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BUBYEHHS KIHETUKH YTBOPEHHS I'PAHYJI
OEOJITY MIPUPOJHOI'O ITPHU PI3HUX
CIIOCOBAX IT'PAHYJIIOBAHHS
Pub6auyk B.J1.

Hanionansuuii papmaneBTHYHMIT YHIBEpCUTET, M.
Xapkis, v.d.rybachuk@gmail.com

Hiroui Ta  OONOMDKHI  PEYOBHHH, IO
BUKOPUCTOBYIOTBCSA TIpM BHPOOHHIITBI TIpemapartiB B
dbopMi TabNeTOK, B OUIBIIOCTI BHIAJAKIB, BOJIOIIIOTH
MOTaHUMHU TEXHOJIOTTYHUMU BJIACTUBOCTAMU. [lanHuit pakr
y OuIbIIOCTI BUMAIKIB OOYMOBIIOE  HEOOXIIHICTH
3IiIICHEHHS TTONEPEAHBOT0 TPAHYIIIOBaHHI Macu repen ii
TabneryBaHHsAM. Ha cboroiHimHii JeHb icHye Oararto
pI3HHX CHOCOOIB TpaHyTIOBaHHS, SKi MOIUISIOTHECS Ha
JeKibKa TPYI: Cyxe, BOJOre Ta CTIPYKTypHE. Y
TpaHyJATOpax PI3HOMAHITHUX PO3MIpIB i KOHCTPYKIIiH,
IO TIPALIOIOTH 33 PI3HUMH PEKUMAMH, 3IIHCHIOIOTHCS
MPOLIECH YTBOPEHHS, 3POCTAaHHS 1 YIIUIBHEHHS YacTOK
Marepiaiy, siKi IPU3BOJATE 10 OTPUMAHHS TpaHyJ pi3HOI
¢dopmu Ta po3mipy. Ha reomerpuuni mnapamerpu
OTPUMAaHUX I'paHyJl BIUIMBAIOTh SIK BIACTUBOCTI BUXIJHUX
pEUOBMH, IO  TPaHYIIOIOTBCSI, Tak 1  cHocid
TPaHyJIIOBaHHS, TPUBANICTh IIPOICCIB 3MIlIyBaHHS Ta
00poOKM TpaHyll B TpaHYJIATOpi, BUI Ta KIJIBbKICTh
JIOZIaHOTO 3BOJIOKYyBaya Tomro [1, 3-5].

3 [maHWX JHiTepaTypd  BiIOMO, IO  TIPH
TpaHyJIIOBaHHI HaH4acTillle OTPUMYIOTh TPaHYIH JABOX
dopMm: i3omiamerpmuHOi Ta aHi3omiameTpwuHoi. [lo
nepmoi rpynu (GopM UYACTOK HalIeXaThb SK YacTKH
MPaBIIBHOI ITaponoAiOHOT popMH 3 IIIaIKOI0 OBEPXHEIO
TaK 1 9aCTKU 1HIIOT (POPMH, V SIKUX JOBXKHMHA, TOBIIMHA Ta
BUCOTa NPUOJIM3HO OJIHAKOBi. BoHM, sK TpaBHIIO
BUTOTOBIISIFOTHCSI TPAHYJIIOBAHHIM Y TCEBIO3DPiPKEHOMY
1api, po3NUIIOBaJIbHUM BHCYIIYBaHHSIM, MeJIeTalli3alliero
Ta OOKaTyBaHHSM Y ApPaXyBalbHHX KOTJIaX. | paHynu
aHizomiameTpuyHoi GOpMH, B SIKHX JOBXKHHA y JIEKUIbKa
pa3iB IepeBHIIy€ TOBIIMHY Ta BHCOTY, OTPUMYIOThH
HaiiuacTile MeToIaMu eKCTPy3il Ta KoMIakTyBaHHd [3].

