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CD9CB8464F9?P, �. �. $S5B64, 8BJ9AF, >4A8. 5<B?. A4G>,  �. %4;4AB64, A. E.,
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� >A<7G 6BL?< @4F9D<4?O  9:8GA4DB8AB= A4GKAB CD4>F<K9E>B= >BAH9D9AJ<< 
«1>B?B7<S DB8AB7B >D4S: CDB5?9@O < CGF< <I D9L9A<S». #D98EF46?9AO Q>B?B7<K9E><9 
CDB5?9@O D97<BAB6 $BEE<< < 8DG7<I EFD4A < 6B;@B:AO9 CGF< <I D9L9A<S. �A4K<F9?PAB9 
@9EFB 6 E5BDA<>9 ;4A<@4RF @4F9D<4?O CB D9;G?PF4F4@ < @9FB84@ Q>B?B7<K9E>B7B @BA<FB-
D<A74, D4J<BA4?PAB@G <ECB?P;B64A<R CD<DB8AOI D9EGDEB6. $4EE@BFD9AO Q>B?B7<K9E><9 
4EC9>FO B5D4M9A<S E BFIB84@< CDB<;6B8EF64 < CBFD95?9A<S, 4 F4>:9 A4GKAO9 <EE?98B64-
A<S < D4;D45BF>< 6 EH9D9 Q>B?B7<<. %5BDA<> @4F9D<4?B6 >BAH9D9AJ<< CD98A4;A4K9A 8?S 
A4GKAOI D45BFA<>B6, CD9CB8464F9?9=, EC9J<4?<EFB6 CD<DB8BBID4AAOI E?G:5 < 698B@EF6, 
4EC<D4AFB6, EFG89AFB6 6OEL<I GK95AOI ;46989A<=.

�4 8BEFB69DABEFP E6989A<=, <;?B:9AAOI 6 @4F9D<4?4I >BAH9D9AJ<<, BF69FEF69A-
ABEFP A9EGF 46FBDO.  A9A<9 D984>J<< @B:9F A9 EB6C484FP E @A9A<9@ 46FBDB6 @4F9D<4?B6.

�?47B84D<@ DG>B6B8EF6B �<DB6E>B7B BF89?9A<S #�" %59D54A> $BEE<< < H<?<4?4 
«�+)�» �" «")� «'$��)� » 6 7. �<DB6B +9C9J>9 ;4 C4DFA9DEF6B < EBFDG8A<K9EF6B.
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%�!&�� � %"$�*�"!!/� %�"�%&��  �&�$����
!� "%!"�� &"��$ "$�&� �� #$�$"�!"�" %/$03

%. �. /@CA>20 , �. %. �2@0<5=:> , �. �. #0=0A5=:> 
�. �. �>AB>20;>2 , #. �. �@8F5=:> ,  . �. '5@5?0=>20 

#. %. �>@485=:> , .. �. %CH:>2 , �. %. (;O:
�=AB8BCB E8<88 ��" $�!, 

3. �;0482>AB>:, $>AA8S, 
�;0482>AB>:A:89 3>AC40@AB25==O9 C=825@A8B5B,

3. �;0482>AB>:, $>AA8S,
(!* �8>@07=>>1@078S ��" $�!,

3. �;0482>AB>:, $>AA8S, 

#DB6989A 46FB>?46AO= E<AF9; @4F9D<4?4 A4 BEAB69 FB59D@BD<F4 <; 
CD<DB8AB7B EODPS: 8<4FB@<F4 < @BDE><I D4>B6<A. #B?GK9A4 ;46<E<@BEFP EF9-
C9A< CDBIB:89A<S D94>J<< BF 6D9@9A<. �EE?98B64A4 ><A9F<>4 EBD5J<< @9F<-
?9AB6B7B E<A97B CB?GK9AAO@ @4F9D<4?B@ CD< F9@C9D4FGD4I 20, 40 < 60 °%.

�?RK96O9 E?B64: FB59D@BD<F, 8<4FB@<F, @BDE><9 D4>B6<AO, 46FB>?46-
AO= E<AF9;, EBD5J<S, @9F<?9AB6O= E<A<=.

