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8 RYRP MH UDGX LVWUDAaHQD NLQHWLND VXdaHQMD Q
ODERUDWRUQIMALNIDP YRBERIDQD VX GYD YDNXXP VXALRQLNLEL
URWDFLMVNL WH VXALRQLRVVPIQXNVAMHLVRLRQYONBMHYWUL
SRpHWQRJ VDGUabMD YODJH PDWHULMDOD NDR L WHPSH
svojstva 0X@HQLK NULVWDOD .LQHWLND VXdHQMD SUDUHQD MH
SVLKURPHWULMVNL X VXEaLRQLNX V IOXLGL]LUD@QIPNR@IRWM HP
MH LV WLRAIH @IRkorHinfracrvenonspektroskpijom (NIR, end. Near InfraRed
SUDWLWL NLQHWLND VXaHQMD

Mjerni podaci aproksimirani su Lewisovimh 3DJHRYLP PDWHPD®#jEepNLP PF
]D VYDNX YUVWX VXAaLRQLND RGDEUDQ PRGHO NRML X] QD
VXaHQMD 3DUDPHWUL RED RRXCHWMHWERDHSBEHOMHGXE KK YBIRX H V

5HIXOWDWL VX SRND]DOL GD YUVWD VX&aLRQLND L WH
PRUIRORJLMX NULVWDOD 9HUH EU]JLQH VXadaHQMD RVWYDUF
WHPSHUDWXUDPD V X aH §fMitiziNim Blojén DX S WX dahip@lafama
YDNXXP VXAaLRQLFLPD 8 URWDFLMVNRP YDNXXP VXaALRQLN:.
dolazi do loma kristalaBliska infracrvenaspektroskopija pokazala se kao dobra metoda
SUDUHQMD N L QfthididirahBm\éija.H Q M D X

.OM X p QH NLLQH/B L N DP Y0 X\EHHRCDMADL Hfiskh irffrRevéh@(ektroskopija
V X & H QuMigiraomsloju, YDNXXP VX&HQMH



SUMMARY

This paper explores drying kinetics of zirconium sodium salt in different laboratory
dryers.Drying was performed itwo vacuum dryers, a tray dryer, aaotdryer and a fluid
bed dryer. Additionally, the effect of starting humidity levels and temperamrerying
kinetics and morphological properties of dried crystaés explored. Drying kineticsvas
monitored gravimetrically in vacuum dryers and psychrometrically in fluid bed dryer. The
possibility of monitoring drying kinetics witNear InfraRedspectoscopy in fluid bed dryer

was also explored.

Measurementaere approximated with Lewis and Page mathematical maaeishe
model with the highest correlation coefficient thabs selected for each dryer. The

parameters of both modedsere carelatedwith drying conditions.

The results show thalhe type of dryer andhetemperature affect drying kinetics and
morphology of the crystalsit lower temperaturesgdrying was faster in fluid bed dryer
whereas when the temperatuvese higher dryingwas faster in vacuum dryers. In rotatial
vacuum dryer an@luid bed dryer the crystals @ke. Near InfraRedspectroscopy provet be

a good method for monitoring drying kinetics in a fluidized bed.

Key words: drying kinetics, mathematical modeNear InfrarRed spectroscopy, fluid bed

drying, vacuum drying
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1. UVOD

6XaHQMH MH YUOR |J]DVWXSOMHQ SURFHV X IDUPDFL
proizvodnja ljeka NRML UH VH GLVWU L Eodijb iDtwWdlijednd stupgnjansintdzad R U P L
PHYXSURGXNDWR i phoizvpaidjbl §iDzir@H tdrirbi. Nakon svakog od tih stupnjeva
SURL]YRGD/RKXELU RGIJRYDUDMXUHJ VXAaLRQLND RYLVL R
njihova forma, toplinska osjetir VW L NLQHWLND VXaHQMD 6 RE]JLURI
SURL]YRGL YLVRNRNYDOLWHWQL XaWHGD ahQH bdabiMH Y UOFR
PHWRGH VXaHQMD

=ERJ YLVRNLK ]JDKWMHYD QD NYDOLWHWL WH FLMHQH
farmaceutNRM LQGXVWULML pHVWR VX VRILVWLFLUDQLML RG
LQGXVWULMVNLP JUDQDPD ,QLFLMDOQL RGDELU YUVWH VX
]D VXaHQMH pYUVWLK IRUPL QDMpHA&UH NRUDWMNXH HNRMH FSND/L
VXaLRQLFL V SOLWLFDP,ID LI OLVXRNQNMMQLPY WHO@INIMEDV XaLR G
LOL VXAaLRQLFL V IOXLGL]JLUDQLP VORMHP 8NROLNR MH S
WRSOLQVNL RVMHWOMLY LKIi@ilz&elidRGD VXaHQMH VH SURYR(

9HOLND YHULQD IDUPDFHXWVNLK SURL]JYRGD GRELYD
RwWDSDOD LDNR VH ULMHWNR NRULVWH L SRMHGLQDpPQD R
.DNR VH UDGL R RWDSDOLPDaAMRHN\D R VE M HEWKWIER XOHY KRMSRI® L
LVSXVWLWL X DWPRVIHUX YHUO VH PRUDMX XNORQLWL L]
regenerirgguD SURPLAUHQL WHAQIIH FIX&ILM @DBMuiD VH X SURFHYV

8 IDUPDFHXWVNRM VH LQGXVWULML PpHVWR SNRULVWI
IOXLGL]LUDQLP VORMHP =DKYDOMXMXuL GREURP NRQWDNYV
IOXLGL]LUDQRP VORMX SRVWLAR VEWWHHQ]LXERE B LIMH-A DQMil
XMHGQDpPHQX NYDOLWHWX SURL]JYRGD .RenWWLKpptaUdD QL VX3
RVWYDUHQR LGHDOQR PLMHADQMH PRJX VRNNRUSRWHWQLF
VDGUADMHP YODJH



2VLP ]D VX3HQMH PRJX VH NRULVWLWL L ]D KODVyHQ
PRGLILNDFLMH L |D VX&aHQMH §ljRid mGterjaBHKAH® JeKpotrebddd O D W L
RVX3LWL PDWHULMDO RVMHWOMLY QD SRYLGHQX WHPSHUD\V
VX4HQMH VH PRAaHXURXRIGROULF XPYDD N0 YO INDOWPHVIX| & IHREE. N DV

nalaze svoju primjenu u farmautskoj industriji.

8 RYRP MH UDGX LVWUDAaHQ XWMHFDM YUVWH VX&LRQ
SUDaNDVWRJ PDWHULMDOD WM D NenwlL Xofjvd Ph&rtoeeéutcll X W V N H
Ingredient X YDNXXP VXALRQLFLPD L VsioEemRTDDMNMKY MU OMH GVWUL
PRIJXUQRVW MRaJibflatvdr@WMPH NWURVNRSLMH ]D SUDUHQMH SUT
WLMHNRP VX&aHQMD WH MH LVSLWDQ XWMHFDM PHWRGH VXAa



2. TEORIJSKI DIO

21 6XaHQM

6XaHQMH MH WRSOLQVNL VHSDUDFLMVNL SURFHV XNOD
GRELYDQMD VXKRJ pYUWWRRPS YRKAH@®RGD LVWRYUHPHQR V
SULMHQRVD WRSOLQH L WYDUL WH XNROLNR VWa@QL PHGLI
SRVWRMDQMH NRQFHQWUDFLMVNRJ RGQRVQR WHPSHUDW)
procesa.. RG NRQYHNFLMVNRak 2DXAH QPR D RG U Hiprb@seuwWHP SHU
NRQWDNW V YODAQLP PDWHULMDORP erijhD9¢ zaddjgvadD MH WR'
prisutna vlaga hlapi i prelazi u zrak. DR UH]XOWDW WLK SURFHVD QD L]OI
VXKL PDWHULMB®RAH Y®BAQH MWOERMAd @inibindBSEisMm granama
(prehrambenafarmaceutskakemijska papirrg, tekstilnai dr.). SXad Q@M QDMpHAaUH SURY
zbog VPDQMHQMD WUR&GNRYD WUDQVSRUWD ODNé&ibdaVNODGL
NRG GXaHJ V M@.Dkerizéritah@ Mne radRpXYDQMD SULURGQLK VYR
osnovne skupine materjafdl RML MH SRWUHEQR VXaLWL SULND]DQH VX

7TDEOLFD S9UVWH PDIWHULMDOD NRML VH VXatL

KRUTINE PASTE KAPLJEVINE
SUDAaFL otopine
UD]JOLpPLWLK YL _ _
NUXWLQH UD]OlL - S koloidne otopine
) mogu ili ne mogu cirkulirati .
oblika . suspenzije
NUR] VX&LR( o
plohe muljevi

211 1DpLQ GRYRYHQMD WRSOLQH PDWHULMDOX

Materijal koji je potrebno & XaLWL PRaH VDGUADY D\S bbareh©OdaNH NRO
MH VX&a8HQMH WRSQLRBYREHVHSPMD FIDMWMHYD GRYRYHQMH
PRIXiUH XNORQLWL PHK DLQOL\W N DFF LRVHDW RFGHIPADUKlahpd & priQ M H -~ W
LIODJDQMD PDWHULMDODLWHRSOXNWQR A MddaQoesd patW VNL 1D
QD WDM QDpLQ AWHGL HQHUJLMD



Toplina potrebna za uklanjanje viage RDWHULMDOD PR&OH WHOGERYWWWQD p |
QDEIipH VX NRQYHNFLMR PUDNRHROMXNFLMRAFURYDOQR L LQIUDF!

Konvekcijski se toplina dovodi strujanjem toploy XaQRJ AHGQGDMDSRYUALQI
YODAaQRJ PDWHULMDOD 7RSMHQNRSRVANKFE R B N]ID VH/ SSOUHIYR
materijala, a isparen¥ ODJD VH RGYRGL VK@QLRQFHGIEFMMFENLK VXAaLR

medij dovodi bplinu i odvodi isparenu viagu.