@dopma Ta po3Mmip TpaHyd, 3 TEXHOJOTIYHOI
TOYKH 30pY, BHUCTYIAIOTh KIIIOYOBMMH (HaKTOpaMH IO
00YMOBIIIOIOTh, KPIM OpPraHOJENTHYHUX XapaKTePHUCTHK
MPOAYKTY, WOTO  TEXHOJOTIYHI BIIACTHBOCTI TaKi SK
(dpakmiiiHuii  ckimaa, HACHOHMKA — 00°e€M, 3IaTHICTh
MaTepiany 0 YCaaKu, MOPUCTICTh, INTMHHICTh, MEXaHIUHY
MIIHICTh TOMIO. [IpaBHIBLHO OOpaHUil ISl KOHKPETHHX
YMOB CIOCIO TpaHyJIIOBaHHS 3a0e3ledye OTPUMAaHHS
TOTOBOTO TMPOIYKTY 13 3aJaHUMH TEXHOJOTIYHUMU
MOKa3HUKAMH B 3aJIEXKHOCTI Bi moTpe6 BupoGHuUIITEA [7].

3 ornaay Ha BUILIEBUKIAJCHE, METOI0 JaHOI
po0oTH SBUIOCH BUBUCHHS BIUIMBY CIIOCOOYy Ta YMOB
TPaHyJIIOBaHHS Ha KIHETHKY I'PaHyJOyTBOPEHHS IEOJITY

TIPUPOJTHOTO Ta JIESAKi AKICHI XapaKTEPUCTUKH OTPUMAHHUX
rpaHyIL.

Marepianu Ta MmeToan

B skocTi 00’€KTIB JOCHIKCHHS CIYTyBald
TpaHyu LEOJIITY HPUPOTHOTO OTpHMaHi 3
BuKkopuctanuaMm 3%, 5%, 7% 1 10%  KpoXMaibHOTO
KapTOIUISIHOTO KIeicrepy Ta PO3YHHY
noniBiHimmipomixony (ITBIT)

I'paHyma  meonity  NPUPOXHOTO — TOTYBAIH
METOJIOM BOJIOTOTO TPAHYJIOBAHHA 3 BHKOPHCTAaHHAM
1abopaTopHOTO  POTOpPHOTO  rpaHynsTopa  HI-12
MapiymosisChKOT0 3aBOLY TEXHOJIOTIYHOTO OOJaJHAHHS,
EKCTPY3i€r0 3a JIOTIOMOT'0I0 1abopaTopHOTO
JIBOIIIHEKOBOTO  €KCTpyZAepa, B JlabopaTopHOMY
BHCOKOLIBHJKICHOMY  3MilllyBaui-TpaHyjsITopi Ta Yy
nabopaTopHoMy npaxyBanbHoMy koriai HCJ] A-0.25
MapiynonsChbKOro 3aBojly TEXHOJIOTTYHOTO 00JIaJHaHHS.

MikpocTpyKTypy Ta (OpMYy 4YACTOK TIpaHyI
BCTaHOBIIIOBAJIN 3a JOTIOMOT'OI0 MIKpOCKOIY
SNEeKTPOHHOT'O PAacTPOBOrO 3 KAMEPOIO HU3BKOTO BaKyyMy
Ta CHCTEMOIO CHEeproaucIiepciifHoro Mikpoanainizy PEM-
106.

OpakmiitHuid cKiIaa Ta cepenHiil po3Mip TpaHyI
BU3HAYAJIM 3a JIONOMOIOI0 CTaHIApTHOTO HAabOpy CHUT 3
miamerpom otopie 2,0; 1,0; 0,5 Ta 0,25 mMm. 3a
OTPUMaHUMHM JaHUM BU3HAYalM CepeHiil po3Mip 4acToK
3a meTomukorw JIDY m. 2.9.38 [6].