&B59D@BD<F Ca CD98EF46?S9F EB5B= 7<8DBE<?<>4F >4?PJ<S, 
6EFD9K4RM<=ES 6 CD<DB89, 789 B5D4;B64?ES 6 M9?BKAB= ED989 6 7<8DBF9D-
@4?PAOI GE?B6<SI. 1FBF @<A9D4? @B:9F 5OFP E<AF9;<DB64A CGF9@ 7<8DBF9D-
@4?PAB= D94>J<< 6 E<EF9@9 CaO– – O [1]. � >4K9EF69 <EIB8AOI EB98<A9-
A<= 8?S 97B CB?GK9A<S (CD9<@GM9EF69AAB 7<8DBF9D@4?PAO@ @9FB8B@ 6 <A-
F9D64?9 F9@C9D4FGD 90–230 ° < 6D9@9AAOI <AF9D64?4I BF 2 K 8B 14 EGFB>) 
<ECB?P;GRF L<DB><= EC9>FD CD<DB8AB7B EODPS < BFIB8B6.

#D<@9DO BC<EO649@OI 6 ?<F9D4FGD9 ECBEB5B6 E<AF9;4 FB59D@BD<F4 <; 
D4;?<KAB7B EODPS CD<6989AO 6 F45?<J9.

� 84AAB= D45BF9 CDB6989A 46FB>?46AO= E<AF9; @4F9D<4?4 A4 BEAB69 FB-
59D@BD<F4 <; 8<4FB@<F4 < @BDE><I D4>B6<A. � >4K9EF69 @B89?PAB7B BD74A<-
K9E>B7B >D4E<F9?S 8?S <EE?98B64A<S EBD5J<BAAOI E6B=EF6 @4F9D<4?4 <ECB?P-
;B64?< @9F<?9AB6O= E<A<= ( %). 

�<4FB@<F #<BA9DE>B7B @9EFBDB:89A<S (#D<@BDE><= >D4=) CD98EF46?S-
9F EB5B= 6OEB>B8<EC9DEAO= 8<B>E<8 >D9@A<S CD<DB8AB7B CDB<EIB:89A<S E 
EB89D:4A<9@ SiO > 80%.  BDE><9 D4>B6<AO EC<;G?O E4I4?<AE>B= (

EBEFBSF CD9<@GM9EF69AAB <; H4;O >4D5BA4F4 >4?PJ<S 6 
@B8<H<>4J<< 4D47BA<F4.

�EIB8AB9 EODP9 CD9864D<F9?PAB <;@9?PK4?< < EGL<?< 8B CBEFBSAAB7B 
69E4.  BDE><9 D4>B6<AO CB869D74?<EP <;@9?PK9A<R 6 L4DB6B= @9?PA<J9. 
 B?PAB9 EBBFABL9A<9 <EIB8AOI >B@CBA9AFB6 



&01;8F0 
%CBEB5O E<AF9;4 FB59D@BD<F4 <; D4;?<KAB7B EODPS

�EIB8AB9 EODP9  9FB8<>4 E<AF9;4 %EO?>4
 <>DB>D9@A9;9@ (E<?<>4FA4S 
CO?P), >64DJ96O= C9EB>, >4D5BA4F 
>4?PJ<S 

�<8DBF9D@4?PA4S B5D45BF>4 CD< 170–
°C, 46FB79AAB@ 846?9A<< (0,8–

 #4), BF 1 8B 10 EGF. 
�OEB>B7?<AB;9@<EF4S ?9FGK4S ;B-
?4 (49,50% 
7<8DB>E<8 A4FD<S, 7<8DB>E<8 
4?R@<A<S < 7<8DB>E<8 >4?PJ<S

1. "5D45BF>4 ;B?O 6 >BAJ9AFD<DB64AAB@ 
M9?BKAB@ D4EF6BD9 6 CD<EGFEF6<< 7<8-
DB>E<84 >4?PJ<S 8?S <;6?9K9A<S 7?<AB;9-
@4 (>BAJ9AFD4J<S NaOH 45%, CD< 280 °C, 
@<A). 2. #9D9@9L<64A<9 894?R@<A4-

J<BAAB7B L?4>4 6 D4;546?9AAB@ M9?BK-
AB@ D4EF6BD9 < CBE?98GRM<= A47D96 CD< 
–230 °C 6 F9K9A<9 2, 3, 4, 7 K. 

