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128 WERENAEIERE

JCR MRS T A R FEEE G0 B0 0 4 B 6 FonE X4 R A Ak
YRS s e, PR X T R WA R . BB AT T E

JCR MR D A BRAFESE B 5 8 01 45 6 Fhoc &, X B4 R SRR M B
T )E, RS R B AR A TR e R Rk A
ALz, BEMEEEEMULT TR, MR EZOhEHE, EXHI RS
VEFH 2 OCH 25 56 R F Z W 19 3005 770, DNA 19 & i AR 05 0 & LT 7% B85
5 2 2H B h ) A O R ) T A

BB LBE S R BIEH RPN S REFER SN EE AR FHEE S 7,8
B REHRSE 6 AL BEM FREHESS 7 A, BRI EBEHESS 8 . B N SRR
iX, 8 THA &R . L8 MEER T T, e s e 2N
T JE R A B, AR ORI LS

W 4 i ANt 4 X LU 908 U A Tt b,

%MEEW#@%@%E(LIAI&Z o) MBESR A4 [ LIAL(F,OH) PO, ], £27E Hh
7o H T A BN 2.0 107 %, 48 B LA BT JR 2% 8 2% (Arfvedson) T 1817 4E
TE S0 P8 BF IR BE R B o 8 AT R i 15 11K %% BE S & N it Li, CO, RTYE A 25 403R
S R AL AR AE A ALELL & W 2 A DL A B A,

IR BAFTE T KD K P EAL S R’A N 1.05%, N Y EER
4K A7 (NaAlSi,0,) & #h (NaCl) (f5 /7 (NaNO, ) 5, #H7E #5761 o & /- 30k
2.3% . FACERANTH B AN &, B TP Tk EEFER,

BEE Y F Z A 6K £ (KC1- MgCl, - 6H,0) , KRR AL 8 (KC1) KA
(KAISi,0,) %, #P7EM PR BN 2.1%, HEMYAEKKLFITE, B
KE 5> FORAERE B, KNO, A1 KCl0, A I F A = ME 25, &0 A 40 i 3 B A 3 4
(Davy) T 1807 AE7EA 4 5l FH Ha fff o i 1 S0 810 A AN L AR I ik A B i Ok

oS H AL AR Bl A A PR R R A, S %
TCEIRA PR FRES BN 9.0x107°%, M FEHFAERR WA

© ABEICH (BRI HEGRRNE  7E“ R RR” A M N0 RN A, S o
by



N | #0% WERAHILE

[ (Cs,Na),ALSiy0,-H,0 ], 4 81 i & 7= Yyt 2 4 1 EEOR IR, #AEH 5T P
JRE R 3.0x 10" %, 0 fi % [ A A< 4 (Bunsen ) I {8 [ A % /K 8 K
(Kirchhoff) F 1861 4F 75 78 [=] () 1 8 £8 K 2% & BN, 76 10 2 A — 4E b (7] & B 1 48 .
X W R T R A A BT R IR OISR AN . &R T HE —d
B REAR /N, AT 3K il 4 ' H A I A .

iU IC R o Bk % E L BHF R (Perey ) T 1939 4R 7E 1k W LR K
B, TR 4 francium” J2& DLk ) #H [ 75 [ France” 1 7 45 1) o

Bk vk B IR 72 2% (Vauquelin) T 1798 4R & B, HiER EET YW 2 % A
(Be,ALSic0,) , & HHEH 2% Cr B g tH B ——— P 2 R E A . P
o7 B RO 2.6X107 % . Bl Y 3 A SR A AT R R A A

BETE 1808 4F g BA4E &7 S5 4 B8 tH PR . BEAE ML ST P M B R A B0 2.3% B
B B 6T, B & 47 (MgCO, - CaCO, ) (ZEEEH (MgCO,) \¥5 £ (MgSO, -
7TH,0) St 41 (KCl-MgCl,-6H,0) %%, S FEHERR A &, 6 & EM K&
M TRZE R BIHL G2 B A8 1 A 7™ T i 55 Jy AR A N A LB R A LA K
14 H ) .

57N B AT 1808 4R B K o A5 7E e b 1 LR 2 B0R 4.1% % 1) H B
W YA J7 4 (CaCO,) £ 7 (CaS0,-2H,0) 3 f1 (CaF,) B K £ [ Cas(PO,),F],
B DL RIS R 1) 32 B4 ) CaCo,,

P8R 2 IR 22 N v 95 4R 8 ( Crawford ) T 1790 4 % BiL, 1808 4 iy 3 4 4> &5 ih
Ko BRAE M TS TR BN 3.7x107° % SR B TP R K A (SrS0,) Al
F W (SrCO,) .