Hopucticts (I1) Bu3Hayanu, BUXOIMYM 13
3HaueHb INUIBHOCTI michus ycaaku (pyc) 1 JiicHOT
mrineHOCTI (p) 32 POpMYyIIOr0:

Prey.100
P

m=(@1-

Bu3HadueHHs WITBHOCTI TpaHyN TMICIA yCaaKd
(pyc) TpOBOAMIIM 3a  JONOMOTOK  JabOpaTOPHOTO
NPUCTPOIO JUIS BU3HAUEHHsT HacuIHOT 1iibHOCTI (Pharma
Test PTF PT-TD200, Himeuuuna). Ilinbhicts (r/cm®)
micysl ycaJKu po3paxoBYBANIHU SIK CIIBBIJJHOIICHHS MacH
JI0 BimnosigHoro 06’ emy rpanyi (AP . 2.9.34 [6]).

®dakTop GHOpMH PO3PaXOBYBAIH K BiIHOIICHHS
JIOBKMHHU YacTKW rpanyid mo il mmpunan [3]. Minnicts
rpaHyJl OLIHIOBaJlach 3a iX 3JaTHICTIO BHUTPUMYBATH
HABaHTA)XCHHS IIPU CTUCKaHHI [2].

Pe3yabTaTn Ta iX 00roBOpeHHs

[lepmmm eranoM HammMX JOCHIIKEHb OYIO
BUBUECHHSl BIUIMBY CHOCOOY TpaHy/lOBaHHA Ha (Gopmy
rpanyn. Otpumani esnekTpoHHi QoTorpadii okpemux
YacTOK IPaHyJ HaBeJeHi Ha puc. 1-4.

OTpumaHi  pi3HEMH  croco0aMH  TpaHyJId
XapaKTepU3yIThCS HEO/IHOP1THOIO MOPHUCTOIO
MOBepxHEer. ['paHysiu OTpHMaHi 3a JOMOMOTOK BOJOTOTO
TpaHyJIlOBaHHS Yy  POTOPHOMY  TpaHyJsITOpi  Ta
JIBOIITHEKOBOMY €KCTpYyJepi MaloTh aHi30/iaMeTpUIHYy
(dhopmy vacTok 3 hakTopoM
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Puc.1: I'panyin 1meoJiity 3B0J10:KeHi 7% KpPOXMaJbLHUM KAPTOIUISTHUM KJIelicTepoM OTpUMaHi y J1abopaTopHOMY

POTOpPHOMY rpaHyJIATOPi

-

WD=9.8mm

Puc.2: T'panyaum wueosity 3BoJiokeHi 7%

BHCOKOLIBHAKICHOMY 3MillyBadi-rpaHyasTopi.

¢opmu 1,6-1,7 ta 2,5-2,8 BigmosigHo. ['panynn otpumani
y  BHCOKOIIBHAKICHOMY  3MillyBaui-rpaHysisTopi Ta
OKAaTyBaHHAM Yy JApPaKyBUILHOMY KOTJII Mall Maibke
OKpYIJly aHizomiameTrpuuny Qopmy 3 QakropoMm ¢GopMu
1,1-1,2. Ockimpku  icHye TICHHH  3B'I30K  MiXK
NpU3HAYCHHSIM TpaHyn Ta ix ¢GopMoro ciig 3po0uTh
BHCHOBOK, 1IN0 JJ1 OTPUMAaHHA TpaHyl LEOoJiTy
MPUPOJTHOTO SIK TPOMDKHOTO MPOJYKTY MPU BUPOOHHUIITBI

30.00kV

KPOXMAaJbHUM KapTOIIAHUM KﬂeﬁCTCPOM

x120 500pum

oTpuMaHi Yy

TaOJIETOK Ta KarcyJl HalOIIbII PUAATHIMH € TPaHYJISsIIis
y BHCOKOUIBHIKICHOMY 3MIilIyBadi-rpaHyisiTopi Ta y
JpaXyBalbHOMY KOTJIi, OCKIJIbKM came JaHa Qopma
rpaHys 3a0e3redye HalKpally IUTMHHICTE MaTepiaiy, a
JUIS. OTPUMAaHHS TPaHyJ sIK TOTOBOI JlikapchKkoi (opmu —
TPaHYJIIOBaHHSA Yy JBOLIHEKOBOMY eKCTpyZepi Ta
POTOPHOMY TPaHyJISTOPI.
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Puc.3: I'panyau neoJiity 3Bos10skeHi 7% KpOXMaJbHMM KApPTOIUISIHMM KJeiicTepoM OTPHUMAHi OKATyYBaHHSAM Yy

JApaKyBaJbLHOMY KOTJIi.

