
 !"#$%&'(#)*"+%,%+#-"&%./%+01#

2.3&401#.,#5",&0+(.&6#74/3'(&6

 !"#$$%&'()*$|$+,-.&/0$1.&23$|*4(5$6789$$:;;<=$>)&8?;@$ABCDE

 !"#$%& '( )*('$+

,-'!./ 012 3

)45467 89!:;

 !
 !"#$ %&'(&)*++, %- .%/  0123 45 6++723 ( 45 6++7 45 6++7 78 9&(( (78 9&78 9& ++:);< = ><?- (( @A0B OC C++$ D=E 9++F7)OC

 6)*,5 9- G);?&( 6)*,5 9- G);?& 6)*,5 9- G);?& $ 9H(&) I< = ><?- JK5 L; %&'M D;N$ OP*8 I< 45 6QF++, RSM TG++U*-(( 6$

TGVM E?W) L;G/%X< 4=I<

 = JK5 YZ[BA % \ C$ YA[YZ % *]X%7^ _ JK5 `*KG( *]X%7^ _ JK5 `*KG *]X%7^ _ JK5 `*KG WP?, = C$ a$*U C$ 4G"$ bV++,((

TGU*- 6$ c <%/?/ BA[dA %

              6X*^ 9, e&:(              6X*^ 9, e&:              6X*^ 9, e&: , >I*-%, = JK5 `*KG(( (, >I*-%, = JK5 `*KG, >I*-%, = JK5 `*KG WP?, = C$ f*$ 9- C$ 4G"$ bV++, \9(( (WP?, = C$ f*$ 9- C$ 4G"$ bV++, \9WP?, = C$ f*$ 9- C$ 4G"$ bV++, \9 Wg^ >I?M I<((

 T<<%h( T<<%h T<<%h $ i*(( ($ i*$ i* 8; `jkl C$ 9- C$ f*$ %&S(( (8; `jkl C$ 9- C$ f*$ %&S8; `jkl C$ 9- C$ f*$ %&S - I?^I?VM I< T<<%/ 6$ 9XjH^ (( CaO – SiO2 – FeO

 mn*- 9M GU*- 6$ c SiO2 T 2FeO _ O( _ O _ O P*X*l = JK5 G(( (P*X*l = JK5 GP*X*l = JK5 G :M; L; 6Xo*- %X<*7$ a$*U C$ >I*-%++,((

TGU*- 6$ 6X*(TGU*- 6$ 6X*TGU*- 6$ 6X* kp `*KL?:)  L;q$*M I?^I?VM >I;?X< L?:) RU?r T<?U 6$ 6/<I?s J&l*X fGU((

 `t?P?lI?$ f;%(( `t?P?lI?$ f;% `t?P?lI?$ f;% u^ [ (((( @ 9k( 9k 9k ,= 9- `I*&s*, 4GU J(( #,= 9- `I*&s*, 4GU J,= 9- `I*&s*, 4GU J ++U%, v%"$ I< I?^I?VM L?:) RU?r##

 O(K*$ %((u  ̂9( O(K*$ %((u  ̂9 O(K*$ %((u  ̂9 8*) a(( (#8*) a8*) a S  ̂[(#(# Y =  FeO = FeO MgO G$*w x?kQ$ aMgO (# G$*w x?kQ$ a G$*w x?kQ$ a S  ̂= yq(#(# #S  ̂= yqS  ̂= yq X%r `*K 9);< GUI_##

T<%(T<%T<% / 6$ I;%p cL;G/%X< as;< 9- C$ D;N$ = D;N$ >I*-%, E?W) a(( (/ 6$ I;%p cL;G/%X< as;< 9- C$ D;N$ = D;N$ >I*-%, E?W) a/ 6$ I;%p cL;G/%X< as;< 9- C$ D;N$ = D;N$ >I*-%, E?W) a P< 9-_ 9&l*(( XP< 9-_ 9&l*P< 9-_ 9&l*

