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PORHIRSE 5 AT A PRI THR A BRI AR L2650, —RYEDIN TR L6
R PR Ay, EHAEYRREER. SEEEDL, RIE YRS RIAIER
TRFI T — A+ IR o R R A 7= BOR AR 22 B DL R B S8 05 i AR e i, A
AT PORH AR 2 A W 36 SEARON , A 30 T BRIy 7 Stk — P i e, Wil
PRI Wt B, 35 A 0 — 20 i 3 R MBI I A3 SE PR N b fit— e i B
AR o WA B RTANS JEAH 2 9 N SR A R AT A R BRORE, R,
X AR AN B A+ R L.

2 11

2 111

T (Mineral) Jig: hid A FHPTE BRI SS BRI RRIL AW B R, i1 EA
5 AR XY 1 58 WAk 2 4y A 8 B IR 2505 BATTAE— @ L 2 R TS I R
S A A A WA BT HERTY) (Mineraloid) Sy pdth AR FITE AR 4SS IR
RILEWERT. BRBRIT ZT My, b XSHEETIY, m&ENa C #
B FeSys Jifiifi CalCOu)%:4; AHMERRSS CalC,0,] - HyO0 &, HEAUH L1,
T BB Wo BN, DIEASTFEAERIARES KFVSSAETEN CO, SR IFAT M RITERE -

AE S I SR A = T2 AR i R A P T R 45 S A WAL B SRR, RO T2
¥ (Process Minerals), W&EENA ABAIE. GBOKMS & KA.

2 11 2

W5 R FEA AL . 5%k (Species) JE45 HA — & HIAL A A0— & 1
WL — P . NG TR YR AR, BRI WERE . Wella. N
BT TifRA s RISA S AR RIS . YA (Subspecies) J2EiRIF R
T—AFEH Y, AELEACAL R PBE B 55T A — R R 7 - WEkINERT (Zn,
Fe) SJENEFN" ZnS BOER, HLEsh Fe &8 >8% (HE%); XNFK R A ML
i, R

FER Wy R A Pyt , 7 5t 2 UK S, R — P B [RS8 B ARk 222
JEA TR, AREATH SRS BT A2 50, PRI RE DX AR A IR B H0id o < A 2
BRI R B . — M A R 2 B R R R —AH, Wik, R—rPRrRZ
R, REMENIBREEHERMESIT AT AR, ANRETARBSR, EIHEE]
KEAN—ANHK, BRI A 8-2H A58-3R E. X TREFRARZR5,
el R B ERIREZR RS, BATRIA 5 BT DA — A3l 53 21 Ay 74 218 20 3 5 — A i
ALY, T L ) A R AR . 1 R — AN 2R R R R B
ALY BT o A [R] LR AR T3 20 A JUASAS 1R R B BRI, S [R5 06 BE L8 R B Xl 43 O
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BHTRRA AN, WA MERR—MESRRRARRIIA— 0 R, K TEE—$
R4 F o 41 Mn[WO,|----Fe[WO,| &5 — el 73 A5~ BASH™ 8RS0 =M Hhh;
Mg[SiO,]----Fe[SiO,| &5 — MR A M A B a =F fh. (HARYE
HE bR K& R EHH YR AR REMIE, ERRARRG P RAG% BT WA RIER T
YR LA 4, e )RR R R, SR W BT R 44, FRE AT IN BT A
LGAERRFAZRRINT Y, G40 MR LG E R BT, DUaRE T 65 R PhAR
REEUHT A S, HEBIER LM ERE.

AT RG-S REHBFRET Y, AN T TR SR T RTT RS,
FEA VN PR B A ARAE A E R 5343 28, DATG 3 B BRAY 22 K9 i i Bk Ak 2
2, D PR AR IR R B 43 28, AR 0 B ARAL 24 A A0 B AR A 22 00 e . A%
EARFD KT RANBR DB, KIS BRWRMRHIEA LR, #ERIET Y
AL RS FAL B B KRR RI A B, 4% H IR B MG BB R ERI R 2 £ (AR RTR
Yy 2R IR IR R, RS RIS A B e, B R T RS
MRS T, F EARIT B W S5 00 P A B B M LRI N FE R PO 5, R —Fh 4 A B
W53

AR 00 KT R AR IR AL A R S AR AL, W W4 A A KK (Broad
headings). KEUF, MIEHAHT (BFEEHAET) WMKH KR (Classes), HIAE
KU FHA NI (Subclasses) . fEF (KEK) H, —BEAFABIMIEE R
SR R ) — 4 BRI A — AR (Group), [FEF, A 7T 5L L8 Wb 2 1]
MR, B WIEFE RS LM TR — Mg A 3E%. WRAIR. A BAER IR
FHES TR K X A% (Subgroups). # (BE#K) VAR, —MBI AR . 72t
WA AR MR B S A BN, A IEAERE DA T 3B 5 T B Al

R bk B A A 2240 RN, A S 0EA 4R A R A LA 2K

B—KE BHALHE

e AREEIE, FJ: BAREEILE; F=X: HARAESETH

WIRE A RHROILEY

B2k WA BT G B=: migh

BERE ARESEy

Bk HA; Bk A5

EA e S

w2k RERRE:
Bk SRE R
W= ARG R
BRI JURGSHE
K WIERIL; =% BERRER. RRERED. HUEREL; SEDUZ: 43EREL. HHRRIL;
SR EEREY; A BEREY; L mERE; H/\K: i

BHKRE KLY

FREL; B PREEMIRERREL ;
FREh; B : BEREGWEERR L ;
[i7d

Hi

E2
Eh

iR

Hi
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2.1. 1. 3 THHWH

H—MI A EH CEARAR. S naadim, REAGEBARGE. R
W KA MESSSET WA, SR TS AR R E AR EIER, M HX S Y452
SsAER . FEREBET AT A/, BEH T RERESRT YA HRKTR, W
O AT CETS RN BT T S — BN TR AR G BT A R R
SR Y, LR DT, WITEE BB BTSN TR AR,
AR “E”, mRE. #ME BES NTRESECENTY, SHEHE A7, W
TifRA - RIS A N T REW SRR, AR W7, AURE. B
XEFAA/NBORL BB 4, ARRER D7, WRED. MERb. ARDAE; XTI RMHE
e HEAABCR R AT Y, SAFRE A7, napae. BhAe. BRARSE; XTSI TR
Y, SRR D7, GEsL. KR5S

Wi 4 A S P R RGE, — BORMRIHZ A B s B TS RS
i 44 0, BEAMIEA — LR DA P i S R Bt s N Thi e 44 1 o D205 B 4

(1) WAL wH WARE (Au). B (CAS). BRI (BaCO,)
o

(2)  REEMFGE WRARA (BAARE). B FER). e (%
P R EIR) . LA (FLESG). #lin (Mise). gn (Sieas
Banmepz) 4.

(3) HYRBARRWA Wala (RUA=S\EERSEETE A+ ZERRRRRE &
iR —Ea R rkea (B0 +5a OURE+F8) faa (W
BEHARERE) o

(4)  HiEmmEERard  mstEa (S, HRREE) S T8 (PbSy Sk
TEBMMFEH) KA (FesO0n HIRMENE) . BN (CuFeS,. H# ). #H
™ (SbySs EEIEFE) 5o

(5) MM Wt a OPEILE RS EES) . FEA (BER
BT EW A ES) 5.

(6) MEALWH WERMBEA (GEX#K Hungtsaoite, AI#&FRNIG4HI4)

(R THhEMRAREHH M LK) BEEA (XXHA
Pengzhizhongite) CHL&HEFWEREBEMwHE) Fo
B H ATAEA P27 v B R EAT ) A A ROR IR AR — BT i 3K [ P [0 A 14 44
(CRad HMEESE) MAREYHMLIAMT WG EHEH (WEEa. ZEEA%)
VASE, B 25 BRI A RSSO 48 AR EG TR A B, Ferb R 2 50% 44 SR AT W 9 AL 27
G WIEE B —IBA PR RORES Y, A DB RRASNSCA TR E R (nEh i
£ boehmite FiFMixk, (Flf illite FiFmik) AR HXHBBUFEAR (S
A~ Kifas kK% -
R o2 W S s 5% B2 (CNMMN, IMA) F 1959 £IERKar, H
MFET G — e AR R BLART T P T a4, 5 th BT SO i BAS 1 BB 4 b
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wd, YIEas LRRE. REWFTURT I ARRET 1979 £50r, KEMAE
W2 ) S e B R, T 1981 SR AL SN TS A A IR EIT
IETAE, A, JLEREZASREN, M =TMEs Wb SCARERT T iHE,
FYIET AR, T 1984 4R T CGENTHMAH —15, HREF TSR
— HYR W) R AT AR o

2. 1. 1. 4 vom%ke

WA B TR T I 7 B AR 5 AR P R840 o AT W W A 5
MIBFE AT SR AT X STt Al bR AMGAH 2 060 5E; b
o BE RN ELAEAL 22 A SR RGBT R IREE RIS Y
B W) A0S IE N ZORZOE NOR B AORBEIRE - BEH BAY X BHERATH BN
WRLEAHL R IEHE W IR AT BRI T AT B RE AR SR R, K
AT PER AR B PGE . WRfE R, LRI A B S IR -

R 28 R A — A e R AR ER Y . G IR e AR
BT A AAMLTEEAPTEMT YR T IV WEE. S EMERR, URIEH
WSS RIFT P AL 220 P A 5 AR BB 2R, A BT TR M i R AL R A
EELE G TR % T, DVEF YRR 5 s MR R o WRLE S TR -
FRARHE, YRR (BERE. BB Prifae. AR, Wb REEE) Wik, H¥E
i (BB e /M BB kIOt RMEEE) 8, BrBMBEat (3
B T IREERES BE) , LA T, M AT, X SHRATSH I 2 H 4

2.1. 2 BA
2.1. 2.1 HARTEARA

HA (Rock) RRA&MMEB—FRZHMH Y (BB EWisih Kik)
HER M EIEELE G A A% (Petrology) JEWFFithre. Hibs K HAWRM ™ WS 75
PR B B MXES S trdas RS EARE T IR S N — B A R,
FEEFREN S IR L EREA -

TIHL)EH (1862 4F), AAMMEHEE, rakh=2%:

(1) A% (Magmatic Rocks): % fh o2 Ak ok b3 b8 v 78 B i e 0 i
P2, FEAR ONHT St H 3R B A - B 5 K BUE (Igneous rocks)
RS, iERE WECE .

(2)  PiBUAE (Sedimentary Rocks): JEFEHEFRANM R T A KR H1 J5 T8 B 3
AR, BRAERIRE T BRI AR E Rk E R R, 2
—RAE (s DU AAREER) MERE A, W0E BhEs A
R

(3)  AJ’A (Metamorphic Rocks): J:HERA JIFAE 22 AR AL
MIEA, WREES FRRE Ra%.

— R, S RIEAMBEEARF, FHAEHE R H=KIE A Z OBV R,
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AL EAHEALI . EHE BIEE N W PR JUEER, ATBRUIRVE s A%
i VIBRESTRER (EER. R BRE), "B ATRE; M. BRE
ZEGERAFTIESE R, BEEAERE . AR EZWER, SarEmel, ek
I ARIREIE AN, B AFR A A

EAORPEHEET YRR L, I Rmk:

(1) ¥y FEA-MTPOASNEA, ey (FEBa5ETWa)
Ka (FERBT AT waR) - BES (FEaEENMam) 2.

(2) ZHA: HEMTPWASNEG, BREZYNEGRBET 2 A, WEKE
(FHEBPAE KA. a8k —SREFYAR) - BKE (FEbmafik
ARTER) %

LR EMA TEAERPERKAE “RAZN” MTHEak, MATZEA
(Process Rocks), WIAMEEN~ BREEH @& W kHR %A BER. .
IKVE BB EE 5. T EAE A WA RS AT A 4O B AEA [ B T2 R IE i,
B AW 208 A WO S AR A AL, A 7 ff L 20 R Anda il 7= itk RE A R S22
=

2. 1. 2. 2 FEAKKFE

(1) EBHE: ARERMDAYIRBEE A A, W hBicaEa (RABET
wh, —BREARE) ;s AXETPA SRR RS AAE, B BREAETY
DRSS G ERA GRS A ARahSREN—RAVENAL, H
EEMEFGESEETRE R E Y, G0HT, ARYIFESENEMHER 3, ZH%
Kk GREE) 85 AW ARNEE S MR (lER), XLl A wEgoRrE A
WS, WHEZRERIER; AR ITRRE AR E K, KSR 2 5 AL R
GBI BUR K S s A 2E A sl

(2) ViRUAE: VIRPEEEOREC g KA R Y VIR H5eiR
HRRIE TR CKLTRE P BRI ) « R AL A DT SE W A B R IR B UL
555 TR RCUURR ) B il 228 AU T B DA s R e = 8848 K IR — 11055 2k (S B4
W)~ REIRE 85°C (AEPAHER) BARIRE —75°C (ki) K 20—1 RAJE;
A IR EAR BT 230°C, EHAEIE 3X10°——5X 10° if, HH i I B vl ik
1000---10000 KB I; PR R UIRE BT B E B 5K AR T At A4k
FHITER R ESERAR

(3) ARA: BFUA A HERMER 2 A s, HAERMM%RME; N, BT
AR A PR A, HOE T Ua A AU SiRIE ST E, BA SRRSO
R R s AR RBGE MA A 5 0A Z ), FAE— e R R .

2.1.3 A
7= AR RE R BT P00, B AT B B B e A B T A& R 4 A AR =
K BB LSBT AR ALE T
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i (Ore) — M 6 PRIk A P s 2 4o B4 A R 48T DA G e
AREEA Y, R R Y. R T B, AP,
AR A MRS BRA RS A b B AR REROR B4, ARG,
WA A Hath SKEAE, Z80 AP aa3EsE, Hila o mn . A%,
KA S AT MEZRAEERET Y, HOUFEERTY, WA b & 25w
B BINERR”, B oLk AR RANE, WA B T .

W R AT R o SORARS B, B N SRXEHT P OB ZOR AW KR A R T2
BRFAMRIAWSGE, H A3 BRI B A 6T 2 2228 ol R IR 43 40 o

W B BT B T s L EMRA . DA, BAREA AR LSRR RR B
Vi SRR, WABRIR, (MR, BAKE, FtHRENIENwrY it
) rpAREREE . BB, AR BSOS A A ER B A A AR A AR -

2. 1. 4 KRR R E AL E Ak

B TAE G =R DASD , 6072 805 B A b Rk B 7 7 F SRR 32, X sk
YR R HOE B B SRR AT DA A A R =36 &I RS0 g IR A dEn g 5 18 44
Ykt
2. 1. 4. 1 —WREE

TIREERARAN AL LTES) (EFEMAERS) PR AR A A A A I A R R R 2
Tk IR E R TR, SRR A . EEASR IS (WL kA &
WZE) s EIBEEHS Gt Wk GREERRmEE) ; EIENLEE KINRE; 1) “=
R R R B EHEY bk R4 %

2. 1. 4. 2 JHEHTHEE

LG P E AR YRR E B T AT WA A s B AR E 7, DRARE TES%
W= UETERE R R, FEAR T EEIEFY (WA TIRE. Ba B B
BEIREE)« W 7= (RS Bh4E5e WRRGERAL RS« S-S Wa b i &E £
Can#iEh WiRd) FEEEG RS

2. 1. 4. 3 7 YHEEEYE

My gt IR AR YRR 5 A AL A R A A R W B R, EEARENE
Bidfes AOLEREFY) (bR ARZE . URHEE) R JRER RRA 5
T

2. 1. 5 JeEAEE GRR < #)

JEERYREE R S A R ARV, wails KRR AHITRP
5K R M R LLAER S B BRI > B, SRR EOR AT LRI AR . KA
PREGSE 5T A ARBEIE, AWMV R R iaknl, ik, SEIFRMZEEFIH
KGR, LEETR BT G B mO% K, S EAA E A L.
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2. 1. 6 FEDHNLITZHERSH

PRI L S AL R WM SRi RN SG5HIMNE . T2 s & 4
5T EERP B2 AMHERR, AR SA AN M50 B 7 AR
F B4 A A B B AR IR AN AT R T2, I ELBE B YR 2 A R RS B B A Wik A
TP B AR R, KR 2 A B A AN . ARYR, HmTTEm
HAZERAAF N, EAYRS ORI bR H RSN T T2 MRS EORA F .
AT Hkl R, kg R T LM A S5 .

2. 1. 6. 1 YrBHEYH4R

EHYIR IR A R Aka ) AR S R, RYGEYRIN T LR A
ABH 2 — o W I B A 2% BB A X ST R 73 drids,
FEXS TR R, 8 H G BT T B BRI TR BRI -

2. 1. 6. 2 YR TRBFRE
YoRbrb bR 2 AL DASE, AR T3 AR o ml DA ioxd 7™ il oA 2 B8 AR A A

ARRAN . WAL A PR EIBR BE5; AL A PR B B & B Al

W% SRETHT PR SRS B RIRARE, W R T E. YR A #

RIRAFEAE, XPPRHR R AR QR 17 b B BRI () K 2 308 O B T 45 L

&, WMBEGEE L S A EmE T, SFREEIIKIEEE, MENLERR MRS,

R, AREXYRE FAM R R AT S BRTEA —ERE. Yk iam A5 fis F

A4 & BRI RS B AR PR B AR S 2 —

F—tRRAET MM, 2ARRN—MEEHS. i, £7 69 H T

RERAUTLMEERER:

(1) TS Y. B ATk BRI TTER 48R0 2 MRS b 3R B SR, 4
WA BESA S A LA AL YRR ST LR B1 B
M

(2) EBEERFASBEBANIERAAAET AT Y. £ TEEAREH B, Ay 5 =l
Db MO FHE S SR, QB AR, AP BR, SR P RYER. ERAd,
WA EER, TR BRI MO EERREG R
KA rh g5 s Mo AR B SRR, WlUEa b Rggh. BhAGE, Fesk
ARG M A BRI

(3)  REFARLBRE . QRSO BB, BRI B ST, 5 B e R
W, B BERAT, WA b BB B R4

(4)  RARYEEE. WEe b AR SRR %,

(5)  EWMPIRZ. MEES PSS, AHTA PR BB, K bR B B TR S
B PPRH T RIRAARE, XL T EmAETT s E M6 R R MK, HAE

RS —BORADEABMBERE T B FEWRE. W IREPREST i) S5

FBo
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2. 1. 6. 3 YRR IRAFHAT

YORH R A PR AR AR SR TR I SRR B Rt RN T T2 A S
Fz—. CBERW L AWM RIS, SURME BT B SR i R R R . A
B (ERBAE. Wt EAME 7 HBMBERTOCBMES) FTRWEMR, RFix—
TR R P R T SO A G B o

PN SR B A, BN A AL ARAA FAG SR AR A
AEZEAh, BB YR P AE SR R . B, KR LR 2Rk =R
Fk BZHERE; BA BHRENIZKE; WaMmEe L aE; AT BRI S8
WP T SRR R 5 MR 25 AR R AR A 2 o

2. 1. 6. 4 LTEERBWR

YIELERN N ALEE . AVBEGRERGRETZA RN ITEZ M (BREEN M
SR NEET S BE S Pl mhkARN W% %H0%) R4 4Rk
H 5% T LR R R WA B R FSS; P0RHG 4l BERDRLEE 4 A B AE R T2
RIS s pRHEORE BE RSB 7 2O AR BT R & M T2 MM MEYE. T8
B CInERAD AP B 7= MR AR 254 St e S 1) T 2007 il 5 Bk i SE il
455 BT, DOEGHEEA I TR A A R

2. 2

2.2.1 B

VIR BALARFR A R B A R, o B, LR I bR B R
kg/m®, #EK - % - BN g/cm®,

WHEREEE: I A—RTHNTHEENSR, 6 2RE2HA AT ORkE T B g,
HANRFRD R E R h B, AL kg/mS.

WEHEE: RN A AEILRR, — @R AR A AR, HafiaRm
SRR A RHEEE, Al keg/mS,

WPl A% 25 R HL AR T R A B B AR o H L A B LK 2-3

2.2.2 YPRHSRLHJLITIAT

WURLAG JUITRHE £ BB BUR A SN TR RS, M MBURLAY JLITHRHE BBURL
BERHL B AL A 5 B4 FE RN ok Ao B 2604 B S I > — . R, XE T
WAL ek B FE SLAURE 0 LT th 2 TR B R M P
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YA WA ZERRAT KBRS BEERATN BERATE; LR Bk B SRR
LA B BSHE; MEETY—RaE ARG SlEa. &A1
BB WG R A% XRTYREE T IR, AR T RSk
Jiio
ARRERER W0 XA PR AL X=1.26 X 10" m?/kg (B CGSM #ilh X<10
X10°cm®/g), fEHRMEARSM T, ARERBLEIK. BT XRTWINRE, Wi
SR —ITA S BRI AT BB RV B8 Bia. &5 KRS
EERT—ARE A% E0a. A8 ®a. I @kt 558 KisEs
TY—a3E KA a5 XR0 YA LR TR BT, da LE T s O
BV < MEBRATANE ARBLE) o
RGO, B EIRETERAR S RS, AR A R R BT P PEAE A A
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W, AREEARKMEN. XEHTEMNEERSRIFARRE, RESEAR, 45
MEAFERGHRE . Hoh, BRI WMmAERED Y YR LR AR VSR L, 45
2 S P W R P B SR SR A AR L R B, e e B L B AR R
WAL LSS ) BB R 2 A AR, BT B R KRB W T — AR 4, H
Tt R/ I 8 o A Wl Atk ) S A e AR
BR0H WA P T L AL RS T3 2-4
2 2-4 — SRy i L AL RN

ook b R x X

oW % % K 107m® ke % ¥ kg/m®
BT Y

TR Fe;0,4 6300~12000 4900~5200
WA y -Fe,0; 5000~6000 4800~5300
AR Fe Fe’™ Ti ,0, 3000~4000

SR FeixS x=0~0.2 63~570 4650~4850
ST Y

BRI Fe,0s3 70~90

TRERA Fe,05 20~30 4800~5300
BRI Fe,Os- nH,O 2~3 3400~4400
33 Fe,COs 6~7 3800~3900
A CuFeS, 17 4100~4300
ek Mg, Fe TiO, 14~34 4500~5500
IKERR MnO,- Mn(OH), 6.3 4200~4400
e MnO, 4 4700~4800
et cy FeMn WO, 8~12 7300
HZEH CaMg(COs), 3.4 2800~2900
PERR CusFeS, 18 4900~5400
E| 27 AR

A% Si0, -0.025 2650
KH (Na,K,Ca)[AlSiO0505]  0.630 2700~2800
KA Cas(PO1)O5(F,OH,Cl)  0.126 3200
BN FeS, 0.126 4950~5100
GUA TiO, 0.250 4100~5200

2) SR YR

WERRAT WEARERA" BRREERA™ WEET kA SFmuE A, R AR BAT 3 ) P
Mo BEBRAR SR SRR TR, UM AL B A

WERRA JB TR MY 5T, RSP BRAR IR o BRAUIR I AR SE B =R R
AR A REAARA A REaRBERRES T8 XFe,0,, Hir, X RET
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WEBBE T, WA Fe*'s Co*s Mg™'\ Zn*'\ Cd*'s Mn*"4, #1737 XA Fes0,
BH G Fe*' Fe,04, BRBTREA B RE R

2. 2.5 YRM R
[ Pt 7/ N T o Rl o = 1 e A T N A N 7 RS SN S 7 A2 7
R P O SRR LR ARG B B DR B R SE, CEATTR A AR
TR P L AR o — BOR LA™ P HA R R B HLRE, AR R RS, 4N v ek
5 BT B BT B vk B AR A WA L PR A R AT YRR, DU SR LA Y 1%
RETT

2.2.5.1 HH

A4 B R FE T P KL E =1 I Pl Hh P R I o RS P ) 25 A 4
HUBEAE, HRe 0 BT 51 =R R A -

FAE—REUNT 10°Q 3%, R W SR, £k, RN S .

AR T 107Q 3%, R Wi SRS, ek AR A JE SR 4

P ERE—H PN T RE SR Z ), WHEKT 10°Q i/ 107Q 3%,
R Py H AR Rk T o o

ML i R S R RS S B P AR RIS R A IRR N .
Pt B AR Py R 4R AE L ORI, R RRAEATRL_E A Rl , BfER R R
SR ARG, REARIE AT, IXAIE G RAT AR A hEssh. AERAEINMR, B
SRR, AT RELEIR A A sl Bl T, TR IER R P R BRAE, IEf
RO SRR A, JEARRRREAE, BB g W SRR JECIR, T AS 8 i I 4 Rl
SRR (ERRERE) WY, WA TSR SIEREZ X KT Y, bR —i
SIXREWEL, AL, B REARES .

Wb 2R O P i S AT S R o FESE Bk, — SRR AR R
155, WIS THWRams. fla, EARTIERENTmaas. afa. Ka.
BaSE, mTRTRHASRBUE R T A, S B R 5 i 58 R X -

MNFHB/NF 10°Q %, mTMRARRASN, k2, WEKT 10°Q%, BFAR
REAESRTH H Hhizzh. 5 A ik SR AR, P rPE SRR AR, MR Z k.
2.2.5.2 frEHEH

S EBOR R AT R A S AR (R ) WAz, fle &R
o AR, QRAE AR IR Z BN U, U LA S 2 AR B . A
BT R

£=C,/C, 2-44

K Ce— et s, F;
Co—ZRMHE, Fo
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A BB P R/ H R S 2 0PI RE 75 R A HLIE 43 B I BRI, A 4
K, FRHFHEEBLT, R2WFRESEMEZE. BB, AREHe KT 12 &,
JBFK, FWHEERER RS, KT 12 &, EWMT RN B EmAaRK
Z250, WIRRF B R 2 5T, S0, ML HRE T%aE. KREETYET
PR T W

RIEFFFEAE R, S B RN IEAYEE T8 BN, TG0 5E B 22 3
HIERER, HE5REA XK. R. M. Fuoss M50t 74518, R BEBOR, H
B BUN . IR W YA B BB 27 50 Hz Bk 60Hz W22 it LA A i
HIBUE, 72 SIH, B2k Se =8.858 X 10 %F/m.

TR R E, P DARPAR A A AT € - BT A T, @R TR
ALY, R RIRTE, TR SR 4 RURL Y A B B

2.2.5.3 LB HE

WekBEmE 5-31 iR, H—#EbNERIRARN AT FRE N S ERN SR
RIS ST HEBRE L, fFERGNERT, Bk ™ AR m e, 4
JEIR B — @ BUE R, RS B, RS R AR, SR AN RAE R, Hik
W ] AR, 2 T ELE R AR, SRR RARRE . Rz, WHEMR, 7R
R SRR VE R, MR AR Bl SR % T o R FRAA B E. AFH
HipE (EHEGHL) W@ S P PR s AB . A8t RS, iR ERAR, X
i 2800V, EHER EIBUBAE AR, S YR E S BH LR, HHER
SRS E . Bl KB BT R R ARE R 7800V, M H kb Tl E R
7800/2800=2.79, HAWA ¥yt T oL BEAR MM o WM BRI A, 3 L Hh A 2 B L
TiEARHIE, WA RRMAEMEHRE, JhrikiER bR EEEAS .

2.2.5.4 #Hikk

AEIUE AT 0 BL T L BE I 2 R B, A5 S R A Y e T AR 0 R A AR A
o WA s TS5 — e U A R AR I U AR SR i, A e A —
SRUNRERRAT BRERAAE, ToIR R R HURIIE ST, MREMON SR o ATRBL B
1o T HUARAR A 5% B i P SRR AR B T o A BERLE -

SRR IE R Y U IR 4, Wi, BRI Rl 0 5

A0 A P U R 4, e, BRI AR IR

A HARIE S, SIRERAT HLAT B 1) M BT W, AN R 5

ARIEH 0 A v ST BB R/, T DUKER 2 40 i Lt 43 B AR m R s ARSEAT 1)
WL RE, AIREH R e i, SRR TR BRI s AR P AR, AT
S HUAR AR P o (SR BR EAEAER RSO T 20k, IEWARADSR,  PRIOA SR I L bR 12
LR ) A5 R B BORES R,  HANRRH R B AF HIRICR -
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2. 3 R R

WY RORL RAT — SRR B R AL AP T, SR AR R bk AL SRS, R
T AR 2 P 5 R AT ) RIORE R T B TR, I TR R AT i S R R o PRI UE, AT SR AL
MR B AT PN LA R Al 2 — o

2.3. 1 FYMHMERAE RESH

2.3.1.1 wYRHriE SRl

A R S K R m] 43 R DO K2R

(1) BFREETFME. BT RN YA A (CaFy). Jifffi (CaCOs). HEE
7" (PbCO;) #5#l (PbSO,) HEH™ (CaWO,). fLEA[CuCO; - Cu(OH),| NEEH"
(ZnS). #E¥f (ZrSiO,) figh (NaCl) g,

(2) Mo itk . SRR SNA, —BR I A g R rEsE,
A (Si0,) &4LA (TiOy). #A (SnOy) %o

(3) A FHEBSF M. BRI MBS T 5 F RS THAIKREN, B
ABAF i 8 MR TR, BET ST R AR BET RS R
HEZ MR T4

(4) EESEE M. AREIEWHRHE K,

T HARFW WABRACH 05 858 S BA A, 2T E TR S,
)R8 B 2 AW O P 2 P RE A B A

co °

©OBa ¢S 0 eC v
d IS f

2-12
a—a3h NaCl; b—#f CaF,; c—Jifiifi CaCO,; d—HE A BaSO,; e—f % C; —H4HH MoS,
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2.3.1.2 Hrigii: 5

WERERE, B T — S0 MR SRS A 2R IR A BT, R ) 4
i X T . BALE BT A TR, RIS TR WIS, Ak (NaCl) [yl AR 24 4
El 2-12a fiR, EHREEIREINE. RERNST 0, BEMNEE (CaF,), %
SR A B, —FE Ca® 5 FETFHEHS; B—ME FET5 FIRsl. fei—H2
WM, Ca*y FAHKRMLEHAT; WEE—H, FAEMHEMEME, Bl ks,
TS T BRI, WK 2-12b M. EPaSh e AR, SR Ra
(CaCO;) & CO; , |EA (BaSO,) &4 SO, , MIHARHH Bl

(1) AEEHAKE, BER, SAMTRE i CO; #7F;

(2) AABPBTFRRERZ, WE 2-12c HlRG, 2 CO; BT LAH
WiTFo S NSBABE T AR, AT AEN B3 T A R 5

(3) 24 s o A5 7 [F A B 5 - A2 R B 4% 2 WU BB R IR BoF, 6 S A I 59 M 28
V2 B B A 2 T

JuR AN E 2-12d MR SA, BT Ak ET AR T S -

S A T AR T ALTE , RRA AR IR R MR T, SRS IE T . SR R
R4 R (C), WK 2-12¢ fiz, BE5EMMES (8 LREES) & 3.394, MR
BB T HM R (B EACEIE) S04 1.42A, Fibls T Hs R MZLTTF. 5 —fim
R REET, TR AT B R T2 F I 2L 2-121,

VR SRR SRR R B AG , BIA, BR LA 3, MEA TR TR S50
B B ARG P RIS . G SRR AR, O R RE, ORISR 1B 2-13 gk
AR AL . Eh BANERIERE, FEANA EMAEREE. Si0 i, 40%j
B4, 60%J S o R4 I R DASEAT A AR A 7 3, A LB A RERR SR 4% B B T,
SRR T, HASTSRAMETE, WOAERSM S MRS . RERRIM
W4y A hm 2-5,

FERERRER I AR, Sit* 5 M AL BRIUR,
SRR AL RN STHGE , R AL,
PRI T 27 226 o 25 B B AR RERR 204, DU T A 1Y
AL/Si BURERGI, SEwifpstm ftkR. BHR=
WA T N R 0 — AN A, Bk, —
AREBS T QAR B IR, B2 IR B 5] —
AP BT, AR, XRS5
WIRH BT 0 LB K+ ok Na+, HTH
R LKA MK A (KAIS,Oy 5
NaAlSi;Og) o X4 h i 24 i
R, B 2-13 BEEPUEAEARLH

Sioy
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2.3.1.3 WYREHrEEFet:

2 B REREAE FA IS LR RO, 9 A fE e A i R R S R AR
PR MRS E RN, Wk 2-5.
#2-5 RERREAESR

FERRERH | ZEhaHER gk | LA
S PUT L | s
R
A LA (80.)7 | wg, 50, =
. it 37 XX Y T A o | BEERA X
WA | (9,0,) Ca,MgS ,0 -
4 B VY T i
A 20 | BaTiS.O
i | wmassen | S0 | BATSO Xiz A
B nz3 FRAEL
A|ZBejs6018
ST FA4E B
>N T2 HY, ¥
TRRERR Sk \ , | CaMg(si0,),
OHEF 36) ggwm&& (SO | pugers Ay
LiAI(S0,),
BAR ,
+ IN !
L N (5.0,)¢ | C:MEsS10.(OH),
(AE%k) | gl
T A 3
BTG
ol rda Vol , | ALS,0,(0H),
EREERR SR | HEAEME | (9,0,) s
B
5 MgSQ4OIO(OH )2
V0 i Ak 3 PR A5
HNAEBN | 30,
) Eh
BRBERREE | (o o | (SO | e A
R A KAIS,O,

— Bk, NG S R AN TR R
(1) MRS TR Y, RSN FRBHBTR, HARWRS NS
FhE e IXRFMEXKSF 5188 EilMAELE 60° ~ 90° 2, RIaRIERmA ¥ (W
A% R B WA .




G emies

(2) JUAEREEAA)E T A o Sl M T8 - Skt OO 400, SEC e T A 2 B e
BT, XFERE AR B BT TR, RAATTREN . HARI
B T A SR T IR AR (WK 2-6) .

