L] L] L] L
0 50 100 150 200 250 300 350 400 450 500

Nyirdsebesség (s 1)

IEUB tEHQWRQLWWDO NpV]awatdiwWwW SUHPL[HN UHF

EOV  N|YHWNH WHPHOMKHDWW KRIJ\ D EHQWRQLW KR]]iDGiVD
EHOV V~UOyYGiViW pV IHV]*OWVpJHNHW LQGXNiO D IRO\DGy
GLIIHUHQFLIiOWDQ MHOHQWNH]LN D N O|QE|] EHQWRQLWRN HV

iIEUD HVHWPpPEHQ-WMyRDWIMNPHOKHW pV D JJUEpN V]LQWMH
NRPSRQHQV KR]]iDGiViYDO

600 1
500 i -’--_---____________..--'
& 400 /
& 2 300 = Tiszta poliol
ge —— 1% bentonit
2“ 200 —— 3% bentonit
—— 5% bentonit
== —— 10% bentonit
100 + == —— 15% bentonit
= ——20% bentonit
0 . L] L] L] L] L] L] L] L] L] L
0 50 100 150 200 250 300 350 400 450 500

Nyirdsebesség (s 1)

IEUB tEHQWRQLWWDO NpV]awatdiwW SUHPL[HN UHR
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600 -

500 -

—— Tiszta poliol
—— 1% bentonit
— 3% bentonit
—— 5% bentonit

Nyirofesziiltség
(Pascal)
] %) .
(=] (=] (=]
[==] [==] [==]

—— 10% bentonit
100 - —15% bentom.t
7 ——20% bentonit
0 L] L] L] L] L] L] L] L] L] L]
0 50 100 150 200 250 300 350 400 450 500

Nyirésebesség (s1)
IEUBA EHQWRQLWWDO NpV]t@adetaVW SUHPL[HN UHRC

0iV EHQWRQLWRN DJRQEDQ pSS HOOHQNH] OHJ FMVEUNDHQW |
B3 iEUD pV %EUB, 3% illetve 5%RY UpV]DUIQ\EDQ FV|NNHQWLN D |
WHQJLYNDW PtJ D % iEUD pV D Wdsak] WaR \P DQWP\RHV BDW REH ¢
ugyanezt.(JHN D ILOOHUHN FV|NNHQWLN D UpW-HJHIN QHNWW LV Y @ s
NRPSR]JLWRN HVHWpPEHQ OiWKDWXQN YLVINRJLWiV HPHONHGpV'

600 -

500 -

—Tiszta poliol
— 1% bentonit
—— 3% bentonit
—— 5% bentonit
—— 10% bentonit

Nyirofesziiltség
(Pascal)
) ) .
(=] (=] (=]
(=] (=] (=]

100 A —— 15% bentonit
4 = ——20% bentonit
0 L] L] L] L] L] L] L] L] L] L]
0 50 100 150 200 250 300 350 400 450 500

Nyirésebesség (s1)

IEUBB EHQWRQLWWDO NpV]tadets W SUHPL[HN UHRC(
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600 -
w500 -
2
'ﬁ =400 A Tiszta poliol
& 5 —— 1% bentonit
2 & 300 1 — 3% bentonit
E“ —— 5% bentonit
200 4 —— 10% bentonit
100 = —— 15% bentonit
== ——20% bentonit
0 - L] L] L] L] L] L] L] L] L] L]
0 50 100 150 200 250 300 350 400 450 500
Nyirésebesség (s1)
IEUBB EHQWRQLWWDO NpV]tadetaV W SUHPL[HN UHRC
600 A
500 - __
? 400 4 /
E = Tiszta poliol
& % 300 - —— 1% bentonit
ce —— 3% bentonit
2200 - —— 5% bentonit
) —— 10% bentonit
100 A = —— 15% bentonit
~ ——20% bentonit
0 L] L] L] L] L] L] L] L] L] L]
0 50 100 150 200 250 300 350 400 450 500

Nyirésebesség (s1)

61 iIEUDOZ WLV]WD PRQWPRULOORQLWWDO NpV]+OW ))3 SR

$] IOWDOIQRV NpSHW WRYIEE iUQ\DOMD KD D PD[LPiOLVI
elemezni.& p O V | H @&%t63 prEmixek grafikonjai@ i WKDWy D OHJQD J\ReayddD WiV
egyenesnek WHNLQWKHW PR/GBIRODW|IDNLAMP OLQHIULYV 1eJinép Quipak O
PHUHGHNVpJH HIJI\HQHVHQ DUIQ\RV D EHQWRQLW IHV]*OWVpJ Q
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13 WIiEORDIWEHQWRQLW ILOOHU S U@ RUHN BN BINYG OV BE H V |

LQGXNiOy KDWiV EHPXWDWiVD. N O|QE|] ILOOHUHI
Poliol-bentonit premix 20%-0s premix egyenlete
Poliol-B1 1=3,8806 1
Poliol-B2 1=11,609 1
Poliol-B3 1=3,5207 1
Poliol-B4 1=3,2294 1
Poliol-B5 1=3,3928 1
Poliol-B6 1=7,1357 1
Poliol-MMT 1=4,8737 1

gsszevetve a5 WiEOi]DW DGDWDLYDO iOWDOIEDQ DJRNQiO D EH¢
DPHO\HNQpO D PHUH®HWOVEDU\WEG\Hb % pV 007 OLYHO H]HC
OHJMREEDQ D SUHPL[EHQ NHOHWNH] IHV]*OWVpJHNHW LWW O

$] HI\HQOHWHNE O NLN|YHWNH]WHWKHW D Q\tUyIHV]-OWYV
Q\tUYyVHEHVVpPJHW QXOOiYDO WHVV]*N HJ\HQO Yp D IHV]-OWV
Viszkoplasztikusl RO\DGpNRN HVHWpPQ PLQW D SUHPL[HN LV D]JW D PL
IRO\DGpN IRO\QL NH]G IRO\IVL N*V]|[EpPUWpPNQHN QHYH]]*N +D
PR]JRJ DPLQW YLV]RQW H] D] pUWpPN Q QL NH]G WHKiW D OHJN
WHQJHO\PHWV]HWQpO OHKHW NH]GHQL D]D] D V]IDEDG WDJ pU