8 NRQGXNFLMVNLP VXA&LRQ prEKoRfjana\p& §@LQH MRIMGIR PR&H
pokretna ili PLUXMXUD ,WagDW H\QXCE MY RGL JUDPpQRP VWUXMRP LC
=D VX4HQMH PDWHULMDO®R XIRAWMEB NXHBRYW X WO ME Y H SRW X p D
VXaHQMH

.RG VX&@&HQMD JUDpHQMHP GLR HQHUJLserblrad& NeX HP LW
SRYUaLQL PDWHULMDOD L WDNR GROD]L GR ]1DJULMDYDQM
imamo isparavanje vlage iz materijala. Vlaga koja isparava odsednertnim plinom.
OLNURYDOQLP VXaHQMHP WRSOLQD VH inidrafcheUvodeDi X Q XW D
elektromagnetskih valova te se materijal zagrijava jednoliko i po cijelom volurfignu.

212 9DAaQL SRMPRYL L GHILQLFLMH YH]DQH ]D VXaHQMH

1D SURFHV VXaHQMD XtwsvdisivX matdrfaiXGEIQ R Y Neddi\B L M D
geometrijske k& DNW H U L V W L NoHbed\ka¢ akteRsf)ke Nniaterijala SUREOLN pHVWLF|
GHEOMLQD PDWHULMDOD XQXWUDaQMD VWUXNMWWXWDRFBORULI
VWDELOQRVW PDWHULMDOD L &R/[RHWH W VP VXER@RIOPH B LAV
VXaHQMD WODMHEAX WHPSHUDWXUD EUJLQD gedoMeuigi D QMD L
karakteristia VXaLRQDNNLQHWLNX VX@HQ@MDB XWKBBpWXBELRQLND QI
WRSOLQH WH VWDQMH PDWHULMDOD ODRiMterd s ®a NRG V.
SRNUHWQRM WUDFL 1Rl X PLUXMXUHP VORMX

90DJD NRMX VD$Bkd &.) PRRBAW HELIWAIDSOULVXWQD NDR

x Slobodna vlagazt kapljevira i para koje ispunjavgu pore u uzorku ili slobodni
YROXPHQ PHYyXSURVWRUD L]JPHYX pHVWLFD



X Vezanavilagat YODJD VDGUADQUK [pPHRKHAIENMA O ¥dnosu na
tlak pare slobodmvlage pri istim temperaturama7 DNYD VH YODJD PRaH ]D
PDOLP NDSLODUDPD QRVSRYILGDQDPW DLOILpRDR VWMHQN

U ovisnosti gdje selaga nalazi razlikujemoP H K D Q L jpriNilvlagifdolumjer pora maji

od 0,2mm) i kemijski vezanu vlag(kada g vlaga dio strukture krutine).

Ukupni
sadrzaj vlage X

MNevezana vlaga

ry X;

Slobodna viaga

Vezana vlaga

Xeq

Rawvnotezni
sadrzaj viage

Relativna vlaZnost zraka

Slikal. 90DJD NRMX VDGUAaL PDWHULMDO > @

6DGUADM YODJB URDANVAMDLYWIDMOD NROLPLQX YODJH SULVXV
materijala X, kg(vode)/kg(suhog materijala).

.ULWLpPpQL VDGWH /M /DEODW Y OIDMBIO® NRG NRMHJ EU]LQ

opadati u stalnim vanjskim uvjetim3y.

5DYQRWHAQL gé BGUH&EW YVODMD VDGUADM YODAaQH NUXW
zraka i vlage kod danqgi T, Xeq

7LMHN L YULMHPH WUDMDQMD SURFHVD VXaHQMD R
WHPSHUDWXUH L YODJH NRML VH UD]YLMD Mtad WaHeN R PV X

kroz materijal.



1DpLQ SULMHQRVD YODJH NUR] PDWHULMDO NRQWUROLUDQ
WH YUVWL YH]H YODJH L PDWHULMDOD OHKDQL]PL SULMHQ]
PDWHULMDOD WLMHNRBD NOXUPH @M D FPRRIJ X EJIOUpLWLK YH]D YOL

ZaprecizanRSLY SURFHVD VXd4HQMD SRWUHEQR MH SR]QDYL
MH VXdHQMH VOREHIMBURHAEHY RVQRYL SURFHV SULMHQRVLE
topline A&WR ]DKWMH¥ D DSYRJRWYEAQM SRGDWNH LVWUDALYDQRJ
YHULQL VOXpDMHYD QHUH XNORQLWL VYD YnaDladka iL] PDWH
temperature proceSULMHQRVD WYDUL RGYLMD VH VDPR GR SRVWL]I

5DYQRWHAD VH SUL NB@XsiaNVRRWES LMY QLBDMX RYLVQRYV
VDGUADMD YODJH PDWHULMDOD R U HIDAM WWRQRRIAMPR &YQLFOWM
dici 2 VRUSFLMVNH L]JRWHUPH VH UPrliRdoN X & R aBak@EaNRP VX
.ULYXOMD SRND]XMH ]JDWYRUHQX SHWOMX NRMD VH QD]L
UDYQRWHAQD YOD&QRVWIXHIB QHJR NRG YODAHQMD

&
o Sugenje
o
2 |
S
x |
[ab]
N
o I
=
E Viazenje |
13}
w3 I
I
I
1 1 ! 1 1 -
0 20 40 60 80 100

Relativna vlaZznost ¢ %

Slika2. Sorpcijske izoterme [3]

7LMHNRP SURFHVD VXaHQMD NDNR MH YHUO UHpPHQR
SULMHQRVD WRSOLQH |]D LVSDUDYDQMH SRYU&GLQVNH YODJ
WYDUL GR SRYUALQH PDWHULMDOD L LVSD WDytizihdgH X RN
JUDND ]D XNODQMDQMH YODJH RVORERYHQH IsSM88DUDYDQ
dijagramima VWRJD MH ]D UD]XPLMHYDQMH SURFHVD VXaHQMD E



Temperatura suhog termometrg Tstje stvarna temperatura smjese zraka i vode, dok
je temperatura mokrog termometra, Tyt temperatura koju bi imao zrak u danim uvjetiina
ip NDGD EL ELR ]DVLUHQ7NR&SHOQRW XSDUBBLMD,EMx;\2WNRJ ]D
UDYQRWHAQD WHPSHUDW XighD uN Rontaktu MsH kapligdriem KBja/
isparaval/ishlapljuje u adijabatskim uvjetima. Za sustav vddarak linije adijabatskog
]DVLUH Q Mdature ridkidgy Stermometra se poklapa HPSHUDWXUDr RVLAWD
WHPSHUDWXUD NRG NRMH Qe postajeitHVQL D /@M K \Omchas) MBI . ¥R

$SVROXWQD YOdeimPRse MDRIDRODLPLOD YRGHQH SDUH SUL
masi suhog zrak,, kgkg™.

ag

; L= 1)

apa

5HODWLYQD Y Odefin@aRy j&/ kddJ) @ED parcijalnog tlaka vodene pare u
VPMHVL VD JUDNRP L UDYQRWHAQR3 WODND SDUD SUL LVWR

—>
—
Ak

)

3RVWRWQD YODMIQRRAWMHUDNWYDUQH DSVROXWQH YOD:
YODAQRVWL X QMWD QUDXY ERM E & QL

Ly ®)

22 .LQHWLND VXaHQMD

7LMHN VXaHQMD GHILQLUDQ MH YUVWRP L VYRMVWY
VORERGQD YH]DQD RGDEUDQLP QDpPLQRP L XYMHWLPD V>
VH WRSOLQD GRYRGL YODaAaQRP PDWHULMDOX R®@BYAMDMX V
okoline QD YODa&DQNPINWRHEI MMSGDULOD LVKODSLOD SRYUALQVN
YODJH GR SRYUAGLQH PDWHWAWMIRQD N RIMWRFRYVHEHD VEORIDAYIE B M
brzinama kojima se ova dva procesa odvijaju, odnosno o odRM L NRQWUROLUD SUR
(sporiji proces) iako se oba procesa odvijaju istovremeno. Kaetik & H Q M &k pPaRia H
gravimetrijskom ili psihrometrijskom metodom.



Gravimetrijskom metodom prde SURPMHQD PDVH YODAQRJ PDoWddULMDOD
SVLKURPHWULMVNRP PHWRGRP SUDWL VWrpQémderpgtiaN D P MH L
UHODWLYQD YODaQRVW JUDND

.LQHWLND VXaHQMD RSLVXMH SURPMHQX VDGUAaDMD Y
VXaHMKB). 1D NLQHWLpPpNLF XNBIONKID PBRBB VH XRpLWL QHNROI
(A-B,B-C,GDiD-( 3RpHWDN ]DJULMDYDQMD YODaQRJ PDWHULM|
% WM SHULRG VWDELOL]DFLMH 8 WRP SHULRGX LVKODS
SRYUaALQL PDWHHPEHWDOMWMXUD SRYUALQH PDWHULMDOD WDQEL
LIORAHQX SRYUALQX GRVWLAH WHPSHZIabnwWslijgdk pFiBANURJ W
NRQVWDQWQH EUQNRMXIHIDMODDNWHUL]JLUD OLQHDUQR V
materijala. P LRG WUDMH GRNOH JRG MH EU]JLQD NRMRP VH YOD.
PDWHULMDOD GRYROMQR YHOLN D rekrvend ltankirh diéjeDrla8dR Y UA L Q
(SOLND 6YD GRYHGHQD WRSOLQD WURAL VHa@dsd VSDUD
WHPSHUDWXUD SRYU3ELQH PDWHULMDOD RGUADYD QD V\
WHUPRPHWUD 7RpND & RGJRYDUD NULWLpPpQRP VDGUADMX )
EUJLQH VXEKHQMDLWLPpQL VDGUADM YODJH IjiR YraMfijal® i EU]LQL
SURPMHUX SRUD PDWHULMDOD &aWR MH YHUD EU]JLQD VXa
GHEOMLQD PDWHULMDOD WR UH L NULWLpPpQL VDGUAaDM YOD.
u ovom periodu raste do radne temperature, a br¥ifdd@ HQMD SRpLQMH RSDGDWI
NRMRP VH YODJD GRYRGL GR L] XQXWUDaQMRVWL PDW
WHPSHUDWXUQRJ JUDGLMHQWD PDQMD RG EU]JLQH LVSE
UDYQRWHAQRJ VDG U &M DaNrwBM H W IDRADH WX &HDQDNDD