#2-6 WA WiREHERS R

Eyii I I m v \Y% VI
T g, W TR, S MBS
,w?ﬁiﬁfﬁggﬁﬁm%%%,ﬁﬁﬁﬁ,mggmﬁiﬁ¢§HM%m,§£gﬁ
He/ SR AN N HERTY U ERTIN
W T W e iEn mw
i Ve 18 Bk o
1 P BT R S
e BT I WeT RAEG
e W HEE T 18
& ROTREET WG s -
o AT SR g B
% Ja Bk sy
R . SR
e A
Zg BB U
e Wk e
h B T
BB B
- I
s Tk
ViR g
e e
i i
0 -
e e
Ve
5t
2.3.2 FHEE

2.3.2.1 RufeEREKS
TR EAT B BT T, REOUEAT Wy iR BB . R S R R X,
BRI WA T RF B FAHEES, EREEEE; MREENET HFES T,
RN —E, 5N EA FEERMGERE, M8 Ah i AR E, X0 T SRR A A E
whEE, AR BN LLAR N TS BA BN SRR, FROVRIERE, )AL R B Higg.
AR E RS (As) HunrsE SOh ™ Aug i BAL R R P T . A% 8 ik
WG I AT RE = AL BREARSK Ty, PRI RT A HAE (A) SREKS (v ) FREEXK.
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oG
= — | = 2-45
TR A=r [aA)rd

AR RmEH ¥, BARER RS HoR:
H.=E,+PV=A+TS, 2.46

Kb T—fE; E——BRMERE; Se—— AL R o
XTREME, PV IR AR TRIAARERE E MY TREk H, WA:

A =H, TS, 247
7 As=E,-TS, 2-48
CHEEEEN T, KEH S, A
S, = —(%] -9 2-49

oT ), dT
TRABERERE Es MRHE KNy BIRRA:

dy
E.=yp-T-= ;
s =7 a7 2-50

XNF 2B, FE5K ) B SR AR 2R . i, 20°CRIK g RTE K

y =72.75x107 J/m’ ’:_? =—0.16 , 3% (2-50) KKy M KT B, 2 120x107° J/m? ;

iR 7 =21.80x107 3/m? (20%),3-?:—0.010 , HEEWER E, MY 511X
103J/m?,

BRI RTERE E 53R A HAE A, (BERIIKAY ) XMEDUE S L B, M
WREWEIE , ESBEVLT E 5 A iR i, %54 NaCl iy A 0.23J/m?,
Ey 0.28J/m?; A4LEE (MgO) ) AJf 1.00 J/m?, EJh 1.09J/m?; E&RIAH A
5 EMRFR 5.6 J/m>Cl. Bipl, Hikigs, REaEMKE A b REok ) al A A
X%l

2.3.2.2 KRBT
(1) 4Rl Rk a5k ag
Seir AR RE A SR T B e RN SV SRR S P LA SR Y SR R
I HRR TN TR . B A AL . Hik, A4 BRI B B
Ao S SLAY 51 S < I T AR AR A
IR O K WA L AE E. ST lom? W _EATSMA TR R E, 1
—3F, B
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E.-1E, 2:51

s p—

WA R SILE 2-14, H4EREH 376.2kJ/mol. X T&WIA{10044H, lem?

TR L 80k - [1+4x%}/(3.56x10_8)2 =1.59x10" . K100}, A

T AW AR, B, W 1cm{100) & 06 2 830 T R R B O

376.2x10" x1.59x10" x 2

6.023x10% =19863erg/cm’ =19.863 J/m’ (Ierg =107 J)

100 _
EW =

E!M = % E® =9.93)/m’
(111 LK 2-14]1cm? A 1.83x 105 44kl
#HURAEN 376.2kJ/mol, NI :

376.2x10" x1.83x10"

Elll —
! 6.023%x10%

=11430erg/cm’ =11.43J/m’ B 2-14 GRIFHSH

= :%E;“ =5.723/m?

(2) BFHRERKERE

AR A I LR 67 LB R IR OB, HAE IR, IBKAR ), A E ] .

B RE T EEESEC N &SR, ROENA, 0K B &1 Mk R
REJE R ML R Shae . B, THEHRmAENS, dRiaRm b BAHME RS
W BT Huggins 1 Mayer!® 5 i i 3 o SRS R -

E,(r)=-22,€/r-C,/r*—d;/r* +bbb, """ (2-52)

RPAUFE-TRET I ] ZHEST (5171); B SR MEHFHEERLI
RITEESLS (510)); BMNBRBRTR . F—BUENRE AR EETTR, B4
i 20%~30%",

U] - i P A [ o T 2 T RO A1 B4 2-7140

#2-7 JIMNETREFFRERER /J - m?

R LiF LiCl NaF NacCl NaBr Nal KCl RbCl1
— {100} 142 107 216 158 138 118 141 138
[
{100} 568 340 555 354 304 252 298 277

40



G emies

2.3.2.3 BilifE. ARk

B AR REK Sy AT AT AT NS

BB A Y i R T R I 45 S REDR E, BALECR K, RIRMEETECh n, &k
FXNEFN S RS ARR, HEASEH H CURRIENEEREE) A:

nKE
H=—— 2-53
2

AT 2T, BCE MW SR SR 1 I BE Ry a, D) A7 AR i e 3R i i B A ) B

AH:
E H
A=r= 22>  nkKa’

RPEF 2-56 AIA1, R H HGE A IT AR W7 2800 0 JLART TR B 3R Ji 7 ik
FIRLE o R B R A AW IR F I BC AL 2 K /N 3R F & A W R FRCALEL, Sa kR
W HAE, KB ESRATEE. B, 7 AR TE AR R AL AL B T AR 4 ik -

T 0.0662€%/a

il b 0.0903€?/a

Rfa L 0.249¢?/a

AIATIORE, A PRERIRRE b, MBI RRMAES, o PR meE HAA R ;
FE, RSN, BB, RARLAERERE TSGR ZES K. % 2-8
45 AN R R/ 0RE 14 3% T B SRR 30 RB 24X 1L

% 2-8 ABRANBRTE R AR

2-54

PR - BEmEM BEK KMAE B UN:
(mm) (m?) (m) (J/kg) (J/kg)
7.7 1 3.6x 10 9.3% 1072 1.08% 10 2.8x 10710
1 4.6x 107 2.8% 107 5.5 8.4x 107 1.7x 10®
1% 10 4.6x 10° 2.8% 1072 5.5% 10? 8.4 1.7x 10°®
1x 1072 4.6x 108 2.8x 10! 5.5% 10* 8.4x 10! 1.7x 10™
1% 103 4.6x 10" 2.8 5.5% 10° 8.4x 107 1.7x 10
1% 103 4.6x 10" 2.8% 107 5.5% 10 8.4x 10* 1.7x 10°

F: B4 1gNaCl iy Es=0.15J/m?, ¥iligE Eed=3x101°J/m.
2. 3. 3 RHAFMESHR

2.3.3.1 BALH YR EFAL S HR
ALK VIR R A B (58 2-9), (HARM BRI 5 K AR AR, Wi 2
T PR AT, X SRR P iy AR 2 —
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#* 2-9 JLA S RBALE R SR ER T R

v i 5 WRE  mREL LRI
aud (mol/L) s (mol/L)  #5WmIfEH
# i
L B 53.60x 10°
Fe,S, FeSO, 1.03 0 ~20000
WERT  FeS, 48.89x 107
WEE  ZnS 6.55% 10° ZnSo, 33 18 ~500000
WEET  Cu,S 3.10x 10° CuSo, 1.08 20 ~350000
e PbS 1.21x 10°® PbSO, 13x 10" 18 ~107
#2-10 WHYIREME
i W AE K BVERE (20°C) WM 1A B 3L
g/100g H,0 Mol/000g H,O0 % f{& ¥4

Al(OH), 1x 107 1.3x 107 1.9x 1073 25 6.3% 1077 25
CaCoO; 2.2x% 107 1.1x 10™ 7% 107 16

BaSO, 2.3x 10 9.9x 10° 1x 1070 25

CaCO; 1.5x 107 1.5x 10™ 1x 10 25

CaF, 1.8x 107 2.3% 10* 4x 107" 25

3.74% 107°(—%%)
Ca(OH 1.7x 107! 2.3x 10 5.5% 10° 18 25
a(O) 4.6x 102(—5)
CaS0, 2% 107! 1.5x 107 6.1 107 25 5.3% 102 25
7x 10°(—%
Cu(OH), 6.7x 10™ 6.9x 107 5.6x 10 25 S _”&) 20
3.4% 107(—2%)

CuS 3.4% 107 3.6% 10° 8.5% 107 18

Cu,S 2% 107 17

FeCO; 7.2% 10™ 6.2x 107 2.5x 1071 18
Fe(OH), 9.9x 107 1.1x 107 32x 10 18
Fe(OH); 5% 107 47% 1071 4% 107" 25 2x 10(Z5%)

FeS 6.2x 10" 7.1% 107 3.7x 107" 18

HgS 1.3x 107 5.6x 10°® 4x 10 20

Hg,S 1x 10 25

MgCO; 1.1x 10 1.3x 107 2.6x 107 12
Mg(OH), 9% 10 1.5x 10 1.2x 107™ 25 4x 107(—%%)
MnCO; 4% 107 3.5% 107 1x 1071 25
Mn(OH), 2% 10 2.2% 107 4% 107 18

MnS 6x 107 6.9x 10™ 1.4x 1075 20

PbS 3x 107 1.3x 10° 1x 107 25

TRACH P 2 AL R B JUMIER (K 2-55 ~ 2-58), EAb=HAmid, —i2
B Ey, mS's SO SO; M1 S,0; %, —R&mETHREEILEY, WMe',
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Me(OH ),
Mes+%oz+2H+ =Me*™ +S° +H,0 2-55
2MeS+30, +4H,0=2M _(OH), + 2H, S0, 2-56
MeS+ 20, +2H,0 = Me(OH ), + H, S0, 2-57
2MeS+20, +2H " =2Me™ +S,0; +H,0 2-58

WISER, A SRR AR IR B BT BB, ARG R BRI, B
R RFFGHIK 5 55— BB AL Wik B L 2 R AR 1A S8 =R Bl
A SR 2 0B A 3 o S A 0 A A A A A% P R A o

WEERI, fErp PR iR i, TR NAITE NG T8 < BB < BBk
<BHEEERA

2.3.3.2 ST YRR

SHACH WAL, FEREEH A BRI EOR, R 2-10 B — S R i AL
WA AR ALK 0 BV 00 PR 4R o

— BRI, A AR 5 B R R AR, AR TR K B R, YRR
MK 2-4 WAL, B AR R SE B, SRR B R R R, TR AT
SRS B R R S

W AR M B T, SR R, R S e RS, RN,
TRREMTHEN WA B S, O T O A2 AR, T SE A R S A A o

2.3.4

W AR KB B BV E T, R 2l — Pl LA o A7 4 3T HL A B A7 A5
WA BRI BT, A SRR B R A 5 B AR R, A R AR I D
MR RE . T, Y- KBRS~ A A2, (HEMER 2R XMER
T P30 43 A B e LA B T AR R AR SO
2.3.4.1

AV ZHEG T, YR A R, AR, EZAT IR RE:

(1) fRSeffes (BREM) BT ET Wik i FREIE. AEFHRESGRERZ
AR EE ) OKAE) A AR S BRI AR, A0 PR 1 o

KT BKAL B B8R AG,, W7 i B R 1 25 6 A8 AU AV B 7 Bk 4L A gl

AF, 5. B, SFTRHBT M,
AG,(M™)=AU4(M ")+ aF,(M7) 2-59

TR X, W
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AG, (X )= AU (X )+ AR, (X7) 2:60

12 AG, (M) AG, (X )i safiimee, BT HAALRR BE RS 8 T4 4k
KA. TRAT AT S — T, I RE IR,

ST LB TR B - S A B 1-1 A T K, R AT A
KIS A REA S, TUSE R LA T P /A B T KA B H AR et

BT (AgD), AT Ag Rk AL HfER-441kJ/mol, SAMBET T H
HKALE AR -279KT /mol, [ Ag* ks Ak, SO 1K h A2 4 61

HIUR, B0 (KCL) SAME T K HAILE fifEH-298k/mol, & T CI ik
AL B AN -347kJ/mol, Cl skt Ak, BBl btk rh AT 4 IE R

T4 R M S 2 B TR0, M A T B Tk A P ) 2
i, B (2-59) XA (2-60) .

fi# T (CaF,). 241 AU (Ca® )= 6117kJ/mol , AF,(Ca*")

~1515k3/mol ;

AU (F~)=2537kd/mol ; AF,(F~)=-460kJ/mol . i (2-59) I (2-60) =

AG,(Ca’ )=-1515+6117 = 4602kJ/mol

AG, (F~)=-460+2573 = 2113kJ/mol

BVRE AT F kA mAE LR E S EF Ca> kI B hgE (IEE) Ao #sE
F FRSRACIHEE NI, A RE AT EH . BN REF F 2R E A
5|, b TAEL YRE R, TBRE TR

Ca 2° Ca 2
=Ny F H,O
Ca 2° Ca 2 H *
F- |+H,0 > F OH
ca 2~ |(H ca ?
F - OH F -
1 T
W ke S TR

KAl ¥4, Ehva (BaSO,). 8l (PbSO,) MyFE IS NKT, Kk
B RmAIER; HSH (CaWO,) g (PbS) MIER TNk, Kl
153 T A £ L

(2) (RSB XA YIS ARG A FH B AN 5524 B R PR AR A5 LA B 1 o

B BT WK PO BT P AR B R RN BRI AR, SR SIER

T AN TR, PR B P 3 i a5 VA IR B R
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10 i P AR, RS R T WO, B T 6. S YA

RIS 1 Ca®, PR MMM SR 7 Ca® MitiE/L. 3N, 76BN 5 &AL
FRBRIRESIT, WIRAALEL R, MBRIREREMAIER (+3.2mV).

(3) BRI X THER A P RIRERRERA ), Kia R H'8 OH T
TERBREALE Y, SRR B TIAERTE A, BUOBRRFALKRE, W EFR H+ M fif
Ho A3 (Si0y) Lk, HdfEnmmnT:

R

| |

0 0 | |

o ° 9
~0-8-0-9-0-- —0—S8i—-074+*§j—0—

| | 0] ' 0]

0 0 | |

| |
Hf1 OH i :

YS-0+H-0-H+"9( - )S-OH+HO-S(¢

HLE -

)9S —OH <> 90" +H*

HAbMER ALY, Pl (SnO,) A REIEIL.

I, S A FEoK b 0 i 671 Lo

(4) BB ML ZEERIRIEH YR tAR A \ T AR RR SR DU A YRR
A FERA\EARR T, 4 AP Mg® B Ca> BufR, BRAEREAR DY I 142 Fr
o, SiYHE APTEH, SERAMRMEW R, YRR, R R M SR
(o) B F—Na'® K)o LHE T K, X Semia)m e+ Fk &
T HE NV, X LE AT R T o B o

2.3.5 FyFxmiEE

2.3.5.1 {HERZR

TR HARAH WABLG . BIaNAE T a3 _Ea— K, K AR P s 3 R R
IF, BV R AR WA S — K, R B ARFFERE, (IR M5
Wi, ARIRTEA U BT — MR R A R IT - X PR R B R, BORENOKINR, &
FORPIT; A RERUKIEE, REHEKMWT.

WA, K — I T T BT A o |, BB H— R 5 I \RAEK P T i _E (n
Bl 2-15 i), B ZBUR R Y i R a UK IR R TS DU« fE— L2071 (e K
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A~ T ) Kl _ERFR T, SCMEBMET R B R WiAe s —Lem ) (W
A WEEIRTSE) SRR o B 2-15 Fios Bax Sen W 2 i i 5otk B A 22 2038 i 58
ek At ph 72 28 0 S W 5 o

2%
ya b\@
_‘5\

B 2-15 §¥RmimEns

HILRTAL, 97 A AR, A2 SR 2 M7 FEE — b 3edr o EAT i R
o —H A A BRE AR AE R . M (Dupre) w58 A 2t
1TRSE, BEHFESER (Osterhof) AR T =MEEAREE X, FIMETR. MR
ARV, SFE 6-1. EHEHRK, B—HAZR GERAMREEAR, HFUHE
AR K, R FAIARMIF .

EEPIMFRS EARRE, PR AERMME RITEIRRAR (7 3GhH) A
R R o GG RIE —FhAT A RE 5 — Pl A DA 3 1 8 7 B AR A HET AR, it —
e, HRWHR. flan, kst i iam - (k) s —
PRI (=<))W F2 (BPERRdf2) AR i AT PR 8L o

2.3.5.2 A5 Young KR
R T FW Y R TR RN, R R A0 SRR, W& 2-15 FulE 2-16 AR
R TKP T YR R E AR, 48PSR Y R T — & B4R

3, WA= AR . AR TR A AR S H e, Dlog 0,09 AHRE

El—rK K—S B— =0 BRI E BaE .l =P , B —K 5k —R
PR T2 A (BERH) B, PO F£m. W, ARG Y &M K
ANRANE] B, $E AR PT DARR SR PR T TR . R R E T 0 AR, SRR
KRR ; Rz, B0 MAER, MARHGUKMRE . Sokr: 5k i a5 R A
FEAER, SORMXTE. 6 BRI MR GRS 6 AlUh, WA ¥ ok ik
5 o

Ay 2R B A A RN & =AU R R — AR B RO AR 2-20, IR E PN (3
A, AT AL B = AR 5K AEKF-J5 R A% TP
KRB (B Young) Jifeh:

Oy =0g +0,gcosd
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cosf=(0g —04 )06 2-61

Kb, 05,09 O AN E—S E—AHE—F T H HEE.

ERXEH T P A S =ARIRE Z R 5K HIR R, PR A =AY
K B R E . Bl BN S A PR PR A %, LS SO B SRR AR -
JURE 5 RAE AT FRAH 55 1H1 5K ) S50 A PR 3R 0 T RE R WA 0 3 AR o fHL SRR TE R 4
BB A RE A F o

Bl 2-16 SFEK P 51 WRE A EM KPR R

2.3.5.3 #amrNE

S B R v A A PR AR Y, B A I AR AR ME A . (HE DR O A AL B
R, AP REARIREE MBI H R A I E T 1%, MATE R R — i —
PR R WA A TRV o e A S8 T 1 R R MBS, A5 T3 R — T — B R i A
A E o

(1) MHHESHEE

X R A Bk I T, Rl 2-17(a,b), M vTiE A, AR B
BRSNS EENE. RN, EAE SRR TE R LA, X S A
RIRIEH—ER 4, B 2-17 (c) el A vl K pm 24 T ot 4

tan® /2=2h/d (2-62)

2-17
Rorfrh B EE, d2IHKMER. FHEHETUNT 107 'mL, W53 H. A fA
/NT90°, MIEERE KA AT R o A £ 4 b A i AR o T O v 0
e A L PR AR BEAE Y, SR s/ B B M SR BS o DRI LR R I
SERTHER (0 2) AEIBAO Jo X THIHTEL, 7T RS RRHAR AR B IMERDE , HEINE
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PRFRISE s B S A3 A, A0 2-18 (a) /b BT Il i 5B AR, AniE] 2-18 (b) .
DAY T B DR AR B T R 5 DR R IR B B T, AR I T O WA A R B B A
RIAR NI, SR NI A SO A £ BB

B 2-18  RiAR)EEA KN E T

(2) mhk
b PR AR R 5K W — 53, LT B AR EDR 1 AR IR AR A
%, PARIEO =0, cos® =1. WIR$EMMARTF, WArRA 0 Sk HuE
W=Py_ycos6 -vp g (2-63)
K WA 2 d1, PARR ALK, vARKMANEE FHER, o RlEG%E.
o vp g REFNBIEI . BB A S RE R RN E W, LW X i AN R
REEE, AMERNIREAE, 15
W=Py _ycos6 (2-64)
BRI CH, BINHE6 o FEMR TRERIE MR sz 2y, TAG R/
HidEf . RZAEIRA-
(3) KPR L
W% ST 43 R RIS AN AR L A, AR AR AR o AR IR 15 18] A 3R i 16
A, AEE — I — KB AR BV, G 2-19. AR R AN I A K 1 T8
AR A B D A A [ R SR T Bk A o AR AR =, BRI A B ik A A S IR A

A

2-19 2-20
BIAE RN K BAEFR A RN AR, P AR NIR B, A 8 — i — R = A4
AW R T A g 2-20. FERLAE Tl A T E A T 5
cosB =2h/d-1 (2-65)
Aob d REFERMER, h BEMENBEEGERE 5% R TEEE 7 R eE0 2
HEAIE RSB Mo AR T AR A Tt B, Gy mT DA R R & 2l i i f A 3B A
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BBS.35004,COM

WA WA o Bk A 51 TR 2-11
F2-11 FLeE RPNl 2

W oR S ) 0, L/ S 0 0,
Au 85+ 3 46+ 2 BaSO, 0
CuFeS, £ i 47 42 CaCo; 0~10 0
CuFeS, ¥ 46 46 CuCO; 17 0
HgS 113 47 Si0, 0
MoS, 53 13 Sno, 0
Sb,S; 80 0 TiO, 0
Sb,S; 38~84 ZnCO; 47 0
ZnS 81 47 BE 69~77 52
FeS, {100} 69 BE 88
FeS, {010} 74 W (EETE) 40
PbS 47 0 0 s 60~86
= PN

L.G.Berry, Brian Mason. Mineralogy. CBS Publishers & Distributors. 1985.

WS B SRR (B D . dbat: MR . 1990.10.

BRI, F=HIT % 0%k dext: HiTi ek, 1985.5.

H.BJ#%R, AARBEAENK, BB ERE. FFlegE. B WAM]. e M it
1988.6.

M. —+—Hamie. ipaAdi. 2001, 21 (1): 1~13.

E.H. Nickel. TR EX. SAN YFEIE. 1995, 14 (4): 376~378.

THRAE. B I i R X S HLB——ORBHEX YRS R . AR 1999, 19 (3):
379~384.

BREKBE g ARAEEAY. g MRt 1985.5.

C BRI, SRR, BWE, ZER G BRUAEAY. Juat: M. 1988.4.

10. bhie Eg. HIRAEEL. dunt: MR bGE. 1984.5.

11, RWSF, KB, B E%. KRS M) Jbg: #s et 1979.12.

12. D.M.Hausen, W.C.Park %j. HEAIZHK. LTI PTEED REEHRRM. 1984.8.

13. ¥t . AR, Jat: Ba kit 1995.10.

14, JRNE E4%. L% bt &R 1990.5.
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16. «# RFELAFI TN WHEE R LR § - RESEAHFMM]. Jo: Begtiiiit. 2000.2.

L

49



G emies

3

3.1

3. 1.1

BRI R SPPRHEAUA ) 15 TR BER /N B T AR o B AR N ST A JR iy 2
ALIRE, ANFER A RO DL A7 SR DL R R R AR A R T B SR, B
BARRIOVACHI R, BREARESRMERNEN, CefEEREFSITLPHE
IZHI R, 3R 3-1 RHE LRRFNS B A7l B FL % i

3-1

(ER4 H &

ol | ACHES RFIARZE S TIRBCRA DR AR N R AR E

i | REINT R SR

Wl | SRR EETE. RSB EM I AR AL R

wE | BARRE PWRAEN. BRI BEREFR BRGEA™

I | EAEORN RSRADRN R IR AR OBk iR ARG JORHEEE. BURH
YR | MDRHEURL MESREURL RMAYMDEME] . SRS

AL | ORG-S EAURL WRAEAUBAIRE SRR SRR

R | AR SR WUARSTENSRE WOGHTEN A ENRob

2 | OBl R SRR HZOREAIML. 2GR Sy

REIE | MOBMRGE. AR HERER] KGR

M| ETEREN BTN SRR . BTIREN SO0 BREUR

HAE | KPS BHRE. LEMEN FORHIMEE S SR5WEE AR RO E Stk
AR | BB ARIRES B RFFW TR BPRIT KA B

BB | BB EERL EAERDRL EARTEMER . B A

R REAE ML A X AT Ml o 2 P P 2 AR A -

JEBHR &, besss HIF % BOE. MAREEITT, EORIEERD R — kL
BTS00 8 mT2H.

SeA:Ypkb bR TS AR RS, (AR A R 5 A 43 B P 4 i 85
RS BRST BBAAR , SRR I I PR 40 R T 3 40 B A BB 7 o

SR bR , BEORYRHR R LA BR E TE AR , SR RN RE, AR
il By EARERRHRASE 5340 PORH IR B 5 TR A T 3R AR ACORL AL R B R
el v ARG 55 AR IRRIR G

RIS, FERTAORE, fn—LLhREADRL, RARPRERIE D, SR TR R
Pt AL WAL 23808 5 6 DR AR R 2 5, A8 TE R A SR T 1Y o

BT BWMAER, MPRRERARBOK L, & 25mDBPREER .

FATERBARY . Wbk A — RGO A F rp SR B AT B SR R

R — MR REAE RAIFEITCR UK. WRB AR E MRS giit, 1t
KL ER M HARNFE Y, KRR 4%Z4 6. FHk, WRERERE, MR AP ER, Bk
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G emies

AR RS ERENA, WFEOR AR TR SN FE s 3R RO R AR R AR TR SR
P SRR R R T B RE R R TR R R A R 5 4R R DRHR RS s
&

HENBTHEAL S, N I BT BOARAORE RN 97 oL BE BORE BE 73 A~ RIURLTEAR S 7 i
2 BRI TR AR ARG IR R ROk VB0 5 RBTEORARL™ M B AR 58 7 L B AR
HEP AR FADRHA I LRA, RAIKE LR E RN T R R SR -

(1) B REEEm B . ARG SR R BIAL S R R L RAE T 55 IRk
JEURURL 452 1 A TE AR REBILER 5 BUROE A R B R B AR 5 OB o R DR S8%
RLRESMA REFEMLEESE s AN R RE T I5 X O RE VDR A S5 AR AL S I3 A 500 5
MREIREE (WERALAIREE BOEERS AN AR R SRR ™ AR R i 5 o X Bk
FAEE W AR RIS LRI RAL 3R RO RS T AR B F 3 AR O B
o

(2) MRS . WA ARRIR S 2Pk & U R SHBLEREF 5L S TR
BRI o RIRHT R AR i BAALAL B AR ) IR L™ A RERE D ERE RTRA
EhEEHIK-F LR A I E AR .

(3) ML WIEAFEMRK NFE YL — R B/ A B 20 B S e b 2
KT B L LR A LR AR Tl B2 F SR B 8 7 il B R A ], S W) g ek
PR BRI A —E . BB, BN R REIRE, SRS W BB LR
7= A R P ol A 7= g SR B ER T

(4) BRI 7R RO BE S SR FOR A HORL BEAR TN BIA - KR 7 fi IRORE BE I 2 i 2 Tl
FEFHIEOR, R LREA Ao KR AR A 7R 2 A% AR D B AR DR R A 7™ kb JEE B
B R ST B RN AR 2 — o DAL, BFR AR RE BE M 5 A A A, DR T fiE
HERf S BB A = R b i B S5, R AR R R R R

(5) JFRIAEMMEI BHRBIAR -

3.12
3.1.2.1
LEHAT R R FE I, SUR SRR BURLAE AL A2 rh A B B T EHRE, A REAER)
PEPDRE SRR AL X :, 32 RO R PRI R I D K R v B RE B T #E o
1) XL
K RE R T IRR T DL RDRM R LLROR o A RMIRHARL BERIA T KB E 2.2.2.
BHELL : BRI BT HORLRE 5 = MR BE R LA . DL 1 3Rom
R B i RoR TE AT =i
(1) MFRRIRELL . YORPRI BT BB KRR E 2 b, i=Dp/ dis
(2) 4 SCRPEEL : P REBLARE O MRS % (0.85B) AIHERID % (S) BIHLIE,
i=0.85B/S;
(3) FSDMELL . BMAHT S VPRI IR B ELfE, i=D/d.
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B FEP DG R R 5 AR , X FAS R AT R A —AER, i #n Tad 2k \ ik
)W JEORH RORLBE , 88 R RAT Al 3K 1200~1500mm, H FH R A% 300~700mm,
TEA 5 1% BT EOR AR E— /T 0. 1mm, FEBLH™ A WIF R RBNA B G ZOR, Hokp
WEEAE 3000~15000; G2 i ¥ JsoRH & 4k R Ak, ot k. T H
Hi SR TR R B 454 BRI, B — SRR A R A W REIA B e & p 4 H I B - BRI,
o OB R AR 3] doe 26 7 WL BE BEE A A [R] 15t e e B, BV AR R 4 B BOHE T R o Amide )
WO T A AR R ARE (% H M BRI IR AR, BERA — BB 2 BB
o Horp, RpRERE, ANHY B B R LR ER i bh sk B BB R LE , i ROR,
FHRHE, BRI RRERR Ak 2 MR B L SR EE , AR

i=1; Xiy XigX ++ Xi,=Dyax/ dimax

2)s SrHr Bk

R RSOREAR A A5 v BT G0 772 iR BEARRAIE B aX — 3 F& v i DR AR 130 )i ) 77 =X
ZE0, BV IR A DA BB B BERT AR B AR BERL B
FHE QR 3-2.

(3-1)

3-2 BB B ARLBERFAE

B Bt 2 RHE Kok E mm 7= i KR YORLE mm HWELE
L 1500~300 350~100 3~15
Wiw rp g 350~100 100~10 3~15
YR 100~40 30~5 1~20
—BRpER 30~10 1~0.3 1~100
B — BT 1~0.3 0.1~0.075 1~100
BRI 0.1~0.075 0.075~0.0001 1~1000
AR T 0.075~0.0001 -0.0001 1~1000

3) HRE= ok 20 B 5 e

(1) T RBEERRE  KSEWEH N ARSI, KM YREES,
BUBERE BE 22, o BE. PR A IALAREE BE e, xR, M 3~0mm 3k
Jifin (BEERAEFEAM A 7 Je 3) FEFIREAAR T b7 R , fHEAT13EE] 0.04mm 5 90%
i, WA ST 80min, WMiHKH 5 A R B S0min, kBT REXT A B S50 B M 115 2%
FAE. hb, FARAEYDRRLA P O AE R AR T AR [R5 OR300 /N T
19u m FORLE =R M P %, (W3R 3-3 Fin), kBRI A AR . 10 A
ASERHE T RO AT BN (G& 3-4), 7B, BRI R ZE RN,
EBH BEATORL AN, A B L B RO AR AR S 7 A A B SRR R o SRS
W, —Ji R Rk RN 2 )5, BRI Z AR SO , BRI B AT, HkE
/b, PR B R OR A5 B AR R T 5 5 — TR A I A B, BRI REME
DA RGHAT, A0 IS OB RERESR AR o Ok 5 R 3 P 7 A J38 20 20 1 5 5 Py s P e
S 240 JEE 228U/ o
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F3—3 FMYEDEAA R B HT 42/ F 0.019mm &K

MEREAR | BYVWE | BEyeR/ DL /A F 0.019 mmj=3 /%
mm /% » /r - min? | ARSEY 0.3mm | ARFEH 0.15mm
14 65 375 105 22.40 18.61
9 65 375 105 24.92 20.56

F3—4 THHEBERPRE (DT 0.04mm) HKFVU

JERERT R,/ min 5 10 15 20 30 40 50

Ff#a/NF 0.04mm j=3%/ % 29.11 47.62 61.98 | 72.08 | 82.94 | 86.79 | 90.64

3%/ F-0.04mm 2K/ Y% 8.04 20.52 28.66 | 32.08 | 49.02 | 65.24 | 71.19

3.260 2.321 2.325 | 2.198 | 1.692 | 1.330 | 1.273

(2)~ B ROhL BE SRR I ABFE A1 R IE AL I T R L Alo.07amm DURKLEER 10
%6~20% o WA A SEAE ol BEAL P BE R LR A 7000 em 2/ g IFAEFEZ) 30kw - h/t, #F
FRCRAX 0.7%. RN, dPEFEREEZEW K. Jgeit, O a7oRRIREER UL T FERE—Bh
7.2~14.4MJ/t, MEEFNEHIFRERHOON 18~54MI/t, BERARM (AkJg) WAl
#| 180~360MJ/t, BEMANN AN A 360MJ/t DA Lo Hit ] WA RHE A i 72 Bl R R i
M, SRR, REFERIEE LT, SORMAUBURIRL BN, HPUm i Re ) o . Xm
PG B0 D PR — T v KL SR BE S, ELREA R R B LR IEAIR s 53 — O T U P R 5 R L
P A WIS 3 G A 5% o

(3)s MR ) 2R BN A B0 B A B RN B A, SRR
B TR, XA SRR RE . bt 5 DR ELHER 3 — R i 38 L b 2 v ] —
KLREI, BRI T A AEhU B M s A 3o IXFBLR NS 3-6 3K 3-7 FI %Y
HBEHLINE 45 RAGENES . RENURORL BB 20, AT YObP R0 BES N, SRE AT ) ¥ S ot
BT 8o % 3-5 P i Bt RIS 5 IR B R R o B SRTEHT - BEBEA I 1]
MIRER, A YIRORAS A, BREPIART M PRI RE 2L/, BEREI MR BRI, TR
APIREIRIE ; FBE A4/ T 0.07 4 7 332 bl FEAT I 1] S A< 1M 92, i L B ) A
KPP REZMEAA, RUHLE FGBE B B3, WM Nk BB G 08 Hsss -

* 3-5 HIEPLER S EY KRR

BEA B 1)/ 43 5 10 15 20 25
WA IACE-K0E d/mm 0.324 0.130 0.094 0.084 0.080
BB IACE R dgy/ mm 0.435 0.156 0.103 0.089 0.082
BV GRS RE 2 I dg/ dp, 1.34 1.20 1.10 1.06 1.03
W& /NT 0.074mm 723K 1./ % 28.96 51.72 68.52 81.12 88.48
FH#/ATF 0.074mm FER rg, /% 18.04 41.48 59.16 73.80 84.64
/NF0.074mm FERE (rp—1g) /% 10.92 10.24 9.36 7.32 3.84
& 3-6 HBERE bR RDALBE P R IR B iR ©
L/ mm 60 50 35 25 15 6 4 2.5 1.5 1.0
iy 66.5 | 72.7 13'94 81.5 | 87.4 ?2'65 ?3'33 110 119 123
Hekt 102 | 117 5 | 1484|1576 | T 7| 77| 181.7 | 188 | 197.4

ORI JEBAAH LT 102MPa
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R 3-7 JLMH YR BILRE
B YOI JE / mm i K Huty
10~1.0 1.54~1.82 1.4~1.86 1.13~1.84

W saAk RO HE T B 1 5 4 B A ) 2t

(4)s B ERARRHRER RS RN, RERSRMEKR, Bk
RERENIN, PRPBRL2 A KRB —RUFCRERE, B ARERIAZR . Wi h T e
ANGEE ) B RO, FSURDR: P £ LG 1 B BEREAT IRt B R AR B RER . BIRBLG A H HiS3)
REHEND, R PRI S FRBCR R R 2 — o BERMDRL T IR o e S IS
RERDRIREE TR, 228 15h J&, 30u m DU ARURL S 5 BE BE AT I 1R A E 4K R I e
% RUICEHBRLIT IR AR, KB AR IR - BESR Be B IR FHAS T 40 B iyt — 2P kAT
AN G il e 26 5 P70 54 ) e B

(5)s MAMBRLAR BB FHESA TG AR AR
BB g AL (% 3-8 fuk 3-9), SRR, HMET/T ln m MERL 7%~15%,
ABAPET/ANT 1o m S BIEIE 15%~20%. Bk R R4 HH/ME 1o m
2| Inm Z SRR, RAUBRGESR . A¥RER (% 3-10), RJEMXK
F 1p m BB B2 A B O R TR E. MESBHAET, A 1/5
AR AR B ZPIRES, BT AAERTSEA0 B I AN BB 5 SR IX AL 4L o

3-8 JLAH YIRPRH B T s AR BORL A B (%)

AR L
1.07~1.84

V7| F%Eﬁf‘lfl‘ﬂtlﬁj -75u m -10u m -5um -lum | -0.5um | -0.1lum
/min
HEA 20 98.14 44.80 32.10 14.50 9.65 4.10
JifRa 30 97.48 40.76 28.50 11.30 7.85 3.20
o 80 98.66 34.90 24.00 7.40 4.58 1.50
#3-9 LMW WA REAE TR A E R (%)
7| Eﬁﬁﬁrwlﬂ -75u m -10u m -5um -lum | -0.5um | -0.1lum
/min
HEA 30 96.49 51.66 39.00 19.10 14.20 7.00
JifRa S0 97.48 46.92 34.20 15.50 10.80 5.00
oy 130 96.95 51.40 38.00 18.10 13.10 6.20
#3-10  fhife/K YTk A B2 20 5 ) 18 A S R AL R
MR B/ m 0.10 0.25 0.5 1.0 2.5 10.0
sz s RWAEE/u m 2.36 1.49 1.052 0.745 0.334 0.234
EHERASI R E/um | 0.005 | 0.0346 | 0.1384 | 0.554 13.81 55.4

(6)v BEBURDRLBEAEAN, R HALEN WM, BRI ENM, B H Bk
M B2 . A SR B BRORRR U Bl AL 22 2570 SO R R SR 3l SR Sk
Jt, AR HETE RURUREAS 20 i 5 | B 40 BB AR B B G o

A58 P TCAL AR 3% e 2 S A TR0 R TR B S o 5SRO BR, FE— 4 pHE
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FAE, B BANRERR SO A SRR B3 TR, T AL HT R M RE W S 4R R RCR -
2R R A M BT, 4R ) B IR R RCR -

4) BALKPRE B SRES E

AEA R AT HORH A B B RS R, G0k T8, HE ST ML A EERORE B B b BE
AE, ABAER PN TATIE T, B AR R0 A0 R4 5 R AL 2 TR R
BRI, T B J5 3 2K A 410 AR A A3 40 B LSRR, 1
Se M AL — R B A AL REAR AR B RRE, TR 1 20 38 05 30 e
3 BORLRE BRR R BRA—REVER, DI P Tl A2 b, KRB PPRPRL B B AT BE B A
ARTEA" T7 5 P RE MR R, A “TDMRE” . BIEREOR SRR, UM, i
JERER S B R R YIN TR ER R

TER AR b, A SR B — Ry, W AR AR BORL; 55 — S RURE 7 B
A LA A Ak, WAk

W RS, T P A A s B 5 SO - YR v, 50 i) R ARt B R 15 3%
KR & 20 Y HURURL S B0 B 2

A
A+B

Co ——5E07 Wy i) AR B JEE 5
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[9(p - 8)c]s 9(p-2)D
v
Jackson
d
4-74 5 >p, (4-75)
P-3) (©@-p)
1
d=2 DP9 P (4-80)
29(6 - p)
4-79
Rayleigh
4.5
d= 1.9D
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1
d- O.OZOSﬂ{LT
9(p-9)
4.4.1.3
PN
d- 0.725(5]5(ﬂj °
Yo M
P/M
4.4.2
4421

Hadamard 1911

R= 37rudV0[ZjI—:;l:]
M p—oo 4-83
R=2zudV,
4.4.2.2
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v = 4°9(p—0) 3u+3up
=

18u 21+ 3,

H p=>>H

2
v, = d°g(p-9)
18u

M p<<H 4-85
2 —_—
v, - 49p=9)
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4-87
4-86 4-87

44.2.3
Peebles Garber
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@]

Vo = 2 JoR.