8J\DQH]HQ % % 007 DQ\DJRN HVHWPEHQ OiWKDWMXI
PHIJQ|YHNHGpPVPW *\DNRUODWL V]HPSRQWEYO H] D IHV]*OWV|
Q|YHNHG IRO\DGpNQDN OH NHOO J\ |QUW]RD Di GV p Qirdibeg\] EH €O |
haERN LQWH J Wl BOV]D W

3.12.3. +LV]WHUp]LV pMN Q. R\R| Q RHIAO\H P Ro/ H

$ Q\tUyVHEIRDWRIWO WRVFYD® Q|YHNY KDQHP YLVV]DIHOp |
SiVIWi]WDP D PpUpVL SRQWRNDW pV PHJIiOODSHEZRWQD I L KR O\NI
PXWDWQDN KDQKPOLEHOIDHWN.VV]DWpU iJRQ D IHV]*OWVpJIHN
YLVHONHGpPVH WL[RWUYS
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$ QIYHNY pV FV|NNHQ Q\tUyVHEHVVpJ iOWDO JHQHUIOW Q'
KLV]WHUQHWHIHN (JW D WHU<OHWHW IHOPpUKHWM+N ~J\ KRJ\
Q\tUyIHV]-OWVpJ KDWiUDL N|]|[WW pV D NDSRWW pUWpNHNHW
IVV]HKDVRQOtWy YL]VJIiODWRNUD FVDN DNNRU DONDOPD]KDW
Q\tUYIHV]*OWVpJ*IDNRIVOAINVIEOQ H] QHKH]HQ NLYLW-HiRtd KHW I
HVHWOHJHV KHQJHUGHXIDA¥Y RN PDDAMWDWLNDL PRGHOOH]pV
YDOYV pUWpPNHNKH] FVXSiQ WHWV] OHJHV PpUWPpPNEHQ N|]JHO
1+JJYPQ\HNNHO RSHUIOQDN FVXSiQ D ILILNDL YDOyViJ HJ\ PDW|I

(J\WWJHUREESRQWRVDEE HOMiUiV D PpUpVL SRQWRN pUWpN}
V]iPiYDO D]D] D V]iPWDQL N.|ABeniteQmmaedyiky |pR/RD]Q Halidhie H W L
PXWDW KLEAWHUP]DVRYGV]HU SRQWRVDEE P|LUE+O HDWGEHISE\Q 6 plQV

600 1
500
400 1

300 -

Nyirofesziiltség (Pa)
S
==}

100 A

0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0 160.0
Nyirosebesség (s1)

—— B2 bentonit-poliol B3 bentonit-poliol ——B6 bentonit -poliol

62. iEWD-O|QIpOH BSHROWRQLSWHPL[HN UHROYJLDL YLVHONHGP

EEUIIROYB]NRILWIV pV IHV]-OWVpJ J|UEpN W pilPRY [ MU & itW K DWA
D KDERN VW Byfik IBgP\W iMi QW NU R }§3 | D KWIR U D
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1.2 -
1.0 4
0.8 -
0.6 - /
0.4 - _—

/

Viszkozitas hiszterézis (Pa s)

0.2 4
I
0.0 L] L] L] ___l L] L] L] L] L] 1
0 2 4 6 8 10 12 14 16 18 20
Bentonit részarany (%)
B1 B2 B3 B4 B5 B6 MMT

63 IEUTLV]NR]JLWiV JJUEpN KLV]WHUpPJLVY pUWpPNpPQHN

._
(=)
)

= 91
¥
2 8
.E 7
¥
5 61
2
on O 1
~L
2 4
"
n 3 4
&
5 21
s
Zo1 -
0 L] L] L] L] L] L] L] L] L] L]
0 2 4 6 8 10 12 14 16 18 20
Bentonit részarany (%)
Bl B2 B3 B4 BS5 B6 MMT

64 iEUTHQ]LYy J|UEpN KLV]WHUpP]JLVY pUWpPNpPQHN YiO

$ JJUEpN SR]tFLYLW HOHPH]YH NLMHOHQWKHW KRJ\ D O
KLVIWHUPALMW % EHQWRQLW WtSXVRN JHQHUIOMiN DPHO\HN
ELJWR@®AWIEWW 67 WiEBOQOPMSOKIMERN Q|YHNHGpPpVH HJ\ |[VV]HWFE
QHP IRO\DPDWRY Q|YHNHGpVY KDQHP D KDEV]HUNH]JHWEHQ Q|Y
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FHOOIN WHWHMpPQ Q|YHNY D]RN DOMiQ FV|NNHQ IHV]-OWVpJ
NRQNUpW WHQ]JLY YDJ\ YLV]NRJLWiV pUWPpN D PHJKDWIiUR]y
YLV]NY]XV NRPSRQHQVHLQHN HJ\«WWKDWiVD DPHO\ PDNURV]N
MHOOHPH]KHW $ UXJDOPDVDEE NLVHEE KLV]WHUPpP]JLVVHO UH{
D KDEEDO 1HP NpSYLVHO YLVV]DWDUWY HU W &¢kiel. @pS LQ)
MHOHQW VHEE KLV]JWHUPpPJLVVHO BHD] YH §B\HRSNOHD]V | WD EKN QNGR
NODVV]LNXV FHOODQ|YHNHGpPVL IHOWpWHO D KDE QHKH]HQ Q]
UHQGV]HU MHOOHP] HQ SODV]WLNXV UXJDOPDWODQ

$ YLVINRJLWIiIV KLVJWHUpPJLVpQpPO PHJiG @beftialeta\tiaboki J\ KD
LQWHJULWIVD VpU+O $pokioU KIGVHW H DG D Op®I R N @WK N U O H WaLD D
DUUD HQJHGQHN N|YHWNH]WHWQ L QKRJW B EHQQp I EWHHOR DU DIP\P]iN|
YLVV]DWpU iJD N|JWL KLV]WHUp]JLV ILOOHU KDWiV PLIVWW]L DQ|Y
SROLXUHWiIiQ NRPSR]LW KDBaRROR DS WK XW]iWR U Y]JH MK VIVEMWN R O -
figyelembe a65 68 iEUD DODSMiQ D N+O|QEVpJ DNNRU LV VJHPEHW&

