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% it

(BT TZFVRREATENUR—TTE LR ERETIHRTIYE™ T LH¥
B, S RAE WEAE e TR A TR ESE¥PEERUNERR. T4
EEREGH A EZENMA, HER™5E MR AR IR . 2060 Bl . & & R #HE
B, HBRREME T BRE—TERXEINA T RBERRE.

1 AL TR SRR

BEEMFRANHEL  ARUT T MEELRE, THIA T TUMERESEREGE -1 E
FALTAT WA B AR 47 .

ATE 8 R, BT B 42 B WG (FeSO, 7TH,O) Bt 18 T HiER » 3 ik 2 5 5 19 T AL
IR, BRBTEVAT TR, 1740 FEANEHAO SMBEER BB P IESRE
AP TR, R R B — R . 1746 R EERTHM B TR BE. MEEL
S L, Tl i & &, AKX AT R 1Gm, KRR A BT AREWREARKR BT E,
1791 4, E B A X8 e B 5L T 58 — > H 7™ 300 kg B9 “H A 22 37 (N, Leblanc) il 5% T
. HIE, RAKEE) BAZNKMN,1880 ERBE R K 0.6 Mt, B 2 421k
FTANERNEEREZ — AU AE AR T Tk ik, i {23 T miR. 2% T
B K& . AR 22 T Bk R RL A R AT -

2NaCl+ H, SO, =Na, SO, +2HCI
Na,; SO, +2C=Na, S+ 2CO,

Na, S+CaCO; =Na, CO; +CaS
CaS+CO,+H,0=CaCO;+H,S
H,S+20,=H, SO0,

FERE o M 1842 FEFEE A J « B » 358 (Lawes) E 3 H & 55 — NI BRI R .
FAE T 3R T 19 2 sp i, BB Tk M 1913 SEE A LB R )G » 15 B W s #h & J& .

19 40 J5 2 3Tt , AAT2 5 Bk 0 & B DA SEURHE AR 45 3 A 7= B BR 19 22 3 =X Al R 2
Bk, 1911 FREM T HA LB - EmBREE.

1909 4, 41 (Haber) F 4R AE AL FIZE 175X 10° ~200 X 10° Pa fl 500~600°C &4 F &
RT &, 1910 48, WA 7E PL R T2 I {8 7 (Bosch) MBI F, BB T 80 g/bh A XK E .
BT Tolk A 7= 5 RS AR , 1 A BR °T M S AL 458 , B A48 = 8 76 P8 1 i 00 A0 B R S 4 26wt |
F R EERBER—TH™ 30 t WEREARE. &R LU RID, AR EKBE R
RUEFERET T W A0 E B, T AR T A ZR2ER AR (Blinm ERA KRB A AL R
P4 R AT B BRI ERB i S A S R RE .



B B R L S0 TR B R A 45 R ALAL 7 5 A0 M 4k ) i 5 48, 4k T U P B AL
TV EREMKE.

A5 — YR A SR i v, B X R 2 0 T oK L 4% i fll 2 o R PR 5 B E R SR RHE N

o5 — YR T SR I 4 T, R R T A A AR AR AT A S RAE MR B AR T K
PN BL T ZEARRE S F A Ry E AREE . P EE MR EE. ML T Tk E [
TP & R A B .

oA ARUE . AT TR TR WEHBRE., MEABREATRENHEK
AR o Tl T R L N 50 SEARTT IR, A RE Tl 76 JFUR A B b FEAE PR RR R AT
TAMAAL, BT AR THREEE. 1943 4F“%F K H WML 0 A , 4 7= 20 i 5ok
FIAREF 8%, —HRE MBI BEBENR, 4R LA REAH, 20 4 50 4
oA, 6 3 4 22 [ R I JF R RS R k- b S A P B R . X R EFEE AR T 1964 LB
BT 2 . 1972 4, ¥k B B9 T 35 49- % /K 8 (Ugine-Kuhlmann) 2% 7] 8 & H) 55 — J
DAL S R B R B 36 B, ¥ /EE /1 0. 5MPa H 7= 55t(100% H,SO.) . HEHAR, H
0B B 4 131 Wi R ARV BE SO, A4S 81 i, 28 7= 5 1 B 3l 55 #0  a B BR BR A 7 B AR B Y 2t
fE.