Rc

Vb 4-91

Wl
N—
N

V, = 0.79[ A

m

(4-85)

(4-86)
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Haberman
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BOLE. Jom

4-8

V, = %d : (4-90)

V, = g—zd (4-91)

4-3
4
G, 22’ ' (4-92)
/4 3
G, gRbJ;" P (4-93)
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-

0.52
Vv, = O.33g°'76(/’7J R
Y7

0.50
V. = 1.35("}
PR,
0.25
Vv, = 1.18( g"}
P

\Y/

o

v
1.18 1.53
v
1
dz{iJz
gp
% 4-94
4.4.3
4.4.3.1
1948
Ps
¢ = 32NrRU
N r R
1971 20
p _ aNr’RU
FOKU 412
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M g ¢
1973 3 20
¢ = 2Nr UK,
K, 1 4
ZNU
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3 3 1
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1
a)
b)
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1.7°
C)
2
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Q
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)
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5  YElik

5.1 EhH%k
5.1.1 #tg

5.1. 1. 1 49yslspidBmMERES S ARE

YRR Ay i R R EUR R B 7 0 A A R B R AR RLEA T A ik IS AR . B
ALFER VDR 25 B mik Sl B R R R Rk R B A 22 A T M I i
ML 49iksrie; ) B BRSE R YR R R B A ek i 22 el T I

YRR A3 RGN BT R A 43R = AL B . IS ik P Bt FR AR
AU T ARIERR:

Skt P ERRS AR, T AT RS

R S0k ER T AN MR LS E W, W .

HoRE 2 AR P A TR S8 R i, TR TR 5 v Ak B B ek B

BE Sk BRI RN, WREN .

mfL AR AR ME B E SR SRHMALE Dha Fow; KRR AL
B ;s REHMALLLO FoRo

R PEMNGEHTMERE S, Ry FoRo

FR R AN ERESRSARP AN RS BEES R, SR ERE
Phe Fomo

BEW KRR AR AL B

B RS —EER= BT RS RS, DL K KR

BEREERE YRS MR GERAK) 4k d, WRERRSE S, PLC
Fn

C- Q x100 % (5-1)
Q+(V-Q/d)p

Kb Q-¥pHE (kg), V-BEEAER (m®), 6 v p W1k AREE (kg/m®)

5. 1. 1. 2 B4R

B ) 4335 R FAAS IR 18] 14 25 8 22 Sl T 4 BS W AR o BT A RAE AT S v itk
7o BRI BRAKS BTSSR Hrgd HRK. 7EHoKT 5 X skl Bk R
BHS AT 2R, SRR R 43k . 222 R TR SRS B E AR (HEE 'R
BIER) hariknt, EARSE.

I I E 3% 7 YRR RS T 435 A M 2 R B R R B b AR 4 B R BE S A e, B

E_9%.-P (5-2)
6,—p

Ao, EFEEAEIEREHEN . 6 v & 2 Flp 43 AR HEYRIA BT % B

— AR, Y E> 250, BHEik; 2.5> E>1.750, Bi%; 1.75> E>1.5 i},
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Ak, 1.5> E> 1.250f, Mik; £< 1.25/f, ek

YA R IE 2 AR L B AR, SR FILM T2k 2% B
JRoris BRIKAIE FRIRAMIES WREAIE, SO RN EYEE o

A RNTRAEZ P ) 0 A RSB BRI Y. FHREFATEAX] B A
RS S S EENE R “HIRBMNLEI, WELHEHITIHE. EANEHETE,
OB IR " BIRRM R «KKTIFWY HaMeEk 77 Wm0 Wik .

1E 20 Hhady], Hik TZCHEARA . HTEEEA SRR AR RIEE)
He P2 AR SR a5 Y b S AR, H R R EEM g k2 —. EEMEEH
T4 8 2 B B REBRGAEE (B 8 & 8 5 amigsl, ik
PR BT s

HIE AR AP IR AR AR SRR L R A EORAE A, R4 RR
PRSI w4338 5 AN s TobUA B AR 2% . B NI B ARSI A I RF S8R
g RIS E R ARWAR TR LR &R AR BRI IR ke IE gt
PR 505 TH R RAEH

5.1.2 mEiEIBENYEEEM
5.1.2.1 fHEdBESHMEX

B RARE ZAE A ATYR S, B ARk R B A AR ;
AR, BV RPRLE MAA—— TR 3555 5 43 |2 B 30 B o JB—— 12 4y 855 7= ik BE,
AR GEBIK, T, H—PRE S &,

WURL I 43 3 BRI — SRR MVER /3R X . RA WL, A fSIRRLIZ Zh 5
B BACRER . fEE ) iR, W AE XA

(1) 4ok IX: sy A RAEFIE EET, BORAE-FE Lk 48z, R
433V AR K, RT DAGRIEA R URLIZ 2 B 4R e S E I R B R R 22 5o 24>
% X A FEURGERRE )k TR, WAVRREIAR AVR B IR

(2) ZHEEIX: IXRIEH LA 4335 XOUTREER,  JS0RE 4335 20 A 72 [ ORDAE B2 AR
P A8 R = AR 23 RSB . = 484036 DX B LA R SERT AR K, K46 X A A
FREOHR, WHMTFRESHHEL. S HREA BRI ES.

5.1.2.2 4%k

XETEGEN S, BRI RRE M. e RN, BRAERED Fh. Bk Ml
T WHEZNTIZZ , AR B ORLBERTEAR BRORL™ A 7 A 1R #9328 3l B s, M35 2]
T EME . X B REER &SRR BB, TR EHE 5 E A BOR A s Sk 7=
MIPER . JrBfei Rl b At TaaiREs, EEMEFBRA: FEKN LIz EEN
AeRaEiiah, HAmRRsD MEEEE. WRETRAK. EARMER.

%4 K SR EE AR AR R TR . K5 4335 AR A ¢ A B R AR A T -

ZEp (20C) 998.23kg/m? ; KifEt (20°C) 0.001Pa.s .

ERR TR B R 2 R AORE S K 4L A BRI . ik 5-1.
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% 5-1 ESTRBUR PN J5R A: B

ik %R (kg/m®) | BLRBFRABRKREE (kg/m®) ] 5
g’“ﬁﬁi%& ( 150/081) 6900 3800 Wi@
W & W (FeOy) 5000 2500 1%
#® W (FeSy) 4900~5100 2500 ik

R — % R AR, SRR MRVAN . EATT AT A ALVAF 8K PR B
RFEEE. M=1RF % (CHBr;) %EJN 2890 kg/m®, PR LA (C,H,Br,) 2960
kg/m®, Z@it L (CH,l,) 4 3350 kg/m°®, MULHISHULRIE 1 @ 1.24 ALK
VB BRI iE 3200kg/m®, T1HgN,Oq KWW ik 5300kg/m®. il Fl FiRI E -
TR E A RS AT, 83 FRPEE AT EA R R RS . ERMiER R, £
R, RSB AEAE, GEBNERN NG B, BEREAE TR R MG
TRV B

23S AE TR IMPas {5 20°CIF IR 1.18 kg/m®, KifEHK 0.000018 Pa . s .

5.1.2.3 ENHELEROERD

Hk R T RUROR_ LR B B 3 WA BRI AR
71, ARG RE RN % SRS EEMREA WERE R B (RFZ R RBLE
FIFEAR) AERL X2y W4 F T W98 S AT AE Fn 5 51

(1) #&H F,=mg=6 Vg

X F,— ki &) (N), m—ihiiE (kg), g—EJ#EE (g=9.80m/s?).

(2) #h Fep Vg

X F—RRLR 2% ) (N), o — /W REE (kg/m®), V—ERAR (m®).

(3) it h F,=-ma’

Aof A —ROR A3z ik 1 (N), a—Rki 50 Bz A A2 20 nid % (m/s%), “-7 5
Fon F, Ji105 a W5 M R -

(4) BLh F.=mo °r=mu°, /r

X F—RRipiZ &0 (N), o —hiZshiMiEIE (rad/s), r—HkLz2zhh
PR (m), u—FE¥EE EHLEE(m/s).

(5) SN Fyp vVd

K Fe— MR (N), w—5HEEEE RN RZE, o —NREE (kg/m®)

VWAL S AT R 2 (m/s), d—RRERE (m).

(6) WLMEEHERHS) F,,  URLSZ R BRI RSURLAE 1F 1H0 BEL2% B D0 e 5482 fir ™= A REL ) o

(7) RrIs YIRS o Ko, UK BUBURGE ST UIME Y, fETE T
Y105 MAFER T T -
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5.1.2.4 ZEkEiRs&py

AERESE 43 1A T e s AR ) R ARAIE 73 3 A5 A S BR M e B2 55 1 o fAldm, TE ) 4otk
HE T, —SGERAREE.LT BRET), XSGR T . A et AR
FEX A RME R, B RMORE o IX LU 40 i% BN 73 e To AR BEAE T W ) SE R A
o 4rik ) SRERUI MBI KA O >0,

BAR, SBUBRL A Ik B ARk >>RER, Bl B/ Fo>l
Kp F—rik ) KB, F—RERU KB

LIS IS A A RAEW S IR YRR EEVE ] (e o) W5 BEARTERCZ
A HYEE CBLEER domin) W53 15638 B N KT B R FERRE ORLEER d max) F43 0018 BE
CHNIEEEY F/ FABVRR, WMEM—Fakds, a5 HAagR:
(Fy/|Fy) domin> (F' o/ F’ ) Ay max

Kb Foo F/ o R Fp F' — R
T H YR R R TR 43 3% 03 B AE ) - iR
5-6, AIK 4B BURL I IR FE LY dy max/ o mine
W43 B WPRHPAE BEVE Bl 23 BITE g max— doymin Z W]
75 0 43 38 3 R 32 B A [ 2 B Y B

kAR =R, BARIERURLTE 433 X 5 B8
W] £, RFORL 5 kA iR o B IR) ¢, 72
5-1 ik XN, Bt v R BOR 433 XK BT
] WIs A B, v o B RRORLSZ 4338 ) B4 R 1) |
BENHEE, N

-

h

-

e

Bl 5-1 BORLAE 4 i% X2 3h
t;=h/vy ; t=l/v,
Wig t,<t,, f:
h/v<li/v,

Rk, W H MBI vooR A, "R AL R .

5.1.2.5 4¥ukpEvimE

ATANT 4335 J5 3% B 5046 343305 FH T~ — S B 43 S KL BE Y PRl o A3 i B o Je AT, 4%
WFC o5 B WG DKL BEVE R, B0 2 ek B EFR FER. PRI, SRBoh ikt
HRLRE S BB RS BN, A TR S5 Bk i T T s WL REE VSR, T8
RLEERIAN o3 Jqnk 5-2:

(5-3)

#5-2 HHTERBEMSRK

k% Bk il H an (¢ Bt
BB mm >20 20-2 2-0.2 0.2-0.02 | 0.02-0.002 | <0.002

TR (ED)) REESE NS TTE, 2kl FOSRRRLE d MSLs
BIEL, Bl: Fiocd® . DB, WEAERLEERIN/N, 4330800 B8R A i 2N o

fHR, ABONRBURLRIRLS) (FE TR R B ) SR d B— U7 RIE b,
B: Fyocd o BEERLFERGIUN, KPR MREBEB N R L, ANTR—FERE, K
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WERE ) B e o R BLE b, M F, = FuRE, SRERORLEE o BSR4 ok BE
THR.
5. 1.3 HEREAKFIER

B Y IR MERE R AR AL — 702 — 4 AR . KRR R BT i B N TE
RRIRLR 2, EHAEE S R W30S Bk SO fUg ) iz FAARL,
H WA W% FERURL R A4 B 5678 o 43 2 e W EHEAENUAE F R 20 304k, BRSCELT
43k o

PRI AT B ), R AP R IR B S 7 B R R - AR RIRA BT A,
S EEEFANSER o SR EE T2 75 VA AR 32 2 DA 3 3 A J B Ay 7 T -

(1) SO B BURLREAE A B R M DTRE B 5

(2) WURIFEAETE B P E 4 2 B ;

(3) URLFEAERE T b R HE 5

(4) BORLFEAE M EE b i 2 R B 5

B i (G.Stokes, 1819~1903) 5K 1T ERIABURLAETAR HiZ2 Zh i} Bi &z MREL DT
BEE Y H %k A B IR o

B RBORRAE R B P B0 B EE, R RMRIKSBAFHEN. FEY
(P.Rittinger, 1867) #2HKZ# H HUKEARE S EWBRIE. 25, 1% (H.S.Munroe,
1888) #& il K ERRIIE T UM 2 MMEbE; B152% (R.H.Rchards, 1909) #2171
WAER 2B, "% (AM.Gaudin, 1939) GH—42 1 T HINE ELH BB FR
3 (1947) ERXFBeIRIE LA BORLE N BR M F2, R T EARERBG . BER
(F.Mayer, 1947) TAJJRZiE 44 BB 0 P0RHE % 5 43 )2 — ML REREAR P A, B
Bt bR ML o

JE AR I 43 3 AR BUR 2 P FE AR ) AT 7K W 3 T Bk i 5 o A SR 2 R 4
% F B R E AR AR R, VERMIZ 2B FEf% i (R.A.Bagnold, 1954) BfY]
SRESIITIN, AR R SR BB At TR o

WORLEEAE R P W 4 ik , RENFMZZ) 7 RS R mAR, HERTEI 5800
MIZERA, FEA VR PR ATS 2 AH R

PUAE, ERBHEH LRI IR EATA . & FEURLE 3 BEE RIS AN BURLAE A
I B UL, B IR IZ SIS TR, AR HIB SR, KR W AS ) ke SR
LRSI P RB Ik o RS2 B il 2 0 ]8R ERI I BURLEE, WURLIZ 2 BRI AR M R kL
Rl fEE A0 R ORI AR, (R4 R BEAS @ AL . S A LB R B A
— P ORI — AN B, LS A R R S iR R 2 W B AR, BFSEAR )
T ORLEE AT 2L ) B AR IZ D U 0 22 5, DA T 1 b e 43 ik g T B o B R WL R T
LSRR G2 SR, R BRI B B, S Rk

REBERBIER S RMAB D B, HMFZ T 25—, Bo e i
RARMIES, IR BERGE FA AR 5T R S A -
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5. 1. 4 BKLLESBR P PIREZE 3 5 R b
5.1. 4.1 FRIEM R MEISIIE
W 5.1.2.3 fiik, BKFiZENN F,=mg=6 Vg , fiFNAh F~o Vg .
&S Go A BURLAEA R AR T, o 9 BURLAES T 5 Hh B ke g -
g,=g(6 -p )/& (5-4)
G,= F,- F;=(6 -p JVg=mg, (5-5)
WA, BHRRLEES KFAREEe , W G,>0, Mkl FUl. HMRERES I
R Ee , M G,<0, Wkt b3 #HARHMEES 3R  fd , MERIESY, Wnlik
B S W E AR, HEEHNp , 0 1<p <6, o WLIEENO  MIMURLK B3R, BEA
& o BIBURLK T UL X BT A FRIF IS i% M LA 5B
A RBURLAEA B B VU2 ZhBEE 2 AR 46 4 3.

5.1. 4.2 FHARGEMELL

RURE B TR 2 5 MURCRE % RO R B AR R WEREE R EATEREAS 58
S IR W SORE AR [F) R R BETC R, DUIRRIX ARG O SR B G o RAT A ) T e 1 2 ey
RERR A S RERURL o %85 /0N B RURRE JBE -5 % B R W IURLRE B 2 LU AR R S5 L, B e, o

€=dy; / dys (5-6)

LSRR LB A B Lo YXPREREITK ) 53 B, R iR % B
YrRHRL L B YR R, AR ANGE et — YR ORLEE, T 55— pRbaL B
A AR RIS S — 5, A —AURLRF B KR B/ INBURE A RE A I SR L,
SO UL B 220 Ho it EADRH BFK

5. 1. 4.3 HHJIESHKIL
B2 FAEHFETEH PRERMFB—RER AKX, "R RERE Re JEHIN KSR .
WKL AR d,, M0 dyp (dy; > dyz) BIERTERURIAER] ] 1 5 b Sl ke, 1A

Vor= Voz, FHEIAEA R AR VBTG L B S L 203

o,

e =M_( 927 Pyuz Re<1 (5-7)
° dv2 5 -P
e ~9u_ (%25  Re25-250 (5-8)
° dv2 5 ,D
_dy _ (2P Re=103~10° (5-9)
° dv2 5 p
BHIS >0 MERIESR IR ZE R K, SR e>1. BEEHHEIR/N, 0 LI

Ny SRR A A BURLHE DA 43 3 i BRI 2 — o TR, X 5-9 HEEMHER 5-1
AT, AR AW Rl 3 i i 21 o
BB (5% 7500 kg/m?) Firfi9E (%% 2650 kg/m®) MR AMURLAEK ke o
X ABUREAT G e s iR A K, AR M RORE Y SR be iR 5-7 7% €,21.99, B
NRURL S BT 5 HOREBE 1.99 1% A SEURE— R PTME o X i D2 0 — B S 28 D e 2 UL
UKL, WK 5-9 #F €,=3.94 axX it BIDHURE JORURL T FiIg B2 52 %5 JE 1Y 5 0 L AR BK -
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5. 1. 4. 4 THUIREEFRELL
THWUFEFREL A e, 2%, B

e = Ju (5-10)
dv2
PR SR R, B
n Ny
VOJ(] -4 1) :Vo2(J -4 2)
W n,=n,=n, W%
—e (1o A2y (5-11)
e, e°(1—/11)
% &=, (5-12)

1

bR A —ERARIRE, BIBAALARR B A AR RORL 5 AR
O —AAHLEE, BNEAQLIRFR B NIRRT A MR, 0 =1-1
n—Jg 5RURLIE B ORE B TR RIS 8L, 2978 2.5~3.8 [,
PIARORLAE R — B R A%, BA R IR . SARHBURLEE /N, MABUE MR ;
TR YPRHUAH B, FARUERR BN, BUERO >0 ;o HT
e,>e, (5-13)
BT VIR VUL S &R T B PR SFUIRE L - JERTRH, THURESTILL e, K bEAL
FERTRIRBEN B/ (BAARUE O W¥ER) MikEAR, HULA BUIRESILE e, At AR
WER, W e, WK, XEWEREESEN, AVFRRIEEY; BRBERAL, 2%
PEG RRUR AL

5.1.5 YREEEZEMRRTEEELSE
5.1.5. 1 A EXRE

B P BRI 2 3 S SRR AR T EL SR R R W R R 22 e T g k.
EdRERBANAAEE 5-2 .

B 5-2 YrRHEBRkAE RIS B R
a- S EHIBURHRAHER; b EFOKIH R BAG o BRI VIR 2s d-—KiE PR RS, TR\ 2
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SRR KRR IR AN BRIRE AR L, MR )Z o KBTI HESh R JE AL
i, B BERWBURLHT o 12 BN ARORE, RN BEFE R o EKIR TR, REET R,
HYPRPBOR S B SREN RS . bt REWMMEB— R %, REXBWEHEEELS 2. &
G2 SRk HE S, BN EIRERE R RE . SE T RH e T B A A B v 8 2 B
sk IR B R B, VAAERA IR EE A o — R MASIBURLAIE 3 22 57 GRS g &)
IR R IRE, W22 AR R 55— AR R BRI NIEAR PR R (faE2E,
BIFIRE L) IR BRI, TR R AR AR B RIHL
BOARS AR, (B854 GBS -

5.1.5.2 BPRRFVRAEEE R NALRRF: 5

) 2258 TR BT A, AR R AR R A T A AR, BT A AR an R4
B R AERE A RE R IREAR, % Fks A sh e ikf7 . JWHR/R (F.Mayer, 1947) RMflix—
el SR AT T BRI AR, WARE R B R — AMLRERE R AR . IR JR S Y
FATRIN , R BERURE W, /NEERERIRL ETF, REZR— PSR %

B 5-3 (a)s (b)FmRZEFESZHT
JE W BEAR ARG Dl BUOR J2 I TE (R 95 T )

KW SR ETHA A; by hy 4050 & 1N/ 1)
g TR SERZREIE: 6 v 6 5 RN s IRARVAEY i
o EPPRMERE; A o A A BDNE. W 1A T D
BRI AR E o WA ES R 7 JURLAE 11 24 ﬁﬁ | Voe\] ] PR

HERR I AR B SEA AT Y, BIA =2 5.
SRR B EYRRE AR O AL E
1E H,= (h,+hy) /2, WINLRE £\ A

1
E1 = E A(hl + hz)(hl/Ilé‘l + hzlzé‘z)g

Bl 5-3 WKIELES 2 A HALAEAE 1k

aEE, EYRHETE, BYWEHE LZ, KRMAREEN

E, = Ahzﬂzaz.fng + Ahlildl-(hl

2+mﬁ

W43 R R B ALRERE (BRI 43 E ik RBERERY)

AE:El—EZ:thAM¢2—lﬁnghmzsz—ﬁgg (5-14)
LU F ) I R EOBFERE A H
AH = hth(ﬂ’Zé‘Z_ﬂ’lé‘l) ~ h1h2(52—51) (5-15)

2(h, 2,8, + hA8,)  2(h,6, +hdy)

B 400, TS R AR

(1) A Boc (8 ,-6 1) AT W, Wifhykl R BEss i fiAe 2551, BI6 ,>6 |, BIAA E>O,
Sy IR RMERE 20T, T ELBRRR S A R, B 3R AR 4 R

(2) A ERA H¥5 B, Rl b, MFFRIE . SOABLE FRE, 5. mypEiikm
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i S0%Mt, 7 EMCRMRELFH . — Bk, SR EYRMARZEALT 50%, Hit
RIDLTEBH , EARR AL B 4R L A AR A Rk 2t

5 BRI AT 8 A Bk s ) R W s, HUia B R K 2 A AR R i AR
18, M T RS, BRI AR R0 HERE R SRR, WA
gl J1 22X RURLIZ 2 B S50 A T RO, SOBHRZR At R R — A BEAR T Dl B T BEIKASL,
P B E A B R, BT RS T DR, SOIH KB R /R B AL AR A LR B i
J2 W B A i BTG 4 52 B
5. 1. 5. 3 N LR

1952 4 v hi 1 I S8 i UKL AE T B AL W52 1) 4, SO T RRLIZ 3 05 72

d_V=_5—p J_r61//(v—u)2,0+,0du_J.ﬁd(v—u)i 6F,, (5-16)
dt ) 7ds ot 5 dt 7d*5

A v—RURLE B u— A BHE; —YRRRIRG RE, T 5RURLAE R 25 ik &
B3 B 5 R ER OBURL AR FR B 43 8, HAEAT T O~1 Z ), HAUNGRRIERA R, X
FERIBMRL, j =0.5. F,—RrlHBSHURELY), b 7 SRRTTHETF, “+”7 S k.

%RH BE T RRAEA T BB S A BREEST A BTAC B A1 i5d 252 2 B4 B I 1
A SR BN B2 2 BB ISR T~ R 2 v H R ORI 32 2l R 1 JBE 5l 4
BUMBH 1 4o T se MR SR R A%, BEAEAR WA B R R ARKER , O RB A
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A2 5338 o 3X 75 T A AT A 2 s RVl ) Bk, DLIET 5-19. TR i fa 48 A IR
], SR HEOR AR AT — B R BB TR 2R, S e R RURE (151 G ) AR ) A ER
NIRRT 1R O8N IS S SO R s TR HOBORE (1 40 38) RTERE IR, 6 |
FOKFEEAE T REN SR, TR A 2 AR

R

B 5-16 mEkdREE B 5-17 HREXEEHARE

g
2

BV ‘
o L
o *
o ¢
O s
Q o

t ) AERBYE AT
FEEES m B & R
B 5-18 TRImBEIEN B 5-19 BBk REE
1. R 2. BEEgk 3. kB 4. AR 1. #IEME 2. BIEMA

5.2.2 Wh

— RN N B AL O T — RGBT, AR T AERS PR N IT R S
HUBAR B 2 AT — AR, BRI T AR ST A S B IER, K
W W5 ) SRS — B, PR IMBEA S R Rk, ik RegfedRs Sk rh s
Mo
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BUAEBATIR KR PERURLAE AR 3 S A B 2 B ) RN e K — RN LM 374
TLURL R SRS B G RORE B T3 S e, IR 5137 05 M — 2 (B 5-20).
WURLK A, FESL o RN 7™ A AR, LR B0 A +Q M — QB 4R, U
IERGAT B AR TR A EAERY, AHIX I S0 B 5 N 45 2 B AH S 258) o

H L 22 B AT A, B — WA RS Th B R P B N RN A -
F.= Q H (5-40)
Kb Fo— i PERORE (1% 4 RS Th B W9 ), N,
Qm—H#5, N-m /A, (Qn HLTHAH)
H— WML TR MRS58, A//m. (H H3TH7)
8 I D0 7 P RUORSE A 37 v T 32 O RE )
dH dH dH
Fin = QuH = Qn(H =~ 1) = Qul- o= P
=yoLm1—:=y0MVZ—:=yOKVngadH (5-41)
Krp Ho — HEMESE, N/A* (B H/m)
K— MUK iR mi AL R 5L, TRk O Tommg R, A Ke AR K),
V—RURL AR, m?,
grad H = dH /dx —#&#E, A/m?
Po— WiBHRAE, Pn=QunL,
L,—W%, Pn=u oL,
M—EALSRE, A/ m.
TEJebrmgisrt, WA £ (N kg)o "B BT B R RO T 2 i Sy, B
f = f—r:]" - —”OK&; [ _ JXH Oc'j—'j( — 1, XHgradH (5-42)
K m — PRIMBR, ke,
& — WUkLIE, kg/m?,
X—Y b AL, Moty i X, R X
ROA R IR E B =u o H, BN nI A R

fn = 1 XBgradB (5-43)
Ho

K By, T

grad B— R HESE, T/m
H, B#ilgrad H, grad B #a] fIAR RS FE -
RIS AT A, BOREAE AR SA SR v 3% W B ) RN URE TR A B iR e X (D),
Sk H A gradH(SME) o 3 575 T 4 i) Rt A0 R 0 LA 5 ) T2 B 1)
M 5-42 F1 5-43 \LFE N, L —Eh, YRL#AR XER, ki h
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S 1 Vo J) £ AR, BB SR A M L 5 40 i o
HgradH(s%, BgradB)J& [ i 1% B 5 4 1tk 1 3 2 oo
i
ki, BHARZ AT . TR, AR
SR AR IR R 1Y, B IR R -
FEOr BB ), ORLREAS ), o A S
NIRR . —BBER, SRR 0258k
F S REAREERL (0.1 - 0.3T) , S3REMEAPRHIAR
Befs SRS SRR REAL (1.2 - 1.8T) , 4kt R B2 T
LI AN SR R ) Ak o

5.2.3 BAEYIBRBEERDTE

Wy R R A R R A 22 5, (HAEAE T X S R R 22 e N B3, 40
HBERCRIEAR - 5 N A MO T RS TR, §7 KRB BV B 22 57, Rkl R K
I W B P A T R 43 R R Y DR A R T W T Y DA o AL TSR S5 T
AR, LR R B — e AR IR, AR RS B AE B A e T A3 2 Tk o

5.2.3. 1 MASHRABREHA I

1

B KB ST P BRI MR B ERT™ S0 kbR AR B
RO . BB RS FLIAT  AE]— RE I i B C SC F BIA 22 E
G LA B R B3 B, BRI RS, KT 0 R AT
2. P, SR T SRR, SRR B AT A A R 4 B

2 FRRAL AR T4 SRR HHERERE. SUABRS. SIS KBRS J
kAT

(AR AEki™ WD RBERD™ 7 S R FE(570CAat) G, ikt
RO JERAIAE F, FLT 3R 7 B (P ) 475 O M RO R (Fe,0.) . 26 G
JHIA COn Hav C &5, Toll - FIRBSRIEEAAA G OV AL, Ak 5
Wr:

3Fe,0, + CO (8 H, , C) = 2Fe;0, + CO, (5§ H,0 , CO) (5-44)

VBT (Fe,0, 3H,0) 75 300 ~ 400°CIFIABIA, BUKIEBRABD, H Fib R RIE
SARTRT . T 2 TEA AU R I, FALRAS, (5 RT
ﬁﬁﬁ%ﬁguﬁﬁgmy%a:&Jﬁg
Kb FeO—JEURAEN 1 FeO &, Fo— i BkHen 2k &t

B B ALE Ry R=42.8%, —fit R=38 ~ 529 il B HURAF

QRS T (FeCO,) ZEEHET, 2 kEED B Bkl TN i 67
A A B AR TTAE]— EE(300 ~ 400°C) IR, AT MR, 26 i Bk
B LR A

x100% (5-45)
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3FeCO; =+ Fe;0,+2C0O,+CO (5-46)
R, BT RRERERA Y s CO, HumPesyfa vh IR A MR B BB R i il o

(BB SR (FeS,) FREAM IR H S IS A1 B2 I Wi S84 il s kAT, 4k
RN

7 FeS, + 60, — Fe,S; + 6S0, (5-47)
SR I T, T B kA A AL R
3Fe,S; + 380, — 7Fe,0, + 24 SO, (5-48)

A S B R A B B IR RFEA RIS, BERACRMARARARR. ik
(FexS1x) X FerSg ARG TER, HAbR 48 =K. © 0<x<0.1, Ru#gtk; @ 0.1<
x<1/7, WEkmiH:-

(FEARIRIERE  BHZER S T SR R, eS8 5 Rk L
fE/NF 1, AR MRS — @R, ZERR AT AL BN, R FAEIE R
s 5 5 R A R — IR R B R

(5) BMERN 1 AL G R RIREERN, TR RF P EHE 400CU T, HY
AR, AL BRI AR R (Y - Fe,O5) o HALZ R AT

4Fe;0, + O, -6y - Fe, 04 (5-49)

2) Mm%

To VB BRBE M 5 3 R ARG I, AT ANR B AR R R &8 Ni fEE
W T, MR B, MR T 376.5°Chy, Hufbih& R —REZ%, T

T VRGP o HERRE I F S S R ek T B AR R LR . SRR, Rk R
T ek R B AR 2 I o EEL VIR R R A% R VR R W 22 SR T R SRAE DA R Bk G 3 T VR ——
T 53 VL KR . A A M R . (BE RS RERER. AT R
FE 433 , IX I —Fiy 5 B AR PR AT BTSSRI A SR 5 T S5 — P R ik 2 R AR, A
BT NiRERE, BB AR RN E .

5. 2. 3. 2 BRSNS A

1) BB TN RERNT A, WEARERFNESRT A, TER
BRIZ AL o« BRIRBEACTR WS ORISR R WAL 24U, i FeCO5 0, JBIK Fe(OH), 3f
WS RAC MRy -Fe,05 M1 FesO,0 IR N MAESIM B, Bl: A NaOH
KWK FeCOs R i, FEARLRMIEK Fe(OH), Brt, RibEY Fe(OH), HALN v
-Fe203 1 Fes0, BrBto ZE8kN 300 2 N B s mug M AL gk sy, WUk AR m. R
AEAL SRR WAL 27 BN -

FeCO, + 2NaOH = Fe(OH), + 2Na,COs, (5-50)
3Fe(OH), + O, = Fe,0, + H,0 (5-51)
2Fe(OH),+0,=y -Fe,0,+H,0 (5-52)

WFSERW, FEARA A B A B A AL B v R R M i Lo Ak 2 . b8, FEA:
BT SRRy -Fe,O5 fil Fe;O,, &, a - Fe,03¥ %
2) Gk IRZERGEERIEE T Y, AERA &R AasEmAESET W
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SHA, PR BB TS NS, IR SR B B S A Y R kA,
HEZWHER, ¥ YiiAbREEm. FRiZshiik—gis.