12 -

10 A

4
- I
; |
Bl B2 B3 B4 B5 B6 MMT

Bentonit tipus

2]

Nyirofesziiltség hiszterézisének
maximuma (Pa)
(=)}

65 IEUD\tJJYIHV]+OWVpJ KLVIWHUp]LV PD[LPXPRN D N+O|Q
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1.2 1

< 0.6 -
=
0.4 -
0.2 - I
. L1 O
Bl B2 B3 B4 B5 Bo6 MMT

Bentonit tipus

Viszkozitas hiszterézisének maximuma

66 IEUDLYNRJLWiV KLV]WHUp]JLV PD[LPXPRN D N+O|QE|]

gVV]HVVpPIPpEHQ HOPRMGHOWYHERJIKLY]WHUp]LY GERHUIOY
WIiEGIPBMPOpNOHW EL]JWRVtWMiN¥ OHJQDJ\REE KDEVWDELOLW

3.13. OHFKDQLNDL PpUpVHN KDEV]LOIUGVIiJ

$ SROLXUHWIQ KDERN PHFKDQLNDL WXODMGRQVIJDLW EH
MHOHQW V PpUWpPNEHQ EHIRO\IVROMIN D] DONDOPD]RWW D
UHIHUHQFLDKDE DODFVRQ\ Q\RPYHUHMH MyO PXWDWMD KRJ\
DODFVRQ\ PHFKDQLNDL V]LOIUGViIJ~ DPL MHOOHP] D Q\LWRW\

OHFKDQLNDL WXODMGRQViJRNDW D]JRNEDQ D] HVHWHNEH(
$67'0 ° & VIDEYiQ\QDN PHJIHOHO [ FP HV KDEKHQJHUHN N
VIHQYHGHWW KDE HVHWPEHQ LV NL OHKHWHWW YiJQL LO\HQ
W|EEV]|UL V]JLQWDp]LV XWiQ VHP VLNHU.OW KRPRJpQ |VV]HI*JJ
E UUpWHJHW HOWiYROtWRWWDP PHUW H] LQKRPRJHQLWIiVW Y
WRUJtWMD D] HUHGPpPpQ\HNHW
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D xEIUD .RPSR]JLW KDERN $670 ' & VIDEYiQ\ VIHULQWL PHF

$ D i@OiWKDWy D] HOV YL]VJiODW HUHGPpQ\H DPHO\E
N[JHO PHJGXSOi]]D D UHIHUHQFLD KDE V]LOiUGViJiW D]KIR@DWH JL
PiU D NROODSV]XV EHN|YHWNH]JHWW RV NRPSRILWQiO V]
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NDSXQN GH LWW PiU Q\LOYiQ QHP EHV]pO+QN KDE iOODSRW!
OHKHW VpJ YDQ NLVHEE PHQQ\LVpJ& EHQWRQLW KR]]iDGiViU
LQWHJULWIiViW GH Q|YHOL D Q\RPyV]LOiUGViJRW YLV]RQW KD
OHKHW VpJ Q\tOLN QDJ\V]LOiUGViJ~ DQ\DJRN HO iOOtWiViUD 8
D% EHQWRQLWWHO NDSRWW HUHGPpQ\HN OiWKDWyN D Q\RF
WDUWDORPQiIO $] |[VVJHRPORWW NRPSRJLWRN Q\RPyYV]LOIUG
UHIHUHQFLDpUWpPNQHN $ F JUDILNRQRQ OiWKDWy ®» EHQ
Q\RPYyV]LOIUGViIJRW $ WHOMHV YL]VJIiOW WDUWRPIQ\EDQ PHJ
PHOOHWW D Q\RPyV]LOiIUGViJ pUWpPNHN NLHJ\HQV~O\R]JRWWDN
KDEWpPUIRJDW HJ\HQOHWHVHQ Q|YHNHGHWW D V&U&VpJ PHJ
ELJWRVtW (] D EHQWRQLW DONDOPDV NLVHEE |[NROyJLDL OiE¢
UpV]DUIQ\D D NRPSR]JUWNEDQ| DHOKHW $ % HVHWPEHQ V]LQWp
OHJQDJ\REE V]LOiIUGViJJIDO H iEUD

$ G iEUD D UiNYyFJLEiQ\DL EHQWRQLWWHO NpV]+OW NRPS
Q|YHNHGpVpW PXWDWMD D UHIHUHQFLD pUWpN |[WV]|U|VpLJ
XWDOQDN KRJ\ QHP VLNHU+<OW PHJIHOHO PLQWIiW NpV]JtWHQ
NLHJ\HQV~O\R]JRWW Q|YHNHGpPVU O EHV]pOKHW+QN D RV PLC
~J\ KRJ\ D KDEV]JHUNH]HW WHOMHVHQ PHJWDUWRWW (JHN DO
DONDOPDV QDJ\V]LOiUGViJ~ KDERN pV UXJDOPDV KDERN J\iUV
WHUPpPV]HWHVY DQ\DJ KR]]iDGiViYDO $ % RV | IEUD EHQW
NRPSRJLWRN J\iUWiViUD PLYHO RV DUIQ\EDQ@\D KDERYpUBW
Q|YHOL D NRPSR]JLW Q\RPyV]LOIUGViJiW

$ WLV]WD PRQWPRULOORQLW J JiEUD LSDUL DO}
N|OWVpIJKDWpNRQ\ViJL VJHPSRQWEYO KDQHP D]pUW VHP PHUW
PiU LV MHOHQW VHQ ODVVtWMD D UHDNFLyW