 !"#"$ !%&
' ()*+ ,-./ 0*1 23)4567 8*9#9:; <$=4 (*>?)*@ A

 B#C= B.:C 
' ()*+ ,-./ 0*1 23)4567 8*9#9:; <$=4 D#E) A

 23=, F#G) 3-H.C
' I*@3)= 0,*J KL<>M N@6? ,-./ <?)= (*>?)*@ A



The First Specific Periodical Journal of Refractory Industry

 F  !"#$$%&'()*$|$+,-.&/0$1.&23$|*4(5$6789$$:;;<=$>)&8?;@$ABCDE

GHI 

 !"# $%#& !"# '()*+,-.//# 01(2 !"# 3*41 56//#

 (7 89 (: ;<//# = >*2 >?&? @A&"B 3*//2 *+//C9& %DE

 !"# $??"F *+-.G H(I !"//# (J7(DK (G ??"F L1 M(+B& N(OP

 QJ+//CK&? $?A&?  RST OC ?=*B A? L6+7(U !=V QWXK Y Pb Z

 $Y %#& [+\6//# L]+I Z %//#& ^^_R` ?=*B 3a LX+XB

 L1 Q9 %#& bcc dyne_cm (d7"XG 3a !&e1 LfW# gh9

$*69 V.,K P&*F"7? 3=A? LJB&A Q: *K&.G

 L1 *7*hG A(+C: &A P&*F"7? LF?A.I !"# *+C9& [7&":(6:

 Q9 ??"F L1 Qi(j& Na2CO3 k!"# 'P(# l-(I %DE $*69

$?.2 L1 LF?A.I *7*hG mn(:

 (DKa (1& $*K.2 L1 >?(,J#& L7(+]o '()P&*F"7? k H.pn A.q Q:

 '()P&*F"7? k;r4-(: $*K"+F L1 A&"o V.,K %fG LK(//#a Q:

 ?.I P& V.,K = g69&= "//:&": A? &A '"Gs(: %1=(X1 L//6:"9

$*6)? L1 3(hK

JD.$
 @A&"B 3*2 *+C9& %DE Q9 '*+,-.//# '() LK(9 P& '=A

 Q+,tG *67a"i L//q A? $*7a L1 %//#? Q: *K.//2 L1 >?&?

 @A&"B ^Rccu^Rbc OC '(//1? (G 3*41 56//# kL7(+B&

 vpE '=A A(w: ;<# $??"F L1 A(w: '=A (G ?.2 L1 >?&?

$??"F 0x(B !&e1 '=A (G ??"F L1 "+WXG = >*2 'A=a

 T_^R 3a LX+XB QJ+//CK&? = >?.: `Sc OC '=A !=V QWXK

 `cc dyne/cm (d7"XG !&e1 '=A LfW//# gh9 $*2(: L1

 $*69 V.,K P&*//F"7? 3=A? LK(//#a Q: *K&.G L//1 Q9 %//#&

 P(i LF?A.I (: QW:&A A? QJ2eF '() gw: A? Q9 QK.\K(p)

 07*dG ZnO Q: P&*F"7? A? '=A A(w: k*2 >?&? y+j.G 'P(F

 $?.2 L1 LF?A.I *7*hG mn(: = >*2

 >A.9 %DE '*+:A(9 3.r+]+//# '()P&*F"7? L]9 %-(B A?

$*K?"F L1 >?(,J#& '=A "+WXG '()

K4B8B)4CL 
 >?(,J#& (: "7(: *67a"i Lq A? Y Al2O3 Z (6+1.-a P& H.+6+1.-a

 L7(+p+2 z+9"G {+|6G $*7a L1 %#? Q: }+-="Jr-& ~=A P&

 L1 H(�K& 3?"9 !=V (7 'A&? Q\K '(//) >A.9 A? H.+6+1.-a

$$?.2

 S_T 3a LX+XB QJ+//CK&? = ��c OC H.+6+1.-a !=V QWXK

 bcc dyne_cm (d7"XG !&e1 H.+6+1.-a LfW# gh9 $%#&

 %DE $*69 L1 V.,K P&*F"7? 3=A? LJB&A Q: [7&":(6: k%#&

 8]: [:"9 P& }+-="Jr-& '() N.]//# >A&.7? P.//CK g//2.U

 }+K s(: (6+1.-a (7 LJ7s.1 '()P.//CK = ??"F L1 >?(,J//#&

$*K.2 L1 >?(,J#& !=V = 'A&? Q\K '() >A.9 %DE

 A? = >?.: [+7(U (Jd//CK !=V >A.9 A? 'A(9 *//67a"i '(1?