BKBEAL M SE L . BN YR R v, AR iR (R S R) 5 %
THT B 7 PR AT i 5 0 T BRI IR I R R R I, B e Rl b, ERIK
SRR N @l , WA .

KA B R R R~ B2 (NaOH 2.5kg/t) — ¥ % — Bl 12 (NaOH
1.0kg/t) —RMEEIEA AP (it 0.4kg, Ci;H;3COONa2.0kg) —#4ik. R4
LA S RAE KA AR PR W ST AH L3R 5 3 ~ 6 /%, £E 1.4 ~ 1.6T T, k™
i EEIR 70 ~ 80%.

SR R BEK R A B 7 VAR 2 AEmg A S5 1A B A 40 P R PR VR A 2500038, BB
RHBURL 2 A R T — BT IR 1R

3) mWEAbEEAE  EFRER ISR B R R L, AR R LR A AR 2 B
IR, FRORMER. WS, BNFEmEM: LR R R

WERNREAL, BRRAE— @4 T ABORIR, JRTERZR A MNTEF, R BHRE T H
Rek B3R B PRt R R s RS NE B B ARk, BT R R S5 S %
PLArike s XM 43 3% o

TR REA T DR A BB WL, RLEEVERE — Sy meo ORISR IREE RN s AR SR
T AR O JU PR AR I ) BT 201 2R, DA s o v i B ek R A

Fig W RAE H W4 LRGP AL AR B, I R KA, A WIS AR KPR T,
BURHR BT, (ERiA S B e AR

MRYEAE R BEAR [, BEALIE BT X 434 R K B3R AE F G Fiag AL, ) SRR F Y
WERIREAL , )P 31 2L BSR4 F O PG AL o

I A 5K SR A R A AL B SR B AR BTk o IX I I i 2R RS R,
Jig R AW, AEmPh ARl AR K R, kB R A RIK, BRI K
K& JE R ARG o X Pl T REAORS T 58 =5 H BG5S
o MHZFYIE (Parsonage) 7E 58 + i EFRE N S _EAA T IXFEDL, FEoiEa ¥h—
250+10u m MWBERRER JififA, WEFON A EEREERT, FRWIGHEEA A MR, BIEmFf
T e Bt A RAE— e, HIRAHEEIR R, BRI ALK M . M Ahg Ak
BRAERGH —HRE, SIS —EEET Y, M —S g eit.

F FGESRAE F ARG REAL , DR B A2

IR HOHTRE, AEAK e O BERA 4 | O  swwrw
IR, TR AR 1 B AT pH -
ERFE M o R RS AE R B R BP XU e R
R BB IEGI, B H R %

HEBERR , I TR SRR AL - JVRE = BAHT
TifRABER A, 4 pH=11 gzl HL B5-21  BELRBRERE

iy 3k —40~—50mV. O~ —10mV
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M —20~—25mV, eI se R M T o5 ifa B, BTG BiAL. IR pH (R
JIIIDANGER 58

FUFH 23 F 2R BERIAE T AR A AL, AR B S 2 T S B RE S “Arade”
Ve RGERERD 5 H YRS BE, o RERR 2 SR B AL . R ZRRER “MRE” 1R
NEBE RN, FIAREREZIEE. W=k (AIOH), fif 3%, 1& pHHE
9.7 I, WIRIRAMBEIR R BERA S =K, PORA SR BRI AER R, #RhikE
P -5 =K A ZERE T B AL o

REAIREALAE B R YRHE I BB PR, T RS9 S L) ik o BKREALAE H B9
FHE AR RN s 75 RS Lo i -

4) AR BRI ARG, B i A R R DR T R R B
BB, i ER R AR H AR FY, XSRS B Rt a e I A, R 5-21.
BN T A A Jo 3o W AR - S B R R PR AE B AT i e kR R R A, FRAAR
FUBEAG o WA R 24 7 AT SR G PR AR 20, BRI R SR IR e 8, X 4%
AR H YR, BARA RREE, RE% L (Michigan) Tl R AAEERHAR EH#
FH 1 A3 T T B E 58 A A IR

5.2.4 4wt

WRPLA R S L, MIRGEALAITE A KB RBOT 4k =, BIFFROHE R, A
R R (538 N R o X =R RESA R BRI 220, 43 38 B AS [ ek s i
Ghitk. PTIBMESA R R
BB RN T A2 TR B 40 A
e
5.2. 4. 1 T ERS

(1) Bt

N2 oL IR
KAFBER . TG Z %
A e S T B s
S HEB 20 B A T RS 2
Wi, WE 5-22. piH%
#7203 AL A R g adt
%, e PTG R R AL o B 5-22 (a)FrEHFIA (o) EAEEHFI IR
WA A 1% Ty Bk P iy 3
TEwi %, W 5-19 o FFhHE &R Mg v 0L h i gk ok mE B A, A, S9REE S
Wk R VKGR % o FEI0HE 2R W SE R A, AR 1tk 38 5 R D HE ), hi 2 A B (VB AH SR A A
R Z M E LSRR, #iBEdNERRERK, FmgsmERIK. B, X
Z HRE T W g -

Bl 5-22 B FFB00E 2, W REABON RN TS Sl R BSOR A ToD bl 2 3 5 Py 2 Ak L vT
REUBERALB N RFR, W
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H, = Hoe'™ (5-53)
Aob H RS RAROE y FER AL 58 (A'm);

Ho iR R w358 (A m);

e A H A ER;

C AR St R L.

EREMRBE—ANEBR, FRABKHREZELERNEE BIEH B RIERE. B4R
th, X — A RAERAR R E 2 EYOR, HEICEEER 0.4 £, MESHRZ kb, a)
R 1~1.5 BHSERRARFHYE -

ST HES A R R 1 HES R R AR A R B R

C zlf (5-54)
I
c="4" 5-55
F1 I+R ( )
XF(5-53) X Hy RTF vy 4, nIHE#mpiE, B
d—ngadH =-CH,e™® (5-56)
dy

K 95 SRR SR BE 4 1) S REAR TR 405 AR B, W) DA%
W3 01 N 5 B S A BE W SR, B

HgradH = CHZe ¥ (5-57)

He(5-54)Fn(5-55) KMN(5-57)K, I E AR 4% 1 v HE S A0k T HES T 0w 22 PO
Yh:

7y

HgradH = Hglze ' (5-58)

7 |
Zil| HgradH = H§(|£+I—R)e AR (5-59)

(2) AEREMTE

e 7 HR/NRE W 2R IRES R EAES ) GR K  STiR BERIE 393 ) TR PR 41 T o
F¥R& L, DMREN R R BT A ) eI B AR . (5-58)H1(5-59)5%
KUY, BHRPE R —ER, FRH R R, Ry ERE R8T,
ERAR, B TE 2R BTG S50 BEANTE S AR L T W I /N2 /AT, BTG 2R B S i RE ARG 7 0 B2
RERER L. HeE 2, KRR R WIS R BE RV s 1 R BE R e, /N B, 2R
SR BE RO S5 1 TR BE /NS, DRI DA A A SR 2 A0 /I LI 2R 70 v ) S 50 A TS
WS R, BB EHELEERN y .
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fERARBEIEA SRR, —MBBeR, T R AL RS B I, e AR
Y RBE, ARERIR L, MRS i, RHRIE AR, TR TITE,
AR /NS 5 AR T B A A

BOBURL I P 1A BU AL 3 Ko, DI FHAERE PEASORE_L Y LU )

f =u,X,CH e? (5-60)
WL KT AR S 2% C MIBONE, AR RKR# ) R C {H:
df _
d—gzyOXPHje 2¥(1-2cy)=0 (5-61)
53] Xp ~ Hoiﬂl e‘QCy%BZ:jggy ﬁll—QCY =0, B
=1 (5-62)
2y | R

VR R R L AT Y R T R BE RN A, _BWAR, SRR d YR, A
BN R P L, ] y=A +0.5d, fRN(5-62) X fdE Bk

| 7R +24)

- (5-63)
R—(d +24)

NHRE, AR, IR A A IR AR RORRIR B h, W y=A +h, A
N (5-62) A8 B AR

| _ 2aR(d +24)
"~ R-2(d +24)

5.2.4.2 HWAHMERES
K % B g 3w ) B SR R 6 i s

F. WEWARNE SR, SRk mxm
HEB, AR, BRZESEERAS, TURERH/N, n 1
AR G5 B = o AT 7 A A BE Ty y
R A B 2R S AR RO R TR B ) ’ NS
VETEAR, MR B P v AR e M R T AR A
JEAS ] B REAR RS, XA R B AR B 5-23 B — PEBEEN () S¥ — FERE (b)
XA A R S 28U Fy Sl S AL o

5, A A RO SRR R AR — RS R R A RER, FI8E
A LR, WP — P AR X AP 5 — MRS EAE R, 5 — o A
ARG, T TR U 2R 2 DU A AR T AT S R 1 o

(1) Bd—PuEmBoa Rk R

B —PE AR (B 5-23(a)) 2 AT Tk 8 sk dl, (H A Lo S Rcis LR H =

(5-64)
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VPR o HH A ARIE T y WRE S 58 AT ] iR 2 AR

H,l sin2
Hy _ 2 (5-65)
[|2 —(I _ y)ZCOSZ §]0.5

BRI H, Xy WM A, W ES R g, B

Hjlzsinzﬁcoszﬁ
(HgradH), = 2 2 (5-66)
170~y o5

i Ho S X 2 TR 4 s A 37 98

B SRR, W r = 0.5] . /P = 60° W K. XL
X FEEERE, FHEARRNE AR BN, W T % .

(2)  BW—F R RS

L — VIR (& 5-23(b) EZH THSREENL . IREHIER, 36— Fmw
RO VAR IR 1 AR AL, 214 B AR T A B S i 2 o, B y>0.5s W, R4 A,
W5z, Zh—FEERS RERE KT 0.5s. %41 =0.5s i, Hugpfmgs ik
AR

_ Hos(l_ k1)0'5
CIS k(s y)

(5-67)

_ 2k H25(s—-2y)(1-k,) )
il (HgradH), = (& —k(5-2y)] (5-68)

Kbk A5V s HRERE, 2 s 2508
1, 3, S5cm i, k,4%I4 0.15, 0.2, 0.3,
EXEWIE y=>0.5s i, @I AE .
IR IELE R K], HikMp = 45° —50°
AR A2 T = 0.1s I, P4 H S
MG H iR . R = 60° @ (D
Mr=0.15s, B 5-24 Xl RICARBAN (2) % ti— MISEREHXY (b
(3) WU S e ARMEAR AT e S
XX S S ARREAT XS (B 5-24 (a)) Be it , I TEAR B 245 1M 9IAR A e 2 R A T —
K BIVEEAE M IR A POk, ST AR AN S ST 0, DR T R 3 i e b AR A — P T AR )t
Mo IXAWREARAT T I F T g S i s Al
Xt 2 3 ARREARON T 1A TR 0% v 1 30 38 JEE W) 43 A vl R b e B 4 SN
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H, = Holsin%[lz—(l cos%—ky)z]‘o'5 (5-69)
w3791k

(HgradH), = nglzsinz%(l cos%— ky) x[12 (I cos%— k)22 (5-70)

ﬁ¢%ﬁk=dﬁ%_dﬁénBl,Bgﬁ%%mwmﬁﬁ%%ﬁﬂﬁ%mﬁﬁ%%ﬁo

BSR4y I, B RE. Bt k, 4B, =427 FIB ,=20" W,
Yy ek AEBARAE T, @IV RAT A MR IE AR R, = 2.681, YA i
#, R,=0.6/, R, /R, = 4.5,

(4) Zh—MIREAR T B S 1

Z Vi — M INEEAR AT (18] 5-24(b)) Al DU SEARBEAR AT , o ml DURAESC AR KT o YitRxd 7R
Ve L T 7 JRE A 3 ADUU o e SE AR AR A 9T 3 20 AR 5 AELE 375 IR L , WR ] 5-69
HKOFFMBEIE R %L 0.7—0.8 #4754

5.2.4.3 WNR#ES

b A R A B A R S AL D G R SR B 2 TR, AR OB M R A, b
BRAE T AR, B ARk /R BEROM A Wkt o A A BRI 55 1 Mk k) A Y 2SR g S L
i, 75 20 #42 60 ERJGEAH TRKM R FERAER KT BN TE— &R
BREEMEREAY IR, WEAY FOREAL Jo e L R0 PRI 7= AR 3 50 Wt 3, BIOR BIRESARRJEE - WEAY
JRITR FEA WA BBk AR AN E

1)  ®WHRAE

AU AR AT J5R 4335 S9HE HET P B i A2 1955 AR W, Sl 2458 T), F 1968 4
W R AL AR ) FidE 120t /h KRR AR SR BB TG IR L. ERT, AR IR SR
AL P AN SR 3 rh 0k B 55 R M PR G 2 BB B 1 4

VR A R TR Fn g 7 R 5-25 FioR, AR R W E AR, SR R
BT AR, S RXT R HES o o v 2 154 G AT B (35 /MR BE) g NGk bR KORE E g 2—3
&, BH A 3mm Zifq . iR R 190—220mm. B HIH/r 40 kiR i B 3.2mm,
P BN r = 0.8mm(WLIE 5-26), KAk 110° , H/MEEEN 1.2mm, BEHigIH
MBS A, S Tl 7% 82 R A 5 SR LR B ) B4 T B2 R SRt A3 i Stk o

WE 5-27 FiR, WAL — SR P A — iR, I T A iEAR 3 m 4 ep 7 1K i /)
BIREAR o RO b AR s 2 B, SORIRIBR T — A P, BT ISt B e 1
TENTFREA P, DI PTHiZ ZemiiR  R JEBRAC AR, , P MORESA SR E T L F R

H=_" (5-71)
27,
dH n
x‘ : — = 5'72
TR A ar 27w0r2 ( )
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Bt Ho A TRAH X AR RIS e s (S 0) AT 275 J5E (MU 224D » vl S )i B D I o Y L S
FIEE| S RMHA L Z ML LR W, T Hs 5n A TRXA

Ho=—2 (5-73)
TN
ﬁﬁl})‘ n= ﬂluorsHs (5'74)

Koin —#mLREE, N/A, FREIFHHE/ K
Pk, #EHERORAE O s T B2 Mk 1 h

Hr? 1 1
HoreadH = ——= (= - = 5-75
> Horeacht = oS- 579

A= SR, Mk SAAE 16T AR BOIRRE L A) e B A I, B DR B2 R FROA 30u m
VAR B EEER R, A IR R RS, B TR R, FE— e R BRI

ek B 43 B TR L
-3 F ¥
. ' P¢r.o,a)
I E X .
N S r,:!_' 9 A‘ ——
S W e
B 5-25 iR Bl 5-26 $iRAR
TR 1R B Z2 T8 whitE2EAE El 5-27 MIRuEH R AR E
2) BINE

32 5 2 1 A SR A SRR AL JE &, EAMF 20 42 60 AR BB i Tl HUBL
BRI R AL AL X RE AR PRAE IR B BN ST R e B, A iR
LB S B 2R M TR, B T R S IR S ML R A S TR AL, YR IR I

S FERA RIS, 7T PR R B K AT RRE . JIE 5-27 BoR, BT
¥ Ho 5 x $h75 1A —3, Kk kBRI S . WAk ), BRI AMEIRE SR FEAL B A0
Weluy =uo) i uns vy o MREEALHRG ST FR I IR B A, FTARBIBRIME—
M plrs ©) MRG0 BE A4y 5

H, =1+ 2Ma—:) H,COSé (5-76a)
H+2p, T
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u—pu, a .
Haop = —(1——ﬂ " 2/30 3)Hosing (5-76b)
477 B B PERR AT B ARG AL R . M FORTES 1E S U R I, AR Aiu o #%
Bl M, B

L+2u, w4 +2 k+3 M+3(H,-NM) 3H,
Kk, (5.2—40a. b) A2 #A
M a°

H, =(H, +?r_3) cost (5-78a)
2M a3, .
H29 :(_HO +?F)S|n0 (5-78b)

fEx ik, 6 =0, WikpwmERE A0, B

2M a3
H= HO +Tr—3 (5-79)
aS
gradH = -2M P (5-80)
WEIEERTE, r — a, WIS E KRN
gradH = —Z?M (5-81)

bR, WSS 5 1) S g R T e R S B R AL TR E S R R 2 e 2
o XNF—EIRBHIRATT, ARG, WK EAHRF. 6mm BRI 5 IR
BEZA R 1.22X10° T,/ m, HYUNELAN 1mm.

TG PERORLAE A Bk BR A B 7 v B 32 g 0 T R S8

Fo = 0KV (H, + ZTM)Z?M (5-82)
3) #Nk

BRBGANE 224 JRE 3 e P o PER B - R TR P 22 R B AR A 5 W R S B Ay v A JEE
WAL BLEVERREEPEABEIN B A A @ 40—50u m, FEARNRFAF R A /hEle 4u m. 7
a=4u m HMBREACEIERIE T 7= 42 15T BEAL B, BEEERIIA 3.75X 10°T /m. % 5-3
B T B MRGEALN SRS 5L, 10°T /m R s M B R R AL b B i B i
WM EE . B2 B RE SIYEREN, 2008 0.1mm,  BRITE F - A ARl v o] Wi 55

146



G msess

MRS . BUAE LT B B e e il #0 5Re PR vl 1 JRE T i 25 B R AOR Rk B (7 o, 42
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%{E%,{;/ZE Fel % f//f ___ - I‘FW'E?J{'UNFHM#EDE‘FPi
a 5
E 6-3 KBREE
a—BUKMER Y (UHEERET) , K555k, KA
bR (A 3E), e RimbE, KA
6. 1. 3. 2 JKALHE

YKo F 5P BTR BOKAEERITRE (E), RTKGFHBESEEHE (E,) B, oK
oW MAER I, B KA -

IRACRE K 7 R S 1) BEAR HEB B, “BAT] 5 B K 7 B BE AL S HES A ] o
A YR B — )RR T, ZREERRR SRR, HFIBONEEST 5. M HAE R A
S, R BIEHAEK G TSI B R EL . K EEAEIE AR M BEE AL
KA BRI R TERR IR - T ORAE RS B 5T AR A R 55 il 7k 2 7]
RIS, O “RIER" . E 6-3 R R .

1 R AL AT TR, AR B JEL B 5 7 B R A R e o 0, KP4
(WA = 8F) BRE KA LR IE 10°em, ik M A7 499 3% v 7k A6 154X
10°~107cm. XBRMEZH VR A EEREIE, BROMEIEEKK, I HHA R FE
FAAKR SRR, i DAOKAL RS B AR AR IR, AELELA: B 2030 AL A
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6.1.3.3 itk

AR, SEPR LR TOKACAE s, b i SR KAR AR R AR 32 2
SRR, FWA YA SR IR BRI R, K RRE, W DR E AR
My 4 AR, BPSESEWOKEE SSOKERME. BUKH:. BBk (R6-1).

F6-1 FYREHELK R
KA FHK S,

1] - =12
% m i E/Ey pio) NS e
BT B
Wk S >>1 % AT WE FBE.
ue- I
I e U L7 O ¥ T T
Sk B4 A) KE1hF1 o 2 + s
X AFRAE BH B, B kWA £ HEH
EJ|L7J( IEH)’ %%1 ;i\:'fﬂ%ﬁ <1 400 ~90° EE ﬁr ']‘I"HEE%
K (EWTE) TR
B A o, 90°
mk IR <« R0 BE MG A
B E R AARIERRE: B, ks T4 A
6. 1. 4 THiLHE

6. 1. 4.1 PAEBEKNEREHEEEZRHTE

Young [KJ7FER, [ P30 O - - = A A B aE I T Al A
SRFIWT . B =R b AR T 0 [ R SR T, R AR Tl B S PR
o

- B e Mk (A 3 348 40 3 A ) LA 0 ) e e iR itk i 22 31, I AT B s
W7 IEY R ZEDI RTINS0 o PR TN 58 ¥ 35 245 700 1 J5 YR 9™ R e T e T ek 4y 22
o

WIHTHTIR, (1-cos®) FmFEMMAM W RER K/N . MHE Young KT, MisZE#EA
Yoo Bivw, PABBEARye PABERORSRE i Hom) ¥ ik

k2GR (ARG AR R AR, PR JABER B -pH #3547 K4
HIFD X vass v Byse AW, NTTBCET PR RT R A L/ R ASR A K,
A FFROR (BOMIEAEHR) RH R AT A e W ACSK i) R IR, E ARk B 72
T 75 B R PRI N R . S E B ER T

i EEAER R H A WRE GRS SRRk, ST R AR .

EWH : EEERRREEERESR, Bk RE, Skt ABRE/ER-.

VAR T RO BV F R A A, R BE 5 R Y,
RIEACHT; HEE H B eI, hdEiRl; B R pH M, b pH AR .

PR R EA WK, WAMNEAEFFE. RETEMSMTES. X8I5S
SR A % .
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6.1.4.2 WHEFEE

HRFFIE I 2 AR AR (SPGB RE) BRI AR, SO <34
R A K BT GR BATORERLAE — A B4, DA™ A R I S TR A I A2,
Bl 6-4 FiaR, a—H R B Bl <O, A B AR A AR R B AR

I
£l SIS
: wp :.: —.__ ] 7R -
11 - 1711
Bralep-1s
B 6-4 S At ig Bl 6-5 R
AYg=Ysv-Ys.Yiv<0
B
AYgu=-Ysv Ty (1-cosB ) =y, (cosB -1) <O (6-9)

BRI, SUAO >0 B, A7 (1-cos0 ) >0, AAE% A fLff FIER KL L7

AT BB AN LSRR BE R A KRR FE S, R iy 73 5 5
RO BRI/ OISR AR B ORRRT R OLE 6-5) ki,
S LS Ry KT ) (20 Ty sind ) o I FULIE TN AR TR
BRI RAK R (W), Hi%% TR AR A (2ny /R) 5
BETTRn r)RTER. AR, WM CRAOT L EVE A R BT RIE LV KT IS T oL

Ji, B
27 ryy sin®@ >W+n r**2y, /R
7 sin® =W/ (27 ry)+r/R (6-10)
SRR AR R E ) W, W HATRLRARTR Vs BB ) i B A
W=V (p-1) g (6-11)
RN £
sin® =V (p -1) g/(2n ry,) +r/R (6-12)

MITATHIO R, yoy KBk R K, FIEEAA ORI AT AR L g 28 (W RV RER) 5 kL
4 (VEW/RN) B, 6y Al RATDUNE. 6 Feyuy vT IR 2570 DL S . BiiZdat
IXHLFHLII0 ~ yov Be ROZFRARLE H 2R MR/ IME -

6.1. 4.3 REFGRMT

TR BORLIF LA al At [ AR MR K T B R, RETF B AR PR Rl A PR R
1£90° <cosb <180°  HVEMEM, WK 6—6a fim. BAMKN 1, HEEhp i
PRIRL, OKWEIZEHY h, BEER g, WK K vy, A0 , WE T M
RE ) Po g, B AR K N WEES T [4lyy cos(180° -0 )] H#kKES (°hg)
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ZH, FRAMA ERORTFRET T, B

1°p g<1?hg+4ly;,cos(180° -6 )= 12hg-4ly;,cosO

B cosO <lgh-p 1)/ 4y (6-13)
K cos® <0, XAZIEH.

# O<cos® <90, & 6—10b FiR, Kk HAERAKE F, H EFIHh Pg (Hp
=1, I’ gk 1°g) 5RMEKIWIEES ) (4lyysin® )2 F1, TR o g, BlEAE
G|

LE

l'p]'

1°p g<13g+ 4y,,sind
ok sin® >1°g(p -1)/ 4y (6-14)
Hp <11 O<sin® <1, HEA R KA MA il R0 5K S vy, SRR HIRURLRE -
WORGEUL (1K) ZERIO Ryoy K.

6.2 XWHE

6. 2. 1 WHESHK AL

6.2.1.1 XWHEZLWH
FETFEH, B - T AT AR R (Stern) WHUEBRIE R, B 6-7
RITEAE.
TEWRIRIAT DL E iR, JROCER YsRm ey (Bihn) M+ “ErE+". &
ALES T PRI R f RUERR AL TR B WARENRT, E 6-7 i A-A 2.
MR R, —BoAR, X TEAY . RERRET Y E A8 72 Hf OH—; X+
BFR Y GRACIR YR LB B AL W S R 4 B T
WA EE B RS B AR BB B RETT. BT A
HRER ‘MM 2" B “REFE" “TWHRIZIE
LESBH RO, BT 2 @ A& F I g D R AT, A B - A T B M
BREMIG L E S B 2T R B BRI, B Ik R B WAk, EEANE.
PRIt , PG 125 2 SORT P — B0 40 S K S 40 A “ R R (R “Hre UZ”)
WE 6-7 iy B-B 25 UK “DHRUZ” [8fF “HK (Gouy) B” |, Wk 6-7 1 D 2.
PSP FERRA KB BT B AR T Y R T OKAL R B AR (8).
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BBS. 35008, COM

o SEfRF
S pENERT
- @ ALREET

FE#g —

B 6-7 FYREINBEREE
A—HJZ CGERIETIZ); B—R%E(Stern B); C—HTH;
D—y#UZ (Guoy J2); w o— R MHAL; w s —HFHEBZ g HLL
T —EHf; & — SRR
6.2. 1.2 NHLEHAL
TEXHLZ A 4 R LAY RLAL :
(1) FREHAL (o)
BV R BB ) R 5 IR R AL 2 . N TSR BCE ST Y (B AL ),
KA ) B AR 0, WOURR LR UL o
EFERT W w o, WG (Nernst) AU BRRTHHH EALE ¥ HI{E
JEo HRARXAHERUIT:
WM XA 1-1 By, QRHEEAR DN, SRR R, M X (B

RLBST) FENNITE RS B Ay, A, , NRNPHE T MR FR, JtH hiaeik (AG)

S

K AG=AG°+RTInaaM (6-14)
i AG? PRURIRZS T B HAB AL

Ay, Ay, —FF BN MBS T-7E 0 VAR N 5 i 5
R—AARH 4L
T—H4a X5 .
SEEPRASEE, ALZETI ST T, B

AG =-Fy, (6-15)
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Kbt F—— RN
S

a +
T 6-15XEH: —Fy, = AG® + RT In-

a, .

ﬂ:-’|l/]0=0HTJ‘, IJ-I\IJ

S0

a +
AG® =—RTIn M

M *

Rejr, @S, Al AR Y =0, MR WA TR

¥ (6-17) KRN (6-16) K,

SO

_RT, a,.-a,.
l//O_ F |n 0 S
aM+.aM+

(6-16)

(6-17)

(6-18)

FA MR M — A4y, AR TR R, a, =as, , B

(6-18) WA

RT a4,
wo=—1In
F a’(\)/I+
FAE, XFRAET X R
__RT &
Vo = = ai,

WREFHEA n, W (6-19) XF (6-20) A5 ik

(2) B RBAL (ws)
Wirr AL (ws) REH 52 A AL,
(3) shHhr ()

(6-19)

(6-20)

(6-21)

B Y- PIARAES ) (R MU B ) AR R R BRI B, REEH
P A0 125 PRI PO 22 [ 2 B 0 — 2 A8 30, Wi BUZ R AL T R B A A — B U T
(W& 6-7) #ah. BLW, W LB RALARY “BhAr” B “WEhRA “C R,
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6.2.1.3 BHLAISHK
(1) ZBHR
(6-21) RNEHW, "YW ERBMARETHERPEMLE THEE. 4

a, =a. a_ =a i, w,=0m, RZIFR. FHilt, Yy, hE (EERHGFHGTHE)

B, YRR AL B VS I O BB R R “F LT, FIFS PZC (Point of Zero
Charge) FrRo
MR T PR, WITTARSE (6-21) oK 7EHAM & AL FI% & T w oo
XFREBR IS, WadEs NES A R REV s Saa%, B
WHZ MR, —BIAh H'f OH RENM&F. #% (6-21) X, 78 25CHF, RAFH
BgE,
8.314x 298, [H ]
1>< 96500 |_H J (6-22)

= 0.059(pH ,,. — pH JV)

Ao pHpze——8 ALY FIRERR EL P B 2 Ly, pHo
Bil: BHAIER) pHpc=1.8, 5 pH=1.0 f1 7.0 I}, RMEHALR.
fig: W (6-22) X, 4 pH=1.0 K,

w, = 0.059(1.8—1.0) = 0.047(V ) = 47mVv

w, = 2.303x

% pH=7.0 B},
y, = 0.059(1.8—7.0)= -0.305(V ) = ~305mV

WHREY, EEME - HA OH W T, 4 pH>PZC i, w,<O0R, B
YIFE ML 24 pH<PZC B}, w, >0}, 7 #&mHE fE s

NEETRY Y, MEST EHE A WSS RS, BN EMNET
BRE RN YRS ST, FHik, e, r (6-21) Raf5Hk:

0.059
(pM pzc — PM ) (6-23)

[

R pPMpzc—— A AL T8 B SO BUE R R R WA Bl AN DI E 5 A i
pBap;c=7.0, MFxRYa,, = 107" B, w,=0

PM—— &L B -5 2 Bl B X B0 o

RiiZdat, BFAW WAKERT, B pH RBARTTZ e W e, B E— e
pH {8, KWLy , MBI AZHHIL, WLIFRZ pH R “BREHAL pH” (BFH
& pH) PAXHIT-ZA ¥ PZC.

— LY R AT R 6-2 .
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(2) FHK

XUHL 2 LA B XS R R AR EAE . SRR AR (fln
FENEHER B F) XA 2R B A ) b A B R O . Bk ) JRbESs
BN, WX E LB 2N RE B, MRS RN RA R EEE R
M. XM 15 R E A SR, BREIRERBRT D TEANRERE, Hbfd
ALINE 6-8 (a); T4 iX P B 15 R BATAFSH R I, WAy ; Fg BAAS 5 w oM
=z, W 6-8 (b), FATHRXMEFI A det ik FiE o

HFC WAL EA S, BAEREEPAREENE L Bk, 5FHATN, &X45#
AR, T BALET R0, B NS IR EN AN AR “FhR”. S IEP
(Isoelectric Point) FEm&o

TERARHER MR T, Yy, =0, T =0, B PZC=IEP. K, wJHWEzhH
RLE 7R E W) PZCo BIRIIEC ML 5 I iy TEP EORK R PZC fH.

s .
. | #

!
|
-
| Pa—
7
|

] X
. R
- 2l
¥y

Bl 6-8  HriIR B TR AL
6.2.2 ZHEHAS
19 A 1 B O 2 AR R A WA R R R DL, A — RN T S —E s i, 25l
A BAEIER, OIS, BIERE. Bk WA AL BEhBIS
REF T IZHIB I, R RVKATRE, MRS, WBoK. KA 4R, K
G, LBk HE.

6.2.2.1 BB

TEAMIRSE T, WATEEN (BHE. SARE. 2458 BRE) B3, &
B ERGERT, WAL, BB AR AT, B AR Bl A7
ERHRERE T2, BRI TE®:

(1) @BIEK SR B T7 100, AT AL A B o JPBEAT S B R FE 2%
TR A IRE I, oK A BAARHED, BT SRR A R MR, A (CaFy)s JF
A AR RK A IE AL, R Rk i RHAR RS 2 -

(2) MEHEE R S T U2 B E (V) v =p Alem®/s).n —if
TS E, A— BB EmM.
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(3) HBHEEAN I Z ALY RGP B 5%, 1M HLIE -5 WP SR WA Bk BE AT 5%
WA NS HL I RS A AR B0, A I T DA HiB T 1) R A SO
(4)  HiHLIBIE BRI AT DIORASS WAL
LIS AR HUALIE BRI ) L 78 R A R LB AR AR Vo ml/ s, fi R 3R i
¢ HLfiL:

¢ = 4”’[7)’i‘ V3002 ) (6-24)

R "—— Wi SEQ “Tem!, 3002 AMEET, n AKE A (g/cm - s), D Rk
R HE S, [ E 28, V Oy BEBRERRE 2 AL REER (ml-s?).

6.2.2.2 H¥k

TESNRPE RS, 20 BB v B T AR B RS S AR D Wbk o 8 IRE 7 FLS RS
i, AR EAH A AT il Fe(OH)s AL(OH), %51 BAMR K3, Bl EATH
IEHUE, T Se AsySe JEkh FIRIAAM B 7 AT, B 1 FHAR .

RIS IR E 1, WARREAEZIEE u, RIERMFBIKITHEE v, iR
(6-32) KAFG Hifir, {HETH E—MHEHT,

T

¢ = :Z;" (300) (fR4%) (6-25)
T, BT TR S BB AR © 2 la/x ). % a/k Tk (HISY
WO R IE R, BT, R TF BRI, I 1/4; ST 5§ B
AN, PRSI T {14, AERBELT (I 1/6.