�4B?<A<F
(EBEF46 46,44% SiO

@9F4>4B?<A<F (CB?GK9A CGF9@ 
CDB>4?<64A<S >4B?<A<F4 CD< 
°C 6 F9K9A<9 2 K); D9479AFO 

, BE4:89AAO= SiO

)<@<K9E>4S FD4AEHBD@4J<S >4B?<A<F4 < 
@9F4>4B?<A<F4 6 7<8DBF9D@4?PAOI GE?B-
6<SI CD< F9@C9D4FGD9 175 °C 6 F9K9A<9 
–24 K.

�64DJ964S @G>4, CBDF?4A8<F 
(99,9% K<EFBFO) < 864 6<84
@9F4>4B?<A4 – >B@@9DK9E><= B5-
D4;9J < B5D4;9J – CB5BKAO= CDB-
8G>F CD< CDB<;6B8EF69 C9ABEF9>?4

�6FB>?46A4S B5D45BF>4 CD< 180 °C BF 2 8B 
12 K, 846?9A<9 46FB79AAB7B 846?9A<9 C4D4 
–1,2  #4. %GL>4 CD< 60 °C 6 F9K9A<9 

12 K.

$4EF6BD Na < Q@G?PE<S �O89D:>4 <EIB8AB= E@9E< 6 F9K9A<9 30 
@<A CD< @47A<FAB@ C9D9@9L<64A<<. �B-
546?9A<9 10 @4EE.% D4EF6BD4 J9F<?FD<@9-
F<?4@@BA<S 5DB@<84. �6FB>?46A4S B5D4-
5BF>4 E@9E< CD< 220 °C 6 F9K9A<9 3 K.

"EF4F>< BF C9D9D45BF>< 74;9FAB= 
5G@47<, 4   7<8DB>E<8 A4FD<S

�;@9?PK9A<9 BEF4F>B6 GF<?<;4J<< 74;9F-
AB= 5G@47<, M9?BKA4S B5D45BF>4 CD< 
°C 6 F9K9A<9 48 K.

*9@9AFA4S CO?P < BF5D4>B64AA4S 
EB8B6B >D9@A9;9@A4S EF9>?SAA4S 
F4D4. 

"5D45BF>4 E@9E< CD< 100 °C 6 6B89 6 79D-
@9F<KAOI EBEG84I <; #&(1 CB8 846?9A<-
9@ 6 F9K9A<9 2, 7 < 14 EGF. 

�B@9AAO= L?4>, E<?<>4F A4FD<S, 
7<8DB>E<8 A4FD<S.

#D<7BFB6?9A<9 EGEC9A;<< A4 BEAB69 CB-
DBL>4 L?4>4, NaOH < E<?<>4F4 A4FD<S 6 
89<BA<;<DB64AAB= 6B89. "5D45BF>4 EGE-
C9A;<< 6 46FB>?469 CD< 180 °C 6 F9K9A<9 
–48 K. 

�<8DBF9D@4?PAGR B5D45BF>G <;@9?PK9AAB= D94>J<BAAB= E@9E< 8<4FB-
@<F4 < @BDE><I D4>B6<A CDB6B8<?< 6 ?45BD4FBDAB@ 46FB>?469 6 6B8AB= M9-
?BKAB= ED989 (7<8DB>E<8 A4FD<S) CD< F9@C9D4FGD9 200 ° 6 F9K9A<9 6 K. #BE?9 
B>BAK4A<S ;484AAB7B 6D9@9AAB7B <AF9D64?4 BE48>< BF89?S?< BF D4EF6BD4 
H<?PFDB64A<9@, CDB@O64?< 8<EF<??<DB64AAB= 6B8B= < EGL<?< CD< F9@C9D4-
FGD9 85–90 °% 6 F9K9A<9 A9E>B?P><I K4EB6. %F9C9AP CDBIB:89A<S D94>J<< 