;_
i

\

|
o]
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Slika3. *UDILpNL SULND] RYLVQRVWL WHPSHUDWXUH L VDGUa
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Slika4. 6WDQMH PDWHULMDOD WLMHNRP SRMHGLQLK S

Kod nehigroskopnih materijal S HULRG SDGDMXuUuH EU]JLQH VXaHQMD
suhim materijalom (sva je prisutna vlaga slobodna). Higroskopni se materijali mogu potpuno
RVXAaLWL MHGLQR DNR JUDN QH VDGUAL YODJX aitR X SUL
pojavljuje i drugi peod SDGDMXiH EUJLQH VXd4HQMD NRML WUDMH G
[4], [5], [6]

Kinetika sX a ld @QrMazuje se i krivuljama ovisnost EU]JLQH VXadaHQMD R YU}
V D G U a D MnateNj@dpsika 5) QD NRMLPD VX NDUDNWHULVW.LpQL SH
8NROLNR MH SRpHWQL VEGUWIADWL YRAED NH IPVID MpHRIEHASDEBAEU &4 D M D
SRVWRML SHULRG NRQVYWD QWDRHXDWH EUNMNQIHYNDHIQMD SRI
WRP VORYWMRXISSHULRG VWDELOL]DFLMH L MHGDQ LOL YLA&aF
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Slika5. *UDILpNL SULND] RYLVQRVWL EUJLQH VXaHQMD R VI

Tijekom perioda konstan¢ EU]LQH VXaAaHQMD VYRMVWYD PDWHULMI

VXaHQMD L SURFHV MH SRG NRQWUR O Rtlirgl DtpMné Istkaki X Y M H W
zraka.



.DGD VH QD SRYU&LQL PDWHULMDOD SRMDYH SUYD VXKD |
VXaHQNIDQ X VX3HQMD XJODYQRP NRQWUROLUD RWSRU QD V
VXa4HQMD SRG NRQWURORP XQXWUDAQMLK XYMHWD 3UL WR
GLIX]JLMVNLP LOL NDSLODUQLP WRNRP .RMLR KB XWUPKRMP
VWUXNWXUL PDWHULMDO DD NRG QR \SRR b DL PLQL VEIRUBURP M

NUHUH SUYR NDSLODUQLP WRNRP NmRazﬁt%Lﬂiﬂuz&dekR)MHUD Y
pore manjeg promjera.

2.3 ODWHPDWLpPNL PRGHOL

Zbog vdikog broja parametara koje je potrebno poznavatddeliranje procesa

VXaHQNeDVOBORQ ]DGDWDN 3RVHEQR MH YDaQR REUDWLWL
WUR&L WLMHNRP SURFHVD MHU MH FLOM QD &WR HNRQRP
Zbog toga je bitno pravilno izabrati parametre procesa, jer oni mogu pojednostaviti

modeliranje procesa i smanjiti proizvodne zahtevdd VDPLP WLPH L SRWURA&Q
SRWUHEQX |]D SURFHV 2G YHOLNH MH YDAQRVWLrijalaSR]QDYL
YHOLpLQD pHVWLFD UDVSRGMHOD YHOLPLQH pHVWLFD ND
SRVHEQR MH YD&QR SR]QDYDQMH SULMHQRVQLK VYRMVWDY
parametri su: koeficijent prijenosa tvari, efektivnildi ] LMV NL NRHILFLMHQW L NRQ
YDaQR MH L SR]IQDYDQMH SURPMHQH QMLKRYLK VYRMVWDY |
RGUHYHQL WLS VXaAaLRQLHNDP KWK UQRMKDW Q M IQIJFRYDU UMDY DQMI

Tablica2. ODWHPDWGHOLPNRMH WHR QIDWMHPH D RSLVY NLQHWLNH

%ﬁ L Ezt LAJAFTéTt‘g‘AE‘E'D Il Fickov zakon
L #, OAP % Henderson i Pabis

#, ONP Y E # QAP % Sharaf +Eldeen, Blaisdell, Hamdy
L 704 Lewis
L 2 ad Page
L 200 Overhults, White, Hamilton, Ross

PL=U0zZs ;E,U:Zs ;;° Thompson, Peart, Foster
L sE fU-E, US Wang, Sing
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8 WDEOLFL QDOD]L VH SULND] PRGHOD NRML VH QDM
I1DMpH&UH NRULAWHQH MHG QDGIIZZHW KD/ MAH R G AlE B DSJKHHRW 8
EUJ]LQD VX&daHQMD SURSRUFLRQDOQD UD]JOLFL VWYDUQRJ VU
YULMHGQRVWL VDGUADMD YODJH X GDQLP SURFHVQLP XYM|
i uvodi empirijski parametar, B YRYHQMHP WRJ SDUDPHWUD NDR HNVSRC(
VH EROMH VODJDQMH UDpPpXQVNLK L HNVSHULPHQWDOQLK YL

2.4  Fluidizacija

JOXLGL]DFLMD MH RSHUDFLMD NRMRP VHthédgéni pYUV W |
sustav. [14]Fluidizacija je uglay QRP SURALUHQR VWDQMH X NRMHPX VX
VLODPD RWSRUD X]JURNRYDQLP SURODVNRP SOLQVNH ID]}F
NULWLp QPRI resigdilqplstanje u kojem je brzina strujanja plina prema gore manja od
EUJLOQH WNOKRAHKQMHDVWLFD ]J]ERJ WRJD VH VYH NUXWH pHVW
Kako se brzina struanp SOLQD SRYHuUDYD NUR] VORM NUXWLK p
SURSRUFLRQDOQR 3UL RGUHVYHQRM EU]suprbtstdjanfasiRW SR UD
gravitacie.. DGD VH LIMHGQDpH VLOD WODND L VLOD WHaH QDVW

Kada se postigne ta brzina otpor protoku je maksimalan, a pad tlaka sloja postaje
NRQVWDQWDQ V SRYHUDQMHP SURWRND 2YD RVWYDUHQ
fludi ) DFLMH L WHPHOMQL MH SDUDPHWDU ]D NDIFDNWHUL]
JOXLGL]DFLMD MH MDNR YDA&DQ SURFHV X LQGXVWULMDPD
LIPHYX pHVWLFD pY UYwitHraw ¥ibdzinamap@jehb<a vaa ibpine.[3]

JOXLGL]DFLMD VH RELPQR SURYRGL X NRORQDPD pLMH
PMHVWLPD SD WDNR L QDXQDN¥S&ROGMUHWDQSTRG WHE W FUHEHW
SURSDGDQMD JUQDWRJ PDWHULMDOD WH RERJXUDYDL B EHW® M
UDVSRGMHOX IOXLGD NRML VH X XUHYyDM GRYRGL RGR]GR

'LMDJUDP SDGD WODND IOXLGL]DFLMH VOLND QDP J
VWUXMDQMD IOXLGD XWMHpH QD VORM pHVWLFD 3UL PDOL
sloj pHVWLFD NRMH OH&H QD UD]GMHOQRM UH&HWFL 3UL RY
LIPHYX pHVRMIMBQWBMXiL QMMidiRaing Bz Bl Aoy Wlazi do

fluidizacije ovisi o poroznosti sloja.
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Slika6. Dijagram pada tlaka fluidizacije [8]

3UL ODPLQDUQRP VWUXMD QMX20) biiRilnath® Rahavi kajpR LK pH V'
SRPLQMH | QOGP SUMRI GLMHOD (@JXQRYH MHGQDGA&E

w0 !
R _5:-|-? éa AU oR
Robgez 8A A (4)
3UL PDOLP EU]JLQDPD VWUXMDQMD IOXLGD RYLVQRVW SDGD
SRYHUDQMHP EU]JLQH VWUXMDQMD IOXLGD SDG WODND X
]JDGUADYD SULEOLAQR NRQVWDQWQX YULMHGQRVW

7R MH NULWLQDLWVWDMNMOQOROWMBENXXLGL]LUDQRJ VORMD ND
WHALQRP pHVWLFD X VORMX XPDQMHQRP ]D VLOX X]JRQD p
SRpLQMX JLEDWL &4WR GRYRGL GR SRYHUDQMD YROXPHQD \

u stanje tzv. minimalne fluidizacije.

OLQLPDOQD EU]JLQD IOXLGL]DFLMH UDVWH V YHOLpPLQF
ILILNDOQLP VYRMVWYLPD IOXLGD D WDNRyHU RYLVL L R
VX4HQMD 'DOMQMLP SRY HM B QRO FUER) N Y19 XYLHAILH DHFNLV SD Q
LOQWHQ]LYQLP NUHWDQMHP pHVWLFD *UDQL®DRtbGeXavGL]DFLN
NULWLpQD EUJLQD RGQR&HQMD pHVWLFD NRG NRMH QDVWX
sloja (brzinay VH VWRJD QDJLYD L EU][RB],PGQRAHQMD pHVWLFD

12



241 5HALPL IOXLGL]DFLMH

2YLVQR R EU]JLQL VWUXMDQMD ®8djeQD JLOB RIAMIASRER VW L V C
fluidizacije (SOLND PLUXMXiuL VORM pHVWLFD KRPRJHQD 10X
stapna fluidizacija, turbulentna fluidizacija, brza fluidizacija i pneumatski transport, odnosno
RGQR&AHQMH pHVWLFD L] VORMD

Povecéanje brzine fludizatora w i poroznosti &

°
© o 000
R e

Mirujuéi sloj Mijehurasta Stapna Turbulentna Brza Pneumatski
costica ili fluidizacija  fluidizacija fluidizacija  fluidizacija transport
homogena | | |
fluidizacija

Heterogena fluidizacija

Slika7. 5HAaLPL SOLQVNH IOXLGL]DFLMH > @

.RG PLUXMXpHY W IORSHUgDjaLfIQdaje u raspond "v "vpy YHVWLFH
miruju,aSOLQ VWUXML L]PHYX pHVWLF D KodhdPriofybhe@hitizadiei L SR U
EUJLQD MH Y HiDiuRliGiramilsipl glatko ekspandira bez pojave mjehura uz lagano
PLMHaADQMH pHVWLFD D SRYUAaDQ D QNDIRAVI B RN H GNDWHRP GEHUILL
fluida dolazi do stvaranjanjehurast fluidizacije. Mjehuri plina koji se formiraju iznad
razdjelQH SORpPH QHSUHVWDQR VH FLMHS DIVRXY USRWINSHDAKM XDl
LQWHQ]JLWHW PLMHAaADQMD D pracese Emjead/diki (o€ ROMQR GMHO X |

.DGD PMHKXUL SOLQD J]DX]JLPDMX FLMHOL SURPMHU NF
jednakim vremenskim intervalima uz velike promjene tlaka u sloju koje odgovaraju

frekvenciji nastajanja mjehura.
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7DNDY UHALP QD]LYD VH UHanhs$e jx@NDIs QI GONH GILJDIFQPIHNR O R
SXWD YHUD RG SURPMHUD NRORQH SD PDQML PMHKXUL LPD
7XUEXOHQWQD IOXLGL]DFLMBtriyaHaBOYQODMD NRGMMIMK NEOD]LE
cijepanje velikih mjehura u sie. 3ULMHOD] L]PHYyX VWDSQH L WXUEXOL
PRJXUH SUHFL]QR RGUHGLWL MHU WR RYLVL R NRMRM JUX
turbulentnog sloja primjetno je smanjenje fluktuacije tlaka u sloju, a smanjuju se i vibracije.