6. 2. 3 FURLARH Hu itk 5 i 25 0 it

PZC 71 IEP S/ Y2 vt 5T i T BRFE 24, 24 P L LE DL i ) W B A 2
PH - B FH S T ORI i i, PZC i TEP m AR R R 3 5 A B4 . 24
pH>PZC If, 4K rs, BHEF o aE% MiF S8 ik, pH<PZC M, YK
¥ 1 FL, B R AR T A S e v ) AR 2 e R B O S B i
filgn, A+ heEmiRgih SDS, K+ " heka btk DAC Fikiiianf, YL PZC K4
S, AP E AR, SDS R MIFFG A, K8 PZC I, SDS #W M
FILIWOR B E R pH>PZC J5, DAC 7elidtA BRI, 7 PiFkm 3K,
Wk 6-9 fiisn. i SDS J DAC ##ik—itmREN M 5% LN pHEMR R S HRMAT
AL, SDS #£ pH-PZC<0 ¥k, DAC 7£ pH—pHp;c>0 ik
LT UL, VA i SR T FeL I ) S A i v AR TR, 748 PZC (3] IEP) 1K,
TEREAH PRI . B WL BT T 2 L 5 R S5 LR pH RS T3 6-2.
FHES M, BEPRER. eIl s ROpR R Eh i S i ) 2 0 I AR Ay o v i 6 vl )
Fibo XA Y AR RORAE AL R T A7 IE LI S5 AR, R R R 2. PRI, FRfEHiXLt
R E AN, DAHEA KRBT R -
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BBS.35004,COM

HOON :

H m K] 4-.-

E-z- : i I

AR =

¥ | ) I

. ||mﬁ-\. L g |

14 8 LN L T T T I A

# ?”

B 6-9 WS HIRIKEBAR, PR RO B S pH ERIR R
11—+ AERRARAY 1.0X10*mol/l  2—+ gAE4 LAY 1.0X10 *mol/1

6-2 WRFTHFREMERAKEFHN pHE

W PHpzc Bk pHigp K] PHpzc Bk PHiep
I Fe,0, 8.0, 6, 7.8, 4 fL#EFH CuCO, - Cu(OH), 7.9
£k FeOOH 7.4, 6.7 4525 MnCO, 10.5
ME ALO, 9.0, 9.4 R FeCO, 11.2
BE SnO, 4.5, 6.6 KBE4RA AIPO, - 2H,0 4.0
S4F TiO, 6.2, 6.0 Y13 FePO, - 2H,0 2.8
AW MnO, 5.6, 7.4 B445 Cawo, 1.8
BAIH CuO 9.5 B (Mn - Fe) WO, 2—-2.8
AN Cu,0 9.5 ESA Al 3.4
¥R ZnSio, 5.8 S MnSiO, 2.8
kI FeTiO, 8.5 BRI Mg,Sio, 4.1
kW FeCr,0, 5.6, 7.2 BMMA Fe,Sio, 5.7
W Fe 0, 6.5 SLHEA ALSiO, 7.5, 5.2
Jifi#tH CaCO, 8.2, 9.5, 6.0 BEWA CaMg(SiO,), 2.8
A MgCO, 6—6.5 WH 3.6
SR ZnCO;, 7.4, 7.8 A Sio, 1.8, 2.2

VAR g, S8R B Zh AL TR S R ANIET 6-10 iR SHERA B R R
pH=6.7, X pH<6.7 I, HRHEWAINIE, BN HSFHER, RSO, 8 RSOy,
AL IR AEA IR, (RTAGOK . TEFRaRbEf s B8 AR e,
WA R E R AR R R, AR TEON CEiR ) ik

2 7 AR AR R BRI, B Se SR ) MRS E AN, R T
YER, PSSO “Pof o7 WM™ EdR BER Iy, SR 5 M) B kR B AR
TEBCEIBACRZS, 7 AR o Sl P J A v W B A b, SO k20 S e il
AYEIEAR ) PR -
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Pt TR R TR AR W R A BRI DLA R, SR AR (<5 X
10*mol/L), BEFR S 2 A BRI R T 0) T T8 BEARE R I, R 5 R R 2
B, MESSL, SRR 5 EAR A, TR X I A I 2 R 4%
T H W P M5 T B0 7 R o 2 — VR R B o S i P A B PR 5, IRR BRF FR
A, W] R R I AR S R A -

-AG

T, = 2rc, exp(—="= [
(6-26) £
-

i SRRV T ; " ol #\h‘
R— e ol i

T—H IR -

D75 5% 2 W Fit 5

r—i R T E2

(1) OB i B —H T i R X

AGas rpspn:

AGoy = AGge + AG e, +AGY, + oo

chem

(6-27)

1
Z
——eee

FitEE A, W

Sop ACee gy s

AG e gyt

A, i e A R4 6-10
THtA H . 1- RSO 2-  RNH;
1 R A DL 438
(1) ZERIMKBEIRIGH , AR OO RLOTES T UM, PR Y F s
(2) B SECE BB ERLE, IR T e B e O

(3) ARG R 5 A AL AT, B RIEA M A HAE AG

o
AGe,
chem .

b

6.3 W YRR R R

6. 3. 1 % pH {H KI5 bk 5

B R FEIK 2 A ARV, UV AR TS ), YR B i LB I K MR AR AE
BRACSI Py Je R e pH A —BTC R AL i i )a , WA pH B R SE0
AR

RESBERRT WA pH E BT8R sh T i Ania i pH EHA —
RN, BB, hRFPIRE 3K pH E— R4S —PUNER], XK WKW
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R IER. IXTEWHE, ORI pHIERZ K, @ —eEM i P, HE05my
K pH ERA B TR —PNER - Flinmi R mmEa, 9t pH=7.0, &4 1
Srepgt e, 3 pH EMER] 5.6 24, XAJif#f, W NaOH Kgl4s pH EAZ] 8.2,9.9
ok 11.5, Ji HNOg ¥ ¥k pHHIFZE 3.0 f1 1.9, A T/NE, B P pH ¥
T 8~9. IXLAUREIR, HRFVFknt, LA BIRATIHER pH (.

6. 3. 2 WM ER/ NS #

W PR fRRE ST B RN, BURT S 5 1 R AL A B 7 ] WA AR, 4030 DAOKARRE AR
AR RER . —BIROLT, AKALRERRY, JRMREER, 7oKk, Wik, N,
B B AL R BRALH R — AR TPk, VAR LR WY AL R OK B, A
PN LIRE S U

6. 3. 3 W VIR AT BT ALAE

HIT A VIR, S SR HEN T ST, XL B X W R A E N o
BIAVAEARE C> R AERNBET S SRR ITFIE I B, X, BATHR C2R T s
fBURE B8 B 1 X I BT A AL R 4% T AT -

2+
Me* +ZnS < MeS+2Zn* K, :@ (6-28)
[Me™]
2R AR E AR AL
G”= G).+ Ghs— Gp. — Gis (6-29)
FALAEEN TR BB S FIRES Zo® IREZ A :
[Me2+] GO'
- 6-30
(Zn?] exp( T ) (6-30)
R EE, BRI AL i S A
Me* + FeS, - MeS+ Fe* + S°
G”= G, + Gus— G, . — Gpg (6-31)
AR i R B IRk S Fe B PR EZ R -
[Me2+] GO"
- 6-32
[Fer] xp(—r) (6-32)

MR 1 w2280, hX 6-52 fi 6-54 4 Cu® Pb*",Cd*" Ag" B XTI BER"
T SERAT 1AL TR B A GO B F g Bk BE K 6-3.
HiZ 6-3 WL, Cu. Pb. Cdv Ag EHiALYa i L4 )e B 7RI R FIELIA

BER PR TR . X EERAT, W) Cu®'s Ag B FIITELIE SR, P> CA* By ¥ HIEfLeE
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/o

M4BT AL G, B REFIREN R, MEZ SR fla, Ea8GF7E
T, EEET AR, WA EKE Cu MEZRA 1.5 MAnT 2, BB,
VLI R MR R S —AE T .

#6-3 SBEBETFHRINET, BEVWEH
4 J& % |- G'cal/mol WHTHR T MERACH LA
T - 6 - 6 [Mel/[zn*] | [Mel/[Fe*] | [Mel/[Zn*] | [Me]l/[Fe*]
cu® 15.04 11.53 | 9.3x 10" 3.4x 10° 10° 10°
Pb* 4.12 0.64 9.5x 10™ 0.34 7.9% 107 1.4x 107
cd” 2.80 -0.68 |8.8x 10° 3.15 0.12 2.12x 10°
Ag’ 34.26 29.06 | 7.4x 107 4.9x 10% 10° 2.4x 107

6. 3. 4 T YR BT RHECRIAE I R

(1) TE4+ M

iR -5 R A4 AR B AT W T Ao 2 A AR T 4 TR B, 353 P A ) R
WA K, AR I S22 e o pilan, FmRIEmon, 7esRn &5
AR, R A, BRI HAEAUK R A ANN IR T AEX AT
WA, & PO, , COMSERT, [RIMMRMR R T R B4 WM prE. 1277 i
A, BERAWAEHH,CO*, PO,” BFHIREAE 10°~10"mol/l, RTEHEET
KOL Wy3kBE, R4 .

(2) YR

AT AR A BE S AR T AR SO B S TR R ER UL, THREIO, Xk
AT, FFHRZGHI AR G, FhBRMEERE KA/ e, BBCRIR, AAA
Ak TR Ca®' 5 OLJEK Cal(Ol), YLiEfrs. Fit, 2 MA—FRHE ¥ 38,
FEEH IS Y Ca> A Py Na R A A8i, RKFRRA %K Ca® B Ik, Il
BRI A 33 IR R 5 o

6. 4 FRALYEARBUR R P FALE R R B S T

6. 4. 1 FALYEABOR R &L

SEACEETMIGAIIEET . HAMAERE, FARBEREL W TR
B R B, AT X 43 B R 7 AR . AR RIR T AT O
REHE) PIBPSERW], B RSAALT R 245 pH B, RSB (RAKIE R
AR FEAACTR B B o
6.4.1.1 pH B

WM ForE&mBET, MS FomRmifbyy, 7ERRE otk otk 7 v i 20 R

K
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AEFR PRI - MS=M"*+S+ne (6-33)
AE v R P A VA R o
MS+nH,0=M(OH),+S°+nH"+ne (6-34)
BB R AR R R ., A SO,> S,05%
OMS+7H,0=2M(OH),+ S,0,>+10H"+8¢ (6-35)
MS+6H,0=M(OH),+ SO,>+10H"+8e (6-36)

BIAERRIESAE T, BRALY AR AL SR A BT VA I 5 3 AR I TR B 5 ThIAE v
FIBE SR FEAL, WAL e E 2 A2 R K B 4 8 S SR AL DA e 0 35 B B AU B8 1
T HACY), EAEZRGMN —2 Ml S N AR, BRI ASUE T B R
WA FAETRII I A BIREE SALTR A A3 ) 55 TR 3% )
6.4.1.2 RMEYZEHRKZW

R S) 2 R WA RBAE DL T AT - AL Z AR R A, DA
TERF B 5 T e — TR B S A BORL R 4R AR 7= 4 b SR B ) 2 PR R 5 o

(1) Bk B REAH B

WA o AL A TR T B, SR R ol L 3 E R 8 T IR RAL I (TR0 3
Wb BEER AT A pH BB RIR BV i B AR R . DL B RN AR
FALHAL, PASSIR LR E RN Lor FNBALYIN W) B AREALE . 25 R NK 6-5 iR
M 6-5 BBHE T AF -

@© feHtk pH (pH=6.86), BiALH 44 A0id e/ ;

Q@ wHI S5HEEMEAT WML, FWRARR, —RENEER/N (72 107
u A/ em® HEEN), % pH MmN

Q@ FEWEM: (pH9.18) Fusmmsdt: (pH11 ), FHAb5 Heki &A% B Bk,
W, J78v 5 AT A AR B ZE g K

@ 1M Lo WIBUA, EARM pH T, BALH AL B #Y i  A2 -

pH4. pH 11: FeAsS>FeS,>PbS>CuFeS,;

pH9.18, pH 6.86: FeS, >Fe AsS >PbS>CuFeS,.

TERREEAAE T, EERE™ RPN, T AR, XREHRT 5EDA
IRAERS) 2 L5 R AR, Wi HAEZD J1 %% b, BATTR AL BN DA R I BE T

6-5 pH 15

PH

4 0 | Eor MV 59.01 -162.64 218 176.0
Lor(u A c?) 7.7x 10 ° 0.146 0.25 0.3333

6 86 | Eor MV -11 -180 121 6.41
Loe(u A cM?) 2.78x 10 * | 3.16x 10 > |4.44x 10> |3.78x 10 °

9 18 | Bar MV -83 -230 24 -53
Loe(u A c) 7.7x 10 ° 0.146 0.556 0.416

11 0 | Eor MV -188 -255 -47 -125
loe(u A cM?) 8.3x 10 * 0.2683 1.13 1.17
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f£ pHO.18\ pH 11 i, RE WA FAPIAAGR BEEOR, HPHRZERAR
Ko HEMA NaCOs J7, WK 6-6, W MBMWEAEE (Lot A cm?) HZEHIHY
K, IHBE NapCOz #RBEHIR, Ao IR, BIAE Nay,COz 415 HhaEmb AR M JE 4R AL -

6-6 15
Na.COs pH FeS. FeAsS Joore (M A
mol/L Eore MV Lo(W A | Bore MV Lore(u A cm’)
cm’) cm’)
5.6x 10 * | 9.5 -51.52 1.39 -138 1.46 0.07
2.26x 10 | 10.6 -72.79 1.41 -152.4 1.93 0.52
2
0.1 10.9 -88.80 1.84 173.3 2.79 0.95

Icurr Icorr(FeASS) Icorr(FeSZ)

(2) SHahty 2 RRIEHADREAR NAEAL =)

TRACHAE Hh itk BB VA v m) BB K A AR AR R BT AT =k, BT (6-33) ~ (6-35)
TERFEAAET, W—A RS A, B PR — A R SR — AL ) 24 AL R
BL, BUENHN AR XA TG EH 8. T T8 &, szl A
EN: AR

XETFTTHA R, e AT 5T rh A A0 A AT Y B B T AR

PbS=Pb?*+S°%+2e (6-37)
AE AR A 5 R A 2R B 3R R P AR AR R -
PbS+H,0=PbO+S°+2H"+2e (6-38)
E°=0.750V
PbS+2H,0=Hpb0O, +S°+3H"+2e (6-39)
E°=0.841V

e [HpbO, 1 =10"°mol /L, WIfE pH=9 Bf, X (6-38) FIzxX (6-39) Ky
AJ 36 AL 4B 0.133V 1 -0.133V,
AR T A RO AT RE & 4 -

PbS+5H,0=PbO+S0,*+10H"+8¢ (6-40)
E®=0.45V

PbS+5H,0=PbO+S,0,%+10H"+8e (6-41)
E°=0.614V

R, BE SO, fl S,0,7 Wk & 10~ °mol /L, J7E pH=9 B}, KM (6-40)
FI(6-4 1) AT 36 HBLAL40HIA -0.258V Fil -0.088V,

R M (6-38) ~ (6-41) PUARMAE pH=9 WynE AR AT AR IL, M)
2R, R (6-40) FBh kg, B (6-40) K7 8 £e it slomsith: v i Hh iy 22
AACR L. HWALZERFSE R, R (6-40) FeR s 2znl it (BP-0.258V), KB#E
BN, SR EAREE, RAY AL FHE AL 0.75V, X—RMA KA. HiL, M3
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J12ERGE, RV (6-40), BUARAL R RERAR 25+ M40 R B S bp ERATRE L. A
i, XFFIien Rk, nReREMER M ER MR (6-38) (6-39). (6-41), AAL™
Pk S°Hi1 S,057
£ pH=9.2 B}, FHALE: T W€ 5 850 AEAS ) AL N R AR AL, AR R e R i
(S°) FRARBRERAR (S,05%) MiEZI (WK 6-7), A LZIMAEM SO, MR

VA

#6-7 BRITEH 7 pH=9.2 (0.1mol/L,NH,OH-NH,Cl Z¥E ) FIBEMLIE Do

WAL HLAL (V) 0.30 0.30 0.70
n S,0:2/n S°(%) 0.55 0.51 1.50

6.4. 1.3 FREAEEHZW

MR (6-55) ~ (6-63) AIUE L, AL AL REaEm (SO.*) FbLig
FRAER (S,057), MALRANREN, MICHRGL TR BRI 1] E R i A AL TR
Birr, A RAE— B EACR S,05” 8 SO,> . Ht, ALY Yok F AL BFR BN Hof 2%
FALT YA R

AL IR P SRR BES BRALAT M 84T B R, 2R B AL M i AL 4 2
—HIER BRI AR DRI o B SR BRAEA A R AT A S,05° 8 SO,>,
WHEPORE N HSV HoSo JURGHAGHKYE, WRFWE _LAAAEITRR, WA BT
LA PR K. WOTR R — SRR SO.> SO, K ERALT M KR
SRR, BT IEITA -

MNTICRGRG, BRAGREFLE, BT AR —RIHB, WRTR
BT AL PR BE B AR AL BGR SR PR R, AR I, TTR B AL BRI ; R, 72
RIS T, TTREMEN B ERN, (HRBHEER, JERG R
AL BRI -

6. 4. 2 FAEF BB L1 AL R B

6.4.2.1 FHEFEMBON SHALDRE KRR

SHACERTVIDFAIEE H, W53 Ncn 2 0 8T W inaER sh K ok
BRIREE S . SRR 3 BY, NI LA PPN [ ) e P e 22 5, Gl AN
W RMGK, LA B P& 0 PR AF K o AR 28 v i F S5 R 48 R 8
HA R S M WS N o IX LU TR IO B 7 1454, 33 B fERR R A stk
SRR B R T (BR) FEEIM, TRIREA R EE A R (5K) PR W
REM” 5o

SR P 5 e 0 A A K T R 2 2~ 6 AN R B TR A e I BRI S B 7
TR, WER R—; EE () E—BOAHRE, WHERE—C(S)SH. —HMMABER
#>O0,P(S)SH, fl —mifEHE IR >NC(S)SHo SR this 4ol ik ik 5 51 5 11 5

VAR A2 18] i I B FEBRAGAT 2R, T AR P 0 56 A D ) R T [ e () A4S,
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JBARAT Py A KAL , A 5 T ) SRR R o RSB e R 23525 CoH,s
—C(S)SNa. T#H&Z5 (CiHo) ,>0,P(S)S (NH,)+ ZHi%(C,Hs),>NC(S)SNa % i
BRI TERRAL P R T R M AR, B O AR RO AR, B B R Tk S
[E2IE

T RARACYI R T K B 55— 3R, RAERS R M A AR RO T, BALI R
T R N AR SR K B T R R S

6. 4. 2. 2 FHEBFEMBCU ST WERMN “b2R BB
FRETE R 55 P28 AL 22 R R EETT R, RS0 &8 B L% R
S BERGEUN , VR RTRE ) o TE RO AN, AT AT AR AL S P T SR
WIFIER R ST R
TEGRALH PR B, TR B -4 R i RO A -
M?*+2X =MX, K gux, =[M*1[X]? (6-42)
TE B SR A B SRy
M**+20H=M(OH), K on, =[M*][OH ]? (6-43)
BRMHK:  MX,+ 20H = M(OH), + 2X (6-44)
P RO - _
_ [X]? _ K g, (6-45a) 4‘
[OH T Kauom, "
o
r_ [X7] }
K—R—m—\/KsprlespM(OH)a (6-45b)
IXHLZIE Barsky W8, R T 255 8T
H5REMTEAMEN, OHRERE, pH X, fif
BRI EBE R . XA R N BRALH
EMIG A M RARI, WE 6-11 iR, KM
BAFIEEGA T BN kS Bl 6-11 HE&H HHH MR
pH MR R (6-45). R ES pH R R
#¥ (6b) HRSHTHRER, WA
[XTIH 1=K x10™ = K (e, 1K guony, X107 (6-46)

6. 4. 2. 3 BALH AR/ BV BRI
FAZG ) 5 B ACR™ <6 o0 S L 7™ 99 By ¥ E AR /N B 2 00 B AL B AR FL BB g -
m, WEZIEEIRMPE B BRI

LR EmEF2

By

Kspan2 :[Zn2+][EX_]2 =102 (6-47)
K goex, = [PO* ][EX7]* =107%7 (6-48)
WHEZHR:

K qznex, _10°2

K OPHEX, 10—16.7

_10%% (6-49)
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XL SRR, PR IR, RETEAL M N EE B S . 52
BRI T R IR AT T, D5 850 ] S R IR, AN ETEAL I N e
CHBEZRRMRE . BEFIER NN, HAMBERKTEED b, B RG-S RREN
WA $2n T CHE 3 R R4 o

Fe IR CEE IR IR L BRI I)FHES Y, B WAL &8 S TP~ (%4
BEER K™ ) -

Au*, Cu*, Hg?", Ag', Bi®*", Pb?", Ni**, Zn?', Fe?
XK X EmmALH, g, KRR -

6.4.2. 4 AT EEHHALE

TR AL 2 E BRI OBAR) - A B i HLAG o R R — i . R
WA EZIARIT (Z570) FE0 P00 WA ALIR IR RO 5 A7 4 3 T e L (SRS 245 70 LA 27
JSE BRI RN 5 VA B B R SR AR R 03 1 e S0

(1) SREMBGN—HFALH D Wik R B EALR IR R B

HT R Y BA SR B AR5, MO — e e e, ik, %S,
SO S BACY T P 2R Ak, SBGRIAER P2 W FHAR X WAL, R, A4k
FILERIAR X BRI, R T IEHE R AAALIR IR RO, BRACIR 382 T OB B AR o

WNHTRTIE, 32548 B RAT A0 B SRR B B 24— A SR )7 o L ROMANE

2X+%02+2H*—>X2+H20 (6-50)

2 RV R AR R _EAS [R) DX 3SR T A S A S AR B B P L, B
FAtRE L  2XT > X, +2e (6-51)
BHAR: 38 JE %02 +2H" +2e—>H,0 (6-52)

XA R L AL A i HL - T FREOR, WIRERMIE

[\ 2e+10,+2H" +2H" -H,0

FeS, 2e
( 2e+ X, « 2X~

TESRIE WO - B B RS, B OBAR) AREIRIT 2. i, %25
AEJ5 BR 2R R A AR AL

PbS+2X‘+%OZ+2H* — PbX, +S”+H,0 (6-53)
% S AR F A S B SRR AR R SRR, I O T B R R RS . B
BAMRAEAL  PbS+2X™ — PoX, +S° +2e (6-54)

FAGEIR B (6-74) X
KPR ERRI 24, AR S° A
WK BB 43 38 ) At — P A - B B, (B AR R Eh B AR 2 -
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2MS+4X ™ +3H,0 —> 2MX, +S,02 +6H" +8e (6-55)
MS+2X ™ +4H,0 —> MX, +SO% +8H" +8e (6-56)
(2) BN BREEHE WO B AL 2 R R
AR R R VLR T 1) B A S T A PR R ML (P e o
L) REM . ALY WAKE W R AL, AT RS SR b
SR AE 2 bl HUAR, 000075 A AT E AR ) FELASEARR A AR HLAE o X4 A IR R Lt i (B
FEEGSAE) AT 45 1 HAR HASE SRR =2y i LA o
FIHE, NFENMEARE RS, BATHX i S i d A — Ak L, SRR
Ji RIS S AR AR SR A RS 2 0, i DASRAR I D5 B 7 Fg EUARE HE A P E e D B B Y v
75 4P R 2 B M AR H o B S AR B UL (Ho—>2H +2e) K%, B,
AR IR D5 R I Py R FL AR P P D LA, SR o S0 AT MO A A T 1 AR A BB A
figh.
Bln, FEREZRM, W2 (X)) MR RV :

X, +2e—2X" (6-57)
PR 2538 SR AL (E) A HRBHTARR 233X
-12

E-p- Nl plX L (6-58)
nF  [X,]

L E° —— Vb AL BIAEALZS Y R AE RS 5 16 B AH S i i HLAL . il &
HABCPETEE E° =-0.06V,
WZHEHWRIERN 6.25X10*mol/L (F£ 25°C pH=7), ¥ LiRBEh R EARN,
DU 5 24 G 38 S AL
412
E 006 1.98x 298 n [6.25x107]

2x 23060 1

= 0.13(V)

# 6-8 FFRMBOGN ST WAER, REEH AR

IR (6.25X 10*mol/LpH | = 23 B4 5 BN AL B B AL 4 vl i
N 7) EA BN 25 R 5d B 0.13V HUALA 0.176V
oW FrHLpL (V) SR Hr AL (V) SR )
BB 0.22 W % 2 0.475 A
B RN 0.22 W %
WS 0.21 WE 2
TN 0.14 W 0.095 &8 AR E S R
W W 0.05 W # 0.115 &8 AR E S R
Bt M A 0.06 HIRERER -0.045 &8 AR E S R
W 4R 0.06 R R -0.155 )8 AR ESE R
Ui 0.06 HRIREE -0.035 &8 RS R

FARGRALH W ALK 8 TR 6-8. MRF W, —Bkit, Ko RAEIRLE
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A B RS T B B AL A B T LI, A AR TR (A S R
WA S EEGRN) o RTHRLL i AR T AT i AL AR, A AR B m R (Bl
TIERA RS, RIS, TRER TSR R R Cut s BRI L
TR L) . ETREER G, "FREREBUEY, NS P
RAR, i HALS PR R HBGIR AR .

(3) BFW AL SHAYN WiFik

TRACYR W A 3 30 8 T A VA v R P DAk A — R B AGIE SRR B i, A
Me K& F T, W5 HTFR:

MeS+%OZ+2H+ — Me*S’ +H,0 (6-59)
2MeS+ 30, + 4H,0 — 2Me(OH), + 2H,S0, (6-60)
MeS+ 20, + 2H,0 - Me(OH), + H,S0O, (6-61)
2MeS+20, + 2H" — 2Me* +S,05 +H,0 (6-62)

iR AE— AT B AR H % A AR SR B A AR R IR RS 2R K, B — AR
JEHR A3 AT A AR AL o X S AL IR B P I, VAR — A P LA (3R
GRAEHRAL” ) FE—EHCPERALT, SAARIE R RSHERKE DA FR A IE AT -

TEIFIE BRI, — AR R ARG “Parahs”, BV Tk &
W BB AR LA “BAFIRAL” , B KR o QSREFE AL AL NI A 4
B R F AR A0 i SR B R AR AL, JEse i i EE Ik L, (6-59) KZE (6-62)
SIS P R A . FE— AR, KPR A KRR R (S°).
Pt AR VR LA VR & 7= AR B B R M R

AR, Vrde AR AT Bt i AL AL Y J5 SRR B L P o g R i A A AR SR 3R
FER P TSR 5T, AT Py mle:, SEBLATIRJC ORI o To ORI
2R AL AL )RR, RS SR BIRRORAL T, AREIMEMTHLOR, sy
Y RBARAF iRk o [ 6-12 JREERHRAT A7 85T To R il 5 B AL R I — A
WA AE— MBI, BRI B S m] SEBLTC ORI, 1A i UL
o1 1 Y AL HUAL T PR S B4 o

00
144 /ﬁ?fﬂ*ﬂ _
ii. ] r g g' i /‘\\‘1
£ * gt g o ﬂ ﬂ
LA . o A ]
% at '{E*f" /l f/
g ”Lj/ /o /
# ; AL
B R yr— —el i T 0L .2
ﬂla—u'znllﬂ U-lﬂ-zu.aﬂ.a;ﬂ_ﬂc_t ELV

Ea ¥ OER AR

B 6-12 AT HTMBHARFEETRBLA B 6-13 LHLGTFRMMADT WET Kb

HIXR BIRE KN 2X 10°mol /L
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EAEANBFRAG T, SFRBROLFEAEX ALYk BB, 15 6-13 )
JURBBRALSAT VIR S B PR 5 B AR R o 18] 6-14 BI7E vl iRk 5 B h
PRI FR, MIEHAT AR B Y ) B OB AL AR T, BALH Bl 5 T ik

Uoll

I )
e 1 f"w
MLLEE! %

A

! !J t
DL—‘r.?::F:—igl_lli_ﬁ:l__-Il_

E.Y

B 6-14 JN ik 5 R AAHRR Bl 6-15 ALY Al AL 2 TR FR R
6. 4. 2. 5 GALT HE B i AL

MR ALY ) 5 S0 2 4 W R AR EL AR T B AL A AL B AR B A Y, Ak
Yo ARl SRR EE A EAE R 6-15 Fin.
2k O KM ; HIBGHES T X 50 ¥/ I S 8+ XTi A B4k

1 SPHTiRERF.
S

M

MS+2X~ — MX, +S° + 2e (6-63)

2XT > X, +2e (6-64)
4 R ZamARad i .

0, +2H,0+4e— 40H" (6-65)

B A b TFRoRIEBRATR A UL, b IS RS H A FAAR B /M S, T AR
MRIEBRACH 0 AL 2B, T A DA FA 5 T S A St ol ik

1) BMNEEH, ADERERER SO, AURSE, Buib Sl h A S B, &riE
SR HIFEAR, RMEEA R, RAHRAE ALLBE B ik RIEMRPY (0O LFKR)
MERAEAT, BRI A BEAEAT W 3% 1 TR RK 74, e 2 24 5

2) RO, B ARG B4 7] 22 AR (e e ) 2% ol 2 Ak )
FALHRE (O%) HWRE O %, WHE 7 A B A MG SR W rfE R,
IR N5 5

3) RIS VI R AL (CRHREARIRRIE L) , (ORI AL 75 2
FRRAL, WE K OLBE O" &, MEFUEMERLIIT, 224

4) Fid RN AR S S AR 2550, 5 O JEBSE R R B, THFESA, )
PASEBLER g 1 ) 5

5) BRALH RIS AT BRI ME DA I SR R B, 3 52 240 ] o

AR FAH) HSEEH T AR ik il . pHAERIFER, RT U 8§ 8k
W WGP F PR AL, EEIERRAEIE . MRE R 8, S
W R T AL AR . LR AR BRI W I FERRALA™ 2T PR BK WO = A B 25751, R
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AIPE AR o AL B R, TR S, BB — R JER], TEREAH T,
MEBAL R B 7= P S B AR, H S i3 o
X, >2X +2e (6-66)
57 MX, +S° - MS+2X™ +2e (6-67)
5B IR AT, AT T 5 W B AE i 490 3 v AT R G S A SR A I T AR, B
HLEEI (6-68) Ko

MeX, + 2H,0 — M(OH), + X, + 2H* + 2e (6-68)
6.5 REHHM
6.5. 1 ®A&fFH

TEERRFAR RS, BORBAR T BRI TR, HbTREDS, Rk
fR, T HLT A EL R AR RN, e B rh R B Ak B e H i BB ATTRY 05 3 4 4
HOUBLYE , ede itk 6058 45 i 1 BNLIRATY B T AL 2 B B T I -

6. 5. 1. 1 SH4IRLT B4 BUMBRERE

BB AR T 2 EIRRAS, BB H Haghif, FO8 “AEeRE”; ai
FER MR, BREDR RSP RN “RIBRE” -

R RAREAE VLB AN R, w430 =

(1) B&&h (SRHEER)

EHATEAE (MR AR BILSE) BERT, S0 RAANRLF TE BB B
BIGAR A BES: o JLEZHLBLRAMIN AR BT BR 7R AT JRAEIORE B R

(2) 2%

FERMR ST RGN (FlanJep R im) @EmRIER, CRRIHRES R —F
AR MERIRERE, AW R 21 55

AR EZ BAMINRE Y (GIREEROR) FERL R TR R B, R 3% T 1]
B B A AR R EAN R 51 4 i 7 2 B 2R BEAR O K Atk R -

(3) HI%

X B PN b, ARAERL R T WA IR A, 8 BT RN
MG, SR RERA LS .

B 6-16  FEBHMBIEHAKE
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BRI ORI REDIRES, AT AL 9 i Ak B FR R 7= R B AT B R . BT
RAYWIRBI AR EESD B, B RS TERIRRA TR BORE, #RSHT WAk
AH B AR Ve o Blan, “PEHIaH0REIE" BURAERE R N /R, (R
KB FTEOR I ROE, SRIRFE. #ik¥#i% (Carrier Flotation) X % &2 A H
R ORDRLAT AR SRAK , B AADRL 1, PR BRI m “BRE——ank” REK .

T SR B I P T B R B R RO R R 2 BOIRZS,  WIRR A AR e T
6.5. 1.2 ZEESHBRIMER

A FEBRSERNEEARR . ZEANS YK, i, FRNRERBE, &

o

MR RITCKE R 2.5A. QREAEH 14000, WEEAFRKEEAIA 3.5um, Bk
VGRS AL ) WIAE RS o IXAE, W0 F R BRI G —F,, BEMIHZA
Ry b, FEULH CRTE MR A SRR AR, RO R TSR B A o XA AR
BRBAE R o PBE, BB PR Ry R DLl B2k, ROEESINA R 5E 7
FRATERL R R A ERER, SEA RGN, B,

FERIBFBAE R IR 6-16,

SRR AR R, Bt SRR S A T SR

(1) sFsf

BV A A R ELAE o AN, ORL TR AT IE R, DU R B AL A AR R
FURTEN L ARG B R o Pl T BUSR BB — B B R, A KB AT
M, FLXMEREY BRI RARAE, daBrh AR e, MR A s, HEEMR
LA S o BN, FERTIE M ARSI MR LR R e (pH=3.7) W, WIfEdtrisr
MERIR, HESINERERI I AT AR 71 HL o

(2) S a

REW a1 b NHy BEPTA OH BRI, BTS2 F FiL 7 M Ak ) SV 1A
H, ERERBIURT ML SRR, HbTRERNREEIRK, SN
A BBIMRK, FoARBRAREAM. Flan, LR #i 6 (pH=7.8), FAE
FRIRH LR EA AR S0, AEEF AR Y hAB e R R M55, X SR h
TEREER R, RaEEEa/Em, MXORRRICEEIEN, Hit, J2a%mn
REY, NTEEERIEER, HAERHTREEEE.

(3) sthéga

150 43 2R R B 95 R R S T R DX R R, 5 5K T B S 7 A S B A
Fo 3XAf R P AT AR ORI B R AL B R 4 50 BB, FHFRERBCRATIM
Lo filan, RPTIHIIE R GEmEE LR, St R e Ca B3R EY. H
TR, DUIAS T AE A 2R 6 2R 58 5 "B A [Pl LA BB T

1 LR =M e R, W—AEEZER, WERTRT-RE VIR R AT
WA BHIPER . FEAFISAET, A P ENLELE LA -

6.5.1.3 PR
PR SR BERAE S A B T W45 W R N ZR 6, 45 3 48
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BERBVE ISR, ZRGEF K 3 bt W PS5 W 21 00 W72, AR (L SRR TR
HARD P PRFFREAE B4 BeRAS, TTIAE] 43 B HY H .