3.14. $NXV]WLNDL PpUpVHN HUHGPpPQ\HL

$ IEUIQ D KDEPLQWIN DNXV]JWLNDL YL]VJIODWDLQDN H
IUHNYHQFLIW +HUW]EHQ +] D]\ WHQJHO\ SHGLJ D KDQIHD Q\
5() KDQJHOQ\HOpVL HI\eWWKDWyMD D WHOMHV YL]VIIOW IL
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EHQWRQLWWDO PYGRVtItWRWW KDERNp $ 5() KDE KDQJHOQ\HOy
YDQ DPL DJW MHO]JL KRJ\ D KDQJKXOOiIiPRN MHOHQW V UpV]H Y

a) d)
1 > I
0,8
0,6 —REF
= = 1% B4
=1%El 0.4 —3%B4
—20% BI i
0.2
0
e
) 1
0.8
—REF 1% —REF
—1%B2 £ —1%B5
—3% B2 0 —3% BS
—15% B2 4 5% BS
—20% B2 10% BS
0,2
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~—1% B3 REF
—3% B3 1% B6
5Lt 3%
10% B3 75: o
—15% B3 % B6
~—20% B3
200 1000 1800 2600 3400 4200 5000 5800 6600 200 1000 1800 2600 3400 4200 5000 5800 6600
frekvencia [Hz] frekvencia [Hz]

—REF
1% MMT

200 1000 1800 2600 3400 4200 5000 5800 6600
frekvencia [Hz]

iEUD .RPSR]LW KDERN KDQJHOQ\HOpVL HJ\eWWKDWy
IUHNYHQFLDWDUWRPIQ\EDQ

$ iEUD D JUDILNRQMiQ PHJILI\HOKHW % PLQWD D
Q|YHNHGpPVW PXWDW D] HOQ\HOpVL HJ\*WWKDWYEDQ N<O|Q|V
DODFVRQ\ ILOOHU NRQFHQWUiFLY LV MHOHQW VHQ MDYtWMD D
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IUHNYHQFLDWDUWRPIQ\EDQ D] HOQ\HOpPVL HJ\«+WWKDWy HOpUL

RV PLQWiQiO DJRQEDQ D] OiIWKDWy KRJ\ N[]|[WWL WDU
GH QHP pUL HO DPL D KDE NHPpQ\VpJpQHN Q|YHNHGpPVpPYHO |-
MREEDQ HOQ\HOLN D KDQJRW D] UpV]EHQ D QDJ\REE V&U&
VIHUNH]JHWpPQHN N|V]|QKHW ODJDVDEE IUHNYHQFLiINRQ D %
PLQWVHP HOQ\HOQp DJRNDW $ NpW PLQWD HUHGPpPQ\pQHN N-O
WDUWDORP W|EE VIHPSRQWEYO QHJDWtY NROODSV]XVW LGp]
KDWpNR®@\ViEWEUD % PLQWILQiO OiWKDWy KRJ\ D NRQFHQWU
HJ\eWWKDWYy LV IRNR]JDWRVDQ Q HJIpV]HQ RV |[VV]HWpWHOL.
WRYIiEEL MDYXOiVW $ PDJDVDEE IUHNYHQFLiINRQ FVDN D R
DODFVRQ\DEE WDUWRPIQ\EDQ FVDN PHJN|JHOtWL HPWV iBJpUWp
OiWKDWyYy HUHGPpPpQ\HN DODSMiQ NLMHOHQWKHW KRJ\ D N«O|G
PLQWIiN HOQ\HOpVL HI\+WWKDWyL W|EE IUHNYHQFLDWDUWRPIiQ

+] pV + +] N[]I[WWL VIYEDQ DKRO D J|[UEpN V]JLQWH |VV
PLQWD VBWHMMHY KDQJHOQ\HOpPVW H]JHQ D IUHNYHQFLIQ EiU Y
KDEKR] NpSHVW DPHO\QHN J|[UEpMpW N|YHWLN NLVVp MDYtWY
WXODMGRQViJDL QHP YiOWR]JWDWMiN PHJ MHOHQW VHQ D SRC
HQ\KpQ MDYtWMiN DJRNDW $ EHQWRQLW NRQFHQWUIFLY Q|YHC
D KDQJHOQ\HOpPVEHQ YDJ\LV D FHOODV]HUNH]HW KDVRQOyY D U

$ G HVHWPQ OiIWKDWY % WtSXV~ SROLXUHWiIQ KDENRPS
PXWDWQDN $] DODFVRQ\ IUHNYHQFLDWDUWRPIQ\EDQ D ILOOHL
HJ\eWWKDWy LV HPHONHGLN ODJDVDEE IUHNYHQFLINRQ H] D W
QIYHNHGQHN D] RV % PLQWD PiU MREEDQ YLVV]DYHUL D KC
PLQWiN $] pV RV % PLQWIN N|]JHO +] QpO HONFHMN BH Q

H JiEUD PHJILJ\HOKHW KRJ\ D PDJDVDEE EHQWRQLW N
ELJWRVtWDQDN EiU +] QpO PLQG D QpJ\ % KDENRPSRJLW W
IUHNYHQFLDWDUWRPIQ\EDQ D]JRQEDQ D RV % PLQWD WHOM
PLQWIiN VILQWH D]JRQRV PyGIRIE UL VHIINSME Q HANH Ji® ODStWKD Wy
EHQWRQLW NRQFHQWUIFLYMiQDN Q|YHOpPVH SR]JLWtY KDWiVVDC
RV PLQWiN NLHPHONHG HQ My KDQJHOQ\HOpPVL NpSHVVpJHNH\
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EHQWRQLW V]JHUNH]HWH N<O|Q|VHQ NHGYH] D KDQJHOQ\HOpV
PHOOHWW VHP URQWMD D KDQJ HOQ\HOpVL KDWpNRQ\ViJiW

OLYHO D PRQWPRULOORQLW J iEUD pV PiV EHQWRQLYV

+] N|U*OL IUHNYHQFLiIQiO pULN HO D N|JHO WHOMHV KDQ.
PRQWPRULOORQLW N+O|QOHJHV V]JHUNH]HWL pV DQ\DJL WXOD
DODS~ KDERN KDQJHOQ\HOpVL WHOMHVtWPpQ\pKH] $ PRQWPF
IHO*OHWWHO UHQGHONH]LN DPHO\ HO VHJtWKHWL D KDQJKXC
VIHUNH]HW RO\DQ FHOODV]HUNH]HWHW KR]KDW OpWUHD D SR
KDQJKXOOiPRNDW N+O|Q|VHQ D PDJDVDEE IUHNYHQFLiNRQ
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4. OM WXGRPiIQ\RV HUHGPpPQ\HN