1890 4F , 7 [ 7 BF 537 o5 48 S A th 52 55 — A T oMb A0 AEE 1 oG K o A A Il e Rl B AR
o, B 19 ek, KB ERABRILHERD BET KRERBE, BRERURRE. B2
WA R K IR SR B R S T A R R AR T R AR A Mk R R R, O
ARARBE T B AR A0 FRE, SO TR B R R IE BRI, (R BE T SR Tk i AR . DA TIT R AR R B
AL B R E B A k.

20 42 60 AERFF B UG, S BB KA RS ARET WAL HENL,
FRARE LS XAERERE, FERILE A= KB & B B 3Lk AAER 2R
SRS E, A REA) KB RELRREE E—KCEKR.

DABR R A R ER IR . 2l A . A AR Bl L2 IR R S A R B AL T A = 2 24
B B HE N 2 R L JEURH G A R B A R 1 BB BT #E L 95 3 1 SO S AR R T R, BE B i 452 )
FBEHAREINA, & BT BHAM KB, A ERE, TV T TV EET - HHA
SRR .

REHRRTVRAET W FEIBEBEH—NITE. 1874 FXBEIBHER=0T 2R
FEREOSEEER,1876 8™, HFHRY 2t, AT HE LM AL, 1934 £5 — &
fib k3 B A BN E KT 4 877, RHAT, & EUEREIEN  KER PR 0 Hl 205
T ERE BRAWEE AWML A LEXEAL T, KR F & KRS a s
TR .

BFPEBRE, N THET L ARRE REMHTHATTLA THERKER, 256 & b
1949 4E Y 88 kt & B F 2002 4E 1 8 000 kt (R I/ A B , B H 58 4715 B 2002 4, B s ™
BN 8620 kt (REHEABE), BHFE AL MR & H 1942 419 180 kt BN 2000 4
31 000 kt, fE it 55 s BE LG , 40t 30 FMREE S, REA LEAR T A RE Tk, EH
KIRIGE, B 2002 FE =R BIFA B 30 000 kt, B FHE —fL. £EME=RH 1949 £ 6 kt
% JRF| 2003 942 000 kt(Frahi®) , Gt K EF=RM 25%, FHFAE AL,

ZHILTENER REMETIAM T TUVERRETRRH#EL ,BAFREIEELERFRKE



B, 0 2002 4F 3 A 7= 9 s BR g A K0 ST, AU £ E A 1/6, S0 Tl 7 AR ok 1 B 2
W BERE R IS AT, REAE T EERBRNEH MK KREEHTLER,
(BT 1 AR R R B R M R R R — BN s TR IR, 2 BB =
B — AR LR £ DU R R R A

] P TE AL £ 2 s B, 76 JEURE Tl T R R R i 2 i T4 B JR T L T R 2 B BLASE LA
3 4 T L £ ) FR AR TS s R T AR R L IS e T RE RN LE A R AR A BT EOR
B 7 AR W B, A 4 B3k B s 0 [ Bk 7, A e 7 5 AR 32 40 BT WM 5 26K 404 T T R
B, 255 R E S B T R /0 8 4 40 R L AR R D RE A B BRI A

2 EHAE AR

1. A=g&K

FHAL T 75 &, — i B AR K, BL 2002 48 2 6], i 5 % B8 7™ & 3% 3] 260Mt (L 100%
H, SO, i) ; iR = & 5 3 50Mt (B 100% HNO; 3) ; 4 5 7= & 3k 3 60Mt; B g = & 5 2
65Mt( LA 100 % NaOH 1) ;4L B & 7= & F 280Mt (N+P,O0; +K,0)

2. RKE51E

THAL TR pr R R B T EER A A, B LR 5182 LA L™ i i — KA A .
WA R i BURHE B B AL BT B B BR ER L A AL A Tl R R LA BB R . R A9 OB
BREBRTFHABEREERIE SHEARME. HRMEZFH NG EEMRARK.