W s Pk 2R AT 2 LAY BE o

a. e EREER 2 BT BRI S WAL AR FE 53 4 W HLATAR BRI SRl 4 L
MW SIRER, MUeRmINER, B SR EAH L ABIR S, #aE ARG L= YA
fio AT ERTRB P WA T, RTINSO (UK , 2 TE
TR B3 L TP o

b. WNZ5e MANEERIERTIHRA R BT “WL” B “Wk” REEEH, 2
FE IR R, LA R OREA -

U SRy e vtk BRARER LR Do ldn, AN\ Ca®', I HS5 A SEaR i 61
P, AR T B B 2R BE B R 5

I 250 vag SR 2R 0] R R P AIL L, 814, 2540 R B T S5 AL B 2 IR B, i
SRERIS LI, MNBYEFRIEE AR T2, 54h, A% pH gomA\ R, &%
WA SRR A PR R RO AR RS 5

I YR30 5 BRI 2 4 IF i R, Bl I ZRBERI R R o (AN 7S I AR S B 9 L
BRBEFAE Ty iR AT PR Y o

c. WRFto BRI BES A P Rk R R 2RISR, M ENZE R B
Be BiFHREFA R . RIRBH R R BERE, AR TR IR . AR
ZorEBE, B, SetRBERYBLZGH, SRIGIRBE LRI R 2R 5E o

d. BEFEERGE. BT BEOREE R, — BRI REEH AR, PIRAR S
PR IERE, R A, AT BT R, IR RS R _ETHKSRR Mk
B, EEEE R ER R TR BN REE, DORERERI, RRRE R,

e. YLFESY B DI, WIFOIA R IR, VIR A, 2Bk, Bt
SR, AHYUREI I, 2 (8 R FEAR o

6.5.2 FhiAMEMEFRK DLVO #ig

6.5.2.1 #HJ)] (Electrostatic Force) — Vg

MR 2= E, RFH RN, FEMHEERGE (Ver) B MM ZH
WKL F TG BROZEAL #2600 2 R BE H AL BHMA R B BHREAE AL . F 8B LBRiFiE R R b, R M
MM EAE AV SR 0tk AETE SR (R0 A ELAE PR I, K ARSEAH B4R F ORI T B
REAE FTER A R A A 7 54 Ko
6.5.2.2 VM4 E/AER (Lifshitz-Van-der-Waals Force) -Vy,

(1) ERPEHTEEAEM EAE R
WP 43 F W YE AR AR M B R i =88 0 B i 2 4F Al (Induction) v & 7] 4
(Orientation) K {Ff(Dispersion). BT RFR/NEEMR S F, KRG T5%,

REBGFZMBUAEAERAE BN GFh— s+, 53— AR S 7
B, 4 ) B4R Pt R R AR A o

XF AR, FEEEARAE F BRI BB AR A, ‘B R B T H T R %
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P4 W IS S BB AR T 7 A o IR P A AR R 7 A Fiadgy 5 R ) L P AR A P A AR AR, =
B, SERREREARAE AR A T —

BAANJEF A YA AR AR 5 D5 I BE RS W N IR O07 BUR b, BE A DR I B B i B
FERARDE, JRERIAER

HFRBRL TSR E IR 2 AR T (5F) ZHMEEHER, FmERIERE 3
JRF A ARRA R o AR RORLH BT A SR T TR B4 P RAT I, R4 8 ml oK H A ) LA
TEAR g RURE 1) B SE P AR A P AE

(2) BOR—RORL RIS A BLAE -

A W B A 2 T 9 AR P PR BORE DR EL AR P S A ) T AR AR A -

Vi = — 1 {Azsz _ 2A; n Ay }
12z H? (H+5) (H+25)
Krpd AWM BEERE, Aoy Ansy Ay HAZR Hamaker ¥H, WAL :

(6-69)

Agyp = (\/A_zz_\/A_?,s)z (6-70)
A = (VAL A, | (6-71)
A = (\/All - \/Azz X\/A33 - \/Azz) (6-72)

X243 58 R, Al Ry W PHERTERURLI] , VAR AR R A -

— _1 Rl RZ A232 _ 2A123 A121 _
Vi = 6R1+Ri H (H+5)+(H+25)} (6-73)
(3) MTF—RBMEEELHEER:
R—JEMVEEAEA EAE il ik -
Vo :—lﬂ(i+ A, + A; + A“j (6-74)
6R +R,\H, H, H, H,
A
A = (A — VA A, —A,) (675
N N (6-76
A, = (VA ~ A VA, -3, (677
A= (VA — VA VA A ) (678
H,=H; H,=H+6 ,; H;=H+6 ,; H,=H+86 ,+5 , (6-79)

Aps Ay Acs Aps Ap A3 HIRRLF K SRR B 2 R IR MY 2 BRI
F1#) Hamaker %%
6.5.2.3 DLVOjj

DLVO BEEAER & B BARAL 2= B8 2 —, — B DA R R PR A A I 53R 5 40 B
L, Jawk FRAARENR Z M A AR . BRET RAR BB M # ) (Ver) ANE
fEAeS) (Va) WOHNAT, FESCEEAN ERTTN AR sl 2 [ AR S0, B

Vi=VertVya (6-80)
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— 45, RREDFENE DR A EEZ RN, BRRBEHER, EEEEHK
B Vi, BA “H227. h7 RSN, WOCHBR/ME, 7 “HS—rkR7,

A TN T
v /’,’J;;mt N

4

T—us

B 6-17 NFHAEIEMANBE (V). WHEHEERBVIA
RB-ERAENMERR (V) SRTHERRXR
BERDREF P ERAR R PRERR A, E A BUEATNITRRI Y RIRER . s S AaEIRAR LTt
B, AT RBRRE RGN, BAEIRE 2. BTS2 R SRR AR SR PR R o

WRB 2L, WAAEMTEOLT, RrHRR ™ A 5ER .

HLRE RN A TEARZRL I Bk SR HLAL I HL 2 LA 5 1 9 T ML 45 PRI 2R S 0o
P, X8k AR AR AR DR 1 7 BRSSP RS ok Ak, R AERER -

(2) FHIBER

RAHALARR (RS BEUEAR ) 57 ROR T BBESRAR A TR B A BER -

FIRLF B 73 HORIBESR LL R RBL 1 B I DLBE A % o 18] 6-18 FRon i M X HLJZ A
HAERMBALEE (V) SHRFHBERMNR R Hv Ao FF5MR (i 4) sIEmAEN
O (Hi% 3), MMEAERIRARIATGI T Hy, My, FFSHIE, HEEARRB, WHE
Ve FITEBE BRI RN R ), MF OR8] — 2 IR Z MR R 5100 -

F—Ji, FERMBERKTHEILT, @B WERE R EREfHILT, K
-V AR T -

Pk, SUARAHBERN S, KR EEERE M VLA VAR RIRE
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204y DLVO B R AR — L Wkt Aok th B BERIT N, (Hi T FG AR R &
LR e, 24 DLVO B A RERFREE R RIFIE T, AL HIBERIT R -
BEREWHAH SN R & 4R, FERES kR SREmMEt, Ml
ZRIW, MTFRKBEZ KR, SR Z SRR e R oA &9 4

Fa, [fen

B

4 m X4 e &4 SN
namE K

B 6-18 SR 10 i EAH AR F L ALAB (V) SR ¥ I BE R IR R
K=1x10° (1-1 ® i, 1m mol/L)
1-xy,=y,=10mV; 2-y,=10mV; y,=30mV; 3-y,=0mV
y,=10mV; 4-y,=-10mV; y,=30mV
MZERE ), g4l DLVO BLIEASRE BWEARRE AR+ R BBER1T 0, Mg T4
) DLVO B, BURIERESHUR RS, HIRSM IR, fERiT A
HAEAIE DLVO BLgRAaBL b, hn B EAR R E, BIDRE AR ELAT S AR 2 il
TG
VE =V +V,, +Vir + Via + Vs + Vi
K : Vg J7RACH LA RTHEFAE 5
Vi 9 GOKAH A AR 51RE 5
Vg A 2% IR AL T BE 5
Viua B 51 A8 -
R IN N E

(6-81)

V2 =V +V,, + Ve (6-82)
XFTHRAE R :

V2 =V +V,, +V,, (6-83)

Vg5 Via MIPGRT R RMET, HATZX MR, W5 5mEI (6-82) 5 (6-83)
e

AT RY R DLVO BLE TSGR RO MBERIT R, TERMERPraEf?
RS MR EAE R, EERKAS GRS .
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5] I iX 273 AR AEE BN PR B4 - R A 2 R HES 18] <R B B S BE 2 T AH L
We |, AT 5 TR = 1 B A o 3 S P XU R A i B AR

AT AEA R TR AR RS LA, ARATAE R T 355 1 R A W 5 N — SRl B 2 v 4
P, FRZ MBI AR a0 AR — W, fE TR, DR
R RERE — SR, TGS A IR -

6. 6. 1. 1 KM EH:

JOVR G Itk T VR 2 B PR A, BB R AT RS o R MR A PR
AUAT LA

(1) R E

FETHORS B R TR A T b P40 2 P BEORG BB, 8 EB ROV Ik 4 - AE R b TR Y
BASY T2 TR AR, A YR 0 2 LA e AR B B A 5, X R AR AN R 5 R o

FEAE Sy 7 YL F) P 2 T 5 500 IO\ — 28 AR I, AT DR SRR RS e e, IX R
YR ERIEH . BIEFIA DU Ay, FERERERETAE, EMARERE,
YR SRR, 5 0 TR B THORS B M RE N, AR R MR BRI, REDRS BEE T
A5, DL RS B A R R e M By I p B R 2R o T Ry AR T e AR DA B 3 i R Y
B R R EEE.

VDR P IO S8 2R A MR R TR B4, E AN S — B, T ELR A B4 o il -
+ RN TR AN T, (B BT A R MR AR AR o AT AT e AR A TR I
VU, AR INEREORE B, HROMFAR T IR A Ay, X DR R R AR, R R
e, WK G BRME

(2) MWKREHK “BR” fEH——Marangoni (B

Marangoni AK: 4RI ) i, & %A R, 2 REH
B, W P AR R T T 20 -2 D, BT DA R SR ) T DR R S M 4 T A
WSS RE, AR LW R A4 SR B FOR I, R oK ) ARSI R A KF. 78
TR TR SR VA — A 5h, 45 SR 8 0 I S i 28 e IR
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W B IX AR T KRG AR BRE Ty, SR R I ) B4 2 U PR TR B A 2
A, SRR R ZXMIE AR, FTUAARRTE RS MR -

SRR, SR A RN R IR, R RN, XRFATEBE
W FR R SR 2 ISR H R . WK EZRIRKR, W1 BRI,
TR 5K R 20 B g0 B3 P 20 T DAARARBZIRb 58, i TIRAERITER T LR, W
AZHIR I FRE B A TESE, XA, AU BEIRZE -

@%%%ﬁ%ﬁ%ﬁ%%%%kﬁ%%ﬁﬂ,ﬁﬁuﬁGﬂw%W%%%o%%C

d d
md—z eI, IBATTARI, FER—WKIE c B, cd—Zﬁ%ko SRR, FEX T

PEFRIE T, FiERMEEE R EN.

(3) YRR HT B

NSRBIV RSN B R, W0 A R ) e g HE
FAER, PTG LR PR S 3, 1 20 T k) M R A e Ao 24 R A i
B, PR RS RHDR EEREEEH. SR FE AR RN A, FORTER
JEAS SN R B ZE AN B B o R 4 ML AT B R ) B 24 A2 B0V HLAR B IR B A e, DRy HL
JR K B RE RS IR T HLAL R A, ELEERE BRI R T

(4) WEESRE

A MR AR/ ARSI o Bl ) RIS SR, /N B B R
B, B RA/N RSP B 22, SRR/ NMER B N AR 2, KILE i
Ko HFFLEMEE, REHARME I XABA R BRI TR %
WA T RN AFAE R, 3X PRI AE S o B/ S R M 1 B HES 5 R
X HABEE, WRIKBARSED, XAERERE.

g bpng, BREKER e LHEARREHRERE. RN “1B87 f8J) kR b
A HLATHERR o I RA— Bl AT R4 A R 0 A T 6 700 00 7 6 40 L4 A W P J2 A BB A
SR B 511, [ SRR I A A R B KA AR o A VR R AR AU R, R
AR SRR TR B . SRR TR E M BT AA R KM ER ST, JLPEARRE™E
R YLK
6. 6. 2 JILKEIN H

AP S bR UMK RS A R SR 2 AR, X EL, DUR— S 5K A LR BV R R K
NP IR, VERIZE A4 o

(1) MIRF%E

SRR, 866 P RENA BT OSa e Es, WES B e S
2o MRS, A REMAS CERTYSRIEHMKA ) WEESHEEE.

REFFRRW PR L FKE, B RKFHEE. B, 000N R DLk
Bk AN, AEEMEE TR R WINEARIER, BAMTRITFHRIEEIK, UIER
Tk B FB . ARBMAPR, RS RER, DORRHREAT Y
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PEEHEER LI B o 2% (8 R AGERF AR FBR B ObEnTEE, —k
TR E )\ REES) 4.

(2) BFE%

BT ARIRIF LA W) Z ALAE T, R A AR ST R i ) 5 AR T A
FRR A BRRE AW EEF T, REAEFRREEER . RmE SRR/ )
Fm B, TERGE R TR FIRX AT, AT DA P S e T (RS Bl
P B IR 7 5 H R o AR TR . & BARD MW, AT S EEAR 5 4 &,
BEE NI AT AR ORICR o B, X PEA b RE. S G (KAuC, K AgNO;) BT,
WA B IE B 7 R M Cr6HasN(CoHs), - HCL, 2 TR 453 B e R BIR
i SIRM L BIEE R KR35 . REFEERE, P EKRA[AuCL ]/ [Ag THAENIEE
80.1,

BFFEN A TRIGEK P EETR, TRESERAREN. kPSS EE
JLHRW Cu, Au, Zn, U 5, BRWKERMK, WRAKEKPRIGILITR, WHERM
LAl B, N TRPGEK P REITR, BFRekRTRRIT AN . HkiE,
KPS —1Lr 2 — 8 Cu B Zn I, F FISGE A B FiF 05 i, $RBCEATIE 90% U
ko

(3) WA B

Jebr b, MR LA TR LA E TR 3. AN Gk Bk, BEAEAR
() A5 R B AR 45 40 88 . AN IR B A [R) B 2 R KRB, SR IR 43
LRI . BT, BRI T DA A B R ) R K I R TR A4 - SRR R
We PR RE ) B, A BLTIRIR T DU, BERERBUD MR B 1X 5 A 23 24k i
WA B2 BARMIARL, FR 2 A MR 3 b

(4) HE

B BB AL, ARBIRGFBEMRS . HWHE, WREKKK. XW-, BRBEKH
AR E KK IR s BRERAE TS, AR R A I R o
6. 6. 3 Ml

A LR A RAFIRY, AL A R AR, A B A 7 AR
WA IRA S, M5 KK R THEEEAPRRE: WL RS2 0%
Py BRI PR AR 7 AR YUK I A, T YLK VAR R AL Z2 B 23 T SR DR 78 BRI
%, PlnmrEE sert SRR SRR 4.

A2 900 B A SR R SR FRAG 2 T 5 TR MR B R TR o IR AEIIR AL
FHh, 2 5REA AT, DIEENEEHE . WEEIELE, /ERHIER
RETHHER, 7w LR AERR (RIBHE) BRI S, FrBsmssEss ERE, g
FRBIAE AR , VAR BIFEARIRIR RS M o AR A T8 2070 A 20 355 M) b R A DA R R R
SRR T BRE S, BRA S eSS b, A EAE R AR, ek _EHESIE
BRR o A AT AR B 2 7R 2 K I ] R AR, BAT W IR R R R R RE ) o AR
AR B, TR R BT A R DL LK

O BEk: REALSBEMNE, MI¥R. FRREE.
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© BLhEIE: W BENRERINE £ — M5 2 IRk mT 280 A B )

@ BERREEZ: BERR =T WAL W R AR, @A TAIAER Y, AR Em
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®© HHEALEY: FEEREE, BRRMBGHEN, AL, HHEICRHIRE
%, EABER TR A .

©HAR: ZMERALEY, WA AR PUSAALHRSEER T DL, 3
TR % B2 B AL -

%30
(1) B A%, Kilifes, Jeat: Beglifidt, 2001
(2) WA, ik, Jex: maETkliit, 1986
(3)  «iHFH» WEZR L, WA T, B=2E, Hoo0M, il e TR, 1993
(4) Eile, iR, FEEBY:, Kib: WRAEAR T AL, 1988
(5) ZEfEE:, SRR, RWEALY, Kb PR lRFEH b, 1991
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Sy TR LA B B BB R AR B o A 1 AR RE i MR SV, Gibbs )y

A (7-14) Ko
5 BEOR B — SR A B R T R M, DI RR AR K
_|_de = RTT® 717
dina, Tpa,

LRrbbr 1 WRIERE RS, HERE A, W RCRESK )G 1 RIS
PG BERAR AL, BIWTH (7-1-29) sRORAS 1 RE A i K 1w R .

XNTPAKMR 1-1 BB FREHER, SERPARBIASRALE, WA
(7-17) SR M BRI PSR TONLEE, WIRR AR SR i

—( do J = 2RTT® 7-18

Q7R R 250 1 7 VT 3 M T A VAW O R o %o 85 - B 2 T K T R MR A
v, HASRIHE:, W Gibbs RASRA (7-17) Bak; HRA LI, Wk
AT I L) 5 4

~do=2RT) I'dIna +RTY IdIna 7-19
R, i, RRE FRREIEERISE , i b 8 PR IEHRIEE -« 4B sA
EERI R TR A, SRR (7-17) R, WNEFRARA (7-18) K.

5 B B T R 9 B9 T W S M TR A VAR, 7R ML BARAE R,

BN

—do = RTT,, "dInag + ®dlna, 7-20
R TR R RS FRETRURE 05T, HUNRSERREE, WA
—do = RT(I,” + T)d Inag,x 7-21

AT BT DA SR e B B T + TS, 38 2 S 1 3 50 1 8V W B A T R (7-17)
Aokig

BT Gibbs R B4 7 AL, ik 5 T 17 ek 30 ) 36 T W B 15 V0 Rk I A K )
Z X&KL A Langmuir K

CS_C;.CZ

5= 7-22
C,+a

Ao, Co R R THHER M RTHIE ;s Co B4 T J2 R B I R TR M P35 C o W
FEIHRRIREE; a I—HE.
() TR R AR T
M Gibbs Wit 52 (7-14) , LRI & A W L % PR E C FERm K o ,
IHo X logC AEEIMA—HS%, NEXMARAREGRERM BT o LR HEHHERK
BER B — R HAE I, Rgk S B, B RARRE TRy, AL R 2 i
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ESUERW, B R ORANEBOR BRI, KRR, T T RARKK RN
BEhE, BIAELEMRIRE T, WAREARE, WA 7-15 fos. B, SCRMERR, Ko
T BB WK — MRl E 0.05~0.2%
ZIH.

R, 2R RIR T FR B A 1w
AR AR SR, T R EROR, RV
B EI R, A EREECR. A —TF

W, ATEK, ATHK, FRERR, B S i
DL, N T s R AR, R4 T E |
B, TELA TR B SURAR B K4 T 205851 )

BRI RPN SO HLB ffi e

INCES I TR i O )

SRR LR, TR TR, 715

REBERAR, VoL BT 1O K 4 T ) -
241, 1-20% 2-15% 3-10% 4-5%

7.2.2.3 52% 61%

O RRVEEFSRE LN FYRERERERRES . T RS T 58S
TRRSTHIZRR, WEMD Fashd EAEaERESMER, FILEH SRR
NERY, W21 R A B A8 NI R R i i R T A B B
HREREADFBARRYNE, ERBEWEREK, FOEK, Ratkme 45
SRR, KB S8R

Q FMHE R TR BE L /N T BB R R S o WA 1-2% K7
G-V ERDRE L5 — PR AR ARG AR SR R 2200 o

Q@ WA FE WAL TR - PERR B AN, IR AE TR 2 eR BOR A ik 1Y
FERR, MARBREER—ZHAEFHAR.

@ W4 FEIREAT R S BRI AT A B AR 5, i 28 R R 1 40
T BATE B9 BN 40 BRARVA IR R B KRR %

®© R TR RAFAEE 5 FRARB:, W RY XA B2 0 Bk A
PO IS e )| WP o 2 U A T =

R T80 FHHH4H-0-, -COOH, -CONH, SFHREM, 72 [l 143 i iy
/AN —HE, ATRLEE S B AR e R AR M, AT AR 0 R
PR = AR R -

O =B

RGBT o MR SRR TR TS Frh&A-OH, -CONH, FHAE
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A, e S M ) S . A PR LA LRI, W
HifiE2%-5.75keal/mol, S5 HAER/IMIE, KU It SHEAE R KR TN . SURTE
B — Mo B TR O T L R

@ Wt Rt

) S B TR R A T 2GR A R B 485 T B B T4 5 5
WA, 55 % O 00, 80TV S I TE HL Y B e, TR T
) 53 A8 SRR 7 SERT, WIS TV 9k L B A SEAT I K,
TV SEAT B S T B

BTIRA TLAER A RT AL Z IR, 4 SRR ARES - afrss, Ma
TR SRR TURRLT 1S RN S BITE, IS T-RRAGRIK , BT 6 PR
XA, WIBTHAY PAMA /i3 pH 40 FHASERTT - AE, LY
PAMA FEEBCKRT, 7 SER T H H BLIE L.

@ At

B RS TG AN EE R R AEH, WK R P RREN: 5 —COOH, 4
¥l E—C=NOH My PN, H—CSSH LT A3 HRRREL S . 1XH I T 25N
LU AR IR 5 R AR LR 2, M . TSR (R,
P«

o, FAEENS AR PAM MET8H G — i 9 B IR S, SWIRT PAM AL, ik
it SnO, FHCHARR 20%. iR iF—CONHOH & S I T-% AL 3 A i
o

AT T AREN: PAMS 4-SO.H 2, BAESKERI— KA SHEIKR o, APk 1
PR SR PR p T — SO5 H ™ L o OB 20 T- 4000 U5 Bk gk i 4 0 4
T TR Fe Mg T d LA THUE, B T RE MRS 2.

B, 2SR T 2GR AR B R B R SR T B IR 5.

@ WM

KA TFHARRAFIRS T -
UHEMEILFIRA, 4T 54 4
S A HAE R R SR, T
SYTREBERC, RULIHHO S 25 5

IR, W 7-16 Fr .-Q\/

R TORET BB 1 HE 51 0 %ﬁ%ﬁ%ﬂ?&;ﬁ?ﬁﬁﬁ%ﬁgv

Bo R T7-T WEFERW, Tk
R CIGAE MR, A Bl 7-16 X4-F 257 ik R A
- o A Y] ARUER R T bt 2 174 T TR
(22A). HEhREB, BIERREE
o 2 FHE Y . 55 PR C160En | C160E17 | C160Es2 | C160E4s | C160Eg3
JE I A P 43 A A 2 T Pl R A2 60 80 107 137

NEREERE 1% .

it

7-7 C1s0EN
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7. 2. 4

7.2.4.1

Koy FRADAHIF G0 FRAIMEFIR L, 272K, 2 FRKEEHM, £
MR BERE , RERFRARFWIRIMILT o B WHIX L2557 shAhdn sk 7-8.

R ¥ RADANHIFS /N3 W BIFR e, b pim £ A 4R L -

OXRGFEAPIMRIF H S FEKK, SRS MR, MMEARGEYRRE
TEBGEIKIZ, i ELREXT ©L28 W W TRt SR i A4 WISk B R A HE s VR, A a8 R
AR A B B RE S ™ 40 2 B 400 1

QR4 FEANIMRIFIR L HELRGEIE R, B8 A 3R B0 SR e T, AL
B EONBRAE o

RG> F BAT BN G T AR 0 2 T W PR 538 T S 05 50 AR R A R 2 o S e
HUJT W R, B R FEAEAR S I, A R PR SR T AL SRR o

7-8
B} o5 Mg 4 g A
KA WM | RO A i Sk o
% | Rk —0— —OH a— IR HTE Tk ARERME, WERK
. o B, W R s
RFIE | oor: SO |amRMT | MR
BETEN | o o M E IR e K B
WIS K AR B FRAN) | 5 RIS KB )
SPUER Y BRI K | —COOH(Na)—O— |B —mERMT | M4 Ca, Mg iR IE
Boggz |[—OH —0— ik b
kg | SOHND—O0— g Mk
sz | OSSN —O0— 15 . MR
BHES | RAM4IEK | —O— —OH ARERIR (£KH | WS Ca, Mg W &A1
SRR | —O—  RILBIREH BRI | Fr
KIFHEE | RAAFRE | —OH, —CeHe—CaHe— | HIHIIKE -4, AT SR B 2
AL A —S0;H(Na,Ca),—OH ml.E
kw9 —OH Ak
MR | RAMER —COOH —OH  [—CgHo— M E
AL ME, RILERA (L A
Ak A GAS GRS M E
N —SO3H2 —Cl % [ L 7] _E
AT AR | B HHR —COOH —CH,—k TG, A
g A MK | BT R —CONH, —COOH | |- ik Fn R0
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LREFARYE e R R A R 4 R 8 IR R AR . BRI
Y5 771 5 1 R A P g e ) A 0 M 2 e R B 5 X i ] 3R T B 245 701 8 - P Lk e
YERAT A s 25N AL S s R X B T e Btk A R AR BE 5 IRAMEVE 216
DU ZREER R B S ), IX I 5% SR T U 4% 1 o sE M 204 T B9 5 55 o

BAXTFEA" PoS, NEEN ZnS, B FeS,; #EH ZnCOs; f3% SiO,, Jiff
£ CaCO; % LA Wy A BURLAE I 2L BE B T 2B ORI, P R AN -

@® KfEHRVIMIE (Aerofloc R 550), RFAH TR, Z5H%:

—CH,—CH—CH,—CHy—CH—CHp—
|CONHZ &IOOH

—CONH, —COOH kb filufe & Tk i#F2 ), *F Aerofloc R550 TiiF, &IERMKFE
£ —COOH #;

@ Rkl (Separan NP10), #f—CONH, %, MEfFE S HE T, AIEH
TR

Q@ RIEHEAYESL (Hercules CMC), Z5HATELHERE LA —CH,COOH %,
yol e

@ LM (Nalco 600), #H—NH, %, X&HE A, .

HRTN, FRRAREEZEATE AR, a9k =50

OFFFHRANENBE PR ETE BRGNS 55 50 YR i

SR, ST WM EENEER, IFFE RS Y RE dag KN, RAEZREEER. 4
WNER £ I 25 1 2R SRR 4 570 L A S AR R 5 T ) 85 - 48 W AR R Y B 4 44 3R oK A
RGNS A AR R R

QEEBEN W IMFTE SRR 2R W MR o S i, ER S 2R
TR P A A B R AR . SRR TRV SRR GRS IR ) W
A EEAER T R AR FRMBIRBET G5 A B0 T S8eEa
RAER, X B IFTCI BRI B, SRR S S G G ) W

W S5 A IR, SRR T B S W RE ) AR, B 4n 24 SR A I W B
IR mE R, FEARZBIHCIGY, K EREENE) HE, MR AANRIER
i, HTFE2KMEH BT, GR2Hh B, HmEREEERRT

LA TSR AR ), MEEmE S WRERGER, WES T
PRy 5 AT ) e P 1 R AR M o 7 AR R o B G B 5 - TR R RK AR I IR 4
i ZH—COOH 3, ZEBR A i A AMF 25 i—COOH FeH iy H W] 5 HE—COOH %k
Hh AR R o XY LA 431 TR % 43 F TRV SRR ) KT 507 W R AR ST i) S T
T W RS F BRI AR - KA TE 2 a8 A, BULAN G FESS a8,
FEARZEBE/E

QAL AR MTIE  ZEER AL 21 M R AR, o] DLTER MR & A4k
W B, O B AR S R 3247400 2 T R IR SR R ST, BRI A A2 % R T B e L R B B o
BB 225 —COOH f3t Aerofloc R550 & Hercules CMC 5 CaCO; K&

ZnCOs, ZnS MR i1 —COOH S &)@ i T A SR B 235 1k 5 B B 28 %5
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% & Nalco 600 5 ZnS f1/ER, W] LA R 2—NH, 35 Zn> 2 [A)HE B Be A 46
AR

U B 27 7 35 30 28 R 300 W FRHATR 326 1) 2 — A 0 2 BB R 48 B 5 7 % R R T Y
GEIL” G, — S REERI MR AT A R, SR, PTRAE
FIRVER, X 5HKFIERAMEMREE RN flaRAASEieas%E, 55—
COOH F: iy Z¥EFIE R, B PIE B :

—SIOH + —COOH + Cu** = —SIO~- Cu*- COO™ +2H"

SR B B AR 28000 R BERIE A BTE AR IR S, BR Y & JB FH & ETE AL 2
A, AT DLIE 3 A ML 0 B e T S S P A F T A2, RIBAL R R Y
YRR, SRR R e g ALl R i 4 e

O FER/NBW R4 FREAPLEER, {£4F2H 10°~107EREN, @
AFRER, oFHEEK, WERAEX, RN S8 E 8%, bRk
FHRES Ao, ZRBERCRAMAES - B 7-17 7t BRI 0 B — Bk 2o

}l

A r 7
¥ /

10 30 30 100 300 1000 1500
Bk E (MX/H)

—
[~ d
&

Amanx

ABEKE (g

7-17 7-18 A
pH=10
1—RAY; 2—RBERE; 3—KBH; 4—2H

SR, 5 FRENIEIREEY (B 10" 8 10° DUTREE) , FER L2 W
Ja, FEEAKRK, DMEARIRAERERR, 03RRI AT s AR
BRI ORI Z Ah, AERTRLIR RO A2 R I AN REHOE, RASBAE . EIXFEILT,
E—EEEN, BEVWHSTREWN, SBIEREE. GlmARAEERIE MR 8 8
LA RER A KA B A Tersls 458
B, SEREIXFHE. A EORAE, K0 FEARFBIRN B A0 TR 8o IR
WERR Eh FOK B R gk, e 7-18.

QORAEWHA MR X FRRIEEKRE, BAHE “Fr” KiE, it bns
AR AR S 1) by S P 1 P BRI B T8 4318 S IR 5 ARG 24 300 94 5 %9 “WI
P KEE, WMEMER JEMEREE, WA R AEIXMEDL. WIanxS 7 ffA RV e R
BB R550 A4 CMC, #talfEfE: BT R550 B)—COOH JEAemih: b A ifE, &5k
B, RAeEBhZH.
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7.2.4.3

— R, BEASI BUORL BT AR B2 IR I 0 R o PR A ORI BRI RIR & 0 X B
DA BAE PR GF53 H o

B —MANRESTREY, BEMAESYSHERGEGIN Y. G TR R
ERgEREE, BAMUAFRIRIE KRR . By DUE AR PO S A R 2 S8R i 2 4 H A
JA#. BRI AR, SRAENIRER, R85 BUF2 0 VIR g A

ARFEEREE BREFETAM. FEERBEDTHIREY, S jEaT G
JRE, FMARE. CEERHATERST Y. W20 W5n . s E S,

REHFRB AT - 152 8 AL 223 RGN REAE A RL B0 3% 1438 2R &F 9 2 ek
=, SEAE R B e B BE

G R BRI PR R AR R e 484 5 ORI A HE RV P RE - M3 HE R A1 i O K0 -

(1) WKL A R B 8 0B DASR mOoRL I HE e A - bR 3B U,
BER;

(2) 8 432 BRI AR RURE 3 T T I W P2, 7 A i A 2 ) o RSSO, i
ORE B 7 AR SR RELHE R ST o 28 TR 3488 U B K

(3) MU TE WK e, DR E AR ZERIAL, IROKALIEE 5 B 3 J2
FERURLIH AR OK) AEHERAERBE IR ARAEHEF HEE Uso TR

AL, 3 B PR AR R T A R SR

U, =U,+U,+U, +U

Kb i =AM HUFERRE Uas Ug B Usor - — & IRt SR [ S 2L, B0
Py i ol B P o 1T A T D o

BRIR PN S NaOH S5l 48 70 18 o YA 554 5% #) o HL L8 25 300 hE g 28 T LA 17 974
R, WRABEMERAT UahE85 B

FUT A R SEAS ) o ARIE SIS , B I AL AR (40 Fe, 05, SiO,
%) WEhHAL RN ARSI RS, B A RS K4
£, DA T A ORLA oK o B Y 23 B P S R 3 2 B 2 3 ROk e i Ak
PCRER 3R, DA B A AL B HE AR T SE B AT, B REDAAY U & U A
vigieiip

7. 3

7. 3.1
7.3.11

—TAEERMEY, W Pb(NOy)sw FeCly 4, ABABA MMM, HAEKEH
W) ek R S AEC X A P R G A, AERT N TR — R 2RI E AL o

7.3. 1.2 #HA
TEHLEER MBI RIS, R B TS MAARRS N AEFIA: Fik
WS4 BREAY. WAL, BERER. RERREL. RBERREILSE, ARUNS ARHET M
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A iR Bkh MRS BAMEMA L, WA SRR, AR, DA
38 P [ g R

7.3. 1.3 8A

W B TEALER 2 BOn) R 6 £ 2GR AT pH AR MIBBOK B A IRBER -

pH JR%E]: FER— BTN (IBRIRGN) , "EATIRH R pHAE, SUE W
R

KB : SRR i fe Sz B HOR, AR ER A i) BRI A3 ORI Al 7] o
K51 KR Nay,0.RS10,, Hrp RAGFOKBH ML KIHEL o, HE
R, BRVKHFFALER HSI0; + HySi0; FFKEF (53F) KIBRR e KK,
AR 2 T HLAE AR AR B 3 B R RS 7 Ve P B o KB 5 1R (Bisl) e iR AL
(BmAL) KBNS, o HRCREE K.

AR BR—MEFRRER S TR, ARGEEREE, FTRHAEYF
LRI R - B SBAE ST B

BRERHN B NaOH St i 8 50 i ik J°15 415 %) pH AFLE 25 0 hr iy 2 17 HLAL ] £
AR, WTRARIERIAT Ua b EM 58O KBRS (RBERR B4 i i L2053 1
FTEA RL T AW FRF, R AT M N SR 1 v LA A X, SO URE ] B3 24 A PR
1) e 325 PR 496 5 7R P 38 70 8 0o R 1) 2K AR R L

7. 3. 1. 4 EAR)5EFH)

JLEAZRG T8 ML 4 2 mT AR, 10 BAT e 5 7 RE D AL B3]
FAPEIE IR o SAACHIE R — L M L&Y, W KMnO, « K,Cr,07 4. i J5E
WR— LM ERALEY, W NayS. Na,SO; %% . AR RN Y5 i T IR
SR HLAL, o SR TR AR UL, TS R TR L

7.3. 1.5 BEEH

TEAIL AR 5 A RE SR A TR AL 2R T UCHL 2 rh e ke SR T G LRI A AR AL,
KT LR BE . 2 AR ) B A 2R T SR R AR TR R, R SRGERE T B4
AN, HEBERT LS A =FfE Dl

(1) YRR RENEMEFR TR T RESCLZ N, R
KM WAL R . X T A7 R, &6EF SR R, HiHS5
I AT AR IR B B AR, T B RO K A SR BRI

(2) FoHLMRBRIIPE SR A SR S T AR A W R IR E 00 F) A L
¥, XA YR A2 pH S RARGUR, W AR BT pH E R AT
IR FFARCA R T WL B A5, AT (2 8 B SR i o

(3) —BHMR S MRERAAEENE T LSBT RS 50 R
HURTAE S AE BRI, TR AR SRR 8 AR X L Z AN BT R R M, AR T A R
LT R ORISR R, AEYRUR R RS, AR T L AL, fRAEAT
LK A BRI T o

— B LR O ORLR IS AL AIRE ), A S KA, i 5 R
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FWEA R AFNMEEHREEREINRER, AE#-5% (Hardy-Schulz) #:0,
VRN LRI REERE ) RGN (SRFRERGEE, 20 BRI T i K A SRk I iy WL o vk
B, BACRZERS /) KNG E I RFEKIT R b -
co 1
"
XH CRREM, v REFME, HARDX 1, 2, SHETF, REMHILER
500: 10: 1, XH AN#RHA 100: 20: 1,

7.3. 1.6 PIEH

JURB5 B 40 BIXT G K ALAR 2% RN T A BOHEVA M) WAL B B AR A DTl . J A Na,S
UivE Cu?', Hl Na,CO, iy Ca?,
7.3.2 BHAFTH

Z L5 IR SRR EL VA T pH AH, WIS IR 7. 1.3 WAV S . — B LR 7-9,
X LG FIAE I PR TR RIS 2 BOR Baas AL A o

MR IR R AL A T T, X 2530 B mT AR R, X AB#EH] pH fH.
B, FACH HA AL BRI pH —MAE 8~10, i NaoS fEmifLA], BIr&ER)E
WHVER, XA 5N oH #ES . LR F/E pH JESR 2 8o 4.