>BAFDB?<DB64?< CB BEF4FBKAB= >BAJ9AFD4J<< 7<8DB>E<84 A4FD<S 6 D4EF6BD9,
>BFBDGR BCD989?S?< @9FB8B@ ><E?BFAB BEAB6AB7B F<FDB64A<S, <ECB?P;GS 6 
>4K9EF69 F<FD4AF4 0,1 A. D4EF6BD , CD<7BFB6?9AAO= <; H<>E4A4?4.

$9AF79AB7D4@@O B5D4;JB6 EA<@4?< A4 46FB@4F<K9E>B@ 8<HD4>FB@9FD9 
(�9D@4A<S) E 6D4M9A<9@ B5D4;J4 6 % α <;?GK9A<<. $9AF79-

ABH4;B6O= 4A4?<; ($(�) CDB6B8<?< E <ECB?P;B64A<9@ CDB7D4@@O CB<E>4 
E 54A>B@ CBDBL>B6OI 84AAOI  BDHB?B7<R FB59D@BD<F4 <;GK4-

?< E CB@BMPR E>4A<DGRM97B Q?9>FDBAAB7B @<>DBE>BC4 (%1 ) Merlin CD< 
G69?<K9A<< 8B 15000.

�?S <;GK9A<S 48EBD5J<BAAOI E6B=EF6 FB59D@BD<F4 <ECB?P;B64?< @9F<-
?9AB6O= E<A<= C SCl («K.8.4.»,   319,85 7·@B?P �EE?98B64A<9 EBD5-
J<<  % <; 6B8AOI D4EF6BDB6 CDB6B8<?< 6 EF4F<K9E><I GE?B6<SI CD< F9@C9-
D4FGD4I 20, 40 < 60 °%. �?S CB?GK9A<S ><A9F<K9E><I >D<6OI 48EBD5J<< 
A469E>< FB59D@BD<F4 @4EEB= 0,01 7 6ABE<?< 6 CDB5<D><, CD<546?S?< 10 @? 
<EIB8AB7B 6B8AB7B D4EF6BD4 @9F<?9AB6B7B E<A97B (% ( %) = 2,7 @@B?P·? ) < 
C9D9@9L<64?< 6 F9K9A<9 1, 3, 5, 10, 15, 30, 60 @<A. #BE?9 C9D9@9L<64A<S EGE-
C9A;<R J9AFD<HG7<DB64?<, BCF<K9E>GR C?BFABEFP D4EF6BD4 <;@9DS?< A4 
EC9>FDBHBFB@9FD9 �" � �(� 01 ($BEE<S) CD< 8?<A9 6B?AO 657 A@.

%BD5J<BAAGR 9@>BEFP (�E, @@B?P·72 ) <EE?98G9@OI B5D4;JB6 D4EEK<FO-
64?< CB HBD@G?9 1:

� @8AE
A 




789 %<EI – <EIB8A4S >BAJ9AFD4J<S  % 6 D4EF6BD9, @@B?P·? ; %D – D46AB69EA4S 
>BAJ9AFD4J<S  % 6 D4EF6BD9, @@B?P·? – B5N9@ D4EF6BD4, ?; – @4EE4 
EBD59AF4, 7.

%B7?4EAB 84AAO@ $(�, 6 EBEF469 CDB8G>F4 7<8DBF9D@4?PAB= B5D45BF>< 
D94>J<BAAB= E@9E< CD<EGFEF6GRF >D<EF4??<K9E><9 H4;O >4?PJ<F4 
>64DJ4 , 4A4?PJ<@4 ·16 < FB59D@BD<F BDFBDB@
5<K9E>B= @B8<H<>4J<< ·H .  BDHB?B7<S CB?GK9AAB7B 
CDB8G>F4 7<8DBF9D@4?PAB= B5D45BF>< CD98EF46?9A4 K4EF<J4@< CD9<@GM9-
EF69AAB <7B?PK4FB= HBD@O 8?<AB= 8B 10 @>@ < 8<4@9FDB@ BF 20 8B 200 A@.