WD=9.9mm
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Puc.4: I'panyan ueoJity 3BososkeHi 7% KpPOXMaJILHUM KapTOIUITHUM KJIelicTepOM OTPpHUMAaHi y J1aGopaTopHOMY

JIBOLLIHEKOBOMY e€KCTpyepi.

HactynmauM etanoM Hamwux TOCTiKeHb Oyio
BUBYCHHS BIUIMBY BHJly Ta KOHIIEHTpALIi 3BOJIOXKYBaya, a
TaKoX crnoco0y TpaHyNIOBaHHS Ha CepelHiid po3Mmip
rpanyi. PesymeraTi aHamizy (puc. 5-6) mokasanm, mo Ha
pO3Mip OTPUMMaHUX TIpaHyN BIUIMBAIOTH OOWIBA JaHUX
napamerpa. 3i  30UIBHICHHSAM  KOHIIGHTpAIli
KpOXMaJIbHOTO KapToIusiHoro kieiicrepy 3 3% mo 10%
CIIOCTEPIrajgoch 301JIbIICHHS CEPEeHHOTO PO3MIPY IpaHyl
B 3aJIEKHOCTI BiJl METOly B cepelHboMY B 3-5 pasiB, mpo
O CBIUWJIO 30UIBIICHHS BMICTY (pakimiii 3 OinbmInM

po3Mipom uactok (puc.5). Ilpu Buxopucramni 3%
KJICHCTepy MNpoLieC T'PaHyJOyTBOPEHHS OYB MPaKTHYHO
BiJICYyTHIii abo BigOyBaBCs B HE3HAuHI Mipi, mpo IO
CBI/I4aTh 3HAUSHHS CEPEJHBOrO PO3MIpPY YaCTOK, a Mepii
WOTO CYTTEBI O3HAKM CIOCTEpiralnch NpH JOJaBaHHI
3’BSI3yI0YOT PEYOBMHU Yy KOHUEHTpalii Ouibiie 5%.
Takox  BCTaHOBIIEHO, IO INPH  BHKOPHCTaHHI
KPOXMAJIBHOTO KielicTepy B KOHIEHTpauisx 3% Tta 5%
CepelHil pO3Mip OTpPUMAaHHX TpaHyld MPAKTUIHO HE
3aJIe)KaB BiJ] CIIOCOOY TPaHYJIIOBAHHS, 32 BUKIIOUCHHSIM
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rpaHy]l  OTPHUMAaHUX B  [PaXyBaJbHOMY  KOTJIi. JIaDOpPaTOPHOMY Ipa)KyBaJbHOMY KOTJi, a HAMMEHIIMHA —
Haii6inpiunii cepeaniit po3mip Majau rpaHyid OTPUMaHl y Yy BUCOKOIIBHJKICHOMY 3MilllyBaui-rpaHyIsTOPI.
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Puc. 5: Cepenniii po3mip 4acTok rpaHyJi 3B0J103KeHMX KPOXMAJbLHIUM KapPTOILUIAIHUM KJielicTepom
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Puc. 6: Cepenniii po3mip yacTok rpany. 3B0j0:xxkeHux pozuunom IBII

IMlpu BukopucranHi po3uuny IIBIl pi3Hux
KOHIICHTpAIil cepemHill pPO3Mip TpaHyd 3MiHIOBAaBCS
3aJIeKHO Bif crmocoOy rpaHyimoBaHHS B Mexax 120-1464
MKM. OTprUMaHi eKCIIEpUMEHTAIBHI JaHiI TAKOX CBiIYaTh,
0 VISl JaHoi 3'BsI3yl04Oi PEYOBMHHU OUIBII XapakTepHa
3aJIEKHICTE ~ MDK ~ CEepelJHIM  pO3MIpOM  TpaHyl,
KOHIIEHTPAIII €10 3BOJIOYKYBayda Ta crocobom
TpaHyJIIOBaHHSI.