B ER R AE T 1808 4F 4 B ok o B M 5E P I R0 B0 5.0x107°% , #
1) LW W) A H b4 (BaSO, ) FI8E 5 41 (BaCO,) o

J& LR IA T 1898 4F & B H A 90 5 M 1 o B AR, 28 oAb B T I 7 Al
§°, 1902 4 A7] 43 B M 2 B 4l RaCl, #1148 Ra, 4RSS MG £, 7= & T4l
B AR it AR b, E EEARAG, 5 A A A SR AR T b S AR, b B 10 e BT A
AEZRTS 1 mg 5 .

XM G R AV M R AR LR A AR A LR o BN e Rl — K, A B ET R
JE T2 AR A U 8 K HL S BB R L PR U /N, DT 4 S B T R MR A b B R AR K
B8R

Horp BRI F AR N B R AR AR N 5 ) Lt s A He, AR R
SRR . AN, B ATTHETE AL G 0 B A2 e 0 S o 1) L 2

B 4 J A - 42 )R )2 L A RS IR ns' A ns” K MR TS R K
HARA KB FEMNRER 7, R Ew It mkns)E, e LAk
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SE I+ 1 AL, el 1 WA RS E 1 +2 R
R R | R el I 1 N S = N S s N L R S T )
A 12-1,

EQIV
- g 135
b 2 Mg —236 g
K292 o cot 28 o
Rt £ ny e
Cs*—gz'92 Cs Ba?* . B Ba
ESIV
et - T g
Mg(OH), — = Mg
catom, ——=L. oy
Sr(OH), e ©
BufOH), — % _Bs
B o12-1 6 4 IR Fn e+ 4 R i oT 3 f # P Q
121 ERBBR
Vg e 4

4 B A0 - 4 R I TR AR Ah KA A AR A am & EOuE,
FLAT R A0 5 H T A S 1

B 42 8 B R, BR A APERAE 100 °C LAF , 46 B 6 A A, 2 il 7 T b i
RIS SR — (B —F R IA ) . b5 54 S 0 IR E BER K,
P — S SR 700 T LA B B4 R 3K, SRR BEQER /T 1, AT LA R/

@© B 121 B B i 45 5 AR L 9 308 35 B 3% B Gary L Miessler, Paul J Fischer, Donald A
Tarr. Inorganic Chemistry. 5th ed. 2014 fff 5¢ B. [t 55 W M Haynes. CRC Handbook of Chemistry and Physics.
97th ed. Boca Raton:CRC Press Inc,2016—2017 ;5-78 ~5-89 (1) B 45 W A4 A [

@ % Ml i AR 200 3 — e ot A R U A kA R R T R B AR X AR, e PR K
537 (Mohs) T 1824 AR, WA RERE R |, A FREE Ry 200 SRR 10,



[ #1028 #eRAHLESE

IR7IE I A O N i oy N IR O o o S %Y
BRI B R B R AR K K — 2

Bl 4B A WA LT R LS 5 R DR T 6 iR < R i L e R 1Y 5
Bt 4 T 4 R B R RE R R AR LB R R R 2

gt PR E D >
i <5z o e - < JR AR AR TS R B R O E  FIR M Li £ Cs MM Be #] Ba
S )R T T P AR U 58

B4 J A - 4 R A AR SR B0 8 T, 5V 2 AR R BB LR RO A B
FRALEY . GHEREBLEY D, ENUREFRRFE ER®REN TP

2L AE S T I
a4 A S AR LR K R A LR R A AR, Bl
2Na + 2H,0 == 2NaOH + H, 1
2K + 2H. 0 2KOH + H, T
Ca+2HO Ca(OH), + H, 1

BB EE LS K RO PR A, RO B AT B RS R, AS By AL, IR T K
BCREASBEN s 53— 07 T, o1 T e AT B SR AR BE /D, A R S A W AR
iz JFR 2 THT BELA9 4 J 55 7K ) ik, DA T DB 22 1 2 IR 55 K S L B R o BB 1Y
J& T T LATE BB ) SE AL AR AP, R T E AT TN K R AR . BRAE Bk
AT LAGRAS 3t kA ST, B R K AR A R A RO o R 2 A B R < R K
Io7 AE B R B, X S B 4 R B AR, 5 K B H B BB R AR A N S
SEA A T SN A BEAT , [R) A T BB BO™ AR B9 H, AT & AR R A A BRI G
Bt o 3 S5 R FA) SR AL W U A BE AR K, B P AR ) SR AL R o T K
A2 xk 2 O  BEL AR

B R B RS EE B RT B RS H, AR AR R TR S, Biln .