 QW#&= Q: Q9 '& LF?A.I $%#& ^cccu^Scc OC  >?=*f1

 L1 ?.E= Q: (6+1.-a 01(//2 >A(:"//# �//#.G g69&= H(�K&

 *7?"F 3&.6n �do Q9 QK.\K(p) $%//C+K *7*//2 �]+I k*7a

 87 = >?"9 V.//,K P&*F"7? A? LK(//#a Q: !&e1 H.//+6+1.-a

 8+J#�U '()P&*F"7? $*)? L1 0+rhG &A V.,K %fG Q+B(K

 '()?":A(9 '&": = QJ2&? '"Jp9 P(F V.,K %+]:(o s(: (6+1.-a

$*K"Jd#(61 LJ46x

MNB5$DH@$
 3&.G L1 Q9 ?.2 L1 >*+1(K %7"+KA(F 0r+K 3*41 56//#

 FeO = NiO (: [7(J6U"//# A? MgO [7}\7(E 3&.6n Q: 3a P&

 Y krupp – renn Z *6]: >A.9 A.GA.69 A? 0r+K $?"9 >?(,J//#&

 A? {+XJ//C1 '(+B& $?.//2 L1 Q+,tG Lr7"Jr-& >A.9 A? (7

 R ?=*B 0r+K 56# $%//#& "G �7&A s.p41 Lr7"Jr-& >A.9

 >A(:"# '?(7P A&*X1 Q+,tG *67a"i A? [7&":(6: $?A&? 0r+K %

 P& L]9 A.q Q: $?A&? L7s(: V.,K Q: 07(pG Q9 ?.2 L1 *+-.G

 ?&.1 $?.2 L1 >?(,J#& 0r+K *+-.G �&": L7(+]o '()P&*F"7?

$*K.2 L1 >?(,J#& >A.9 3(d+JhU Q7s '&":  }+K [:"9 �=(B

$GEO)$PQ&B?R$J&,$S25$TI4=$PU-.4V
 L7(+]o @&A(w: ?A.1 A? L//]do '() gw: A? Q9 Q//K.\K(p)

 '() 8pK    �//#.G LJB&A Q: ()P&*F"7? *//2 >?&? y+j.G

$*K.2 L1 >?A.I !&e1 L7(+]o



The First Specific Periodical Journal of Refractory Industry

 ! !"#$$%&'()*$|$+,-.&/0$1.&23$|*4(5$6789$$:;;<=$>)&8?;@$ABCDE

 !"#$%&'()*&+",#-./&'01&2"34&5&6&7089

( Melting point ( oCCompounds( Melting point ( oCCompounds

Decomposition 350-400K
2
0Sublimation 1275Na

2
O

Decomposition 490K
2
O

2
460Na

2
O

2

360KOH318.4NaOH

880KF992NaF

776KCl800NaCl

730KBr775NaBr

723KI651NaI

1069K
2
SO

4
884Na

2
SO

4

891K
2
CO

3
851Na

2
CO

3

339K
2
NO

3
308Na

2
NO

3

807K
2
PO

3
627.6Na

2
PO

3

976K
2
SiO

3
1088Na

2
SiO

3

398K
2
Cr

2
O

7
356Na

2
Cr

2
O

7

 !""#$ %&'( )&*""+, -&.*/01 2'$ 3""#41 &5($670'% 89:;$

 < 6=5% >? )$0@ 0""*A&1 !:1 -6""B C, $) ($670'% CD')4E,

<65% F? G&H; %4I ($ $) F'J&, K4L; M NaCl N O$P? QR;

 S O$P? T&""UV -&.*/01 2*, W""=/$S ($ C/ F""1J4X:?