WHEVEHQWRQLW DODS~ NRPBS]UW MHDEHRHEE W DB BSFRION. iR/ ©
(premix) UHROyJLDL KLVIWHUDR{DO DD HNLWHEEVpKNH/ ]JWHUp]JLY QDJ\
HUHGPpQ\H] D PDJDVDEE pUWpNHN QHJDWtYDQ EHIRO\IVROMIN
$OIWIPDWWINROYLIWLIODWRN EHEL]RQ\tWRWWiN KRJ\ D .
Q\tUyIHV]*OWVpJL KLV]WHUpP]JLVH G|QW HQ EHIRO\iVROMD D KD
hogy azok a habok nem szenvedtgf VIHRPOiVW DPHO\HN NLLQGXOIiIVL SUF
OHJNLVHEE YROW $ YL]VJIOW UHQGV]J]HUEHQ DPHQQ\LEHQ D] H
D NRPSR]JLW SUHPL¢pQER BBLODQMWMOHQPYHWV]ILN D] EIshtY Re¥vdd® |V V]I
VILQWpP]LV XWiQL yUiIQ EHO-«O
W piBA\Wentonit-PURKDE UHQGV]JHUHN VWDELOLpgliokFRenidRiU GtW R
heterodiszperz rendszéiR O\iV J | U BPpHMPpHIGEHNNV pJpYHO pV D IRO\NIVL N*V]|E p
S$OIWIPDS QN Y ITHYR\OWWHEHVVpJ GHSHQGHQFOD QHIMILWXLN
YHKHW ONDWDWIQGYRQDODL HOV IRN~ HJ\HQHVHNNpPQW LOOF
HI\HQOHWHN HJ\«W \WedDIEzbRQHDIN p 1 W PR H 1+ J Jp V E H Q hailtdko Q D N
LOQWHJULWIVIYDO OLQpO NLVHEE D PHUHGHNVpPJ pV D IRO\V\IVL I
VIDNDV]IEDQ D OHJ\ ]JHQG IRO\iVL HOOHQIiOOiV PpUWpNH G|QW
VWDELOLWIVIW
WpE QiWULXP LRQFVHUpPOW EHQWRQLWRN NP WDW LD i & DWN
D PLNURNULVWIO\RVY NYDUF MHOHQOpPWH IRNR]]D
$OIWIPDY|WipV % DNWLYIOW EHQWRQLW 1D LRQWDaWDOP
727 OHPH]HN KDPDUDEE V]pWHVQHN pV D VIHUYHV PROHNXOIN |
VIHPSRQWMIiEyO GHNRPSHQ]iOW QHJDWtY FHQWUXPDLKR] D
IDYRUL]IOYD YDQ $ U|QWIHQGLIIUDNFLYY HOHP]pVHN OHJILC
PLNURNULVWBORAWVQOYWYPW EL]RQ\tW-RBW R/[ING RM NHHI> @HW HOItHFQ XOF
D SROLRO pV L]JRFLDQiIW PROHNXOiIL HITPYRKR]i O\ HSORH EFEL yIVE [
J\RUVDEE UHDNFLYW HUHGPpPQ\H]QHN (]JHQIHO+«O D K YHWWpV
HOYH]HWYH D] HI\HQV~O\W D PDNURPROHNXOIN sppl@riun®@koviH |IHO|
D SROLROEyYO V]iUPD]y KLGUR[LO FVRSRUWRNKR] WDUWR]y FV-~
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W pAlbeéntonitk R]1iDGiVD Q|Y H kampoZ& R DERMNMHWWDIQJV]LIHWHOpVL
$OiWiPDEPWDBOIQRVVIJEDQ PHJILI\HOKHW D EHQWRQLWRW
NpSHVVpJ MDYXOiVD , ®JRHNODH N VYDQ\RMWRQFHQWUIFLYEX® NROO
NRQFHQWUIFLYEDQ MHOHQW V H B VMDUMWMW NIHNV DL Y DH@IHO/GN HIDRLY W
MHOHQW $] iVYiQ\RN UpWHJIHYV D\ B EWRQKN WNHR AVBYRX Q @i@H W] WK E
SROLXUHWiIiQ KDERN FHOOIiV VIHUNH]HW PPHO \pi\N RAOH D @ HAW K X §
WHV]QHN OHKHW Yp

W pdA BentonitK R]1]iDGiVD FV|NNHQWL D NRPSRJLWRN 92& HPL)

$OiIWiIPD$]WHUPRJUDYLPHWULiV PpUpVHN JUDILNRQMDLQD

'7* JJUEpN D] W&W WHUMHG K PpUVpNOHW WDUWRPIQ\EDQ D UF

ODVVDEE LOOpNRQ\ DQ\DJ YHV]WHVpJHW MHOH]QHN $] HPLVV

LG EHQ HOWROYD MHOHQWNH]LN (@@$ MoRAIBs)DH VB QB NRD K RER
N ULV W i@ &8s

W pA 6%, Mg2* LRQRNDW WDUWDOPD]y PDJDV LRQFVHUpPO Nj

D] XUHWiQ N|WpV NpS] GpVpW

$0iWiP DAZ]W|iW W iE @idRiMa36- iEUIN DODSMiQ HI\pUWHOP&H
B1,B2,% % 007 DGDOpNRN MHOHQW VHQ FV |Nedia@al L,56 BmisH D N F
N|UsOL PD[LPiOLV KDEHPHON H®®WBLmi/$EH FVpHNNW QDN % LG HOWR
iEYDD % HVHWPEH@QH] PiPP V pUWpN UHE,UB0BADBR-Q i O PP V
KDEHPHONHGpPVW HEMGPpODNRQOY WHQGHQFLINDW OiWXQN D |
pV D PRQWPRULOORQLW HVHWPER® KD EMHPRH® N HIZYVQ\V HERRK Wp

iIEUD $  WIiEOi]D Wada&BMRQFV HHUWLGRNE.IPE MFEV®iYDWWD O |V V
QHJDWtYDQ KDW D KDERN LQWHJULWIiViUD
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5. gVV]HIRJODOYy

$ NtVPpUOHWL HUHGPpPQ\HN iWIRJy NpSHW DGQDN D Q\HUVD
DPHO\HN G|QW HQ EHIRO\IVROMIN D KDERN VWDELOLWIiIViIiW p’
VIHUNH]HWpEH IFHN@WLODYOWV/ ]JH]ENDDYVHNHW