150~300 C
H, + Ca —————— CaH,

P EALES (CaHy) B K 6 18 7 Sk . 15 Tk &R 19 S AW 2 AR 5 19 318 J5R)
B4 A R L T TR P AR O L R R, TERRTh S S
J& BT A AR B il ORI A R RS TR, A OR B R RRE T,
JIT LA 26 45 T 11 B0 WA — R AR A8 E AR IR T o A AR B ) i DR
Na + 2NH,(1)

Na'(NH,) + e (NH,)
T HPEERE FAE, ZIERA R S, B2




(PRRES LV 477

K CE SR AR AR FE R, B A R I I v AT LU AR R BN
2Na + 2NH,(1) = 2NaNH, + H, 1

AT W A O E A &S

F T el < R A — S - 6 R B TR S K BN ROSE, B LA E AT TS REAE K 7Y W
oA S DR G T o ) e R Ak - 4 R R Y 9 A TR, T LA A K R
R 2R F B S A RSBt R

NbCly + 5Na - Nb + 5NaCl
Zr0, + 2Ca == Zr + 2Ca0
TiCl, + 2Mg == Ti + 2MgCl,

B4R B R B2 BT R A T T LA S R A 10 B
6, X R IR G AR A (100 535 K M B B R 2 SR A, 2 R R T B T
T 5 T JOH S T R T ) 6 AR B I, 2 o T M 5 A L S 1 B A B
AL A 2 B G L T 0 B 2% /N e S LA — 5 B B, AT B A
S GE 0 €5 -

B YRLL B — R, — S, I — LT, M — U o, B — R T, B —
VLT, Bl — 1,

B GRS R AR 40 91 5 KCIO, B 20 BB M HA 5 45 5 — A 0 HL IR
B 7 R TR (5 S B AE

V 1213 sRERSENHE i

e 5 J B B R B A 2 B A& T, B AR AT RE DL B B AR A T
ARA . ENTRERYE, tk g 1 8 R AT A K % Wb il 45 ok . 1 45
Mk <5 s R < e BT SR PR B 5 ik 3 R R e R AR e LRGSR

i <5 A+ B S8 00 PR R A A T SR I ok R R AR T L 4 U
R FH 42 A RO D R il 4% o

1. iR Eh B Rk

LA B Az 7™ 0 51 R A 8 5 2 P e 0

NP 12-2 Braw il 4 < TR B B L AR A Y Sh 7 R 4 G, P AT AT A R
L iFp A R A A B AR 0 B 5 I AR, PO L A (D D R R T o L AR B JRURE R NaCl
il CaCl, IREWMIEEL . WK &R (& A &R 5 ) 76 MR ™ A=, B L 3 B /)
77 7 b v b, A BAR O B BRI RS EEAEE TR A
4%, fE LT A PR EIT AL, [ 9% 2 i R R A b, RS
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FYIAE 105~ 110 CF A7 BB R 2 0 18 6 i 45 A6 W A A )k ml DL 4 31
a5 TR B o AR B A 2R B AR B AR Y SR 2R i R TS Y R
L HEA R AR, AR5 % B S AR A R B

Bl 12-2 sk o fidp 3 A ™ A 1) H il R s 1
1—4b5E s 2— WA s 3— B ;4— B 5— PR ;
6—H 4k T— A 8 — WA % ;90— HER D

HL AR S R 7 B AR

INaCl(1) = 2Na(1) + Cly(g)

CaCl, 75 i fif 3of £ bl BY 48 R0 A6 1, il 5 45 NaCl J B3 448 Wy i 68 £ #9465 250
BEAR , LAGS B B AR REFE 9 H B89 NaCl 5945 5304 800.7 C, IR & £ B4 i 29
500 °C, SEPr A iR B 29 0 580 C o [l B, [ IR H fiff 50 41 1 52 5 T ek 2 A 19 1%
A, AL IR AV P A A ) <6 T A A A4 Tl A o R T A BBE AR T 7 i B 0