3. WEEKR

HFEIM TS E RS EEREAT A, B EA =SB h A REER, R
K

4. B fEAR

B 0 A0 2 46 7E 72 & B PR B P 0 R DR A R 3 B ROk & T B AT IH 2R AR A
K. EEEMNE.TAFSIH SIHHEEURBEARFRERM. BN ERSETHE,
B Sk e 7= 5 0 IR BE K, W TN 57 3 B Ko 3h AR K, BRI R B e &3 . i Al
TN A &R E R R, B EE R EAR, TN T R BN ES . B E = AT
A2 B 7 5 T AP B T B 97 3h BRI R AR B LA B R T R AR A

5. A&z

THA =R AL AR Z. B RERZSTFHLEANDIIT. Q08 ER 1 & K & 24 =
B, B R T A B S BRSSO R NG A 4 JURE R 2 SR A
H R AT A A T JRCRE .t AT B 25 L BR B AR A BT VR ER R B R AR B ) BB A H i
WAL SRR RS, A R TR AFHF DL FUHFEZADMR. MRS HT
s RS R e SRR BEAE A& AP RS BR L R FHIBUEZ . AVLE R Tk H 2y Bk A s
BAKHS T EEEE AR, M0 EA T A SR, BSR4 R B L F
fh2zh i, HRAFER ERMEEN b WE RS BRI REFEAES. KR
TRTER GE R S AW A RAE BRETLHT. EEEATRL.ZE.Z8
JIE Ao R S R FFE AR, (R b 3 T3 T 2 L T A B AT 4E A U R S D AR 1T, R R e
A .
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3 AL T Z¥rafbm e

KA T T EA0IE R EZE N A Hil o AR A AR . Eh AR %6 . Fe il . & A AL “# HE
TR AR T2 E ERAE TR LZRE  EBRERMNEREMAES.

4 AT L L EFR Tk

T T TE¥R—TT5EHEE¥F. W R ARE LB, AFEE, B R FET
R R AE S PR A 7 P B RL A S B AR S0 X T IRAR I B R A S ek

FALRXTTRBE A ) HERE R, B — RN, §EE R AR AR
filk PR 7] AR AT A dM R 7 B AT A SRR L7

WILTZEER—TIEEERRE. ENEEMEFREIMERBULRETAE=FHE
RIEVEE T . BHI, 762 50 X TR M FE RS R AR A TS TR
YRR AT B K= S AR ME R & 55 . [RAE, i Tk TR W R EARS . W R E R diR
2 b 3 4 PR RS BB 45 B S 0L T L 24 3 1 A TR A T BRI R A E X R, RE X
B BUakAs B R AN R FREFMILE, TR R LB .

F X TTIRAS B R A IR A, BT AL W B AL 2k TR
B TZRTHRE, N E R LRS- LR ARX, BEE T LI LI 20, ZHTHH. &
S B R A T 2 T FBIHT



1.1 Htd

1.1.1 SRR A&

BERERES T REILE A BRI ER KN SAE. BBX Bz bk BRI | 7 0% 25 50k B .
EEHPEFE 0.5 (FEBOWE, MEBEFEAEILAHZHNER M.

1.1.1.1 $®EHRK

SHHBER 0. 771 kg/Nm*D , FHXT B BE R 0. 597 1,96 &S0 —33. 35°C, B A E B AN
—77.7°C, I FIEBE 132. 9°C, I FE S 112. 3X10° Pa, WA AHXT B E K 0. 667(20°C) , WA IE
KR, SRR K., 20C TR E M EER 0. 87 X10° Pa Bf, W i1k h TC o i1k . W&
Yy ERVE R 5 K AERL, R — R R A

SERGE TR BHENRHERKEMR, ATEFEE 15%~30% JRE) MW MHEK, &
HIKBREEWNE, HIEX .

WA TR & X KW RA G, 728 KA AERT, X4 AR & B,

HR—F RS, BB S 630°C, i — BB MESR.