7DOIQ D OHJIRQWRVDEE PHJIOODStWiV D] KRJ\ DcikKDERN
hanemW|EE WpQ\H] HJ\eWWHV KDWiVD EHIRO\IVROM®bdhtoNiRP SR ]L
VIHUNH]JHW iVYiQ\L |VV]HWKHINERN LMWK DWIUW |$¥ DS R QHLPSHRIQ WML
kinetikai folyamataiba ak DEPDJDVViIJ PpUpVH pV D] HPHONHGpPV GLQDP
NDSWXQN EBWHDNDOOWPWMDWY KRJ\ D] NDOFLXP pV PDJQp]LXF
VWUXNW~UIN NHYpVEp NRPSDWL E s2l,hiaoSakNNL O -O]|D }NWK O'H S\RO H A
OpWUHXR]QOWDO SROLRO pV YDJ\ LIRFLDQiW OiQFRNW NHREEBQF
EORNNROYD D UHDNtFpY MNWAY LNEKQWQOAXFAWIROYD D SROBPHUL]JI
KDERN V]JHUNH]HWpPQHN YH]JHW ] HRRIODYVNRRE UpWHJIN|]WL WplL
MHOHQW VHEEHQ EHIRO\iVROMIN D NRPSR]JLW VWDELOLWIiViW
a TOT szerkezet kisebb interlamel LV WHUHW EL]WRVtW pV NHYHVHEE D] LQ
wWiPDVIWMD DOi D IDMODJRY IHO*OHW PpUpVH LV DPHO\ D %
DPHO\HN D OHJQDJ\REE MRDPER MV KDNE DNEIW WEB E LW LWIYOOHU L
IDMODJRV pHEyDXHWWMUISR $ DNVLIVHYEE IDMODJRY IHO*OHWWHO UHC
QDJ\REE VWDELOLWIVW DGQDN

8J\DQDNNRU D V]LQWp]JLV VRUIQ IpQ\ GHUOW EL]JRQ\RV E
nevezetesen a B3 bentot HOHQW VHQ J\RUVtWMD D UHDNFLYW PLYHO GH.
pV HU VHEE QXNOHRILO iJHQVW KR] OpWUH $haneri 520-4sH JHN
NJ[WHIJHNEHQ ~J\QHYH]HWW WDNWLGRNEDQ -Yéen@n{ DdktiddiHOH Q
NIQQ\HEEHQ H[IR]@ UM KDWHINYHY PROHNXOIN KR]]aholzahkld D] DN
GHSURWRQiIOYyGiV VIWpULNXVDQ NHGYH]PpQ\H]JHWW

AWDNWLGRN N|]]p LQWHJUIOW P LN U R Ntdiil ViabkdnpRzit skefdsU F V]
VILQWpPpJLWDKHHDNFLY J\RUVtWIiViKR]

$ % NULVWIO\VIJHUNH]J]HWpEHQ HJ\HG<OiOOy PYGRQ QDJ\
WDO|GKDXWWDQ NpPLDL VJHPSRQWEYO QHP NDWDOL]JIWRU PLY
PHFKDQL]PXVIED GH D NYDUF UpV]HFVNpPN QX Ng@ridéle (MDY, FHQW
SROLRO DGV]RUEHIOYyGQDN D 6L2w IHO*OHWpPQ pV QDJ\REE ¢

98



UHDNFLY H]JHQ IHO*OHWHN PHQWpPQ ORNIiOLVDQ J\RUVDEE P*F
PROHNXOiIN (] D KDWiV N*O|Q|VHQ IRQWRYV OHKHW D KDENH]GF
pV D NYDUF K YHJHW NpQW LV VW D& ke@ic]d @KiBokoNWDL D JXDODBIEV P
QDJ\ PHQQ\LVPJEHQ YDQ MHOHQ H] LQGLUHNW PYyGRQ UHDNFL

$ QDWtY VDYDV PRQWPRULOORQLW PHQQ\LVpJpQHN QJ|YH
DUIQ\RV D NROODSV]XV EHN|YHWNH]pVPQHN YDOyV]tQ&VpJpYHC

A] LRQFVHUpPO NpSHVVpJ PMITNL QW WWNEH®DHDWWL NDWLRQ
UHQGHONH] , PIROIWR LEMRNUpPV]DUIQ\XNRWHJIKROO B SI\D] XDW LG p
kompozit habokban$] DODFVRQ\ LRQFVHUpO NDSDFLWiV MHO]JL KRJ\ D
Nat* LRQRN N|WpVL HQHUJLiIMD PDJDVDEE D?QVJORIEEQRRQDXOi b
QHKH]JHEEHQ PRELOL]JIOKDWYDN YLV]JRQW PpUHW+N IRO\WiQ
SROLPHUL]IFLYEDQ UpV]W YHY V]JHUYHV PROHNXOiN V]iPiUD
FHQWUXPRNKR] (] HO VHJtWL D KLGUR[LO FVRSRUWRN GHSUR
HU VHEE QXNOHRILO iJHQVNpPQW J\RUVtWMiN D UHDNFLyW

$ SROLXEVHMWRQLW NRPSR]LW DRPRBRWN DJWIDE LJOQKMJI VBP OtW
W|EEIDNWRURYV LQW HD BHI \HHGE i Q VD MKHDOEH. QR JIB tva\stabil P3E[W D V W L
QiO QDJ\REEWH®MLIiOODO MHOOHP]HWW SROLGL\HeaHdodsBUHP L[
NROORLG V]HPSRQWEYO LQVYyJIMRIFHUIIDYGCQHSp\GHFDNANDLQV)
KDENpPS] GpVW