ZbogtogaVH WXUEXOHQWQD IOXLGL]DFLMD JQDWQR YL&H SULPN

8 UHALPX EU]H 10 X ktijahjp Auidd M HE8Dd- t@aBsportne brzing,.
Brzu fluidizaciju karakterizira postojanje samo guste faiel6VW LFDPD L SOL®RP EH]
YUOR LQWHQIJLYQR P RWIRFZDQMAL PKVONRTFD]L GR ]QDpDMQRIJ |
VORMD MHU MH NRG pH{\DWEIDRDN RY DS N O dikaABNtRfshdviiia b HV W L
EUJLQD YHUD RG EU]J]LQH RGQRAHQMD [SHRWUWWMLGD ED]NRDG PpHV)
MHGQDND EU]JLQL RGQR&HQMD SRMHGLQLK pHVWLFD =ERJ V
RYDM UHALP QD]JLYD L AFLUNXOLUDMXURP IOXLGL]DFLMRP?3
to GD MH EU]JLQD IOXLGLEDFLMH BEXQRAHUYMD REHVWLFD VYLK
VYH pHVWLFH VX RGQHVHQH (ddndia@R[@IH D SRUR]JQRVW VORI

242 *HOGDUWRYD NODVLILNDFLMD pHVWLFD

BUHPD *HOGDUWRYRMSKOD)BIRYWBRMMphpHWMVWLBDXSH RYL
IOXLGL]DFLMVNLP VYRMVWYLPD NDGD VH IOXLGL]JLUDMX
WHPSHUDWXUD JUDND VX E Gluka\dve RIbsRikadtijé ¢ Lsisternativilijd/ L P D
pojava u fluidiziranom sloju koje ovis®k YHOLpPpLQL L JXVWRUOL HAHMMWLFD WI
*HOGDUWRYD SRGMHOD MH alLudddrRke SRMKYDHHEDYK ISWDG@ETL
materijalima. =D SURFHV IOXLGL]DFLMH SRJRGQH VX JUXSH $ L
QHNLP GUXJIDpLMURG XI(DWHMHP®SO WODNX L WHPSHUDWXU
VWDQMX pHVWLFH PRJX SURPLMHQLWL VNXSLQX

Grupa $ R]QDpHQD advathblsl DIRHVWLFH 2YL PDWHULMDOL LP
YHOLPLQM, RBVWLFD GRi/iliniskk IXVWRUX pHVMEFHOHVWLFH L]
ove skupinese lako fluidiziraju, uz glatku fluidizaciju pri niskim brzinars@ujanjaplina bez
VWYDUDQMD PMHKXU Lstrijjanjs8 80 LYW RMD ENNJJIDMX VH SRVWLaF
PMHKXULUOL SRtp@iniRahg brkdkDIWVE M HK.XXYLUBMHN WHUD RG
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*UXSD % VH QDJLYD ApHVWLFH SRSXW SMH&pDQLK:3 D
OHULQD pHVWLFD RYH VNXSLQ# REXKY P iU®GRY P Q LIX \D\WM RiHKY R/E
1,4do4 ¢¢m® .RG RYLK pHVWLEBRD OIQG DE WMH QL QOXLGL]DFLMH ¢
SOLQD VH SRMDYOMXMH X REOLNX PMHKXULUD OMHKXULUL
YHOLNH YHOLpPLQH 7LS Ighped sN RakledeMudi@d i RupivpiesakM D O L

10.0

o
=
1

2.04

1.04

0.5

0.2+

rustoca éestica - mustoca fluida, glom3

T T T T T
10 20 50 100 200 500 1000 2000

d_, um

(=

Slika8. *HOGDUWRYD NODVLILNDFLMD pHVWLFD >

ODWHULMDOL VNXSLQH & VX NRKH]JLYQL HRHOMWI.BOR IL
RELPpQR PDQMH j&k& LK MPH DVHANR IOXLGL]JLUDWL MHU VX VL
velike u usporedbi s onima koje nastaju djelovanjem plina. U slojevima malog promjera,
pHVWUKRKBH & ODNR GRYRGH GR VWYDUDQMD ND®Qrbnfgld SULOL|
materijalaskupine CsuEUDaQR A4NURE.WH PLQHUDO WDON

*UXSD pB vakivaFde spoutablé, a materijali su ili vrlo veliki ili vrlo gusti.
yHVWLFH RYH JUXSH MH MDNR WHaNR IOXLGL]JLUDWL MHU Q
UDYQRPMHUQROQWHUR] SUHWRVLEH NUR]J=DUMG]ICAIVNK ARNGROHD\DW E F O
NDNR VH EU]JLQD SRYHuUDYD PRa&aH VH VWYRPRWH POHXKOW
mlazom u pokretAko je raspodijela plina n€@ YQRPMHUGR U IP RBB&RH EoXkljHQ M D L
stvaraneNDQDOD XQXWDU WGARKBY @EVWODLYAHD RORYQL PHWDN L
primjeri materijalagrupeD. [10], [1]]
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25 6X&aHQMH X IOXLGL]J]LUDQRP VORMX

U farmaceutsgj industrij za razliku od drugih industrijavaliteta krajnjeg produkta je
MDNR YDAaQD 8SUDYR ]JERJ WRJD VXALRQLFL NRML VH NRUL
najskuplin i QDMVORAaHQLMLKVXaWBGWMWMRMH UD]OLpLWH L]YHGE
fluidiziranim slojem, ovisno o tvari koja s X4L L R WRPH UDGH OL X 4DUAQRI
QDPLOEX WH R QL]X GUXJLK SURFHVQLK SDUDPHWDUD WO
plina, vrstaplina koji struji LW G 1RYLMH L]JYHGEH VX&GLRQLFL V YL
PHKDQLpPpNLP PWMGHEBRHPIXIMX L VXaHQMH PXOMHYD VXVSFH

Kod manjih proizvodnih kapacitetaRELPpQR RNR GR NJ K WH ]
RVMHWOMLYH PDWHULMDOH NRULVWH V Hpredlifibktd® e ¥ XaLRQI
MHGQRVWDYQRM Nja ®ixindR@©npexatuka Hridkd®, Visida $toja), a proizvod ima
XMHGQDPpHQX NDNYRUX 1HGRVWDFL VX YLaD FLMHQD UDGD
UD]OLNRY DW LPrSiRod DriutarDkerinuiranitv XALRQLND NRQWLQXLUDQR
komoru zaVXdaHQMH SD VH RQL SULPMHQMXMX NROBNYRODRDNLK
proizvodaX RYLP VXaQRMHFERBYH XMHGQDpPHQD ]JERJ PLMHADQM
RVXaHQLK pHVWLFD WH QMLKRYD UD]OLpLWD YUHPHQD ]DGL

.DGD JRYRUL kehRaRs flididitaRi®Q slojem oni se mogu koristiti kao zasebni
VXAaLRQLFL DOL VH pHVWR SULPMHQMRMSISURDBRYV XWyHMM
IOXLGL]LUDQRP VORMX YUOR MH ELWQR RGUHGLWL JUDQL
SURFHVD YX & HHYMDLWVH PRUDMX ELVBEzina dt@jxrjaolind_raoba®ik P VW D
dovoljno velika da fluidizip QDMYHUH PRNUH pHN VEIDF HVRADRAY RUUHIPNHIARD Q F
RGQRAHQMD PDOLK VXKLK pHVWLFD PDWHULMPRIXUIONOLND
LQWHQ]JLYQX L]PMHQX WRSOLQH L YODJH 8 RYLVQRVWL |
WHUPLPpNRJ UHALPD UDGD VXALRQLND L NUHWDQMD SOLQD
PDWHULMDOD 9ULMHPH VXaH QkubdiFoRom H U LR & D HWPHH @ XI R/ X & E
uovLP VXALRQLFLPD G Bo3wlletaRtdhipenatuia RkdilD imalin na ulazu u
VXAaLRQLN NRML XMHGQR SUHGVWDYOMD QRVLWK&MD WRS
se toplina u nekom procesu s fluidiziranimejem dovRGL SXWHP Y urkibkzd, |UDND
gotRYR RGPDK L]QDG tba] GMHRORHIBSG@RP PD Y Br&MiBsloy grP SHUD W
pbHPX MH JERJ YUOR LQWH®WLKIRJ UDMSHRIEINIHACSI0j&Y HP S H U
SUDNWLpPNL3LI[BWHUPQD
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3. EKSPERIMENTALNI DIO

3.1 Svrha

&LOM RYRJ |DYUWL¥QWRIDBDWD WWMHFDM SURFHVQLK SDUL
SUD&A&NDVWRJ PDWHULMDOD X UD]OLpLWLP VXALRQLFLPD
YDNXXP VX&aLRQLNXacyskOvaRMUnF&XBDRQLNX L VXELRQLNX V ¢
VORMHP (NVSHULPHQWDOQL SRGDFL VX DSURNVLPLUDQ
PDWHPDWLpPpNRJ PRGHOD

32 2GUHYLYDQMH VDGUADMD YODJH

3UDANDVWL PDWHULMDO SRWUHEDQ (JiRe ¥ Xa0)@eMH QDW
suspendirana u 10 litakeode, V SRpHWQRP Y UL M8 Be@QkriM BelodBijalaR&a
uz postupno dodavanjel® M otopine HCI kako bi se podesila vigjeost optimalnog pH
otopine 6 +65. 1DNRQ &4WR MH Udbb\weri Lkisli SRsApRIrdD vakuum

filtracijom iz otopine.