AHEZRREANWEEYE—ERELBNEBLEBRE. A SRAYEBENEAER
E . EBA R 15.5%~28% , EE SR P H 13. 5% ~82%,

1.1.1.2 4e#HRK

HAEH R A S50 FE R R B KBRS R A AT BT A g ok SRR

2NH, =—— N, + 3H,

A5 ZYREERN. BIMERERIERTES SN AR NO; 5 CO, A4 K

HAEHFRE, REHAKBRIRE.

4NH; 450, L i —4NO+6H,0
2NH; +CO, =——=NH, COONH,
NH,COONH, =——=CO(NH,),+H,0O

BT BLINT -
NH; +HCl —>NH,Cl

NH; +HNO; —>NH,;NO;

2NH; +H, SO, —(NH,), SO,
NH; +H;PO, —(NH,) H, PO,
2NH; +H; PO, —>(NH,), HPO,

@® Nm?®:#R 25°C.0.101 MPa B &S AR , & FRAR HE AR



Tl b P a3 e J o ) BUR B VAR R Gk B R Bk F R EAE

HBEAERERMIMBREALILEY, ENMAKSHAEL, BREAESY, B, X5 F CaCl, -
6H,O F1 CuSO, * 4H,O #4354 CaCl, » 6NH; #1 CuSO, « 4NH,, oS WiEm PSS
Ve, EHREABEY.

1.1.1.3 &# A%

REEREFHTEEEEE L AAH SSHMEAREFILFER, HAENEFHE
A6 7= i i SR

BEZEM TR, BRI E A H AT EILAESN Rl E R , R & SR &k B R &k iR
B VRACER R K LA B & Rl & AR S A0 528 , AR A& R R .

BB ERR T JFR, SN FHIZ AR A R BEESE T &R,

Bk, @H T T @G 4T 2, flan 6K S AR EREREFHBL N, R E
Tl FRBIET A h A RESR IEERZ Tk b AR Y BT BB
HERAERSE.

1.1.2 ERBEEFSHARE

H M 1754 453 B 3 R R (Priestly) 76 B EAL 8 70 A K IR A W it R B, 1784 4R 1A 36 F
(L. Berthollet) #f & 2 i 2 AN S AL B LA » AMTTAS W7 3t 9T 5 404y DA 25 45 ool i 8 25 R 5 TR A
W7, BB 20 42, FRAET N EAH%KEH T f BN EESRERHETE.

TG ) SR SR B AL 85 O Rk, 20 40 F s A B

CaC, + N, —> CaCN, + C
CaCN, + 3H,0 — CaCO; + 2NH,

B B RE BT #E 7, I ER 1t 80 190G, R AER 2 H .

HEARERERGE GRMEELARFEEN, ASMEKEESRIE, HEERK,
# 20 #H42 30 ERULEB B R & RE T A= E B ik,

S RE, B AR &S AERA.

RAORBETELAUERBRTEE B S ETNS. BTUEHSIBRPMAS S,
BMBLETRERAE —F T EREER.

AARIRT K 7T i 3 MR T R BE 5 7K 28 11 PR A B . 5 1T 68 10 7 1 R K o A (LM 2 el
RETHAE R K, A w32 BB . BLAE Tolk % R A LAER M RRS EMZER 5K
ARMEAM AT B

- Bref#kA AE R AR EIN S AR S P RS E RS Y . — B LR
S, X LR A Y ER R A AR Y, I, IR A RS RS R, Bk X
EEMERE. X, AREANEFIBRREBE =1 TELE.

F—LRESR.IHESES ANREHES.

BB R AR EEA AR, A A T Bt K B BN R S AT e b AD 3E , LA
EE AU AR .

BEBREHMER ARNE ARAEHDEE, EREANSEETERIE.