8J\DQDNNRU ILJ\HOHPEH NHOO YHQQL DJW D WpQ\W LV KR
UHQGV]HU IHO*OHWL IHV]-OWVpJpW $ KDERN LQWHJULWIiVD D
plate-HW D IRO\DGpNIHOV]tQW O HOYiODV]W DIQLOW]isQN \HJd HW | EE)| DW
UHQGV]HU HJ\ ELJRQ\RV PHQQ\LVpJ& HPXOJHIWRUW WDUWDOPL
VWDELOL]iOQL D KDERW +D D UHQGV]HU IHO+OH¥u¥kor lddV]sOW
HPXOJIWRURN QHP WXGMiN PHJIHOHO pUWpPNHQ WDUWDQL
8J\DQDNNRU D] HPXOJiWRU PHQQ\LVpJH QHP Q|YHOKHW NRU
IRO\DPDWiW LV pV HIJpV]pEHQ D UHQGV]HU VWDELOLWIiViW

$ NRPSR]LW KDERINJYWDEU@PE@WWNRVNpPN V]HPFVHPpPUHW HC
UHQGHONH]pVUH i0O @Gy$KRQWIDINWUKDWYHWRWW D] HI\HQOHWH YV
VWUXNW~UiINDW HUHGPpQ\H]

$] HJ\LN OHJIRQWRVDEE HOHP]pVQHN D UHROYJLDL SURILC
JViUWIV N|UOPpQ\HLW V]L P X QploMEN QARG HNU N RU[INDUHR Oy .
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YL]VJIOWDP D NRPSR]JLWRN YpJV ILOOHU WDUWDOPiIW DODSXC
mutat, nem1HZWRQL LG GROGHQGH®RMWQDPLNIW $ NHOHWNH] IHV]e
1+JIJYPQ\PEHQ W|UWpPQ IiEUIJROIWHQONPYDGQ NIHOMQIWNY pRBIJ\DUi
LQWHJULWIVL DGDWNRIKEDWDWDUW D$ PROQYD G ONOUHDNK BIWVAV (NNHQ Y W
PivPiV IHV]*OWVpJHN PHIMHOHQpPVH D YiODV] $ IHV]*OWVpJHN
D UHRJUDPPD iEUiI]JROiIVD MROIMQMLNVHWHUPYLM@E®W YLV]RQW P}
NRPSR]LWRN VWDELOLWIVIEDQ $ KDEQ|YHNHGpPV VRUIQ D KDEI
PXWDWy EHQWRQLWRN NHYHVHEE V]JHUNH]JHWL LQKRPRJHQLW
anyagszerkezethez vezetnek] DGDWRN HOHP]pVpE @\tNlyGHMJ@OW yW\KHREI M \DV p
UHRJUDPPMDLQ KD D] Héneghelatiale 4PV HGHNWMW D IROViEL NeV]
PUWPNHW D KDERN LQWMRINEW VW] ER]MWMRIWDRLVpPWHWp]LVPpQpPO
KD W iU@p,BAPp ) amely felett a habodkWDELOLWiVD . @R P (EQ\|MERNX WR WIVW ] N F
Q\tUyVHEHVVpPJ UHRJUDPPIN IHOPHQ pV YLVV]IDWpU iJD N|]WL
meghaladja az eredeti referenggadJ WpNiW D] D SROLXUHWIQ NRPSR]JLW KDE
OLQGH]HNaUMHROWIQR DL PpUpVHN HUHGPpPQ\HLW ILJ\HOHPEH YpY!|
D VWDELOLWiIVL NULWpPpULXPRNQDN PHJIHOHO HQ

AWHUPRJUDRAPHWHN. BBHEL]RQ\EWR W R/QNL WRRUYMWDOIEDQ Q]|
KDERN WHUPRVWDELOLWIiVIW pV FVINNHQWLN D V]DEDG 92& P
K PPUVPNOHWPW

$ KDERN W|EEVpPIJpQpO D EHQWRQLW Q|YHNY PHQQ\LVp.
PHFKDQLNDL V]LOIUGVIJD NROODSVIXV XWiQ SHGLJ WAP|U NF
Q\RPYV]LOIUGViJKR] KDVRQOyDQ D] DNXV]WLNDL YL]VJIiODWRN
KDERN KDQJHOQ\HOpVH 0iU NLV PHQQ\LVpJ& EHQWRQLW LV |
QpPHO\ HVHWEHQ WHOMHY KDQJHOQ\HOpVW EL]WRVtWYD

gVV]IHVVpPJIJpEHQ PHJIOODStWKDWy KRJ\ D] DJ\DJiVYiQ\RN
FVINNHQWLN D KDERN |NROyJLDL OIEQ\RPiW HU VtWLN D V]H
Q|YHOLN D UHDNFLYVHEHVVpJHW MDYtWMIN D KDERN PHFKDQL
NRPSR]JLWRN HO iOOtWiViW WHV]LN OHKHW Yp D IHOKDV]QiOyN
PHOOHWW 6LNHUGWHWILYRWHQ@BQABREEHQ OHMiIWV]yGy NpS
UpV]IOHWHLW DPL iOWDO D GRNWRUL pUWHNH]pV NHJ]GHWL NLV
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5. Summary

The experimental results provide a comprehensive overview of the properties of raw materials
and premixes that decisively influence foam stability, while granting insight into the structure of PUR
composites and revealing the underlying physico-chemical correlations.

Perhaps the most important finding is that foam stability is not a monodependent phenomenon; rather,
the combined effect of multiple factors influences the final properties of the composites, with the
mineral composition of the bentonite structure playing a decisive role in foam integrity. Insights into
the kinetic processes of polymerization were gained by measuring foam height and visualizing
expansion dynamics. It can be established that mineral structures containing calcium and magnesium
ions are less compatible with the developing polymer matrix and tend to form inclusion compounds,
whereby polyol and/or isocyanate chains enter the interlamellar space of montmorillonite, blocking the
active centers of the reaction and sterically hindering polymerization. Subsequently, this leads to the
collapse of the foam structure. Minerals with a larger interlayer spacing exert a more significant
influence on composite stability. In the case of sodium-containing bentonites, the TOT structure
provides a smaller interlamellar space and lower interaction with the polyol chains. This is supported
by specific surface area measurements, which were lowest for the B3 and B5 bentonites that yielded
the highest stability. Thus, the stability of composite foams also depends on the specific surface area
and pore volume of the filler particles. Granular materials with a smaller specific surface area confer
greater stability.