Si—O
\
/ZF—O /Zr
1.5Na"0.5H" | @ o} x 2-3H,0
a \, \.
Si Si
/ /
o Zr—O0
\
Si—O

Slika9. Prikaz aktivhog mjesta natrijevog cirkonijevog ciklosilikata u makrostrukturi
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Slika10. Prikaz vezanja kalijevagatrijevogi kalcijevogLRQD X FLNORVLOLNDWQR

SRpHWQD YODJD X]RUND RGUHYHQD MH WHUPRJUDYLPH

vlagomijer, Mettler Toledo HX204 Moisture analyzeBULEOLA&QR J X]JRUND JUL

130 f& SUL pHPX VH uWBRBMLQQIWK)RUXHQ L je tehpdiauid H P
RGU&DYDQD GR NRQVWDQWQH PDVH =D NULWHULM ]JDYU&HC
GROD]L ]DGQMLK VHNXQGL 3HULRG YDJDQMD XQXWDU

slikall.

Slikall. Mettler Toledo HX204 Moisture Analyzer
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Slikal2 UzorcizaanalizuD YODAQL X]JRUDN L E VXKL X]JRUD

33 3RVWXSDN VXaHQMD

BULOLNRP VX&aHQMD SUDEDNDAVXPR Y XRD R/OHUNSKKDAB.S OX W L F |
WRSOLQD SRW Wbkivgsp ] PO WLMBIOMMPMHP XQXWUDEQMLK SRYUA
XQXWDU VXE3LRQLND QDVWUXMDYD L]QDG PDWHULMDOD SU
isparenu viagu6 X8HQMH X RYRP VX4LRQLNX VH RGY&MD@RLSUL W
tlaku od 100PEDU 3ULED BU@RNDVWRJ X HRAMDtaj&/ izBnbiro Kkako
bi se odredioV D G W@gl Materijala. SUDANDVWL PDWHULMDO VHneVXaL GR
PDVH LOL RGUHVHQH YULMHG QR \WANVddnysDGAJ&miéApop@bsiH P D W

uklonjena nevezana vlaga (potpuno suh materijal).
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Slikal4. Rotacijski DN XXP VXaLRQLN

6XaHQMH SUD&GNDVWRJ P DWDHIXIXN DOX0A XR QoRWERSEUW 1 VN B
YDNXXP XYMHWH S PEDU L URWDFLMX WLNYLFH R PL
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QDOD]L PDWHULMDO 3UL MHHSRPDHNAN@L WXGEG QDM RYGOUDHIHH @ H
potpunog uklanjanja nevezane vlage iz materijafARSOLQD SRWU#é#bB@Be D VXaHCQC
YUXUH NofaSzZddgpijsvetikvicu u kojoj se nalazPDWHULMDO WH JERJ VQLAHQ
sustava dolazidopdROMAaDQRJ VXaHQMD X RGQRWMB DHRMDY N X FPLRAM
QD WHPSHUDWXUDPD NXSHOML RG f& L f& 6YDNLK

X]JRUND NDNR EL VH PRIJDR RGUHGLWL VDGUabDM YODJH PD

vlage méerijala bude manji od 3 %.

6XaHQMH SUDANDVWRJ PDWHULMDO Dslka \XduirLNX V I
upuhivanjem toplogG X aXNB QR V X aX &RIQN. NUDH O D W L Y, 3%, sy DiduGaR V W L
VXELRQLND V SURWIRNRIilkonR Gpuhivajg,Puz SRODJDQL UDG PLMH
(30o/min) PDWHULMDO VH SRO®RDOYRIQPXAPLQADRKBMO QD EU]JLQD 10
VH SRODJDQR GLaxX 2VWYDUXMH VH YHUD SRYUALQD L]PMH

se odvija dok se ne ukloni nevezasi@aga iz materijala.

Slikal5. 6 X4LRQLN V IOXLGL]LUDQLP VORMHP

BULOLNRP VXaHQMD X VXALRQLNX V IOXLGL]JLUDQLP \
WHPSHUDWXUD X VX & LaRRENE hsMBzZWHBD QYD YPDD]X L] VXE
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Temperatura i relativnay ODAQRVW VX P MH UeHs@ hz il ediedir NiHetika P

VXEaHMIHQMH X VXALRQLNX V IOXLGL]LUDQLP VORMHP PMI
GXALND X VXaALROQELE® RE& 3UBWRIMND SUL RYLP WHPSHUDW X!
vrijednosti, kao i brzina okretajamM HADKMS HUDWXUD L UHODWLYQD YODaQ
2minute GR SRVWL]DQMD SRWSXQR IOXLGLJLUDQRJ VORMD J
0,5 minuta =DYUaHWNRRQMD VH VPDWUD LIMHGQDpPpDYDQMH YU
GX&aLND QD XOD]X X VX4LRQLN L Ut DIDWHAMLQRH YD AQRVWL X]

3.4 Bliska infracrvena spektroskopija

Bliska infracrvena spektroskopijdNIR, end. Near InfraRe{l zasniva se na
molekularnom YLAHP W R Qo¥ertoRgQi JKOmbiniranim vibracijama. Takvi prijelazi
zabranjeni su selekcijskim pravilima kvantne mehanike. Kao rezultat toga, molekulska
DSVRUSFLMD X EOLVNRP LQIUDFUYHQRP iSkagGtdrxdovenégS UL OL p
JUDpHQMD MH X WRPH a4WR PRAaH SURGLUDWL X XNNRUDN GDO
engl.Mid InfraRed.

%OLVND LQIUDFUYHQD VSHNWURVNRSLMD QLMH RVREL\
u ispitivanju skupog materijala malo ili nimalo pripreme uzorka. Molekularf LAL1T WR Q
NRPELQLUDQH YUSFH YLYHQH X EOLVNRP LQIUDFUYHQRP S|
VORAHQLK Zb&gH dvwgdpdrizkad e WHANR GRGLMHOLWL RGUHYHQF
kemijskim komponentama. MW LYDULMDQWQH WHKQLNH NDOLEUDFLMH
DQDOL]D JODYQLK NRPSRQHQDWD QD NKPIMGNHD & NOHHOK R FRLCH\ON
PHVWR VH NRULVWH |]D RGUHYLYDQMH &HOMHQLK NHPLN
kalibracijskihuzdDND L SULPMHQD PXOWLYDULMDQWQLK WHKQLNLIE
]D PHWRGH LQIUDFUYHQLK DQDOLWLPpNLK PHWRGD

1,5 VSHNWURVNRSLMD REXKY D ¢'Ddo ARG thX’h Mgdie G
SRMDYOMXMX YUSFH YLaLK WR Q Rrigde.ZbddslaeRgsarpce vadeN R P E L C
L VWDNOD PRJXUHktavaHodeQih BtDpinh/ kizordka Hiaklenim tikvicama ili
reaktorima. ®@a WHKQLND VH MPHRGIHW 5 U]IDP IR G U H YILLY DIQNVLHK  WIY\RW B WI
farmaceutskih pastiléijekom procesa proizvo@ MH WH NODVLILNDFLMX X]RUDI
djelatne tvari[13]
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SUDANDNRUWPLPD VX VQLPOMHQL VSHNWUL EOLVNRJ
VSHNWURPHW UBtukeJ(Blikd YRR PO hQWHJIJUDFLMV N Rodl 1200BlddL. X SRG
4000cm?, rezolucijom oddcm® 6YDNL X]JRUDN VQLPOMHQ MH SXWD W
XS UR 'V Kbkdoli €@ eliminirala nehomogenost uzorka, snimanje uzoraka ponovljeno je tri
SXWD X] SURWUHVDQMH X]BUNHDUHQRHYX YQDPDQX]RUND
termogravimetjskom metodom &ja je detaljno opisana ranije.

Slikale. BUHYyDM ]D VQLPDQMH VSHNWUD %UXNHU

35 2GUHYyLYDQMH JUDQXORPHWULMVNLK VYRMVWDYD N

5DVSRGMHOD YHOLpLQD pHVWLFD RGUHYH@DHWMBIMRHW
Mastersizer 2000, Malvern Instrumentsoja se z& QLY D QD dal& hatdi@akéije
REUQXWR SURSRUFLRQ@IBOIDR 2GHGIYh YQIQ dHVYWHE HpdiaH pHV W
Mieovoj teoriji koja IMHABMWYB QDGAEH PHYXGMH O R¥dn@ ptézizpdd YAV LFD L
razliku od starijihinstrumenata koji su prad HQMLYDOL SRYU&ALQX SURMHNFLM
RGUHYRRMPHQ pHVWLFD X aLURNRZOU DY, BakRoQ@XA s& voldrhrgal Q D
raspodjela dobiva direktno. Kada vodena suspendfdRyH NUR] ODVHUdONX JUDN
GLIUDNFLMH VD VYLK SULVXWQLK pHVWLFDYHORpU® DX PMADNW
(ekvivalentni volumni promjer, 4,3 i Sauterov promjer, [3,2), UDVSRGMHOD YHOLpPLC
L QMLKRYD VSHFLILpQD SRYUALQD
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Slikal7 ,QVWUXPHQW ]D RGUHYLYDQ WaslgBixeER@MEICH YHOLpPL
Instruments

Uvid u morfologiju LVSLWLYDQLK X]JRUDND RPRJXUXMH VNHQLU!
(Jeol JSM 5800, slika 18. 8UHYWMDUD VOLNH VNHQLUDQMHP X]RUN
snopa HOHNWURQD (OHNWURQL UHDJLUDMX VD DWRPLPD X
detektirati ikoji GDMH SRGDWNH R SRYUZ&LQV N RRIIRYR BiRdUdI LML X]1

opremljen jediniconza elementarnu analizu (EDS)