 !*Y*Z4[&/ 6""=;&R5 Al2O3 – SiO2 \U""+*# ]&""5($670'% 

 ^M  K2O<Al2O3_4SiO2  N  !*""#4`a  ^M  bSiOb_K2O<Al2O3  N

 )% 6;4B F? %&c'$ <<< S M K2O.Al2O3.6SiO2 N T&UV )&d#6YZ

<!#$ e6B  e%)Sf b 8S6g

R2O – SiO2 – Al2O3&:;<#=&+",#-./&'01&2"34&5&>&7089

( M.P ( OCCompounds

Decomposition 1220Potash Feldspar ( K2O.Al2O3.6SiO2)

1686Leucite ( K2O.Al2O3.4SiO2)

1700 <Kaliophilite ( K2O.Al2O3.2SiO2)

1100Albite ( Na2O.Al2O3.6SiO2)

1526Nephelite ( Na2O.Al2O3.2SiO2)



The First Specific Periodical Journal of Refractory Industry

 "  !"#$$%&'()*$|$+,-.&/0$1.&23$|*4(5$6789$$:;;<=$>)&8?;@$ABCDE

?@A-&BC4&.;<-"D& !"#E#F&G"H&I#-./&5&J&7089

 e6'6V 65&""B !*""#4`a S !*Y*Z4[&/ 6*a41 6='f0Z Fh )%

<%4, \*5$4I (4+; iF'&*Y@ G6*/01j

 -&.*/01 G&*? W=/$S 0A$ )% e6B %&c'$ Fa&U""+'0/ ]&5(&Z

 k?&""B SiO2.Al2O3 \U""+*# ]&5($670'% S O$P? \'6""#

 Na2O<Al2O3_2SiO2 N !*YL; ^ M Na2O<Al2O3_6SiO2 N !*.af

 k*DH1 ($ 01J&, ]&5&?% )% !*l;)&/ C/ 6=U+5 !*l;)&/ S M

<%4B F? k*DH1 !*YL;

 ]&=*?4af ^&=*?4af &, W=/$S Fh Na2O &' K2O 2'$ 0, eS9""m

<6;4B F? F'&*Y@    >76*/01 C, 0c=? S 6==/ F? 6*a41 &U,

 ^F'&*Y@ ]&5 Q""R; 0,$0, )% F'&*Y@ S F""n=I ]&5($670'%

 F?   G&""H; %4I ($ F.""#&=? &U.""+; F7%)4I C, !?S&o?

 e6B p@$S K4L; !:1 ]%S6q &1 !""#$ 2DR? 6=r05 ^6=5%

<6;4B e%)4I ($670'% C=*?( ]&5 -&D*Y*# S

s4'%&;$S -&.*/01 0A$ )% F7%)4I

 !L; 0U+/&I 3""#41 F7%)4I ^s4'%&;$S F7%)4I ($ Fa&n?

 F'&*Y@ -&.*/01 ^e)4""/ !L; 2UI4""# ($ 6t, <!""#$ e)4/

 ]&56*+/$ 6=;&R5 e)4/ !L; ])4La4# -&.*/01 S s4'%&;$S

<6=;&? F? F@&, 0U+/&I )% F1&La4#

  e%)Sf u 8S6g )% e)4/ !L; 0U+/&I F'&*R*B ]&5 v*/01

 SiO3 S V2O5 ^ Na2O ^ NiO ]&56*+/$ )4wq C/ 6;$ e6""B

 &' Na2O ^ NiO &"", J&, ]&5&?% )% V2O5 <!""#$ Cg41 k,&@

 0A$ )% <%%07 F? k'6.1 !*='%&;$S C, S e%0/ W=/$S Fe2O3

<%%07 F? %&c'$ Na2SO4 x*; Na2O &, SO3 W=/$S

IranVenezuelaTexasCalifornia(%) Composition

-0.100.100.08Ash

-2.42.84.2S

12.12.33.77.9SiO
2

--Tr0.2TiO
2

18.10.10.12.6Al
2
O

3

-1.57.80.3Fe
2
O

3

38.563.221.029.9V
2
O

5

12.70.13.71.3CaO

0.20.90.53.0MgO

10.76.43.910.5NiO

-12.426.323.4Na
2
O

7.013.933.020.9SO
3



The First Specific Periodical Journal of Refractory Industry

 # !"#$$%&'()*$|$+,-.&/0$1.&23$|*4(5$6789$$:;;<=$>)&8?;@$ABCDE

 )&*+, 8&y( 0U+/&I C, !.+; e)4/ !L; 0U+/&I OSK CEo;