& JB BT LAy LRI il BeCl, BT IE®IA5 o T BeCl, AYILAT P8R , A4 ™
AT IMA CaCl, sii e Jm ALY LA ks £5 19 F itk o

fE 750 CF Wy fif f il MgCl, I 75 8 S Jm 86 . 5 B8 (9L aT LUd i v g HL A
il AL B 07 R

2. AERE

Tl b — A SR A J e SR B T R T 4 R B o KR TR O U
W5 ¥ TR RS ALY b, LLBOR ME > B ok o 1T HL & Jm 8 B b A IR, 3L 28R
5 B A et o Tl b 25 SR PG TR ) 5 B TR B, 7 850 °C R A ¢
R R, R Ty S

850 C
Na(1) + KCI(1)

NaCl(1) + K(g)
SR BB SR 759 C 7 850 CHY, &R LLREIE XFE, & BMAEMNKT

883 C W73 R WA , 52 7 A= i PR 0 7 S i i o, 88 SO A5 LA AS i ) A7 B AT o
AARBERINSRH 2 — Lo @BRA)E , &R KA 1L 99.99% .




122 sgkey |\ EEHE

A4 1 1 £ 5k S B B A T TR R AL, LA TR S A B R, 7E 750 C R R
JU S A B A SR AL A
G2 JR PO F RN B R BEAELY 1300 C Rk i BeF, A7 % .

122 ZENHSY

V 1221 4w 4

0 4 R AR 1 4 R X A7 AR A AL, B ML,0 A MO, BRILZAM, ENTSHA
FTIE BB et & Wik A i Ak B A ALY K ALY . BR B LS B BT A e
& Js Aot 8 JR T R S RE I i Ak N B 0 A LB A BB AR U R AL L B
Je A A H S E AR YR A — R ME LB Al

TEFC R B 25 P #R B8, Li, Be, Mg, Ca, Sr A i ¥ 38 1LY Li,0,BeO, MgO,
Ca0,SrO;Na il Ba 4 i i 2 £ ¥ Na,0,,BaO,; K, Rb, Cs 4 il # 4L ¥ KO,,
RbO,,Cs0,,

Na,K,Rb,Cs i) TS AW B AR R O, S Al PLAE SR kY MO,

1. EEELY

PREEAEZ SRR B FZ =Yk Li,0 4h, Kb & IR fE = b by £
PR ERAS S E A ALY M0, A R AR A2 S AT LUAR RX S 588 R
AR B 2R A Ty P ] e DR A B Al i 7 o PR DA AR B 4 iR 0 3 3 4R 1L
YT L B 4 Ja 5 5l B AR W AE B2 A SO O SR AR ) A R R B A R 3
B 7 Bl o Bilan .

EA’;‘*
2Na + Na,0, =— 2Na,0

10K + 2KNO, 222 6K,0 + N, 1

3NaN, + NaNO, =—— 2Na,0 + 5N, 1

Bt 5 TR A 5 SE AL T LA S e RR £ S ALY i R £ A R R A AR
G fi0k K Bl 4 o

B2 R 1 i AL N Li, 0 B Cs,0 B KK b i in i : Li,0 hH 6,
Na,0 N H{,K,0 AKE,Rb,0 AR, Cs,0 NEB A, B+ &8 5% il &
W3 F .

W 1 A PR R B R B TR N L B AU R ARG, S Al A e D) F
REAC. Bt e B8 AR B/, IE HL A 5, BT DA 3 S A 4 9 A B K, 3 3K



TNl 212% HEeRAELISE

oA v g & R Wl S B AR L,
4 B A0 2 500+ 4 R 5 i Ak B 1R K R R AR BRAH N B S AR, IR
o il an .