Tolk b P B R F 9 JEORE S 4 -5 v Ak D i B R TR T4 BRR IR 0 T 25 TR » 08 A% SR B
AR SR Y BUSGR BB A R B 5 Bk

6



R 24 4 [ AR Y R 0 ) PR O, A5 B R A 4 DA i (TR0 O JEUR Y ) R 7R

93
#*5 (FIHEBE) e

S

A

| |
B

| e |

| z# |

EErAm i T

IR

)
1-1  PAAE S RS R RO il &R B

1 -1 g AR s R 1 OB il B AR T, R TE R SR AR P K 2RISR AR 3
(B ST AR, AW S ZGEA R L 2 e 2 bR AR . — FALR AR,
5 R A 4 T B — L T VBB Bk /0 B — Sk . TR B /NI KRR A X R

1.2 DARARSAERHA ™ RS

EREFARTBE—BAT 0% . HKIPVB I WiFEIER, FEESALRBEAMN
WAL . HERERAREET BRI SKBRERBRAE T HTRMARM. Hit, %
BRI RAEI .

1.2.1 FE{¥RM
RSB MR EET , SR EHRE b R S Rfa g . IR 5 KRB
ERE 25t PR R AL — B MRS RS B e B R R, B RS
T2 AT AR A4S S22 N R
CH,(g) + H,0=CO(g) + 3H,— 206. 3k]
CO(g) + H,0=CO:(g) + H:+ 41.19k]
163 86 44 F AT BB & A= 40T RBE
4 CH,SC (s) + 2H,—74.9k]
% o7 B % E JEURE , [R] BT M G 2% SR T AR e A AL ) e T, & AR AL T R R TR MR R, O R
B,

1.2.2 A

BRI R AT DL, B IR SR A B IR BE R A 1 000 °C B L S R 3 BE AR
7



18 , HoT ff B AEAL50 A A A BB SE AR .

BREBEREBHARA BN AR P NO FB MU 4% ~300HH, BEKE
AT 6 20 B 25 it 1R 0 - 185 955 1 R BE R AN DU AT B SE A A . B UM, A ) 6 200 B R A
K B AL A REIA B EIREESK

JEOR P R R R AL Y, S BRI S EREAR PR, —RERBERER LS
BifAy 0.5X107° g/L, FEFALRT, K — M E L Bisiab 2. B F0 0 16 7T K XA 1L ) o 2
B EFE A P B AT REAT R I E B .

1.2.3 #HEEH -

(1D 7R LR R B B B Bz, 48 8 FE h 3 R LA F, Tolk - — iR A
1.4~4.0 MPa, B EHHRE L.

ORBEGFHEES, TURRMKES BEH(BEEHS . TESKA8EBE5).

QENFE TURBHEAIPTBREBESAKAMFAME. BIENEE, KEKSEDBR
T 5 Ve B VR BE (B ) A R, B AT BEAE 3 5 S U

Ot E#RAE, 7T LR R S H & SR AN R SEMEBER . BREEHSE, B
2 150 AL U BE B KK B EE, LR E R H B R BE K& .

(2) ¥ BE - Toie AL B s S L % 5 . 3R R IR BE X B AL R Ri G A . (B3R B Xt 5 4k
HoFEmEmRA. BT, —B#Ly h DBEEH 7 800 CAA, B W H T R A &t
BL,H W O EER]L 600 CAA .

(3 IKBR EL - KR LE AR O SR F KBRS SRR PR FRARZ . BB x5
B R F » SCRE B LB B AT 5 EL st 85 A0 7K Bk LG e B A A R A B B, R GERE k. s
KRR B ORRP RS BN T EFTR, B KBRS HIZEG. 5~4) : 1, LEH
EHIFE(2.5~3.0) : 1,

1.2.4 I E%E
TZHRBELE1L-2,
EEMES

~r

FERXRS

Bl1-2 RRKEBSHEALTIZRER
I—BBRAR 2 — — B X B 3— — B AT B 4— B s 5— B — AR 5 625 — B AR 4
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1.3 S

PSR R A 5 468 T AR 7E 780 R NN PR R A T, 5 KA TR0 B B % 4 O S
/R ¢ 3 giDpUR

SAH EBERAER SREAOREMNORE K. FrSE = Pmas B R <k
AR SALTBAF A AR BAR. FIn: Az SEIAREHRHE TR, FRERTF
K B 1 RN — A — ALK s FHK 2P A1 1 78 i K B, BRI — ALK
HEBTXSU AR, EAERATL P ANERESLPEAS —AAUKIRER, MH
(CO+H,)/ NoJiy 3. 1~3. 2(E/RH) . ARFTAZERZ(HEAE VO SKERMERIL
7, B AR SURTR A KBS .