 )4La4# % bz{ k?&B e)4/ !L; 07$ 8&n? ]$0, <!""#$ 0UR/

 {| } 0U+/&I F'&*R*B v*/01 N 6B&, 0U""+/&I % |z|~ S

 ($ G6""B s0; ]&?% M SO3 ])$6o? S  !"#$%$#&'$($)*!" %

 �S0B OC 815 )% !*a&*""# S �b� OC )% OSK ^ ��� OC

<%%07 F?

 e)4/ !L; )% s4'%&;$S -&.*/01 ^2UI4""# F'$6U,$ CYq0? )%

 <6;4B F? k'6.1 V2O5 &' V2O3 C, G4*#$6*+/$ 6='f0Z Fh

<%%07 )$6'&V V2O5 C/ 6,&' F? C?$%$ F;&?( &1 G4*#$6*+/$

 2*=�R5 <%)$% �{� OC %S6q )% F=*'&V OSK C""Eo; V2O5

 )% F=*'&V )&�, )&""HZ �b|| OC ]&?% )% CD='$ k""*a% C,

<%%07 0*�.1 FUq$) C, 6;$41 F? %)$% |z~ mmHg %S6q

 F? G&""H; $) s4'%&;$S �YU�? -&.*/01 OSK �&o; � 8S6g

 V2O5 Fa4Da4? !.+; &, V2O5 – Na2SO4 v*/01 Q' <65%

 <65% F? G&H; $) OSK CEo; 2'0U=*'&V |_� } � = } Na2SO4

 OC )% S e6*.""+r xYZ C, �u� OC     ]&?% )% v*/01 2'$

<%4B F? OSK F[xg -)4� C, ��|

KA!L"4(0&+",#-./&'01&2"34&5&M&7089

( M.P ( OCCompounds( M.P ( OCCompounds

660Na
2
O.V

2
O

4
.5V

2
O

5
1790V

2
O

3

5805Na
2
O.V

2
O

4
.11V

2
O

5
1640V

2
O

4

840Fe
2
O

3
.V

2
O

5
674V

2
O

5

8702NiO.V
2
O

5
627Na

2
O.V

2
O

5

778CaO.V
2
O

5
6562Na

2
O.V

2
O

5

10152CaO.V
2
O

5
11003Na

2
O.V

2
O

5

 F=*'&V OSK CEo; e)4/ !L; )% s4'%&;$S -&"".*/01 2'$0,&=,

 W=/$S v.""# e%0/ K4L; ($670'% )% -&.*/01 2'$ <6"";)$%

 kDB <6;%07 F? ($670'% F7%)4I S G6B ]$ CH*B ^6'6B

 ]$0, $) e)4/ !L; 0U+/&I 3""#41 F7%)4I !+1 �'&U; �

 S F14?&B Q*U#9V s0g <65% F? G&H; ($670'% ]&5 s0g

 S J&, &=*?4af s0g &?$ 6;$ e6B e%)4I -6B C, F=U�') s0g

 F'J&, &U.+; F7%)4I C, !?S&o? ^FU*?S0/ Q*U#9V s0g

<6=5% F? G&H; %4I ($



The First Specific Periodical Journal of Refractory Industry

 $  !"#$$%&'()*$|$+,-.&/0$1.&23$|*4(5$6789$$:;;<=$>)&8?;@$ABCDE

 !1300oc!"#!$!%"&'!()*!+,-'./!01&2!34,56!789:+;#!<.=!>+?!@:#"&/!(-2!A!oc B!CDE

 S J&, -)$0q C, sS&o? ]&5 Ca4a C, v""Yy$ s4'%&;$S -&.*/01

 0c=? G%0/ O4#) &, S CUB$% F76=.""+r )&�, ]&5 Ca4a &'

 )%  SO2 (&7 2'$ 0, eS9""m <6;%07 F? xYZ G6""B e%)4I C,

 Wo; C/ s4'%&;$S -&.*/01 3#41 S e6B 6*+/$ 2UI4# Fh

 v*/01 ($ 6t,SO3 <%4B F? k'6.1 SO3 C, 6;)$% FU+*a&1&/

 �) F7%)4I S e6B k'6.1 Q')4La4# 6*#$ C, )&�, &, G6B

<65% F?