OpakuifHuid po3Mmoaia TpaHyld 3a PO3MipoM B
3QJIKHOCTI  BiJl KOHIIGHTpallii 3BOJIOXKYyBada, IO
BUKOPHCTOBYBABCS, HaMH TaKO)X aHalli3yBaBCs LUISIXOM
po3paxyHKy mporeHTuiB dio, dso Ta dgo Ha mpuUKIami

MOJIETIBHUX ~ Cepii  TpaHyJl  OTPUMaHHX  BOJOTHM
TPaHyJIIOBaHHAM Yy  J1abOpaTopHOMY  POTOPHOMY
rpanyisatopi.  Otpumani  pesynbratd  (puc.  7-8)

HIITBEPANIIM, IO MOMITHHI INPOIEC I'PaHyJOyTBOPEHHS
MOYMHAETBCS TP BHKOPHCTaHHI  3BOJIOKYBAadiB y
KOHLEHTpALIsX BUIUX 5%, PO IO CBIAYUTH 3MEHIICHHS
BMiCTy IpiOHOT (pakmii iHINKATOPOM UYOT0 € 3MiHa
3HaYeHHs MoKasHuka dip Bim 75-135 mxM mo 780-1150
MKM, Ta 30UIBIIEHHS BMICTY YacTOK BEJIHMKOTO PO3MIpy,
TIPO 1[0 CBiYaTh 3HAUEHHS MPOIEHTWIO dgo. Halibinpury
3B’A3yI09y 34aTHICTh mposiBumM po3unmHH [IBII, mo
MATBEPIKYEThCS ~ OUTBIIMMHU  3HAYCHHSIMH  PO3MIpiB
rpaHysl IpU OJHAKOBHX KOHIIGHTPALISX 3BOJIOKYBayiB.
30imbIIeHAs] KOHIEHTpaIlii 000X 3BOJIOXYBadiB TOHAT
10% € HemoUiNbHOIW, OCKUIBKH TPU3BOIUTH  JIO
OTPUMaHHS BEJIMKHX 33 pPO3MIPOM YacTOK TpaHyll.
[TincymoByroun ekcriepiMEeHTaIbHI AaHi peCTaBIeH] Ha
puc. 5-8 cmim 3a3HaYMTH, MO0 B 3aJEKHOCTI BiI MOTPEO
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BUPOOHUIITBA 3MiHIOIOUN KOHIICHTPAIIIIO 3BOJIOKYBaYa Ta
CHoCi0 TPaHYJIOBAHHS MOXJIMBO OTPUMYBATH TPaHYIU

3aJ1aHOTO PO3MIpY.
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Puc. 7: ®pakuiiiHuii ckJjajx rpaHyJi 3B0J105KeHUX KAPTOIJISIHUM KPOXMAaJbHUM KJielicTepoM
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Puc. 8: ®pakuiiinuii ckjaaja rpanyJ 380/10:xkeHux po3unHoMm TIBIT

BaxnuBuM  (QakTopoMm, MmO TaKOXK ~ MOXKe
BIUIMHYTH Ha CepejHiil po3Mip TIpaHyl € KiJIbKICTh
JIOZIAHOTO  3BOJIOXKYBauda. /[l JOCHIIPKEHHS JaHOTO
nmapaMeTpy Ta BCTAQHOBJIEHHS HOTO  ONTHMAaIbHHUX
3HaYeHb, HAMH 3a IOIMOMOTOI0 POTOPHOTO TPaHyIATOPi
BUTOTOBISUIMCHE  cepii  rpaHyn 3 JOAaBaHHAM
KpPOXMaJbHOTO KieicTepy Ta po3umHy [IBII y kimbkocrTi
Bix 15% no 35%. PesynbraTé po3paxyHKy CepeiHbOTO
po3Mipy oTpuMaHux TpanHyn (puc. 9) cBig4arte, IO
NpoLeC T'PaHyJIOYTBOPEHHS TNPAKTHMYHO BIJCYTHIH Yy
CyMillax M0 MICTSITh 3BOJIOKYBAJbHY PEUYOBHHY B
KijgpkocTsax 15-20%. Haiibinbimn onTHManbHUM BMiCTOM
3BOJIOKYBaya JUIsI OTPUMAHHS TPAHyJ CITiJl BBAYKATH MEXI
25-30%, 1m0 MJO3BOJAIOTH OTPUMYBAaTH TpaHylId 3
cepenniMm posmipom Bim 450 MM mo 1350 MM, a