1.3.1 HESUHEXFE

BAKE 6], ZE S AL 7R P il T2 018, O R A F I BR AL B W T B A B £ 4L, B ]
B RORHE b B R , B TS SRR (B K BUK 0O £ 4 — R AL B, & A9 .

1. USSR RARE RS E WM T -

C+0,=CO;;,  AHks=—393.777 kJ/mol 1-1
C+30,=CO;  AH%=—110.595 kI /mol (1-2)
C+C0,=2C0;  AHY%=172. 284 kJ/mol (1-3)
CO+50,=C0,;  AH%=—283.183 kI /mol (1-4)

MR ZMEESEE ML RESA C.0,.CO.CO, MFYF, i C.O WA JLRAM,
ARG RMARNFA, —BERQ - DMRXA -DHFEFEAR. BT O, WFMEEEE
o R R W, AUER A -DRIA . ARAFEFRIME -1 PR,

®1-1 REX(1-1)H(1-3)MFEEH

C+0,=CO, C+CO,=2C0O
18 BE /K
K, = pco; po; Ky = p*co/ pcos
298.16 1. 233X 10% 1.010X 1072
600 2.516X10* 1.867X10°¢
700 3.182X10% 2.673X107*
800 6.708X10% 1.489X107?
900 9. 257X 10% 1.925X107!
1000 4,751 X10% 1. 898
1100 6.345X 10" 1.220X10
1200 1.737X10" 5.696 X10
1300 8.251X10" 2.083X10?




ZR1-1

C+0,=CO0, C+CO,=2CO

REE/K K, = pco, po, K,, = p*co/ pco,
1400 6.048X 10" 6. 285X 10"
1500 6.290X 10" 1.622X10°

N EF AR BBIER P, KU FHESER poospeo, F pn, s HBE O, £FBA R
CO,, RJE A (1 - DI/ #Fe kA CO, ¥ CO, BFHHEILEN o, K H N, /0, K 3. 76 (JE
RH). BLU 1mol O, K+ B &%, W N, 4 3. 76 mol, E# At CO, K (1 —a) mol, CO %
2amol , A S &K (4. 76 +a) mol,

gy R _ it
Peo, = gpg t Piteo = g Pitn, = PIET e
aig.
. R 4o’ ;
K po, 476+ (1—a) 2
B,

(1+ )a +3.76a—4.76 = 0

P

WA Kp, (AR BE P RAEXREIAT#H o, NTISRHE REWPHAR. £1-2 %
0.1 MPalif A AR B T 2= UEKMIT B LR .

R1-2 REOIMPamZSESHEHAR(KRY%)

& EE/C CO; CcO N, a=C0/(CO+CO;)
650 10. 8 16.9 72.3 61.0
800 1.6 31.9 66.5 95.2
900 0.4 34.1 65.5 98. 8
1000 0.2 34.4 65. 4 99. 4

MR 1-2 81, bR TR, CO 4 & B3N, i CO. ¥ S| TFME. & F 900°CHht
[HF CO FRELD RSARMEE=YE CO,
2. FIKFIRAE AT BT, 55 55 7K 28 980 S BE R

C+ H,0(g) = CO+ H,;AH%; = 131. 390 kJ/mol (153
C+ 2H,0(g) = CO, 4 2H; ; AH%; = 90. 196 kJ/mol (1-6)
BB COH, 4b, B 7] KA 0 F [ -
CO+ H,0(g) = CO, + H, ; AHY%s =— 41. 194 kJ/mol 1-m
C+2H, = CH,;AH%; =— 74. 898 kJ/mol (1-8)

ELRRPRGEF,BRAY C Hl Hzo &b =¥A H,.CO.CO, fl CH, st A&, th
C.H.O ZEN TR M, MM KM RN =4, HERGEHARMN, — BT %R Q-5) .2
A-DEXA- 8)9@%5‘1#@#&@#@1-3%%0
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