Slikal8 3UHWUDAaQL HOHNWURGQGSRAL PLNURVNRS -HRC(
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Za konvencionalnenimanje SRP R U X-a& (l@orci mdJDMX ELWL HOHNWULPpN
X]JHPOMHQL NDNR EL VH VSULMHpPLOR DNXPXOLUDQMH HOH
skeniranja snopom elektrona. Stoga, nevodljivi uzorci se prije skeniranja moraju napariti vrlo
WDQNLP VORMHP QHNRJ HOHNWULpPNL Y RG® kbtisti RlatoP DWH U L

osmij, platina i iridij.
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4. REZULTATI

41 6XAaHR}MWHNXXP VXAaLRQLNX V SOLWLFDPD
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Slikal9. SWMHFDM SRpHWQRJ VDGUADMD YO akduRDX\EHBIOM N & D
s pliticama(T= f&
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Slika20. SWMHFDM SRpHWQRJ VDGU&DMD YODJH PDWHULN
a)(-dX/dt)=f(t); b)(-dX/dt)=f(X)
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Slika21. Aproksimacija eksperimentalnih podataka Lewisovim i Pageovim modelom
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Tablica 3 Procijenjenerrijednosti parametara Lewisovog i Pageovog modela

Lewisov model Pageov model
%o k/kg K R’ k n R
0,3198 0,0727 0,9239 0,0035 2,109 0,9878
0,3759 0,0587 0,9630 0,0173 1,431 0,9774

4.2 6XaHQdadijskom YDNXXP VXALRQLNX

1,00 o
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Slika22 8BWMHFDM WHPSHUDW X WothcqBpnINYLONDIAKIPN WX REDQ M R X
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Slika23, SWMHFDM WHPSHUDWXUH QD EUJLQX VX&H
a) (dX/dt)=f(t); b) dX/dt)=F(X)
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0 50 100 150 200
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Slika24. Aproksimacija eksperimentalnih podatakanisovim i Pageovim modelom
(T=30 f &

0,40
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0,35 —Lewis

Page

0 50 100 150 200
t, min

Slika25. Aproksimacija eksperimentalnih podataka Lewisovim i Pageovim modelom
(T=60 f &
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Tablica4. Procijenjene vrijednosti parametara Lewisov&@geovog modela

Xo, Lewisov model Pageov model
T4 kg/kg K R? k n R°
30 0,3252 0,0159 0,9872 0,0074 1,175 0,9933
60 0,3550 0,0778 0,9635 0,0093 1,793 0,9997

43 6XaHQMH X IOXLGL]JLUDQRP VORMX
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“’ 060 C
[ )
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5 ® oo 30 £
3
> 5 ¢
z
X \
>—
S ®
o
? :
0 20 40 60 80 100 120
t, min

Slika26. B WMHFDM WHPSHUDWXUH QD SURPMHQX DSVROXWQH
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Slika28. Utjecaj temperature ndNLQHWLNX VXaHQMD X VXAaLRQLNX V IC
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Slika29. Aproksimacija eksperimentalnih podatdkawisovim i Pageovim modelom
(T=30 f &
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o Xexp

0.05 X=- t+ 0.338?0\‘
58 ¢

0 10 20 30 40 50 60 70 80
t, min

Slika30. Aproksimacija eksperimentalnih podatadkewisovim Pageovim modelom
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Slika31. Aproksimacija eksperimentalnih podatdkewisovim i Pageovim modelom
(T=60 f &

35



Tablica 5 Procijenjene vrijednosti parametara Lewisovog i Pageovog modela

T fa Xo, Lewisov model Pageov model
kg/kg K R? k n R°
30 0,3396 0,0257 0,9474 0,0027 1,606 0,9747
45 0,3383 0,0250 0,9265 0,0031 1,564 0,9825
60 0,3333 0,0289 0,9296 0,0035 1,609 0,9872

44 8VSRUHGED SURYHGHQLK PHWRGD VXaHQMD
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Slika32 8VSRUHGED NLQHWLNH VX4HQMD X YDNXXP VX&4LRQLN
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4.5 Spektri bliskog LQIUDFUYHQRJ JUDPpHQMD

Slika35. Neprocesirani spektri

Slika36. 6SHNWUL SURFHVLUDQL QRUPDOL]DFLMRP SRPRI
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4.6 Granulometrijska svojstva kristala

Slika37. 6 (0 PLNURJUDILMH SROD]JQLK NULVWDOD XYHUDC
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Slika38. 6 (0 PLNURJUDILMH NULVWDOD QDNRQ VXaHQMD X YDNX
I 5000 puta
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Slika39. 6 (0 PLNURJUDILMH NULVWDOD QDNRQ VXaHQMD X URW|
I 5000 puta
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Slika40. 6(0 PLNURJUDILMH NULVWDOD QDNRQ VXaHQMD X VXaL
1000 i 5000 puta
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311

polazniuzorak Y DN X X P V Xrétacijski vakuum VXAaLRQL
pliticama VXaLRQL fluidiziranim
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o O O O

Slika4l. 8B WMHFDM PHWRGH VXEHQUDPWALPQH YHOLPLQH N

Tablica6.8 WMHFDM PHWRGH VXaHQMD QD aLuLQX UDVSRGM

Uzorak aLuULQD UD\
SULMH V) 6,0

ODNXXP VXaLRQL 8,9
IDNRQ VX S5RWDFLMVNL YD) 10,0

6XAaLRQLN V IOXLA 16,8

ALULQDjed DMBIRKXQDWD MH NRULAWHQMHP VOMHGHUHJ L]JUD]!

(5)
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5. RASPRAVA

UovomUDGX LVWUDAHQ MH XWMHFDM WHPSHUDWXUH QD [
WUL UD]JOLPpLWD VXAaLRQLND YDNXXP VXaIRRQINL DI OK IS®LL]\W
sloem. 7LMHNRP VXaHQMD SUD i & @ DnjevhH suNdoQakl VhrokEimigak R F H V
RGDEUDQLP PDWHPDWLpPpNLP PRGHOLPD

51 O9DNXXP VXAaLRQLN V SOLWLFDPD

UvakuumV X & L BQlititakaLVWUDAHQ MH XWMHFDM SRpHWQRJ V
V X a HiQaMslki 19 prikazana je Y RPMHQD EH]GLPHQ]LMVNRJ VDGUADM
VUHPHQRP 6 SRUDVWRP SRpHWQRJ VDGUAaDMD YODJH X]RL
RpHNLYDQR REUDMRFA /M IMN]JR SRPHWQLP VDGUaDMHP YODJH

potrebno ukloniti.

Na slici20 SULND]DQH VX NULYXOMH EU]JLQH VXaHQMD RC
YUHPHQX L VDGU&ADMX YODJH PDWHULMDOD 2YGMH PRAHF
osWYDUHQD NDGD MH SRpHWQL VDGUADM YODJH PDWHUL
RpHNLYDQRJ 1DLPH SUL MHGQDNLP XYMHWLPD VXaHQMD
PHGLMD EU]JLQD VWUXMDQMD L MHGQDND PDVD &laXKRJ PCLC
LIORAHQD VXKRP PHGLMX PDNVLPDOQD EU]JLQD VX&HQMD
SRpPHWQRP VDGUaDMX YODJH DOL EL YULMHPH WUDMDQMD

3UL YHURM EU]JLQL VXdHQMD NULWLPpQU3VERykY aprM YODJ}
PDQMRM EU]JLQL NJ NJ 2YL SRGDFL QDP WDNRYHU XSX
OMHURMDWQR MH GR SRJUHANH GRAOR JERJ QHDGHNYDWQF
definiranim vremenskim intervalima uziman je dio uzorkat¥ W H RGUHYLYDR VDGUa
, VWRYUHPHQR MH FLMHOL X]J]RUDN YDYHQ L] VXAaLRQLND L Y
VWDQMD X VXAaLRQLNX NDR L GR SURPLMHQH PDVH VXKRJ P

3UL YHUHP SRpHWQRP VDGUAaDMX YODJH PD&WKULMDOL
10,90g na 7,39 g, odnosno za 32, D SUL PDQMHP SRpHWQRP VDGUADM>
10,95 g na 7,69 g, donosno za 2969
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(NVSHULPHQWDOQL SRGDFL SURPLMHQH VDGUADMD Y
Lewisovim i Pageovim m&/ H P D W L p N L INaPsRcG2H QdbReD3. prikazani su dobiveni
UH]XOWDWL L] NRMLK VH PRaH |]DNOMXpLWL GD 3DJHRY PF
QHXMHGQDpPHQLK XYMHWD VXaHQMD QLMH PRJXUH L]JYHVWL

Pageovog modela.