%&'()*+,-./0+102(+345627
 &?$ 6B&, !Z&B &' )$S% -)4� C, 6;$41 F? G&R*# ]&5 e)4/

 6*a41 !�g !t=� )%<6=U+5 01 �'$) )&*+, )$S% ]&5 e)4/

< 01 �S) S QHI �S) } %)$% %4gS �S) S% G&R*#

 QHI �S) ($ ^s0lH*V ($ e%&LU""#$ k*a% C, %)$4? vYy$ )%

<%4B F? e%&LU#$

 G$4=m C, F+*Y*# T) S Q5f ($ e%&LU#$ &, &5 e)4/ 2'$ )%

 CaO \U+*# -&.*/01 ($ O$P? CR*; 0D=*Y/ ^C*aS$ s&I %$4?

<%4B F? CUI&# – SiO2

 84X:? Q' G$4=m C, M CaO<Al2O3_2SiO2 N !*1)4;f J4Rt?

<%)$% %4gS SiO2 – Al2O3    \U+*# ]&5($670'% )% W=/$S

 F;&#f C, !*1)4;f ^F7%)4I k*a% C, J&, ]&5&?% )% 6=r05

<%%07 k*DH1 O$P? (&Z Q' -)4� C, 6;$41 F?

 %4I ($ ]01J&, F7%)4I C, !?S&o? J&, &=*?4af ]&5($670'%

<6=5% F? G&H;

 F'&*Y@ ]&50gf ($ M -)$0q 2'01J&, N Heating C""*q&; ]$0,

 C=*?( )% &5 -&D*Y*#    S G&R*# 0D=*Y/ <%4B F? e%&LU#$

  OSK CEo; &, F1&.*/01 6*a41 S e%0/ W=/$S 0l'6D' &, vYy$

 Gf ($ C/ 6==/ F? CaO – MgO –SiO2 \U""+*# )% 2""*'&V

 S MCaO – MgO –SiO2N   !*Y*""# FU;4? C, G$41 F? CYRg

<%0/ e)&B$ M 3CaO<MgO<SiO2 N           !*;S0?

 OSK CEo; &, F""1&.*/01 k=*d""#$ ]4U:? ]&5($670'% )%

 6;4B F? k*DH1 CaO�MgO�SiO2�Al2O3 \U+*# )% 2*'&V

 K4L; ($670'% )% S e%$% O$P? (&Z k*DH1 J&, ]&5&?% )% C/

 k*DH1 $) CUZ07 )$0@ K4L; !:1 C*q&; Q' �d# S 6==/ F?

<!#$ &5 F76=/ &' S &5 �01 k?&B vYy$ C/ 6=5% F?

 kDB 0**�1 S FD*;&D? ]&5 �4""B G&R*""# )$S% e)4/ )%

 2'$ C/ 6UZ$ F? �&""L1$ OS&=U? ^e)4/ CU""#4V ]S) Fa&Rm$

 e)$4'% FD*;&D? S ])&UI&# G6B 2D""B0# k*a% C, e6'6V

 0D=*Y/ ($ �Z&:? C'J Q' CD*;&?( 6=r05 <!""#$ ($670'%



The First Specific Periodical Journal of Refractory Industry

89 !"#$$%&'()*$|$+,-.&/0$1.&23$|*4(5$6789$$:;;<=$>)&8?;@$ABCDE

 k*DH1 (4+; e)$4'% �E# ]S) 0, )$6'&V -)4� C, G&R*""#

 W5&/ S% 05 F7%)4I !m0# S e)$4'% �E# ]&?% %4B F?

<6,&' F?