�4> 6<8AB <; CD98EF46?9AAB= ;46<E<@BEF< (D<E. 1), K9D9; 12 K EF9C9AP 
CDBIB:89A<S D94>J<< A9 CD96OL49F 35%.

1>EC9D<@9AF4?PAO9 84AAO9 CB ><A9F<>9 4A4?<;<DB64?< 6 EBBF69FEF6<< 
E GD46A9A<9@ �B?@B7BDB64–�DBH9964 (HBD@G?4 2) CBE?9 86B=AB7B ?B74D<H-
@<DB64A<S:

– –α k+n lnτ
789 α – 8B?S CDBD947<DB646L97B 69M9EF64 > @B@9AFG 6D9@9A< τ < 
– CBEFBSAAO9, BCD989?S9@O9 7D4H<K9E>< < I4D4>F9D<;GRM<9 CBDS8B> 

D94>J<< < >BAEF4AFG E>BDBEF< D94>J<<. 



$<E. 1. �46<E<@BEF< EF9C9A< CDBIB:89A<S D94>J<< (α) BF 6D9@9A<
CD< 46FB>?46AB= B5D45BF>9 D947<DGRM9= E@9E<

#D< 4A4?<;9 ?<A9=AB= ;46<E<@BEF<, A45?R849@B= 6 ?B74D<H@<K9E><I 
>BBD8<A4F4I, CB?GK9AO E?98GRM<9 C4D4@9FDO: = 0,298 @<A

0,737. #BDS8B> D94>J<< @9APL9 98<A<JO, KFB I4D4>F9DAB 8?S D94>J<=, 
EBCDB6B:84RM<IES 8<HHG;<BAAO@< CDBJ9EE4@<.

!4 D<EGA>9 2 CD<6989AO ><A9F<K9E><9 >D<6O9 EBD5J<<  % FB59D@BD<-
FB@ CD< F9@C9D4FGD4I 20, 40 < 60 °%.

$<E. 2. �<A9F<K9E><9 >D<6O9 EBD5J<<  % (�, @B?P/7) FB59D@BD<FB@
CD< D4;?<KAOI F9@C9D4FGD4I °%

�4> 6<8AB <; CD98EF46?9AAOI ><A9F<K9E><I >D<6OI, E CB6OL9A<9@ 
F9@C9D4FGDO BF 20 8B 60 °% EBD5J<BAA4S 9@>BEFP A9;A4K<F9?PAB G69?<K<64-
9FES BF 0,24 @@B?P·72 8B 0,25 @@B?P·72

#DB8B?:4RFES 84?PA9=L<9 <EE?98B64A<S CB BCF<@<;4J<< M9?BKAB= 
B5D45BF>< CD<DB8AB7B EODPS 6 7<8DBF9D@4?PAOI GE?B6<SI, CB6OL9A<R 6O-



IB84 J9?96B7B CDB8G>F4 < <EE?98B64A<R HGA>J<BA4?PAOI E6B=EF6 CB?GK49-
@B7B @4F9D<4?4.

�AA;54>20=85 2O?>;=5=> 2 @0<:0E 3>AC40@AB25==OE 7040=89 �=AB8BC-
B0 E8<88 ��" $�! (FWFN(0205) 0002, B5<0 2, @0745;O 3, 5) 8 (!* 
�8>@07=>>1@078S ��" $�! (B5<0 № 124012200182

�<5?<B7D4H<K9E><= EC<EB>
hydrothermal conditions / L. Galvánková, J. Másilko, 

Solný, E. Štěpánková. DOI: 10.1016/j.proeng.2016.07.394 // Procedia Engineering. 2016. 
–

–
3. Ríos C. A., Williams C. D., Fullen M. A. Hydrothermal synthesis of hydrogarnet and 
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