5.2 Rotacijski YDNXXP VXaAaLRQLN

UURWDFLMVNRP YDNXXP VX4LRQLN VXaHQMH& igH SURYH
SULND]XMX XWMHFDM WHPSHUDWXUH QD NLQHWLNX VX&HQ
15 J f& RGQRVQR f& =ERJ UD]JOLNH X SRpHWQRP VDGU
SULND]DQD MH RYLVQR Vaja HEagd Gatétildle ddriveNtR ] VD G U &

3UL YLARM WHPSHUDWXUL EUJLQD VX4HQMD MH YHUD L
SRNUHWDpPND VL Qd@saltarid tbRlifed Pri SGI&MIHULRGL NRQVWDQWQF
EUJLQH VXaHQMD J]QDWQR VX GXOML .ULWLpQL VDGUADM Y
SUL f& RGQRVOQR f& 9HUL NULWLpQL VDGU&DM YODJH
PRAWH REMDVQLWL PDQMLP EU]JLQDPD VX3HQMD RGQRYV
NRHILFLMHQWD SUL QL&RM WHPSHUDWXUL

8YMHWL NRQVWDQWQH EUJLQH VXaHQMH J]DGRYROMHQ
SRWSXQRVWL SUHNULYHQD WDQNLP VORMHID YYD HV BIRWH
PDWHULMDOD D LVWRYUHPHQR VH RGYLMD SULMHQRY YOD.
SRYUaALQL 'RNOH JRG MH EU]JLQD SULMHQRVD YODJH L] XC
dovoljno velika da se osigura neprekinutilo YODJH QD SRYUALQL ELWL UH ]C
NRQVWDQWQX EU]JLQX VXaHQMD

'DNOH SUL YHURM WHPSHUDWXUL YHUD MH EU]JLQD SULI
VORM pHVWLFD WH U0H JERJ WRJD SHULRG SDGDM¥UH EU]L
VDGUADMX YODJH OHYXWLP L WLMHNRP RYLK PMHUHQMD
X]RUFL ]D RGUHYLYDQMH VDGUADMD YODJH PDWHULMDOD \
uspjeli prikupiti adekvatni mjerni podaci.
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Slike 24. i 25. te tablica 4. pkazuju rezultate vezane za primjenjivost odabranih
PDWHPDWLpPpNLK PRGHOD WD RSLV NLQHWLNH VXaHQMD 3
NRQVWDQWH VXaHQMD . L SDUDPHWUD 3DJHRYRJ PRGHOD
LQDpH QLMH SRHP S(WWNDWPOUWMHPWWNR GD VH UD]JOLpLWH Y
QHXMHGQDpPpHQLP XYMHWLPD VXaHQMD

.DR L X SUHWKRGQRM PHWRGL VX3HQMD PDVD PDWHL
VXEHQMD ]J]ERJ X]JLPDQMD X]RUDND NRML VH RGWHYLYDSR VD
NDGD MH VX4HQMH WUDMDOR PLQXWD @u2orkalkbjiMeX X WL N
VDGU&DYDRODJH 3RPpHWQD PDVD PDWHULM BDI@®biREML MH
14,95g.

'DNOH REMH PHWRGH VXaHQMD QLNWLSHLNAXBBQMDI]O
QHPRJXUQRVWL PMHUHQMD PDVH YODaQRJ PDWHULMDOD L
uzorkovanD L EH] SUHNLGD UDGD VXaLRQLND

53 6XALRQLN V IOXLGL]J]LUDQLP VORMHP

8 VXAaLRQLNX V IOXLGL]LUDQLP VORMHP LVWUDAHQ MH
-HGQD RG SUHGQRVWL RYH PHWRGH MH X WRPH aWR MH
VXaHQMD PMHUHQMHP WHPSHUDWXUH L UHOzDMzlaxuQzH YODAQC
VXAaLRQLND 1D WHPHOMX PMHUQLK SRGDWDND L] SVLKURF
YODAQRVW GX&ALND D GRELYHQL6 SBRB®DH LVIS ULRDWQ LGDXVQS
WHPSHUDWXUH UDVWH L EU]JLQD VX&aHQMD

.DNR MH DSVRQWWIXELYNTID ®@RL]OD]X VWDOQD WLMHNRP
VX4HQMD PRAH VH |[DNOMXpLWL GD MH NLQHWLND VX&HQM
9ULMHPH WUDMDQMD SHULRGD NRQVWDQWQH EU]JLQH VX4
Postojanje samoSHULRGD NRQVWDQWQH EUJLQH VXaHQMD PRAF
IOXLGL]LUDQRP VORMX pHVWLFH SRMHGLQDpPQR VX&dH 8]RU
SULVXWQD VDPR QD SRYUALQL NULVWDOD

1D WHPHOMX SRGDWDND R DSVROXWGRHL N DJQRNVX\QAD
VDGUabM YODJH PDWHULMDOD D NLQHWLpRHB8/X NULYXOMH
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_.ULYXOMH EH]GLPHQ]JLMVNRJ VDGU&DMD YODJH PDWHULMD(
SUHNODSDMX D QDMYHUD UDJORMNMWRAHK RPDFBXMHG QFEHGL
VDGUADM YODJH GX&LND NRML VH NRULVWLR ]D VX4aHQMH
VDGUADMHDUD]OLPLWD RVWDWQD RWDSDOD

8VSRUHyYyXMXuL NULYXOMH EH]J]GLPHQ]JLMVNH DSVROXWAQ
YODJH PDWHULMDOD PR&H VH XRpLWL NDNR MH VXdHQMH P
PDWHULMDO SRVWLJDR UDYQRWHAQL VDGUADM YODJH GX3
nastavila uklanjati vlaga do postizanja r&W HaH X G D QW RaAXONWHDW L P D

.ULYXOMH VXaHQMD SRND]XMX VDPR SRVWDQMH SHULI
UD]JORJ YHiHJ RGVWXSDQMD HNVSHULPHQWDOQLK L UDpXQ
slikama ®.do31 2E]JLURP GD MH QD SRpHWN X oSijéljes hhlrivdfeMHQ X]R L
SRpHWQL VDGUADM YODJ e jdiBaW/-suin kkBperbneBtini. MH SULEOLA&Q

3DJHRY PRGHO EROMH RSLVXMH NLQHWLNX VXaHQMD

parametra k, dok na parametar n temperatura nema utjecaj.

54 UsporedbD PHWRGD VXaHQMD

8VSRUHGED NLQHWLPNLK NULYXOMDB2VXaHQ@MUD SU&ND]D
URWDFLMVNRP YDNXXP VXaLRQLNX VX&dHQMH MH WUDMDOR
VORMHP ,DNR VH X URWDFLMVNRPRYBPNWXKED V HHM/QLAK XH F
VORMX SD MH YOD]L SRWUHEQR GD GLIXQGLUD GR YDQMVNF

=ERJ XQXWUDaQMHJ SULMHQRVD YODJH QD NULYXOML
EUJLQH L SHULRG SDGDMXUH BUMRGHVXGHQMBEDDNR MHA&YV
ELOR ]QDWQR EUAH X VXALRQLNX V IOXLGL]LUDQLP VORMHP
]QDWQR YHUL RG YDQMVNRJ RWSRUD 3UL f& VXaHQMH X |

8 YDNXXP VXEGaLRQLWXXANQMH WHFPPRYRGLOR SUL WODNX
WODND YRGD YULMH QD f& .DNR MH WHPSHUDWXUD X R
YRGH PRaAH VH SUHWSRVWDYLWL GD GR LVSDUDYDQMD Y
URWLUDMYHNIWINVBOIRMIDNR GCDY RIDYID WIRNDBSDUD NDSOMH
brznukrHWDQMD YODJH NUR] VORM pHVWLFD
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6 GUXJH VWUDQH X VXALRQLNX V IOXLGL]JLUDQLP VORM
WHPSHUDWXUL QLARM RG YU HikulsdwdirahRnGldien2bila je zwaRd D X V X
YHUD PDVD YODGRRIHBEBWHGYMIDDNXXP VXAaLRQLND

AWR MH YHUD PDVD YODAaQRJ PDWHULMDOD X] SULEC
PDWHULMDOD VXaQL PHGLM PRUD QD VHEH B WPHGEMM [DWLX >
YODJRP L VPDQMXMH VH SRNUHWDpPND VLOD ]D SURFHV SUL
GROD]L GR KODYHQMD PHGLMD bpLPH Vdilu @radedsd ieqoRa X W M H |
topline.

Na slici % SULND]DQD MH NDXOM D HAXANWDIVE DDNGDQL PDV
XNROLNR VH PMHUQL SRGDFL SULND&X NDR wBYLVQRVW
EH]JGLPHQ]LMVNRP VDGUADMX YODJH PDWHULMDOD QHRYLV
nalaziti na jednoj krivulji. Rasipanje podiND SRVOMHGLFD MH YHUO VSRPH!
PHWRGH SULNXSOMDQMD SRGDWDND X YDNXXP VXaAaLRQLFLP
PHGLMD X VXALRQLNX V IOXLGL]LUDQLP VORMHP

55 6SHNWUL EOLVNRJ LQIUDFUYHQRJ JUDpPpHQMD

Sirovi spektri podvrgnuti su kemométtM VNRM REUDGL SUL pHPX VH QRL
standardnog vektor&{V, end. Standard Normalization Vectppokazala kao najefikasnija
PHWRGD REUDGH VSHNWDUD =D L]JUDGX SUHGLNFLMVNH Pl
7695d04198 cn. Kako PROHNXOD X pYUVWRP VWDRQWLY WD G Q&L UYHRAGH
apsorbirana vodaXx SRGUXpM X R ptiRada ezanBjvlaz X NULVWDOQRM UHAH
PLMHQMD GRN SYRGHXPMEQIMWRQ D dnidddip Epbk@rd uSusnosti o
apsabiranoj vlazi prisutnoj u uzorku. Sama molekula ne posjeduje NIR spektge Glave
vrpce uzeteis X RE]JLU SUL LJ]UDGL SUHGLNWLYQRJ PRGHOD NDN
XSRULAWH X SRGUXpMX RNR FP

Kvaliteta snimljenih spektara priggnenaMH NRUL&AWHQMHP DQDOL]JH JOI
(PCA, end. Principal Component Analysis NRULVWHuUL VRIWZDUH 2386 L
6SHNWUL pLML MH IDNWRU RGVWXSDQMD LJ]QRVLR YLAa&H

=D L]JUDGX PRGHOD NRUL&AWHQD/MIH QWU \D® B HPIRO L BEN\X
GD MH PRGHO SULKYDWOMLY ]D LVWUDALYDpNH VYUKH RE]
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GREUR RSLVDQR ORGHO QDMYL&H R&EVWABRMR X 5 PREMpPpIMXL 3
QHKRPRJHQRVWL X]RUND ¥XWARMD S\WOANRX MWXYYCDMALRR L L]
SRGUXpMH GRAaLYOMDYD EUJH YUHPHQVNH SURPMHQH

Slika42. Odstupanje eksperimentalno dobivenijednostiod YULMHGQRVWL SUHGYL
modelom

Analiza glavnih komponenata jest klasifikacijska (grupacijska) metoda kojom se u
NRQDpPpQLFL VPDQMXMH GLPHQ]LRQDOQRYV Wa gtrxfiviézhitst® SR P D N
ovisnostiNIR spektarau prve dvije glavne komponenfslika 43.) SUL pHP XspdidtarVY D N L
RSLVDQ SRORFIAGMHPYLBEOMLYR MH GD SRVWRML UDVSUAHQN
VXVWDYD aWwWR RGJRYDUD XOD]QLP VSHNWULPD X]RUDND
UDVSUAHQMD NRMNWRGELIFY XUPWDNNDEVW/IH QW DRGRRWOQR7Rp N
nalaze izvan elipsoide predstavljaju spektre koji nisu opisani potpuno s prve dvije glavne
komponente. Takve spektre nazivamolengtlier-ima. Uzrok njihovog ne pripadanja grupi
PRAHPR QDUL X HNVSHULPHDRVDWOSHRAMWY BRDUHGEISROQUIRBDFL W I
VDGUADMD YOQDDN PHVUHMHMIRABUH GD MH ULMHpPp R X]JRUFLPI
VX SULPMHULFH UXEQL X]J]RUFL V YUOR YLVRNLP LOL QLVNLI

posljedica neih drugih fizikalnih svojstava.