NOAANBUIMK  3piCT HOro BMICTY INPH3BOAUTH JO
OTpUMaHHS  JyXe  B’SI3K0I  MacW, M0  BaXXKO
TPaHyIIOETHCS.

HactynmHuM TOKa3HHKOM, SKH TaKOX 3a3HAE
3MiH B 3aJI©KHOCTI BiJf 3MiHM KOHIICHTpAIIii 3BOJIOKYyBa4a
Ta CIoco0y TpaHYIIOBaHHSA € TOPUCTICTh. JlaHwmii
TEXHOJIOTIYHHUH TapamMeTp BIUIMBa€ HA MeEXaHIYHY
MIIHICTE TpaHyn 1 TOTpedye CBOTO BHBYCHHSA IS
HOAAIBIIOTO MIPOTHO3YBaHHSI Ta BapilOBaHHs
BJIACTHBOCTEH TpaHyl Y BIANOBIAHOCTI /0 1OTped
BUpOOHUITBA. OTpUMaHi 3HAYEHHS MOPUCTOCTI TPaHYI
3BOJIOKEHUX KPOXMAJIbHUM KapTOIUISIHUM KJeHCTepoM Ta
posuunom [IBII naseneni va puc. 10-11.
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Puc. 9: Cepenniii po3mip rpatyJ B 3aJIe2KHOCTI BiJl KiJIbKOCTI 10aHOTI0 3B0JIOKYBaya
OTpuMaHi eKCIIepIMEHTANIBHI 1aHi CBiqYaTh, IO  BiAMIHHICTE y 3HAYCHHSIX IIOPUCTOCTI MOSCHIOETHCA
npy 30iMBIICHHI KOHLEHTpAmii 3B’S3yBabHAX PEUOBHH  OCOONMBOCTAMH Iepediry Tpomecy TpaHylsmil Ta

BiZIOyBaeThCs 301IbLICHHS MMOKAa3HWKA MOPUCTOCTI, SKUN
3HAXOAUThCA B Mexax 50-70%. Bmus croco0y
IpaHyJIIOBaHHS Ha MIOKa3HUKH MOPHCTOCTI Marepiay Mae
Uit 000X pedyoBMH pi3HME  xapakrep. Tak mpu
BUKOPHCTaHHI KPOXMaJBHOTO KapTOIUITHOTO KJeUcTepy
HalMEeHIINMHU 3HAQUYEHHSAMH  JAHOTO  IIOKa3HHKa
XapaKTepU3yIOThCSI TPaHyJd OTPUMaHI TpaHyJIIOBAaHHA B
POTOPHOMY TPAaHYJIITOPI Ta IBOLTHEKOBOMY €KCTpPYepi, a
HAWOLTBIITIMH B 3MillyBa4yi TpaHymATOpi Ta B
JpaXyBaJIbHOMY KOTJi. Y BHIAJIKy BHKOPHUCTaHHS
po3unny IIBIl HaiiMeHIIy MOPHCTICTh MaJH TPaHyIH
OTpUMaHI B JpaXXyBaJbHOMY KOTJIi, HaWOLIbIIY
rpaHyJIIOBaHHSIM B JIBOIIHEKOBOMY ekcrpynepi. [lana

BJIACTHBOCTSIMU JIOTIOMDKHUX PEYOBUH 1 MOBHHHA OyTH
BpaxoBaHa B MOJAJIBIIOMY IpU 3AIMCHEHHI TpaHyJsLiil
LEOJIITY IPUPOIHOTO.