At the same time, the synthesis shed light on the catalytic effects of certain bentonite types;
specifically, bentonite B3 significantly accelerates the reaction by deprotonating the hydroxyl groups
of the polyol, thereby generating a stronger nucleophilic agent. The TOT layers are present in the
minerals not in an exfoliated state, but in bundles80D3ayers referred to as tactoids. The tactoids of
Na-bentonite are more easily exfoliated, meaning that the access of organic molecules to the active
centers where deprotonation takes place is sterically favored. Microcrystalline quartz integrated among
the tactoids also contributes to the successful synthesis of stable foam composites and the acceleration
of the reaction.

In a unique manner, the crystal structure of B3 contains a large amount of microcrystalline
quartz, which, although not a catalyst from a chemical standpoint as it does not interfere with the
reaction mechanism, acts as nucleation centers. The reactants (MDI, polyol) adsorb onto the surface of

6 L gand can appear in higher local concentrations. The reaction is locally faster along these surfaces
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because the reactant molecules are brought into closer proximity. This effect can be particularly
important in foam nucleation sites, where the reaction is exothermic, and quartz can also stabilize the
reaction zone as a thermally conductive medium. Since quartz is present singularly and in large
guantities on the tactoids, this manifests indirectly as reaction acceleration.

The increase in the amount of native acidic montmorillonite in the clay mineral is directly
proportional to the probability of collapse occurrence.

Regarding ion exchange capacity, bentonites with a cation exchange capacity exceeding 100 meq/g, if
their proportion exceeds 5%, induce collapse in the composite foams. The low ion exchange capacity
indicates that the binding energy &fD ions located in the interlamellar space is higher than that of

& B> and 0 J®Zions with larger ionic radii, making them less mobile; however, due to their size, they
present lesser steric hindrance for organic molecules participating in polymerization, allowing better
access to negative centers. This promotes the deprotonation of hydroxyl groups, generating alkoxide
ions that accelerate the reaction as stronger nucleophilic agents.

As mentioned previously, the stability of polyurethane-bentonite composite foams is a multifactorial,
interdependent phenomenon, in which foam integrity is achieved in polydisperse premix systems
characterized by a Zeta potential greater in magnitude thanP 9for metastable states andr P 9

for stable states. If the system is colloidally unstable, sedimenting or agglomerating particles destabilize
foam formation.

At the same time, the fact that the addition of clay minerals increases the surface tension of the
system must also be taken into account. In the investigated system, foam integrity is compromised
when the force required to separate the Wilhelmy plate from the liquid surface exceed&11407
Obviously, a multifactorial system contains a certain amount of emulsifier capable of stabilizing the
foam within specific limits. If the surface tension of the system exceeds a given interval, the emulsifiers
cannot maintain the surface tension of the forming composite at the appropriate value. However, the
amount of emulsifier cannot be increased indefinitely, as it also affects the gelation process and the
overall stability of the system.

The stability of the composite foams also depends on the particle size distribution of the filler
particles and the available contact surface area. As expected, a more uniform distribution results in
more ordered structures.

Evaluating the rheological profile proved to be one of the most important analyses. The

experiments simulate industrial production conditions, during which the rheological behavior of polyol-
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bentonite premixes was examined based on the final filler content of the composites. All premixes
exhibit thixotropic behavior, demonstrating non-Newtonian, time-dependent flow dynamics. Plotting
the resulting stresses as a function of shear rate is significant, but it does not provide a satisfacto
explanation for Table 5, which contains data on foam integrity. The appearance of different stresses
under increasing and decreasing loads acting on the fluid is the response. The difference between the
ascending and descending branches of the stresses appears as hysteresis during the plotting of the
rheogram, which in turn plays a decisive role in the stability of the composites. During foam growth,
bentonites moving together with the foam and exhibiting lower rheological hysteresis induce fewer
structural inhomogeneities in the composite, thereby leading to a more stable material structure. Data
analysis revealed that on shear stress-shear rate rheograms, if the slope of the lined excetus
yield stress exceeds 7, foam integrity is certainly compromised. Furthermore, a threshold value
(r & w3 DO Ycan be established for viscosity hysteresis, above which foam stability is not guaranteed.
If the increase in hysteresis between the ascending and descending branches of the viscosity-shear rate
rheograms due to the filler effect exceeds 38% of the original reference value, it leadsoltapise
of the polyurethane composite foam. Based on all these findings, taking the results of rheological
measurements into account, foam composition can be designed in compliance with stability criteria.
Thermogravimetric measurements demonstrated that bentonites generally increase the thermal stability
of the composite foams, reduce the amount of free VOCs, and increase their emission temperature.
For the majority of the foams, the mechanical strength of the composites increased
proportionally with the increasing amount of bentonite, and following collapse, the production of solid
composites becomes feasible. Similarly to compressive strength, acoustic tests confirmed that the sound
absorption of the foams improved significantly. Even a small amount of bentonite substantially
increased the sound attenuation of the foams, in some cases providing complete sound absorption.
Overall, it can be concluded that clay minerals, as natural additives, reduce the ecological
footprint of the foams, reinforce the structure, occasionally actively increase the reaction rate as
catalysts, and improve the mechanical and acoustic properties of the foams. They enable the production
of environmentally friendly composites while enhancing properties of importance to users. The details
of the formation processes of polyurethanes taking place in the presence of a filler were successfully
clarified, thereby realizing the initial objectives set forth in the doctoral dissertation.
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6. .|VI|QHWQ\LOYiQtWiV

(OV VRUEDQ N|V]|QHWHW V]H UikvékQBNR P R'Q G PLQ/LH DPréé.p © DY DHN
'U 9LVNROF] %pOiQDN D P X Qd\iBpA R\U FCR DIEVRIW WU WH Jt\B V@ N|V]]|
, QW p]HWIEK \irden PXQNDWIiUVIiQDN DNLN V]JHUHSHW YiOODOWDI
OpWUHM|KHVVHQ YDJ\ EiUPLO\HQ PYGRQ WiPRJDWWDN pV RO\
KRJWDN OpWUH DPHO\EHQ |U|P YROW GROJR]QL
9pJ*O GH QHP XWROVYy VRUEDQ N| W |PEDQWIN RYD I HAWWP H N6
OIWpQDN %DOIiI]VQDN pV .ULVWYIQDN DNLN PHOOHWWHP iOOWI
OpWUH
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