7THPHOMHP JRUH QDYHGHQLK VD]QDQMD L pLQMHQLFH C
VSHNWUL NRML VX YDQ HOLSVRLGH XNOMXpXMXuL L pLQMH
GR]YROMHQRJ OLPLWD KBQWDO@IEHQSE RIX) HANNCSMHL L P
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Slika43. Prikaz rezultata snimljenih NIR spektara u ovisnosti prve dvije glavhe komponente

'D VX GYLMH JODYQH NRPSRQHQWH GRYROMQH ]D RS
spektrima, te da model nije potrebg@dii XSRUDERP YLdH NRPSRQHQDWD XN
ovisnosti varijance o broju glavnih komponengitka 44.) SUL pHPX MH YLGOMLYR C
varijabilnost u snimljenim spektrima uzoraka opisana prvom glavnhom komponentom te druga
L WUHUD NRPEGRWH QWD REMIihash Msii@lienmBhekthiia E

8SRWULMHEL OL VH YHUL EURM NRPSRQHQDWD ]D LJUD
ELWL SUHFL]QLML PRGHO 8 WDNYLP VOXpDMHYLBWr UDGL V
fitting) kkmomeW ULMVNRJ PRGHOD dAWR UH]XOWLUD QHUREXVQLP
RYRP VOXpDMX L]DEUDQH SUYH GYLMH NRPSRQHQWH ]D
SUHGLNWLYQH PHWRGH XSRUTIPESRP end.MRA@aR PdaptQSduateH JU H V L

Regression

Uspoedi li se distribucija ostatka pojedinog spekfséka 45.) QDNRQ L]X]HUD SU
dviMH JODYQH NRP SR Q& dididi pBdndij@imi spaktrMuXoraka sa snimljenom
SRIJUHANRP 6 SHN Wastatakd QeBg3-résid@alsM KM PUYRP L WUWUtHUHP NY |
odgovaraju spektrima koji se nalaze izvan elipsoide prikazane ovignpste dvije glavne

komponentéslika 43.).
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Slika44 3ULND] RYLVQRVWL REMD&AQMHQH YDULMDQFH PRG

7D N R ypdstoje i spektri koji su dobro opisani prvim dvjema glavnim
NRPSRQHQWDPD DOL VDGUAH YLVRNHuAR/W DB ixpadiR EM D & (
modelate je njihov utjecaj dodatno @matran prilikom izrade modela.

Slikag5 8WMHFDM RVWDWND SRMHGLQRJ VSHNWUD QHREMDAaC
snimljenih spektara
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5.6 Granulometrijska svojstva kristala

Na slikama37. £40. prikazane su SEM mikrografije polaznih kristala te kristala
nakonVX3dHQMD X RGDEUDQLP VX3AaLRQLFLPD ORaH VH XRpLWL
NXELPpQRM VWUXNWXUL WH GD MH VNORQD VWYDU®QMX DJ
QDNXSLQH NULVWDOD VDVWRMH VH YHOLONHRRERMBMIOCGBRMHG

6X3HQMHP PLUXMXUHJ VORMD NULVWDOD X YDNXXP V
]ODpDMQH SURPMHQH PRUIRORJLMH NULVWDOD OHyXWLP X
V IOXLGL]LUDQLP VORMHP GROD]L ,®iR roim ML SiDOD |E|
GXELND 2VLP WRJD NULVWDOL YL&H QIUWKL RG\M U IBIQYE P \GRYL
PLMHADQMHP QLMH GRAOR GR ]QDpDMQLMHJ UD]JELMDQMD
XRpLWL L SRMHGLQDpQL NULVWDOL

Naslici4l. SULND]DQ MH XWMHFDM PHWRGH VX&H@MD QD NI
tablici 6. ALULQD UDVSRGMHORA&AMHOH [DOD MWKVMNIEGD VXEAHQMH
XWMHpPH QD UDVSRGMPO®K WHHIBLMLL @ préma LivifihDrekBijama
XND]XMH QD XVLWQMDYDQMH NULVWDOD D&WrRa Mstald DVQR |
RVXEHQLK X YDNXXP VX3LRQLNX V SOLWLEDPD YMHURMDWC

SOLWLFH 6 GUXJH VWUWE Qemds Rribldljinn fMaktaung LuRdje na
okrupnjavanije kristala.

8 YDNXXP VX4LRQLNX V SOLWLFDPD X NRMHP VX NULVW
WLMHNRP VX3HQMD GR&AOR GR IRUPLUDQMD YH]H L]JPHyX NU
rotacijskom vaN X XP VXALRQLNX NULVWD O L n¥ HvijpE Bodtof) RowdktF L M H P
LJPHyX VXVMHGQLK NULVWDOD 8 VUHGLAQMRM PDVL NUL)
formiranjavezH L]PHyX SRVWRMHULK DJORPHUDWD

IDMYHUL SR Ug\VKWR PHHD MHYDIFO®D NMRWVIXMEHQLK X VXALRQLNX
VORMHP 1DLPH WLMHNRP VXaHQMD GRN MH VDGUAaDM YOD
slou 'R IOXLGL]DFLMH VLWQLK pHVWLFD GR@aDspLkrigtdHN QD NF
dovoljno vremena u kontaktGD VH VWYRUL YH]D a4WR RQGD UH]XOW
YHOLpLQD SUHPD JUXEOMLP IUDNFLMDPD A4LULQD UDVSR

VOMHGH(UHP QL]X SROD]QL XJRUDN YDNXXP VX3LRQLN V S
SXE3LRQLN VihGHenGL]LUDQ

52



6. =$./-8y8$.

Cilj ovog rada biojeLVWUDAaLWL XWMHFDM YUVWH VXaAaLRQLND L
V X & H@pnvateritskog proizvodaodnosno natrgYH VROL FLUNRQLMD 6XaHQMH
YDNXXP VXAaLRQLNX V SOLWLRD®PILRQRMNX FALNM WNFRAR RYCDOLNNXX B

slojem.

1D WHPHOMX GRELY KD OMMNOQWD WD PREU]JLQD VXEHQ
WHPSHUDWXUH D QD E QD RXQ V03 HEIRW B WO Bk Bide rijala

Pri niskim WHPSHUDWXUDIPPODYMEBHBWIDQ @ V XeaVHEEdDu RVW Y D L
fluidiziranom sloju zbog bolje izmjene topling tvari LIPHYyX PDWHULMDOD L VXa
SUHGQRVW RGDELUD VXAaLRQLND V IOXLGL]JLUDQLP VORMHP
bezSUHNLGD SUREBEWWRDMIXERBW LY YDNXXP VXAaLRQLFLPD

Pageov i Lewisov model mogu se Koristiti za aproksimaciju eksperimentalnih
podatakaProcijenjene vrijednosti parametara Pageovog i Lewisovog modela rastu s porastom

temperature

SpektromeVULMVND PHWRGD RGUHYLYDQMD VDGUADMD Y (
pokazala se kao prihvatljivametoda, GREUR M H aliL $lavd NCRAVHLGERV HQ . O¢alL Q G X VW
metodazahtjevaeksperimentalndR G Wathje kemometrijskog modelaNedostatak metode je
aWoRiss o homogenosti uzorkaSpektrometrijske metode, osim nukiee magnetske
rezonancije (NMR, engNuclear Magnetic Resonance VX VHNXQGDUQH PHWRGH ¢
VPLVOX |[DKWLMHYDMX SULGUXALYDQMH YULMHGQRVWL RG!
(GC, NXOXPHWULMVNR R G WhinmliekiD Qpdkttimad dvatd raduGutio viage
RGUHYLYDQ MH SRPRUX JXELWND PDVH X]J]RUND
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7. POPIS SIMBOLA

Simboli:

A+SRYUaiQD P

d fpromjer, m

dX/dt +tEU]LQD VXEgEOMD NJ

Der +efektivni difuzijski koeficijent, nf s*

k, K tparametar Page i Lewis modela,

k+tNRQVWDQWD VXAHQMD

m tmasa, kg

n tparametar Page modela,

p ttlak, Pa

p. +parcijalni tlak vodene pare u smjesi sa zrakom, Pa
pytUDYQRWH&QL WODN SDUD 3D

R tbezdimenzijska brzinat

S+taLuLQbD UBVSRGMHOH

t tvrijeme, s

TtWHPSHUDWXUD f&

TsttWHPSHUDWXUD VXKRJ WHUPRPHWUD f&
Tur t WHPSHUDWXUD PRNURJ WHUPRPHWUD f&

v tbrzina strujanja zraka, m's
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V +volumen, niv
XtYHOLpLQR pHVWLFH
X+VDGUADM YODJ\H(gB{bWHULMDOD NJ

Y+tDSVROXWQD YODAQRVW JUDND NJ NJ

*UpND VORYD
Otporoznost,+

+GLQDPLpPND YLVNR]JQRVW 3D V
l+JXVWRUHD NI P

3+tUHODWLYQD ¥OD&AQRVW UDND

%*+QRUPLUDQL VBPGUADM YODJH

Indeksi:

0+tSRpHWQR

az radijagbatV NR ]DVLUHQMH
eff tefektivni
etUDYQRWHAQR

kr +tNULWLPQR

mf +pri uvjetima minimalne fluidizacije
min minimalno

r+URVLawWH

sm xsuhi materijal

vm+YODaQL PDWHULMDO
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