OcTaHHIM TOKa3HHKOM, SKHH aHali3yBaBcsi B

XO/Al HallMX JIOCHi/PKeHb Oysa CTaTM4YHA MILHICTh
OTPUMAaHUX 3a pi3HUMU crnocobamu rpaHyJ.
ExcnepuMmenrtanbHi  JaHi HaBeneHi Ha puc. 12-13

CBiI4aTh, 10 AaHA BIACTHBICTh HAXOIWTHCS B 3BOPOTHIMN
3aJIeKHOCTI BiJ TOpHCTOCTi. ['paHynwm BHTOTOBICHI 3
BUKOpuCcTaHHs po3unHy [IBII  mpopemoHcTpyBanu
OUTBITY MEXaHIYHY MIIHICTh B TIOPIBHSHHI 3 TpaHyIaMU
10 MICTHJIM KPOXMaJbHHUN KapTOIULTHAN KIeHCTep.
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Puc. 10: TlopucricTh rpany OTPHMAaHHUX 3BOJI0KEHHIIM KPOXMAJIBHAM KAPTOIUISIHUM KJjelicTepoM
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Puc. 11: llopucricTh rpanyJ1 OTpUMAHMX 3B0JIOKeHHSAM po3unHoM IIBII
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Puc. 13: CriiikicTb 10 po31aB/il0BaHHS TPaHy.J1 OTPUMAHUX 3B0JI0:KeHHAM po3uuHoM IIBIT

BucHoBku

JlocmikeHO BIUIMB BUJY Ta KOHIICHTPAIlIl 3BOJIOXKYBaya,
a TaKoX CHOco0y rpaHyJIIOBaHHS Ha KIHETHKY yTBOPEHHS
rpaHyJ LEOJNITY NMPUPOJHOTO Ta JOBEJCHO BIUIUB JaHHX
MEepeMiHHUX TEXHOJIOTIYHOTO TIpolecy Ha  po3Mmip,
MOPHCTICTh Ta MEXaHIYHY MIIHICTh TpaHyn. Ha mingcrasi
JaHUX EKCIEPUMEHTAJIbHUX JIOCHIIPKCHb BH3HAYEHO
ONTHMAJIbHI KOHLEHTPALl KPOXMAIBHOTO KapTOILUISTHOTO
KIectepy 1  PO3YMHY  TONIBIHUIMIPOTIIOHY,  SIK
3B’SI3YIOYMX PEYOBMH JUIS TPaHYIIOBAaHHA IIEOJITY
npupogHoro, Ha piBHi 5-10%. Bcranosneno Bwmict
3BOJIOKYBada B 3arajibHiii Maci, 110 T'paHyJIOEThCS, Ha
piBai  25-30%.  Pe3ympTaTH = eKCIEpUMEHTAIbHUX
JOCTIKCHb BHKOPHCTaHI MpH po3podii ckiaay Ta
TEXHOJIOTIT TaOJIETOK, 10 MICTATh LEOJIT NPUPOIHHUN SIK
OCHOBHHH JIiF0OYMH KOMITOHEHT.
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THE STUDY OF THE KINETIC OF NATURAL
ZEOLITE GRANULES GROWTH AT DIFFERENT
WAYS OF GRANULATION

Rybachuk V.D.