 CY*#S C, vYy$ (4+; e)$4'% ^s0lH*V &' 2/ QHI C*q&; )%

 C, \*#&UVN %4""B F? e%)4I C*aS$ s&I %$4? F'&*Y@ -$)&�,

<M%4B F? 0*�.1 F;&#f

:;<+=&0+>'/0?+>@+345627
 CaCO3 N Q5f �=# 2UI4# ($ C/ M CaO N ]$ e6;( Q5f

 �YU�? �$4;$ ^G&R*# 6*a41 )$S% e)4/ )% 6'f F? !#% C, M

<%4B F? e%&LU#$ )$S% F@&g$ e)4/ S !Z&B ]&5 e)4/

 ]&5($670'% ^G&R*""# e)4/ )% F7%)4I sx*;&D? &, C,&""H?

 2*=�R5 S O$P? (&Z k*D""H1 &, x*; SiO2�Al2O3 \U""+*#

<6;4B F? e%)4I ]$ CH*B (&Z S !*1)4;f k*DH1 �'0h ($

 F7%)4I C, !?S&o? ^J&"", ]&=*?4af )$6o? &, F""'&5($670'%

<6=5% F? G&H; %4I ($ Fa&m

+,-./0+6A?5+B-;+C62D+65+E45627
F+C%G%*+H)I

 C*q&; %4B >? e%$% �0, >:E# -)4� C, 0gf C/ >?&l=5

 S �=*14/ 2*, (0?< %4B >? e6'% e6""B OSK -)4� C, �$

< %4B >R; e6'% $xc? -)4� C, 0gf �$% �E#

FJ-K(A+LGA+MGN5
 O4YE?&; >'&*R*B v*/01 S J&, >1)$0q )&, !Ym C, �&L1$ 2'$

 )% C/ 6UZ$ >? �&L1$ p'&? (&Z 6q ($ W*, k*DH1 Cc*U; )% S

 W'$xZ$ &, 0A$ 2'$<%&UZ$ 65$4I �&L1$ 6q ($ W*, K4L; !""'&�;

<6B 65$4I 6'6H1 &?%

 �E""# )% ^ &5 C;$%(0? S &5 k�Y�1 kI$% C, 0D=*Y/ K4L; &,

 e6;4""B s0; �&5(&Z 2'$0,&=,<%&UZ$ 65$4I �&L1$ 2'$ 0gf �$%

 -)4� C, 2*=�R5<%&UZ$ 6""5$4I �&L1$ �$ Co.h -)4� C,

 kI$% C, 0""gf >Y�$ x""g G$4=m C, MgO K4""L; T4""Dt?

 8&X1$ k?&m G$4=m C, (&Z 2'$ C/ %&UZ$ 65$4I �&L1$ �=*14/

 3'$0""B 2'$ )%< M MgO &' T9D'0V (&ZN< %0/ 65$4I k""Rm

 65$4I �&L1$ &?% W'$xZ$ C"", Cg41 &, G4'(4L'% >7%0U""+7

<%&UZ$

 (&Z G6B \/$0U? < %4""B >? �4?&I e)4/ C/ >E'$0""B )%

 �m&, Cc*U; )% S %&UZ$ 65$4I �&L1$ 0gf )% e%0/ K4L; p""'&?

 e%0/ W=/$S C*q&; 2*, (0? )% �01 Cc*U; )% S W=1 %&c'$

 �&L1$ G6B 2D""B0# Cc*U; )% S %%07 >? e%0D; W=/$S S

<%&UZ$ 65$4I

}%4g4? �&5 kq e$)

 �&5 0gf S e)4/ )% 6""q ($ W*, >1)$0q )&, ($ O&""=Ug$ 

 e)4/ )% %4g4?