7-9 pH
WEAAT | MmN BY
% K H WE mol/1
g 1 10t | 102 | 10° | 10* | 10°] 10°
NagPO, 10" * 126 | 11.9| 11.0 | 100 | 9.0 | 8.0
Na,COj3 10° ¥ 113|108 | 102 | 9.7 | 89
NaS 10" 8 129 |120| 11.0| 100 | 9.0 | 80
NaSiO; 10 © 12.4 | 11.8 | 11.0 | 10.0 | 9.0 | 8.0
7. 3.3
7.3.3.1

() E&RETAEFALY/ KA R

Bl 7-19 FnlE 7-20 JEEJm A FAE SiO, R IR AR, WHE 5 BRE BT
pH H— B R T &8 & 7l — R % G a2 8 viie s pH E. JFH, |
Bl 7-19 Hoxd Rif Col 1) ARk AFELSY R o345 i 2T 1, CoOH™ i Sk B iy e K 73 Bk
/N 10%, i 43 B 100%. Co(IL) iy Mt AN BE 58 2 )1 T CoOH ™ M Fff

ERERIR, SRR 3 MR R A R i T — R 5
243 Wy o

) FoHLFA B -5 B R T i A

SR PR O 2 7 [ A SR T R R, LR MR pHL B PRI FEAR, T LA 2 pH

AN, AR AN, RS I3
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555 R ARE Y 80 -1 [ A S T F W MU 5 LR W O %, AR RS pHL SR R 4R
i £t BB O R B s T, X T B B R AR S 8. 4 pH<pKL I, BRI

Tnar T v

Ey
4_ u';-""".gr ni TERf ’

7-19 Co( ) 1.2x 10"mole/l SO,

pH |

130 g B
Cird IIII

T Fedlip u_r--‘lf
& B

-1
||
= i
]

:_ul_

| N L
= 4 6 & 1Ib _‘I:_“_l
pil

7-20 Sio, i

[Fe(l)]=1.2X 10"*mole - 17'  [Cr(II)]=2.0 X 10*mole - 17!
[Co(Il)]=1.2X 10*mole - 1! [Ca(ll)]=1.4X 10*mole - 1!

Wt KA 75m® - 17!

AR B RE pH 9K, WA R TR B B R B R B ;. pH=PK, I,
SIROA SO%ME AT, WM EHIRK; pH> pK, )5, S5MRILT-2uREE R
B, SEEKEEF M, B R

NTLZIUHRRAR T, ERMERES pH MR RM% L, —BAEX T4 5H
B pH A BB RSB R, HRERIR—IosiRitie, wiE 7-21 fow,
PO, AE4H 4k E WL I B ARBE pH (E Y MTREAS, B4E PKais DKao» K PKaskh
AT A KT IRBERR AR LA IR B BT AT A, 24 HLPO, B PO, S fk3m, Wt
SR T RE, AT B R RN

7-21

lm_—' - I '

10" O 19" lu-l

7-22 pH=6 Z -

(a) 1-NaCl, 2-Na,SO,;
(b) pH=6, + e bEaFLN £
BRER N HITEILAE
dizksp O102mol - 1"'Na,SO,
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— W B TCAIL I B8 77 FAR 1 W M, — B RE R A K, a0 CL, Figmg
X7 R B TR R AT TE 2 K. CLEENI EXHE MR, BARMHERIF] -H
PLREAR, HEMEEMRERE T, WANREHAFS .

(3) ek Rz B

T E 5 TEWH B A, MDA Ak Ak, DRI T 458 22 Wik A6 DAY 0 R A 25 Y
KRR Y, FERR SN T

i, SOF fEAEFRIEM B, RAMMRN, FHS -BiEs, g+
Je PRI TR LR (B 7-22) .

@ S&ER

HF MR KZEH O Ny Fy CLER AR KRIET, AT Rl XAFE
M-OH, bk, FERMEFEGIXLFET KR E5E2H 7TRER .

7.3.3.2 {bERMN

—SL AU BT, WRERRAR. BERRARSE, BRT 5T R AR RSN, W
T RS AT AT A ) 5 B AR T 4R B T R 2B A, DB B ST S o
] 7-23 %W, {6 pH>10 J5, A F 0 AR E M50 AL, BEER-th K8 4 180
SO(OH ), #1SO,(OH )2, (HEERR MR MHRABER K, THKFHEEE Cay
SO(OH ), 5% SO,(OH )2 & Br o

Caly) + SO(OH); < Ca® — SO(OH )y ) 7-31

Calyy) + S0,(OH); < Caj0,(OH ),uar) 7-32
S RERR IR XS BRI 7-24 0 RIS EERR EIKER 1.0X 10°mol /1 i}, 1E
pH>10.5, [ SO,(OH )5 1a35%] 4 x 10™*mol/1, Ti# A %5~ 4 1 [Ca?']=2.1 X
10*mol/1, 0

= 9 160
%L ‘o ST,
- =&
] = Ll
BT &
£
e -t
wf J=
o L {28
o

P ¥ ' i i ¢ i 3

0 & 4 ¢ & 10 14 I4
pH
7-23 7-24 1.0 10°mol/I*?
pH [23]

SiO, : Na,0 =1.0:1.0 ; j#i#gh 1.0% 10°mole/I", SiO,
kRS 6 1-1.0X10°%mol/I!, 2-2.4X 10"mol/I"
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[ca® [510,(0H)Z |=8.4x10®)K o g0, (0n)
=25x10"
KW pH>10.5 J5, RERRTE AR L0k i & fy 38 B P i /e, AIIaFIB R
FHRERRES LT
A KA PN TR WA RN, — A A A B A B JR R R AR ) R
A2 Fe(OH), il Fe(OH); K HE R -
BRI RE AL, AT LXMERR :

FeS,]FeS, +3%o2 +H,0 = FeS,]FeS0, + H,0,
BRRAT R A S5 S IAE A -
FeS,]FeSO, + 20H ™ = FeS,]Fe(OH ), + SOZ
e By Fe(OH)gﬁﬁTuﬁ%ﬁ*” AL, A Fe(OH)5:
2FeS,]Fe(OH ), + 2o +H,0 = 2FeS,]Fe(OH ),
HIF Fe(OH), MW EMHEHCh 4.8 X 107'°, Fe(OH); M EREHH 3.8X 10, Fi#
AR, i AA B AE BB R JE AL Fe(OH), fil Fe(OH)3 {iiiE -

7.3.3.3

TeHLERAE R T A, AU B 7 IR MY, AL22 B, 38 RALZE R o 4 NayS
AE BT AR LS Ak RO A R o

Na,S FEKE W H & A T 51 B -

Na,S+ 2H,0 = H,S+ 2NaOH 7-33
H,S< HS +H" K, =10"% 7-34a
HS < H™ +S* K,, =107 7-34b
H,S 5 HS™K HS 5 S* "5 Rk, 43314 [H,S|=[HST] R [HS™]=[S*7 | pH fd,
s JHe]_ 1077 pH=7.02 7-35a
[H,S]
+ 2-
[H ][S ] — 10739 pH=13.9 7-35b
HS

4y S\ HS ™\ H,S e H A E B K Eh-pH % 2K (B Bhidls
3k B A [S]r=10"mol/1):

S* +4H,0=907 +8H'+8  E°=0.157V 7-36a
Eh = 0.157 - 0.059 pH 7-36b
HS +4H,0 < SO +9H" +8  E°=0.252V 7-37a
Eh = 0.252 - 0.066 pH 7-37b
H,S+4H,0 < SO +10H" +8e E° =0.303v 7-38a
Eh = 0.303-0.074pH 7-38b

H,S+4H,0 < HSO, +9H" +8e  E°=0.289 7-39%
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Eh = 0.289-0.066 pH 7-3%
H,S=S+2H" +2e E° = 01418 7-40a
Eh = 0.2303- 0.059pH 7-40b
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W% WL BGHE S PR BR8-S RIENAEE R WRURL A B, FEAE I Ak
ETEBR BB Tl A A7 o 4R, DAY il & B BAR M AORURE AT RE,  AATIR 45 b
FEARTE R ERREHTTE, WA RBOCEAR FEFARBR B ARBARME T AL
AT — R 5 i R OB A ORE SR P B T B B SORURE BLAT R R A e e, mr A
Hl s RS S Wl A Bk A HCHEE BRSPS AROR A A o
SRV, TR AR o RV AR T8 Wi o — A B A IR, R AT s 7™ dh =, SEB kA

9.2.2 HikwEL

9. 2. 2. 1 HUBMPEILAIEE R

B LU PR BRI A RE (9 SORUORL 2 B 2, SORMAAR PR — e Bk . HEEJL
AR, SRATFREERIE %305 B B R I, AU R RS FRAEAT BT T B o

AR TIAUBBOR S LA 58 AR BOR LR RO, 4R B A VDR 9 ) BOAE
R ENTRL R AR TR MRS, KRR /NEE 1nm SRR SR, Bhg b, BB
W /NRAE AT IA 0.01~0.05pm. 4K, B AU IF X & 5 T 2R AR B — BLAR(E -
Huiting A4 BEAYPRHEORER RN Tume $0R “ICAERTSERREBEAURMERS , AR I
KT BERAE , QSR A] 1mm BARRY A FER AT A2 1~2pm 2 [ B AORURE - B A S 0
WESEEE SRR, R RO 7 3, 3l I AR B A i, vl A R/ T 0.6pm
AR ASUIURE o T SR [T 66 PR AR MR, T ) 48 KR 0.2~ 1nm i AL O AR HUBURL -
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X PR T A A AL AL B, AROOKR BRI LA H g, SR & SRR oad B i
e, HMHEIiegn it 3~ 10 5. KBMARY, =& ko, 6. SBass
e B L BAANIN TR I FREMRN G4 QOREBLESU. SEE T Tk A F
TEJLSEHIL T 30 REMMAM CaCO A47) ", A ARSI CaCOq; H A 18 5 HL -
THRAE AR RS AR B I BEPE S ACH T SL T A B N RE ) HARRTA
FITT 4 B AR 2 FhL P B Ak i B R R AR L T L P AR 3 o 3 9-4 B 2 i
T T L B AR A o

#9-4 WYL T BR R B RV

AL ALY (-10pm) AR EH-1pm) AR (-0. 1m)

PEBEORL Wk FBUR | AR RPERERORL R BURL | KSR, Wtk BT
WFHVER | SOORN AT AR & | TTYIBORIAERL KA 35 | EAOR, R
TEIRALRE AR YIRS ARRESAPRL

9. 2. 2. 2

BB RO PR AR RIS TR, YRR AR LK 2 WG B A3t o R BRI AR 3 2
AERTHE NP AT &, g U SR 8 Aok i 05 12

(L)EREE  BREEHLIE H AT 12 % F BB O R 15 4% o ) LAY SR AN R 2 1] B FE L B0F 5
M EYPRUBURI I, 2K I Rk B, AT/ T Tum BROREIR 20%. R iR 5 ORI
P R R AL, RT DAL I TR S A =, KR RORE S 3m.

)IREIERE  DIRSAEANIT, NRAEMEENTRSD, i RHEHRE, ArRA N
F 2pm FIRLIE 90%, HEZ ARG 0.5um HBANRL. 17 2R 20 4l 70 £
FuSE P BB A B 05 30, WRHRIAY B 2 TR A S50 H e WA 07 S A B o iy, (B4R}
W RE, RARATIR UK

(S)RzhEE Al FRIEE v i mT DATE— E IR MR R 20 W AR O Rk adE AT o b« JBEHE B9 )
EAE R TEYR I . SEREBHAE, -3 BE2id N RS YR — R IR 30K R T i
Mo SBE U THEEA T BT, PRshBE v BT P v B O R, A NP dh SR AR ]
& lpm AR

(4)BEFEEE  B— AN L PRI B R R — AN e B R A B o AR EC S5 A AN 05 3K mT 43
FERS AR RAES R EM KA fERrEE, —BERREREBEN R, P ERE
/NF 6mm. FF@BHAk R, —B/NF 3mm.

(SVRRAABE  FECAAR BB ) ] — o [ A2 s 0 ol e % B AR A L X A2 20 it 7= A 5t K BT 1)
PR Wik SRR F ) SRR IR 543 BUPD RO ) o 0% Ak B8R P SO 3 VR P AR 2 1) B AN TRT B
AR SHG FAL okiAk. FEFERTIPY, ZALERE P RARIE Tpm,

(6)BA/TIMIE iR — PR SR B A R R o "B R P 3 < (300~
500m/s) skH#HFER (300~450°C) MyRBEMEBORAE /= vl RidE BRI T A b
KEE . AENRE A, SR ] (ARl R 0 23 /2 AORE 22 1] 5 2 BE 2 (R PO . R BRR
KRB, 80 B Alpine /4 & FF K WAL IR 33 7] A0 B8 R 3 458 i Ml 5 A 0 LR
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FERRRLEEIRE T 1~5num. BERNBEYRPRL R, W2 FERE 1nm #7™6, Hitk
B, PRMERIR FIRATAE] O0.1um PAF. BR T 7 AoRL AN DAAh, SO RRAY P i iE H
AR A7 BORCRE YEH TR iBEs MR Ak ar

9. 2. 2. 3 BRI MAUAEAL

YORURURLSZ ML) 15 P TGO RE I , 382 K A o S8 M I R A BRAK i 5 Ay A A
I DAL Ao £ F 5 ZOBORE & 1A 25 A A AL A P AR RR R LA AL 27 o Btk
*#(Mechanochemistry), JFHAMEN AN E, LTRSS RHENIECN 35 2 AfE R
T RPN AL, B RE R AR U AR. R AE S
II2ARk e AU BERT DURE R B A R rho I A O, ol DUR — B R ) BB g - 20
2w, tEEYE W.Ostwald B ik$2H T RN 35 AL RN PLBAL 200 52, I
R R A PR T aX—rE, MR AU AL S B B A S B e A+ 0T 2

H 1951 45, BiA|2-% Peters 5B T Pajoff fE 7 KRBT % KA R
RLRIEFE AR, FFT 1962 4EAE5E — R BRI EMA 2 LR T BN <HUBIABSE RO B
W3, VIR T LRSI AR &R, S8 T S UL AR BCR, B
DAL 27 BN R AL 375 K AL S OB, SR T AL B . DUREIBFSERIT, %
FEESORZS T I, 2RI B LN 2 A Ak 22 AR AL B BEAL 2278 AL Y BRGURE W] 7R A
BB EBLAR -

A IDURAL AR 2B . (1) BRI M4, Jnakim 450 B R A E AL, TRk
A BRI S s ()RR P B A PR AL, ki Hbtk B AL F AR
P oS AR R (3)FE Rl 32 S LR AR F X380 A AL~ ORE, e — gy S 4 A8 oA
SR, B AR APRE TN B RS K S R SRR AL S R A

B2 SR A & DI O%, B — RIVMBOREE, AEE S, RHESR
RS AR E SREABI T B WIEXHURAL S B BERIESE, Bt R R
AR FFORMA SRR, AIEAY ToHL B &R Ok 7 R RS ) AR R T
H 415 (self-organization) Al AR SE I Z, JwBHMARDRH ORI B DRI K S
R TEHL- I & IREAT R LR &1

9. 2.3 HREERML

R BER A AR —Fh LR BE T %, 2RIB PR a UKL — A S~
100nm ZHle Z&RERBGBANRL ORI 288, 2O RF i+ BT S
R B FHER, AR AR A BB RRE o P T s R — A PR MR GR 2 R IIAL A R
S FEEGR YA R, DR AR I ) B GRURL R T 2R Y A B 46 7 1

B BWE LR R 4 R B OB B R AR R e A B e B R " k. K& 20
#al 40 BRI, EHRE TSRARMBESEERERET Zo Ko s, FEUIREITIEN
R REBRL B ARBATIITE, FHAE IR ESCk® 4 073%, JPRE T ZMER T Bkl
BB JORANRL . ZRIE B BB AUR KRB T 43K 0 SRR TSk BB
SR RIELFILR
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9.2. 3. 1 &R T4 %

&I MRORL 25 S B A RURL R IR I — PP SIS 7. KRR E T EE S
HM AL, HEEHE (AZE 10°Pa) A\ 10°~ 10°Pa ) IE/ AT RS, R
RGBT B LI, AMLBEREER. ERAY, B E. BRZENEERE
RIEBEBIARLT, BB+ — AR T EE SN NEE . A28 BT fiE
AT DATIR S T30 R S MR AL i, B 5 28I o &) MR I S 30 i

9-19 9-20 VEROS
1Bt 2-&E MM, 3-Hn 1-HLF485 2-KEHHH; 3-HER O 4-Hokiih;
4-1BEEAAER; S-EHER S-$4MR; 6-%Ek; 7-HHL; S-WiiAy

s 9-19 Frorno MM, HLIH] & i e m Bk Mgy Aly Cry Mn. Fe
%15 o MiEFZFERRA GBI T4 H & ARG S A R ES
RBPOROREL, PR 4 B R AR R P R IR S, R I s AR P i
HBRES, R T BUEAR Y B A SR RORURL -

9.2.3.2 HZEJME (VEROS)

VEROS 52454 i Ae 525 i SE 28 R B Wy b, AR5 188 A @ 0ROk Y
[EICEIREAF AN, PRI O ZRAR YR, AT SEBUAE S I ()l & B AORORE , Sl &%
JHERANE 9-20 FroR o

FE R A PR R T AOME, REORHN#G 2%, RUEK LIMRERITIT, ik
ARVVUBA e B £L 00 3808, izt O FaRmAbar il 725 SIERE i S0 07 1
RS, i FREER—BRE R, REp e A amEE L.

1ER B N RZRTUR S, B Seqeditk LB —PiokL e S5 AN 22 4 % 93 S HE
Yo BEEVIRARSE, XEREEVHER R, BB, BafRBUEE. X R A
HREYRAEE AR . VEROS JEIERIE T R 2K TE B BT S8, A8 ST
JRE 30 o A A L B B ) PR AR ORI AN B - TR, iR T R 208 ARURIOAE F i % [
o XS AR % B AONURL BT B T 8 o Rl B SR 2 R BRI R W
J 5 R A BOK 2 AR ORURE , PRI i RURIAE A28 437 i B 40 SR A 5

VEROS 45 pi L AT MBI B2/ T 10nm B4Rk, Bki A4S, i B
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BEAH B ST A3 BT b, DR B B AR A T 4. (B, VEROS iil#%
ARRSORUREAC AN, It DA il o 43 185 i 3 SRR Bl A8 DR R o

9.2. 3.3 "RiERRE

ORI B AONURLIE B 75 2R ORI GRS R R B, (MR, FFAEARiE T
BELG o AT BRAEYIBUINPOT TR A SRR R, SOEME ORI R PO GRSy, ORI
BES 53 A 23 I R /N BRI FR I IR BE R R o SX A RE IR N OB BE 3 A 7% B
BN WX — RT3 %, AATBGE T R R BIR, BFET ZMHBRF Bk BUR
Bk ERA: FEFHRERE WOHRMBAL By NGRS I AR
TR0 AR . HL AR K o

(1) SR AL A 5528 A i veg 3 1 S RO GRS AR IR 18 R - —
MR R 2000K PAE, FEERBOFEEERTF &5 SBAY 100~
500m /s Hy fId B8 JFORE R I, T {58 L0 R R DR 8 XVl S O T e, T TS S e
AR AKX X F BT E0F SRR ST BN R . [
I JE - B ST A5 B A F R R 1 o A0 Hh R ORL I - 28 B R R LR
BB 4 O . SR MBA L T AR & )8 Aasae. ik, B
i

(2FOEMPARLE  WOCERR RIS AR BRI T2 A , (8 R 3
SERER A RORAAEYI IR, I 4 25 Rk . — Mt CO, M YAG RIGHRBFOCERIIH
RER A EMRE N TR, @ ERER, HREEEFREE 10°W/em? L E, #
YESEBEAE FAEPp R A DB B A LT B W TR KRR, W RME IR,
TR LB GO A o SO IR T ) s B AORURL BRI, InOE eI ar DAL
WL EALZR RGN, YBROCES A Z 2R E R ; YrRHE N N\ EOGRER R,
A DATRGER AN WOER AR R b, FRIIASGER R, AT @ AOBURL I e
B, iRIARLAR N OREAR A3 A 2% B 5 o SRR AR o

(B) ML AMMGEAKTE P LT AR KM i, A28 BER, FRERT DA 4 th
BRI W AMPGRRIE N EZ B . AR R R R S 2R B 2 1™ 4
ZIE, BT ENRERTRTREZRL QYRR , WERREOmH. 2% 5ERA
/NGBS A o T RAE A I AT DAIRAHR R BB\ RE RV BT, R0 & T IR 2%
KW, Ta. PtERBERERE, Hl&HHMAEAY. R R EBEA-

(4) LSRR AR 038 RO R IR 8 A 0 2 T il o AR AR Y — b 2K
AP SRR AN i, 2 7 A LIk, DATAE R S R A i 260K, 7 AR B
A o X5 I HE B T ALO; — R E R ALY o A -

(S) R BN IR K S RS R NG R 3% il s AU BURLRE 20 b4l 70 4ERHITF
KR — PR T I% o 3K 5 A 6 DB R g K I 4 3 L 94 7 2 P R o R RN
oo JERL, PR NAT 2R BL KB AOBA o SR P 1R MO I JINSRA 28 A T W 15 RO R A RO L %
H5 rRR, Tk
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9.2. 4 HTFWHE

BT UAHE— R T BRI . A AERA N KX 5 3% PR 2 B G MUORE R o I
SHEHI AR BN 9-21 B . HPREEHCPTHEAE Ar =0b (IRIEEREE, 5
% 40~250Pa) , —HOARHR, 5 —HOh FAREEAERE. 722 N B0 R ERTRTE,
L= AW YE TR, RARBR DR TG v e B S - 1 ek AR AR b, SR v R 2 i R
TR R PR RSL HEURASIREIETT, #8RT B R GORURE A a4 DR 28 B
24 o

KRR 5A B 5% NAE B HEeR b, fEEm i E S ]

RTINS IE B R AR BB AR . LEMATT IR S
R ERE, HEREHATHEMAS. EEE5A
AR AR AN 13kPa [, N LB, 74T
W, ML T BEEAE SR OT IR 78, TR BB ANIRL -

WP B A AR B2 R AR R, BRI,
LR p S TR K N - (FR = L DA B £ N
BRI SR I, 3 T DA 4 i 45 R B APR AL &
Yo AR A o

2

\ i
L4

B 9-21 WSEFEEE

9. 2. 5 1-AL M 2-SEBARR (RN s 3-FLH LI

BT 2 B Landsberg fit Schnettler % A& ORI, BREJLARE &R
FFH48 45 R B AR A4 BH — P BRI 518 . R TR A, . el TR
WA EAE S HAIP A, RETEMRIE FTEZS T8, KERIFAERZE, T2
IS0 J5 WA A ORI o 1 SR MK VRt R A B AURORL , RS TRl Uk HRRR 25, EEEVTIRAR
EORURL . AR MR ER %, R4S e T TR, R 152 B AR A o

BHT R E B BN ER & SASE B TR, BT FNEREECH
NV TR A T B SRROK R 25 TR AL . X ARIR R MR SRR S THE R, oKk, HITE
IKER, TERARMIIRE NIRRT, AT DA B B 2 i Aok i

TR VAR AP TREEIE R DL K SR B - AEVAE b iy 34 A1 R DL H
WG RBOURL B2 2 SIS R A . BRAh, ZRUR4h TR AT AR B 2o FL A A R AT A TR
B, TR A B SR 5 FHEB, BRI ORER R 5T o

9. 2. 6 HAbYyEH& 5k

(1) RAERL L DA VRS L 8 R SICHEC P Py v e B R g v KRBT FL o AT HL R

LE AR, — MR 107~ 10s, Tiix 3 ) v A AR 7, J8H A 10°~10°V/cm.

FH B P HLIRE 2 BETTIE 109~ 10°A/ em?®s [RIBL,  FEAR I I 16 A K AE T80 HL P BT B B B AR

i, FERCRUBRII A DA™ A it e BT X — B, ) FIAE FAR S o 4 A R AE TR R

HATHCEM T EEM) Z M A FERCEM T, YoM L2 A mIE. 20 #4 70 444

A NGB RN TR S £, R T L RAEROR ISR o . H T B ARUR R AR
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N\ stz FURE Y HERR 2, ) P VAR T PR < BB JURE 2 110 S5 2 WL KA, AT i AR 2 Ay 4t o
FRGEREY, REEITRE R KAEHOR, SR DA SR Wit 7™ A K6 R R B A -
CFEAE —IFRR R X — TR EERHME R S RN FE TR0 XRS5
BT RTIE, FRBRIZER, BRI BB R . SR BERS N2 S AU B
IR . filn, Tek] & aigkaB AR, 72 50% Hy % Ar S8 ARG
i, MSKHLED 30~40V, WK 15~170A I, W3kE 20mg/s #™ 3.

9. 2.7 YyHEkHIFEHABIAR B R IR

KR & R KB Z ARG, BTl AT W hds AR BE
PR AR A2 M A WU R ER BT AR, HHCE R T AUAE . A 5 2 Sk
SRR R BRI S B BRI ST s KA S AL SR B B Rl BF 52 A0
BHR B S BRI ELEWI . TR HAFMITIE BB M RE R RS AL (L A AL
TERR RIS AL BIAR , MRUOBMA MR 7 BORE . @I AR I RSl &
o~ SHREAERVREAIALIN T, SEBURMA HAS B i, SEBUAS R G0N KA RORE B~ ORE BE 23
BORLEAR PR fLA fLE Al Sl bk Bk 6TE—RAERER AR
2R, FENEPK:

(1)FRAFH— R B A R ZORHA B BN AR % 5

(2)PRFFEAR ZALERIRA P4 M IR BN THA 5

(BVEME IR A ATIREALEIAR, TTHHA SREY) DORMEHIE G5

(4) KA S B BEA B 5 1) A 5

(SVB A B R S8CRAE T L B F P RE

9. 3 B HLFEA R

HETATEE KRR T SR T 5 G RS FRHE o BHR B2 B B2 A J5 A JE
BTG TNTF, SR PTE % A7 A2 ok, I SRR ) 2 T RRBIH R
IBBIZORIGR N o ALAE A R U REAS 2R FORURE , BRARORIIRE, EBURLR ~F
PEs), BRI R ; HARZ ARG HERILERE R, FREK, AR,

P BTH RAPIRAS R, WRROBMA LA G T ST BRI R

9.3.1 Kk

9.3.1.1 KMfERPHE

AR RUSE I il 4 AR URE S T4 0 P ) SR AL B P B 280, Tl ad AL 2R R AR
PR MY . AEORIPARIRIEE T PRI 1B, , T % 2 W BB AR BRE . $2IK R R
8 R BT K R AR 27 BOSE T 20 A SR 43 RSO B R R R 5 35 % RO i JRURH 25
5y XA RSB R RPN . B RN R A, IR
AL N F 53, — MR BN S e IR 7 SR G AL SO R 00 o B RS SE
S FIEACTT A B I AR KA SFE AR BOBE S v SRS
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25 P o

(1) Ktsk

MR R B — AL A RO R . — R R 0 R AL A B Wi S Tl A 2L A
LA TR KK R, 53 HBPRAARERL . #— A TR BTE
X

A g -B s C g 1
MR EORRE F R A DR RER RV R AN &R EAp st
L&Y, W Fe (CO) s SiHy Si (NH) v Si (OH) %, HAHM ML R~
FeCO5g—A—>Fes 5C0 g 1
SiH, g —>Si s 2H, g 1
3[Si NH ,] —>>SisN, s 2NH; g 1
28i OH 4,—>—>2Si0, s 4H,0 g 1

TR ORI DORIURL, 7575 B8 OB RLXS FE BL A O A H A s i i,
SiH, %} CO, i 10.6p m i Br AR AE Sy, i CH,SiCl KA ML B A REE
B MCHOE N F o PR R AR A O PR FOR N, ZEAEAR R I\ 8 SFe, A
AR BI MR SIC GORFRL . XT3 L EAAAIRIRL, W A1,0;5v ZrOy ZrO,—
Si0, %, AIE IS AH BRSNS 3 Tk, SRR S TR T, R0
J T X 25400 SR 1) 0 R SR o

WK 4 XA AR ISR 4 R 4 AR R P, T R R LA R S A R I
H, 5 NH; —2KMBFR o X R B B A I SRR S, i 2 IR M -

(2) KHAIE
AR A B B ) FE AR DA 4 5 22 AL AR AR 2 ROBE , IR A G A B P A A
W, B AEE, I HI& SRR GORURL . R A A B3] A T 2R 4K
WORLR A, B R ESE:, RV IERATLAER AL TR

A (g) +B (g) »C (s) +D (g) *

WSS BB AR IORE , i P NS A R R A K P2 A i, RO
REER R R AR, RMARR BRI PR % 9-5 5 TILMAE
SRR 2R T B B 8 BEAD, IRZEE R R AR RAE RIS T R Bl R B K A R
Ak JEAER] A AR R T AR N DA o M RS B4 R R A 2 T A, e
WA R BRI BORERT BURIISS KR/ KBRS KT HRERAR. K2R
PEETEE RS SRR MIEES &S RERE Sa. 5as wied Wi
ZEARIURL . AR E R B RN AR B A R T E S8, W AS R R B 52K
JB By A RIS o
9.3. 1.2 BOGESSMFERME

H 20 fit42 60 AEARHIHOE DR, WOEBARRE K I iz B T 5490,
Horpr g — AN EESGR IR . 20 #4270 RS AIFFETFFR S0G 8 & 5
A AR AR T PR 2 RS DAA AR ISURE A E W A2 RS o ) IO R
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F9-5  JLRIBR MR KTFEEE

SiCl, ¢ 43NH; g —1A3SkN, s  4HCl g 1 6.3 75 10 100
SiH, g 4/3NH; g —1/3Si3N; s 4H, ¢ 1 15.7 13.5 <200

SiCly ¢ CH, g —SiC s 4HC1 g 1 1.3 4.7 5 50
CHSiCl, g —SiC s 3HCI g 1 45 6.3 <30

SiH, ¢ CH, g —SiC s 4H, g 1 10.7 10.7 10 100
CH; ,Si g —SiC s 3CHy g 1 11.1 10.8 10 200
TiCl; g NH; g 1”2H, g —TiN s 4HC1 g 1 4.5 5.8 10 400
TiCl; g CH, g —TiC s 4HC1 g 1 0.7 4.1 10 200
Til, g CH, g —TiC s 4HI g 1 0.8 4.2 10 150
Til, g 1”2CH, g H, g —TiC s 4HI ¢ 1 1.6 3.8 10 200
ZCl, ¢ NH, g 12H, g —ZIN s 4HCl g 1 1.2 3.3 <100

MoClk ¢ 12CH, g 32H, g —I2MoC s SHCI g 1 19.7 18.1 | 200 400
MoO, g 1”2CH, ¢ 2H, g —12Mo,C s 3H0 g 1 11.0 8.0 10 30
WCly g CH, g H, g -»WC s 6HCI g 1 22.5 22.0 20 300

5% IEALRMIER, HRE AL ORBUR I TAER AP T35 H . 1978 48, EE MT
RS REIRME AT W. R. Cannon f1J. S. Haggerty %8 A$2 1 T HUGHE ML
LB BURE 2R AR IURL I S5 773 - M 150WCO, O R A LIRS SiH, fit NH; IBA R
P, BRI KIE, IWTTZEBERIE RIR T~ 2 F Rk, #1453 Sisv SiN, fil SiC
BHORBRL. HRT, SRABOEE CAEH & S E&EEY B FALWEGRRERL,
HA MY B R C 2T AR I Tl Ak . 380615 S/ AL 25 R S 335 F O
%aﬁghn%ﬁf R, A QKON A — Al 538, HEEARERE . I RIIREOE S
IR O i VAR W N VAR ST BU RS WA 15 ) e 1010 F R 7 e o [ e
AR TEAL, FEARAERGRT P SE R BL s Bik% BER AE KRR, RIS B
YIRAIARERL . ARYE J. S. Haggerty FH5E, WOEMBMGERN 10°~10%°C s,
2 . F5 1 vl B G B RN T 10 *so Bl MBI R PSR AE RV XN TR B A 1Y
K, KB O A IR — B2 2 A A 2 SRS T 7 BB o PRI R BEAE 10~ °s Y B
Al SE e AR AIAZRE TR AR M WG T X B 5 B IX, 8 i A K R BRI R =&,
WE 9-22 FizR.
Ak, GORBOR A AR E J, I HABUR B — Bl — e — A KA B R it
A—EFAEWHME AR . SRR AR &4 waks B4 RERESGER
HRATORE, A AR ATORE P — Bl Ao B T 125
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9. 3. 1. 3 ZE RS R N
LB TR Y AR R DUARAS . B B B S HSRLLE, Hd s Rl A iy
BT, BB EET BT BESHETES T ESWETRS TUREET-

I;L O_—4

Iu

II 1
@@3@ P
L] S D
CRAXKL 0"~
z-m_z ':?3.‘:‘:::3:3:3:3.. 1
9-22 9-23
1 —RRA; 2~V 3 —BObHG 4— RBIIX; 1—YEREDRE; 2 — ORI
5—RNHE; 6—%BE; T—REEAN 3—SB IR 4— il

P EHEFORE B B RIE 5O OB AR A, TR SRR AT i —
P <Ak, BHT, PAESEFRNERARMRE, MERRIEE TR SRS ETE.
REEATHE MEEE RS BEATHRIORRED K TRER TR ARERT
RS ERE TR X R X b — B R R 5k ER 2 L E/P, BRKZL
ERARR B TR IEF R TR, Z AR RN R TR TeRNEE TR, &
JERSFR TR, R R R AT LIS E 3000K DA E, ﬁﬁ%ﬁ@?ﬁﬁ%ﬁﬂuﬁi}ﬂ?ﬁﬂ
Dl pRR. Rmser:, EEARE R

FETARR—MERR R AR SRR TSR T AORAS T B TRk
TS ELAR R T DR PR A R R R, X SR B R B AT A R
Ritk, fE—EHIAM TR LSS R R . L, FISEE TR A . 7
RANEZET], AT DA 25 R i i AR R ROk o

SR TR GORMOR A S A R B . RSB IR R ASRE P SINTRAUE, T
SN N O Y NAC U A0 SV TR R R S ST R T i R N R a UPR
F AT BT ERTRES R SR s SRR, (EEORHBE I SRR
A, FERMVSHORHS 4 B 1R SR B M A A A SR RO i IR AR,
SR RO X3, 2RI R M PR B RS, AR B LR GORAURL . AAORAURE
SBSEFE NGRS E T . BREW R RE S AL R R E . WA 9-23 f
Ao RAER S SR XM EHFAEAR, RRAMBEEEFEREAR, aTALI TR
Hio JXRERT DAAE— A B Ll o DR HASA RS S s B R 2R S TN, o o 0 4 BE A oK
AL o

JH S B TR 2 RNE T DL s 5 A e m 4 R AL S an
RBURL. QR AF B R SO B R AR, RN PE SR ORI AT DASRAG R B F <
ZPRIBURE - o PTF A5 B F1R BR AR SR AL A, TR iR 2 SR AL S R,
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15 A L B < AR IORE o SR PSS 55 188 - PR 28 K01 TES N BB A DRI AR IR I
TR A B B 45 B R, R A B AL S B AORBRL . FIAREEE, R
THACE TR, BN SFE YRR I kA, S N AR L 4 B2 R
&, FTAA R A AL B R ADRABURL o 55 B PR il 4 SR UREL Y S B ke B AR 5
BFRRARE. RRE. BAHRE. B EME U PR E LA - H R A
FURERA: FHFE A BRI B SHBER MR g b P
2, e 9-24  Fiwo

9-24

g, RERIRES A R TR DAR 7= W e SR il 5 o S x
PR SRR SURE 1 Ay AL S AT A B R o

FL L, HEEFRRmBERSORREERT B0 TRBERRE R, i
FEJEORME R, SRR AR T ORI A, 8 JEORMAS A T G AR AR AR IX s 2o M X A
X, SHRIEORHAZE SRR BL I R R A o B IR M X R A, TR
X B SR B AT AL A o TS RRAA XS, IR BRAR T Mk T 3 S L P AR AL T3
PR ZEA% 25 i [F) 2 K T TS SR A R R o

R TS5 B IR SRAL 2 OB ) & R B OR BURL B R 2L, WSS Fikh A
BRI R, W AGRZMIERA S, AT AR RBET; FEFERR
REZE IR, ATABEAE R Ak 2 R N e 45 SHOEIEIEL, SR FHRBERER LT
AP AR, X AR R A AR UORL B — A W SRR 3

9. 3. 2 WiMHE

9.3.2.1 ¥

YUHEIL TR AR & — M S M & PR, ADLER] (i OH™, C,0, 7,
CO’™4§), BT — il MR Ak, TERAEIE MY KGR A BEh %
WY RGN YLIE R AT i, RS B, PRI ABE L P BB 7, 423
S BB B2 B B SRR R B, R ) S A A VAR, AR
BRI~ WRSES WA, MY @ YT S B SRIG XU T Ve
TR Ak B SRR o FORLAZIE 5 HUR T UTTE M BRIV EE o UUTE ) BRIV f RIS
R SRR A o N o i RS FRPRE 8 I Y L 8 2o PR JBE DR/ S R S o DT ¥ 4 AR
KB R IPIETE ATVIEE AWV KDL S M.