Introduction. Active substances and excipients used in
the manufacture of medicines in tablet form, in most
cases, have poor technological properties. This fact
determines the need for prior granulation of mass before
compression. Granulators of various sizes and designs,
running on different modes, made the formation, growth
and consolidation of the powder particles that lead to
obtain pellets of different shapes and sizes. From the
literature it is known that granulation leads to two forms
of granules: isodiametric and nonisodiametric. The first
group of particles forms has globular shape with a smooth
surface and the proportion in which the length, thickness
and height are about the same. They are usually made by
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fluidized bed granulation, spray drying, pelletizing and
granulation in dragee pan. Granules of nonisodiametric
form in which length is several times the width and height
are made mostly by extrusion and compacting. The
geometrical parameters of obtained granules are affected
by the properties of raw materials, the granulation modes,
type and amount of added humidifier and so on. The
shape and size of granules, from a technological point of
view, are the key factors that contribute, except
organoleptic characteristics of the product, its
technological properties such as particle size distribution,
bulk volume, the ability of the material to shrinkage,
porosity, fluidity, mechanical strength and so on. Properly
selected for specific conditions granulation method is able
to provide the finished product with the specified
technological parameters depending on the needs. The
aim of this work was to study the effect of granulation
method and its conditions on the kinetics of growth of the
natural zeolite granules and some quality characteristics
of obtained granules. Material & methods. As objects of
study served the natural zeolite pellets produced using
3%, 5%, 7% and 10% potato starch paste and solution of
polyvinylpyrrolidone (PVP). Natural zeolite granules
were prepared by wet granulation using a laboratory
rotary granulator NG-12, laboratory extruder, laboratory
high-speed mixer-granulator and laboratory dragee pan
NSD A-0.25. Microstructure and form of granules were
established by electron microscope REM-106. Fractional
composition and average grain size was determined using
a standard set of sieves with the diameter of the holes 2.0;
1.0; 0.5 and 0.25 mm. Porosity determined on the basis of
tapped density and the real density, which were defined
on the device Pharma Test PTF PT-TD200, Germany by
the method. Form factor calculated as the ratio of the
share of grains in its width. The hardness of the granules
was assessed by their ability to withstand compression.
Results & discussion. The resulting granules have
heterogeneous porous surface. Granules obtained using
rotary granulator and extruder have elongated form of
particles with form factor 1,6-1,7 and 2,5-2,8 respectively.
Granules obtained in high speed mixer-granulator and
dragee pan have nearly round shape with form factor 1.1-
1.2. The size of the granules is affected by the
concentration of the humidifier and the way of
granulation. The increasing of concentrations of potato
starch paste from 3% to 10%, lead to an increase of the
average size of granules according to the method in
average 3-5 times, the last was proved by the increase of
fractions with a larger particle size. The largest average
size of granules was obtained in the laboratory dragee
pan, and the smallest - in the high-speed mixer-granulator.
When using PVP solution of different concentrations the
average grain size varied depending on the method of
granulation within 120-1464 um. The highest binding
capacity showed PVP solutions, as evidenced by higher
values of grain size at the same concentrations of
humidifiers. Increased concentrations of both humidifiers
more than 10% is inappropriate, because results in large
particle size of granules. Study of influence of quantities
of added humidifier on grain size showed that the
granulation process is absent in mixtures containing
humidifying substance in quantities of 15-20%. The best

concentration of humidifier should be 25-30%, which
give granules with an average size of 450-1350 um, and a
further increase of its content results in a viscous mass
that is difficult granulated and undesirable. Experimental
data of granule porosity indicates that increasing the
concentration of binders increases porosity within 50-
70%. The influence of granulation mode on porosity of
both substances is different. The data of hardness of
granules showed that this parameter is in inverse
proportion to their porosity. Pellets made with using PVP
solution demonstrated greater mechanical strength
compared to granules containing starch potato paste.
Conclusion. The influence of type and concentration of
the humidifier and the method of granulation on the
kinetics of growth of the natural zeolite granules were
studied and its influence of these variables on the size,
porosity and mechanical strength of the pellets were
proven. The optimum concentration of potato starch paste
and solution of polyvinylpyrrolidone as binders for
granulation of natural zeolite at level 5-10% and optimal
content of humidifier in the total mass at level 25-30%
were established. The results of experimental studies used
in the development of technology and composition of
tablets containing natural zeolite as the main active
component..

Keywords: natural zeolite, granules, granulation,
porosity, hardness