Na,0(s) + H,0(1) —— 2NaOH(s)  A,HZ=-151.6 kJ-mol™'

CaO(s) + H,0(1) Ca(OH),(s) A HS =-64.5 kJ-mol ™’

25 R ) BeO Fl MgO BB ME 5 7K SR, AT 4 485 s AR 8, 8 J2 AR 4 19 i 2K
MORL, 245 5 o R A 7 I R AL BB AR I — R AR L g Rh A, MR AR UKL
SHRL ARTK I R

2. FEALW

B4 A A B 1 8 B T E B, BR B Z A HoAth T R A RE I il Ak . X st
fy A B F0—01" ALK BATE Bt E ik 8 (H—0—0—H)
tho REEML ALY R T EAM (Na,0,) if A AL (Ca0,) Flif & 1k Bl
(Ba0,)

ARG A BE R R ) Na, O, , 75 B — 5 19 SN 2 o Tl b 2 1 i 4
AL B A — 5 B BR £ AR 10 TR 25 R, 4EFF IR BEAE 180 ~200 °C, 44 B 9
S AL Na, O M 3% K 25 i & JF a0 2 42 & IR B2 &8 300 ~ 400 °C, BJ A ] 15 % 4l
%t i) Na,O, 8K,

180~200 C
4Na + 0, ——— 2Na,0

300~400 C
2Na,0 + 0, ———— 2Na,0,

St0, M H4& R 5 M EER N H#ES K ,Ba0, M &R 5= —E il
BEF RO H A o

oA 4 8 9 o S AL W o] A ) 4 07 ik 145 . K LiOH ¥ T 2 B P BUML A i
W,z 5 H,0, KN, iT#5 4l BEAR B 1Y Li,0,,

&R B ALK LUS Bl 4 i g A AL K,0,,Rb,0, 1 Cs,0,, H A EA]
RSB A B E Y. B0 LU B AE E5 25 v KB a] i #4088 &0 16 8 L7
#| K,0,,

¥ Na,0, 5% 1 MgCl, ¥ W AE R vl 45 3] (H A MgO, TTUE. Rk AIHk 1
% F, M CaCl, 5 H,0, [ i AT LAHIA5 3T 60 & 45 &K1 Ca0,, &45aK
) Ca0, 7E 1t 100 °C T Bk v] A 53 €./ K CaO,,

o EALY B AR A, 5 R . S KSR BRVE A, A R AR S

Na,0, + 2H,0 —— H,0, + 2NaOH
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Na,0, + H,S0, —— H,0, + Na,SO,

o FAL SATE  FEREAL R B9 T 2 B A A SRR AR R AT AR AL
VR ARAER B AR BT, T m LR EIE ZHCR A Ca0, ME AR A
R CO, RRBEH O, , BN .

2Na,0, + 2C0, —— 2Na,CO, + 0,

7 B 75 1 H AN K AE Hh 28 % 1 Na, 0, fE2 CO, WA, 4k 45 005 F ML
e DU A T BB Y L, O,

ot ALY A BRI AL P, AN Na,0, 2% FIRAE S AL Rt 67 57 , 76 44 il
24T AT LK Fe,0, %Ak N Bk R EE Na,FeO, , #f Cr,0, S AL 0 5 ¥ (9 8% IR

£ Na,CrO,
H- e
Fe, 0, + 3Na, 0, i 2Na,FeO, + Na,O

S
Cr,0, + 3Na,0, —— 2Na,Cr0, + Na,0
ot ST L LA A R , 438 9 SR B 2 L SR
5Na,0, + 2MnO; + 16H' —— 50, 1 + 2Mn*" + 10Na’ + 8H,0

52 Wy 56 o 229 ] BaO, 59 B R 4 1,0, ;
BaO, + H,S0, —— H,0, + BaSO,

el 4 JE ot AL b, Li, 0, SR E M 25, 7E 195 C L L B4, HEAth it S Ak
Y IR E MR R o FE A AU AR P AR AE B, Na, O, 1 #4443 i T
EART 675 C, Bt 48 it A Ak i A2 2 M MgO, F| BaO, g, {2
PR PR Bk 4 R o

. BEHYMRELD

BEAYPEHEEET 0, B 0, Z—1"HF, HANEE T ZRIBRIE B —
oSN BE N TF o, BREN1S5 ATHARETF HEAETFO0, HE
REYE ., RA KR BT AR €, I KOo,,RbO,, Cs0,,Sr(0,),,
Ba(0,), #f b E , i NaO, FE tE# 2 .

4 R A AR 1 s, R BB F AR T R . KO, BJE 2K 380 C
RbO, %5 55k 412 °C ;CsO, M 5K 432 C

B A A 5 Y LR P R B B AR BB A i R AL, 7E 450 C AN 15 MPa
B ST ,Na 5 0, SN fE % i 15 2l v i) 3 648 S AL (NaO,) o

Ak P AR 5 1 SR TR, 5 K B Al B T U R0 A R B RO AR R R