 >? !I$4=D' -)4� C, e)4""/ �$)4I CD='$ ($ G&""=*Rh$ 

< 6B&,

 ($ S %4B CUZ07 !I4# &, e$0R5 0U+/&I G&D?J$ >Uq 6'&, 

<6'f kRm C, �0*74Yg C*aS$ %$4? &, &�;f G6B v*/01

+C%G%*+O2P
F++Q+,-./0120320R++S2TP+UV0+,5S+C62I

 �S) 0, �;) x.# S %)( S �;) %)(^ �;) 6*L# �&5 e)4""B

 !aJ% 2'$ 0, 0gf >g)&I �E# �S) 0, &' )$% �01 �4E""#

 �;) 6*L# N >'&*Y@ �&5 6'0Y/ CY*#S C, 0gf �E# C/ %)$%

 >'&*Y@ >'&5 -&La4""# S >'&*Y@ �&5 -&?S0/  v*/01 &' S M

 -)4� C, C/ >'&*Y@ �&5 -&La4""#  ̂�;) %)( -)4� C, C/^

 �;) 6*L# -)4� C, C/ \*+Y/ -&La4""#^ �;) x.# � %)(

< 6;$ CUZ07 )$0@ 0*A&1 !:1 !+5

} MGN5
 e)4/ 0L+R1$ )% J&, 6'0Y/ S )4La4# ^>'&*Y@ )$6o? 

 !*?S0/ G6t? �=# �S&q �&5 0gf �$% �E# >7%)4I 

%0/ 65$4I p'0+1 $) &5 >'&*Y@ -&?S0/ k*DH1 C/

} WA)XA
  (&, �&5&wZ S &5 k�Y�1 �'0h ($ 0gf )&UI&# G6B \/$0U? 

KCl_ NaCl_K2CrO4_K2SO4_Na- �&5 (&Z k*D""H1 CY*#S C, 

 CaSO4 42SO4

 �&L1$ �YU�? k'J% C,N >'4Yg C*q&; )% G6""B 2DB0# 

 >D*;&D? S >D*;&D?4?01 �&5)&, Gf k*a% e6Rm C/ 6UZ$ >?
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8  !"#$$%&'()*$|$+,-.&/0$1.&23$|*4(5$6789$$:;;<=$>)&8?;@$ABCDE

M<6B&, >?

 S SO2 �&5 (&7 CY*#S C, e)4/ �$)4I )% %4g4? %$(f Q5f 

 �&5 6;&, )% %4g4? CaO &' S %0*7 >? )$0@ s4c5 %)4? SO3

 %$% 6=5$4I CaSO4 kD*H1 >Z&�$ SO3 )4wq )% >1&D*Y*#

 0gf %0# !R+@ )% C/ 6B&, >? C1$)6*5 0*y -)4� C, C/

< %0/ 65$4I O4#)

 �&5 -&?S0/ !*?S0/ G6""t? �=""# �S&q �&5 0gf )% 

 �&5 -&?S0/ e$0R5 C,^ 6;4B >? )&�, 0gf �$% !R""+@  )%

 k*DH1 �4Y�? �&5 8&U+'0/ >'&*Y@ �&5 -&La4# &, >'&*Y@

 )% �&L1$ 2'$ %0/ 6=5$4I O4#) 0gf %0# !R+@ )% S e%$%

<%&UZ$ 65$4I �&L1$ >Z&�$ K2O )4wq

FY/Z+LGA+[\6+BA)@+52]2 +̂B-;+M_+CA6
 )4La4# 2*'&V )$6o? &, !I4# ($ e%&LU#$ 

 25f �=# ($ e%&LU""#$ �&g C, 25f �=""# ($ e%&LU""#$ 

 e6==/ �9�$ k?&m G$4=m C, �6*La4#

 01J&, �4YI &, C*aS$ %$4? ($ e%&LU#$ 

 0gf �Lq �$0, )$6'&V �=*14/ k*DH1 

 ^ &5 >'&*Y@ K4L; G%0/ �@4U? �$0, >m0Z \U*# Q' vX; 

 e)4/ \U+*# >YI$% �&5(&7 &' 6'0Y/ S )4La4#

 >lU""+5f C, 6'&, e)4/ ^�)&/ C'J ($ !�Z&:? )4�=? C, 

%%07 s07 S %0#

 6=U+5 CaO �S&q >1&D*Y*# �&5 6;&, �)$% C/ >'&50gf 

<6B 65$4I k*DH1 0UR/ CaSO4 !"#$ %&'() *+ ", -.(&+

 !"#$%
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