(1) EPiiEds

B LA T WP MNDIERG , FrA &F 58 R UIE BT BRIt . BT
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G msess

53 BCEAARAL B Y LTI AR S W L TTE -

VLT R B — AL B Wy SRR TRV AR IS, FROM B ILTTIE . X R b &R B 14k
VR HORBCHIAW, 52650 B a e X AT IEY . IXFE, MUTTENR &8
TR ZWET Y EWEEITR Z L, JEW v OEBIFE R T RE B s 5
NF o BB RASMLE Y, YEEILRZ 2T R AR, " DARIEAE
BACE RIS A G . B, 78 Ba, Ti MEEERHVERTMAERIERN G, BR T8
A& BaTiO (C,0,) , - 4H,0 JiiiE; & BaCl, #1 TiCl, iR & /KE R H AR 5
WAIFE R — LG4 BaTiO (C,0,) , - 4H,0 JiifE. L Ein (450~750°C) M,
23— R 5| VA Hl4E BaTiOg kbke XI5 B s b VS IR A, OO A BRI SR
BUTEEN, W e BRI L ) A2 R UL «

R P B LT IETE W] DR Z P B iR S B e AT 8R4, 41 BaSn [C,0,) , - 12H,0.
CaZrO (C,0,) , - 2H,0 %, M#l15E BaSnO; fil CaZrO; 2840k Fiki o

WYL =Y AR AW, FROREWILUIE . XPh 7 VERRAE 45 P BH B - 7E v i Hh 5
WIRF RGBS . ML PAFELERE, FEMBRESLEEEHM pH E. B EHER
ey BRIREY BREREY TR, XY SSEYTE AR, H pH R AR AE W
VARG o

—AREBEHH RN AAEREREL T AAENILT H & H
ZrOCl, - SHsO 1 Y 05 A EER S ZrO, —Y,0; MR BURL I FR AN . Y05 AR
WREE] YCL;, )54 ZrOCly. - SHsO 1 YCI; Be il i — & ¥ B TR SV, AEH
NH,OH J5f## Zr (OH) ,f1Y (HO) ; MULIER T ZIRIEIL, KM KANT

ZrOCl,+2 NH,OH+H,0—Zr (OH) ,| +2NH, Cl
YCl;+3NH,OH—Y (HO) ;| +3 NH, Cl
B R AN ILVTE R TR G BiK BRI 58 B IRIFREE TR ZrO, —Y,0, ik

REVIVEE AW Z R0 WA R .
R FHE FAREF B U0E . SMEFULER LS 5 i
Wiy pH {EEYIRI%. #itn, Zr, Y, Mg, Ca M 3
A NIKTE S, B pH B WG R, #hhd
JREFRAEVER pHEVEFEAF, WE 9-25 Fir.
AR EFEF A NHET UL, TR TR SR -op ‘
HBEREMHRIE G TR . A T IR o2 oo
S, JEHE RS A B R B SRR I F i &

MIUCTERI R A T AN BE R, MFTA VIR FRRIE B 9-25 KEWrhEETMEEN

RFGE IS PLTE I PR B, R A 45 2L A3 4 Bb 491 ) It BTFHKRES pHEMRR

VUUEH SR, MIMAR2IERBH S WPy, HHTF4hz

M) PTTE 7™ A UK B e DT I8 FE AR 22 57, WROVA T 1 D 8 D 1 /K P g 2 50 i mT B 4 3 2

%o TEAEUTIEW 0] WAL & W08 e T B LI, o ARMERS H 2 s iy 3 53 1k
HPEBEAEAR TR LR R MVIHE, HUER—MESY . WToR &b D13 i B s

Ca?

log C(mol/1)
i
s
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AR JRF RAF_ESEBUS B3 SR A I Rt TIRNRR -

(2) HHUHEEL

— BT e R AP B, AHUR AR T E IR, (2 AR, )
FER UL AL T PP, HUUTERBAE R b s St i B, XA AR AR
PR I A R AT AR AR A, W SR T R A A R T
TEF M58 BT B R IR AN S, S5 RUTHEAS REAE B VA b 34 57 B Bl Ao
filan, BEIRFR KB AER LR E TR TOCHEE, JRREKRAEME, B

(NH,) ,CO+ 3H,0—2 NH,OH+CO,t

FH b AR R T ) NH OH 83 J8 Eh MvA R A 3950, 3BEAR, (ER0e 5yt
RIS, FT PR AR 43 PR PRS2 IR LA R 2R 9K P M), PRI B T DA 38 40 ik JEE e A
ARAR - N TR B R 3 43 iftatt 2R 15 B v ARONE , R BE R O 32 w48 22 AR B35 S DL
AR MR AR BRIE Al (OH) g hiFo

(3) AKFEYLHEL

VR AL A YT SR K AR5 A S B B LTE 0, IR 2 AR TIORE . — MR T &AL
Y KRG, BRI RS Gt i A o BRI RO A R TR, A
Yy BREREL. AEERER. BEILE. BAh, BN RMEEEEE.

TERLERARAFDLE IR B . Tl ML TEALER K &9, FmIFOKMRA A, SR L
PERIERS S5 R ETEAR B GOORURL . SX A5 3% B AT IE T TZ 08 F T4 0 bR G A, B
A2 RIS o 0, 83 X R VAR BRI KA T T , B BRI B B3 OB 25 TiO,
HORPURL; B KME =M R, ATRa —Fe,O5 4IKBAL -

EREHREAVEBEMASYH—F. THER M (OR) x #ox . &REFHLE HE ROH
W H Bie)m M BHOERM — S 8, Prolved@ s Ll 5 e a i R i
AR, GERBRIE BRYESE. SRANEEERE TAALARI T RE L AU, A
SEAALY KEYIRLEE . FIRIX —JRE AT A o MR ER 0, Ak PLIEs THRSE
B A 45 ALY PR B GORRL o I oK AR DT M R A, PN LB T 4R 15
AL B B ANORIBORE s ST SR BOK B, TR BT, F214% K0
BEAACARIRL - 1645 1k, NATISR B SR AT TE 35 % 7 V7 2 AL Y P B A K R
SRl & I EA L TR R © RAAVLIRRI e B B fva s, T AP 20
KRR S s @ ATl &AL AT BRIE &SR AR

9.3.2.2 K#ABRY:

TR A AL R TR ] 2 AR RIORL B — Bl J5 . — M AE 100~ 350°CHJEE Al
AR FETA AL E Y 5K, A ST RS My B R 3 H), T RL
BREYGERM T, TS Yok THR, TEEIRZE. M0 A& AL -

TR PE L AT LRI PR AS R B SE R BRI T B . He— B AR, B SV
SHPEWEN R ERYMEZN, R MOER, A RE TR RRE; £ 8%
3%, BIERIEZ NS, PR RS E T RsRrEs £, s ERs MliR. —
M AN A5 RS ZEAE AT AR AR A s R
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HAT, KGN — MR B LR AT EN . o B AT R K G %
MMEFE, EREEEREMT miRRERAK Y, 528 TR TIRANR 5 0
AALES AL A PR AL BR AR AL -

9. 3.2.3 BEHREE

W% 25 R 90 D B K 5 T 7 1E 5 1 R 8 3R VR IR BB Z AR, S N IR e 1Y
RN, BRSO AR R . — BN, &8 3h BvAF b 7 e sk
WA, FRHBRERMREEE . WERIRE RS AORBR N F 2R A . IR ECH] B
F RV WEESNAFEARIT . NIXAE SO, WA N EREE I i % )
XTSI RAE P J7 AR, AT BB RAFE S A E T WK B AR
FIBE AP

(1) BEFTHE

W% 35 I A 5 ) S P < R S 7 VA R S L Y S S R R B R A R S IR AR A
M—F 5, A IRBEN TR TR IR B, 4 5 ER gt b PRAR B 5 AL &
BRI ARIBURL . R FX RN AT DA Niv Zn. Fe MR CeO, Ak Bk, HAAR
PR B BRIRBR IR A KER S, RS T 10~20u m {BAHEREE R BRRAL
T, %4 800~1000°CHike, BIRIRIFEREFEREIMRRML BRI T, ZbF2H 200nm
SR 2H K, o

(2) BEFKMFE

WSS KL R — R R B R, MR RN S A EBIHRNAERE, &EE
AR B AL I R , 57K S R TIK i, T BBR 43 Uk ) S AR Ak
GGG R EAY BN . XA AR ORI A B T, A, RoPAr#E. HAK
RS RN EZRTF ER ORI RN o A5l 155 4 AL O3 B ASURIURL W] R FH L 1 46 o HLAR b2
WA FAHGB RN (868 ~923K) MA/HE R TR MZERE, /R WMEA 500~
2000cm min, 48 TE AR SEMIEJE N 395~428K, BEEh7ESE<1133Pa, f£#R
FRRAER TSR FALRAM B RARERIRE A SR . RSN B HEHRE TRERK,
RS H HK R B s B (boehmite) Bki/k48 A (diaspore) MEAYK M
. SHAEFTIRIEH AL O, FIRB ANk -

(3) MEZEIBKeEE

W5 55 K v R R VA 48 A 2 /< S /N R W M W Y T 54 NI, AL S IR
BERSTR, AR BN IR AR B T B AR, A AR R AR R AR TR A VAR & L
AIE AR R A, WRIEKS FEERTRE AW, RARR/NIYT 3R 3R BE VAR o
R AAEAKG, BAT LT K — USRI B

(4) BFMRPAE

WS SRR s R BV TR I RR ARG, AR iR T BR a4 A T Tl A5 AH 12 1) 4R K 350
Bio WEFERMEBTR—WRN—RM T, BRI & B BAHE, 4
RN GRS Bk, EHESEP TR WERENA. KRR TS
i 155 Z A ALT R AP RO AR BORL, BRI 3450 BORLIRET, — B B AR A BRI 5
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Hl AR, R HIRREIRRE R, JLPR_—P RN,

0.3.2.4 BKR—ERE

VR FEE — U BRI W) 68 AR SSIUORE ) # J56 A JET B - AR Ak 205 i ) i 2 s o pL R
A BB AT IR , B RAVAE VAR B AT WV, Y5 5 VA 72 AR K g SR A R
RN ERE G, —BA Inm 224 R FIH BB . 8% ZR RN YERMHE T
YR E, BERMN, RV ARV EMNERER. EiXBRM PR VIELR
Ao 83K TR R BT AR A PRV B S A A B T o

TERE R H B A KB, TS BRI R R bR B i, HAEmAR A%
G RARE T, B 5T U S RAL S AR o VRS R — 8 BT ) 4 A R Uk 1
FRrp, AR VA IRAEE AR A AR o T FR PR IR B R A K AR R N AR SR RO, B
R A

M (OR) n + xH,0—»M (OH) , (OR) ,_,+ xROH
— M—OH + HO—M—— M—O0—M + H,0
(FIKLEER)
— M—OR + HO—M—— M—O—M + ROH
(REEHEER)

BEHER—ERAMSEIR S, WbRE R B ZHNAAA LA EESEER
—EEBAL I R B, BIVAVRAY pHE. WEIRARE RVIRERR M H . WH—
FERI A M RTIRAR BE AR TCAUL B4, XABHAEY, EATRKFR YA AR F
S TCALERAETK VAW oK A, FE LK ARA T i 2 B & Jd B B R/ M fiitk AdfA
BEFRZW N NT&EREh— KRR, HERES, WA TCRALRIF TR
FIFPE. K SEEER B /R b BEERMIANR. VARIA S R KA B 2. Bbsh, &8
P2k B IK AR R R 3E HA PAR M (BAR A 2% o 4 SR R P 5K i IR DL AHAERE &, —
Mt 22 B pH AR RS, B2 2 Fh M BT 52 o

9.3.2.5 y H&LERY:

Y b R 5 KR OR BRI S AR R R Ry — i T 4, SLIEAC B R &
JE SRR Y STAHR IR T B P08 R 8 AOKRNL T, PRI — P BT B 5 Ak S B £
G, LEWERT, AUMEFREETRIE, BT RAIEL, Fl R0 A4
JBABURDRE AR RSP AT AR 64T, AT A 50 97 1k 7 RORE B AT 3R o SR 2% 938 vl DAl 4
HA SRR SR A GORBRL . AT, v SHESHEN A T B BURARE, H
BERURL PR AT IR . DA, AATIDOCHKrY S RS KR IR G BER, Hl& %K
AR TIRL o

Y KBS IR A ORBURL I B AC R B SR me &R 3, SRR
FAy SRR S m EAH, BRI AR A RN, AR R UK AR, AT
FE— RIS RPN o FJrRe % TR AR i 5 i AR R BT e TR A e N i
TIKIEE G, BIAF 21 MORRR Y S AR RURE . 0 R R E2LEAE DL T
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H,0—"*>u H;0 H- H, OH- H,0
e M" L& sm ™!
e M™! L 5 ™2
e M L 5M°
M’ =M My M; M (£JBJORBURERE )
M My M; My ——— > M My Mz Mg
(WiHA) (S5 IR
9.3.2.6
My StgesmiEmel, wrimidoR — P 2R T T = ROV T . SRH
FARBERT SRR ER, 7T DUIER B R B IE RS R T RV AET R
PLAR ZR 43 F SR F R NS T R AR 2 B Rk, TR R T R R 55 BR T 4k
AR N B AR AIKRBURL, SR IR, [RIAE T s = S R0RE 4 25 Sk
Fo Ht, BRSO DEERIERARBUR S, AL B —Fh 5. 8%, TiOo,
e AORBURAE 7 R IR T & SBORLFIRE 45 5, AR B SR AR R I

9.3.2.7 HEBE:

RS2 4 AORBURL A B AC JBIRE - A JRORKI e ) 4 B A, SR JE NI 4 i o T
TR R LA, AT RIS SR B AR S 43 R A Ui - FREd i Y Wy B R
18, st BAraE, BR2okml, BERZAHM, Bamem My REARBA . BT
Hl g R S 2 ORI, NPT i Z A RIS 8 . MR BE B3 4 AR TR B
FEIFRLE 9-26 Fim-

r J1—0 J— |—
-]

9-26

9 3 3

9 3 31
HEEWHRMERAIER:  Me+X=MeX
Me. X 4HIREEBEMALEEILR. B THCETME, RASUER B N, &8 EAAW T
VAR B BGE - H T, FIBR BRI AR B BRAL P 4 die 2 B Tl J5 3%
LT, ¥ HERAADRESE, TAXN R PERER:
MeO+2X—-MeX+XO *t
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BBS.35004,COM

BRI B A 2MeO+ 3X=2MeX+XO %
FHYE A = R, A I NH AR EAL AR Ny, RV R -
2Me+2NH,—»2MeN+3H, 1
EFZIHEIT, D ERMREAHRSM:
2MeO+N, (5 NH,) +2C—2MeN+2CO+ (H,0+H,)
Wi E A Bk E 3 R VW] DA AR I 2 Ak A Pk, il :
BaCO,+TiO, —1® %, Ti0,+CO,
AL O;+MgO—MgALO, (RfHFA)
Al,0,42Si0,—3A1,0; - 2Si0, (EknA)
FX — T8 vl AA = S FsAL ) ALY BALPIR A, R PIREEAR T 24415
gihnzk 9-6, X 9-7 fizk 9-8.

#9-6 A A B SR — AL B I UL B

WAy H4y FIARS BETEE (C)
TiC Ti (TiH,) xR, TiO, %2 H,, CO, C,H_, 2200 2300
1
TiO, +R 2 A 1600 1800
_— Zr (ZrH,) 1Tw2E, ZrOo, T2 H,, CO, C,H_, 1800 2300
I
ZrO, TR HEE 1700 1900
HIC Hf +x%, HIO, 1% H,, CO, C,H,_ 1900 2300
vC VR, V,05 B H, CO, CnHm 1100 1200
H,, CO, C,H,_, 1400 1500
Nb %%
A 1200 1300
NbC
Nb.O +9J”z¥ H2, CO, C.H, 1900 2000
Ak HE 1600 1700
H,, CO, C,H,_, 1400 1600
Ta +xE2
A 1200 1300
TaC
Ta,0. H,, CO, C,H, 2000 2100
a 5%
e HA 1600 1700
Cr,0,4 Cr +mH®, Cr,0, 1 R%E H,, CO, C.H, 1400 1600
Ty Mo +%%, MoO,; +RE 1200 1400
O
5 M, =2 H,, CO, C,H,_ 1100 1300
we W+RE, WO, TxE 1400 1600
W R2 H,, CO, C,H, 1200 1400
Si+C
SiC
Si0,+C 1500 1700
9-7
%) H4y SRR
TiSi, Ti+Si EEAE ) 1000
Z.Si, Zr+Si ERERAE nE) 1100
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BBS.35004,COM

VSi, V+Si WEREAAR «<n4R) 1200
NbSi, Nb+Si A ns) 1000
TaSi, Ta+Si PSR (nsR) 1100
MoSi, Mo+ Si SR (A 1000
WSi, W +Si WS (RER) 1000
TiSi, TiO, +Si B 1350
VSi, V,04+Si B 1550
NbSi, Nb,O5+Si B 1400
i HAERERFEAE Tl B R4S, B AN e BAa 1k
9-8
g7 AR mE (°C)
2Ti N, 2TiN 1200
TiN 2TiH, N,-2TiN 2H, 1200
2TiO, N, 4C-2TiN 4CO 1250 1400
27t N,—ZiN 1200
ZIN 27rH, N, 2ZIN 2H, 1200
27r0, N, 4C-2ZiN 4CO 1250 1400
HN 2Hf N, 2HMN 1200
VN 2V N,-2VN 1200
TaN 2Ta N,-2TaN 1100 1200
CrN 2Cr 2NH;-2CiN  3H, 800 1000
NbN 2Nb,0s 2N, 10C-4NbN 10CO 1200
. 38i0, 6C 2N,-Si;N; 6CO 1400
SI3N4 p .
3S1 2N2 - SlgN4 1350
AIN 2A1 N, 2AIN 1600
Al,0; N, 3C-2AIN 3CO | 1700
BN 2B N,-2BN 1500
B,O; 3C N,-2BN 3CO 1700

9.3.3.2 HIBUHIALY HBRALTI
X R WAL B R %, HEEAR R R
4MeO+B,C+3C—+4MeB+4CO
ATER BN BoOg PAREAR B it i iy 1 B3Rt mT i BoOs AR R HRIE

A
2MeO + B,0,+ 5C—»2MeB + 5CO
9-9
itk Ha ARG
H, 1800 1900
TiB TiO,+B,C |-
2 +BCHRE i 1650 1750
H 1800
ZrB 7r0,+B,C +3m 2
2 2 HB.C AR i: 1700 1800
H 1700 1750
CrB CrO,+B,C +¥ 2
g FBC R i: 1600 1700
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w4 )R IE SR ARk :
6MeO+3 B,O;+ 10Al (Mg, Ca. Si) -6MeB,+5A1 (Mg, Ca. Si) ,0;

FABRACAITE 227 B AL B I TR Bk 9-9.

9.3.3.3

&IEICR ARG, JEI BRI AR o SR R X A R T i B EE B ke i
FERIBAL S PIRME, XP T EARZ A H B =R &% (Self —Propagation High—
Temperature Systhesis), Bl SHS #iA. SHS EARBEHET 1967 11 7B~ Bed)
PAL AR AT IRSS, B8 TRKMEID, KR —RARE™ 400 ZMLEY
k. ZJETE 20 fihal 80 AR, EEMHARMBELT THRAIRFSE . SHS BRG]
WEHE 9 DA R IR T3 1] o

(1) SRR b oA RS T =4, WIRRA “ToARE B o TSR R R AE [
MAAREER RGE T, WK “RUEBBER, FEERRHESDEAY. #
i

2Ti+N,—»2TiN

3Si+2N,—+SizN,
mAREEMELE Sy Sev Tev Py ifALAUE (WRE) WIRGWHHITRE, TR S
ARERASS, KNSR, W2l SR .

(2) Bl AEE AR A A VA EEEEAEER (i AL Mg %) 1
R, BISbR bR HT T AUA R — &8, SRz h Al (3 Mg) #k,

BIREANY B L SHS HAR M HE R Z — - filan e Te BRI AW E BT 54 -

6Cu+4Ba0,+Y,0;, —>2>2Y,Ba,Cu;0;;_x

F SHS AW RIS ERILEY, Wk 9-10 FixR.
e A E AR RS, BT RS RO T AR, W R R SRR . T R AR
BT A, W] DASINASAHEE BB AR, A5 SR TE JR R » AT DA DA 75 4 3l 45 05 1
51 a1 e LA e 4k T A BB
A (s) +B (s) =C (s)
PR BEE A, FISINHEBRMA D (2), ERMAER:

A (s) +D (g —— (AD) (g)
(AD) (g) + B (s) —2> C (s) + D (g)

SR ERRBUS IR AL A T FORLIR) AR AR Ak AR, (AN S 5 R . AN  ROR A
WHFRAS R, GaReT g S5, JE R R 4

AERRAE I R b T A P A T DAJROR$ 150 [ AH SRE I 3% o BEIN , SR P LB A AR A
W RT3 R R BOE B . T SHS HOAR M ERA AR AL LA, HUd A A Bani A
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SEARESNER NP, TR BT A R R R IR R, P22 .

#9-10  SHS SAMLAHEN
& Bifkaw Pemih HRRE: BREUE
Bi4V40“ LleO3 Bi2M006 Nl] X ZZanuYFezo4
Bi4Fezog NSNbO3 LiNb MOO3 2 COF6204
Bi4Ti3012 KNbO3 PbMOO4 BaFeZO4
Bl3TleOg NaBasz5015 Li MOO3 2 BaFeuOlg
Bi3TiTaO() KBazNa5Ol5 Gd2M03012 Li2F6204
BaBiQNbZO(; BaNb205
PbBizTﬁQOg BasNb4O 15
BiCU3012
MR ER ERIR AR ER FRmRER
LiTaO3 BaTlO3 Y3A15012 YA103
NaTaO3 BaZrO3 Y3Fe5012 MgA1204
KTaO3 PleO3 Gd3G35012
NbBaTisO, 5 PbZr0;
9.3.3.4 FEHMLSHEDE
[Al, NHy; , SO4 4- 24H,0] ALO;
Al NH; , SOy 4+ 24H0——>Al, SO; ;- NH; ,80,- H,O 23H01
Al, SO; ;- NHy ,S04- H,O—>2—5Al, SO; ; 2NH31  SO;t  2H,0A
Al, SO, ;— 0 5 ALO; 3S0s1
y A1203 1300 15 2 0h NG A1203
9. 4
9.4.1
9.4.1.1

WYEHE S (Surface modification or Surface treatment) J238F] F & 2418}
B, SRAWEL A% BITIEN YR RE AT AL BE, AR R R B R A H ik
o BUB R R R TE A P PR S SR B BEROR PERE , QR R SR RE A R AR R
[l

T HE T R A R R AR, DA BB B BT LR ROR R R
T

FETH BOPE B AR IR I R AL S R T5 Yk, AEIX 2R RS R R AT ) T 2 TR Y 4
53 s AT R YIAE R DI SR A T ) BEAL 2P

RSO ™ ik RE B LR To b 8RR, HH B0 T SRR S T RE,
A T IR AORME FI 2R, AR R 7 3. R A 37 1 W BLJS R RE R -
AZEIIVERT, o n] REAAR S B W P sl 7 o 3R R R R A R B A
WERE, F, RO SGET AR AE AR, 3% SR A E I R i B
IR T AR F B
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9.4. 1.2 BMEREUCENE K

RN AR BRI 4 TADRE R B A AR, SO Pkt &5 A S A i
fifo XETH PEORE, BRERES. RIS L. WA fAER. B BRA. AB%, R
AT AREARAT R A2 72 BAS , IRRESR MR PE B8 RE . RTHR e it DL R A ) S
KRRk AR RE , QNS e BEREE. Andagiebbss. (HBTIX ST PR S 3,
AR B R R AR, A2, HMEAIERE R P08, Hid £ rH
TR 5 SEM RO L ) SR8 T W DA K S e AL 2Bl o BRIL, B T ORLBERORE B 4 A
MR ZAh, BT TCHLT PRt e AT ek, DA LR A AL 2R e, R
H53R, ANLR RS AL SR A e, REHAEAIEE R f, DR EADE
PP P I 25 Atk RB . ERUERT DL, 3RTE Set 2 ToALT PRk — B R BOR S A Th B it
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-13 .
};(2)3 . 27xa? 10
9.2x 107 1.25
1227 10117
1300 19.7x 10 Y
1337 s60x 108 10
1383 021
1452 1,00 .
e 3.00 1073 0
25.00 107
0.18 0.19atm
0.07 0. 09atm 11-2
1383 Fe ,0s 0.21atm 1350 1450
Fe ,0O4 Fe;O, FeO 1500
10 7“5 10 ® 2atm MnO, Mn,0O,
11.2.3
Fe;O,
FeO

FeO
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~Fe® e
1
2
3
1
2
3
4
5
I =
C
Ca
—_—
I'o
C,
11 3
11. 2.4
H, CO

570
Fe ,0; - Fe;0,-FeO - Fe Fe ,O4
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11 5

Fe, O, 3CO 3CO, 2Fe Fe,O; 3H, 3H,0 2Fe

bB., A, dgQ. P, 11-20
1 A
2 A Q
3 A B
a A
A =
c P
4 = Q
5 P
11 6
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11. 3
11.3.1
1
G=Q/(teF) 11-21
G— m3/m?2-min
Q— m?
t— min
F— m?
2
Ap
11. 3. 2.
Pezg(L)n 11-22
F Ap
Pe—
Q— m3/min
F— m?
h— m
Ap— Pa
Pe
11-22 n
n n=0.6
n
n
10—Omm, N 0.55 6 Omm n 0.60 3 Omm n 0.95
n

n
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n 0.60 n 0.65 n 0.60 n 0.55
E.w.Voice
11.3.3
1
d [0) 3
d
2-13
2-15 dp
11—6
L
:
2
L5
i
@
] ':' 1 1
EAP= g - c Lo
11—6
0] 2-5
2-1
€
€ 1—r /r 11-23
r‘ J—
l" JR—
11-3
11-7
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10 € 0.478
0.4764 3—2
0.4764 0.3680
0.5 0.53 0.43 0.46
11—3
** 6 «a B €
6 6 90 90 90 0.4764
4 8 90 60 0.3954
2 10 60 60 0.3109
2 12 90 45  0.2595
0 12 60 547 0.2595
1—7 1—4
C.F Furnas
11—8
=daids

LN [ 2]
LY
F B e T
] m T} 1 L] L F L] w 0 1
e s B
11—8
a C.F
(b) m K X d,/d,
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dm/dy ) €

i/ di dy 60% 70% &

€

67 33
€
€
(0} €
€
o
n %oy 6o gan  1IE0 1500

Ar.

Gl pld T L TH
o . v v T v

11—9

As Ag

11.4

sSio,
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1141
11.4.1.1
Fe,O, 1597  SiO, 1713
2FeO- SiO, 1205
11
11 4
SiO, FeO 2FeO- SiO, 1205
Si0, FeO 2FeO- Si0, SiO, 1178
Si0, FeO 2FeO- Si0, FeO 1177
Fe;0, 2FeO- SiO, 2FeO- Si0, Fe;0, 1142
MnO SiO, 2MnO- SiO, 1323
MnO MnO; SiO, MnO Mn,0O; 2FeO- SiO, 1303
2FeO- Si0, 2Ca0- SiO, CaO,- FeO, .- Si0, x 0.19 1150
CaO- Fe,0; CaO- Fe,0; — 2 CaO- Fe,03 1126
CaO- Fe,04 CaO- Fe,O; CaO- 2 Fe,04 1200
2 CaO- Si0, FeO 2Ca0- Si0, FeO 1280
FeO Fe,0;- CaO 18% CaO+82% FeO 2 CaO- Fe,0; 1140
FC304 F6203 CaO- FeZO3 FC304 CaO- F6203 F6304 2CaO- FeZO3 1180
Fe,0; CaO- SiO, 2Ca0- Si0, CaO- Fe,0; CaO- 2 Fe,0; 1192
500 1500
3min
1
2
3
4
5
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11.4.1.2
1
2
3
4
5
11.4.1.3
1
11 10 SiO,
2 Ca0/Sio, Sio, Ca0
11 10
3
FeO
4 Sio, 5  Sio,
Sio,
100 Coal ] 2 B0 192 A TLTE]
EO Bt
=
% gl < ga
ol [ -
. =
u 4ot o 4n}
o) m
® an % zof
o ol . . )
Toon TA0G  1E00 1500 14C0 1200
H:ic'x "15":; Eil]g J?E‘E-"E
1 10
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11.4.1.4.
1
[*I'*"E®dumenxo  JI*A+*Kosame
11 ll CaOO__S' Feol__s' S|02
CaO MgO
Fe,O4 Fe,O; Fe;0,
CaO- Fe,0O3 SiO, 6 3x /2 2 x CO
2Ca0O- Si0, 2 3x /2 2 x 2 2 x [CaO4- FeO,4- SiO;] CO, 11-24
B g S -\..E \i\‘ L
]
o B
Y
GO N [l
=0 . Ak 1
— S al - L3
s . @ -
=
= &
1 1
a CaO 05" FeO 15" SIOQ b CaO- FeO- SIOQ (c)CaO- F6203 d 2CaO- F6203
1 2 3Ca0 4MgO 5A1,0; 68Si0, 7Fe,0;
CeBeba3unes —
1350~1400 0
2
W W
w 20 x 10 '3/m? o
W 612 1 cosO 11-25
0,,—1 2 1 2
0 —
Kapxkam Fe;0O,
11 5 Fe304 CaO' Fezos
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FE304 CaO-SIO 2

N- Ponghis 1350 1400
ca? Fe;O,
Fe? Fe2* Mg Al Fe;O,
Fe,O, Al
ca? Fe;O,
11 5
o 10 "J/cm? 0 W 10 ‘J/cm?
CaO- Fe,04 505 32 934.8
Ca0O- SiO, 490 0 980.0
2FeO- SiO, 480 61 712.0
Ca00_25- FCO]_75' SlOz 415 80 485.0
Ca00,5- FCO]_5' 8102 390 58 597.0
CaO().75' F601,25' SIOZ 375 37 675.0

11.4.2

11.4.2.1.

Fe;O0, Fe, 0O,
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11.4.2..2
120 130 /min
40 50 /min
1
Fe3o4 Fezos FeZOS
Fe,O4
2
2Ca0O
SiO, 11 6
11 6 y C.S 10
3
11 6 2CaO- SiO, C,S
a a CS Y C.S B CaS
g/cm? 3.31 2.97 3.28
1436 350 350 273 675
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11.4.2.3
1100
B,0,600 1800
5%~7%
11. 5
11. 5. 1
11 7
T 0.57T T 0.8~09 T
11 7
CaO+Fe,03 Ca0O- Fe,04 500 520 600 610 650 675*
CaCO+Fe;05 Ca0- Fe,0; 590
2Ca0+Si0, 2Ca0- SiO, 500 510 690*
2MgO+ SiO, 2MgO- SiO, 630
SiOy+ Fe;03  Fe,03  SiO, 575
Si0,+Fe304 2FeO- SiO, 990 1100*
MgO+ Fe, 05 MgO Fe, 04 600

*
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MeO+C —» Me+ CO 11-26

RO+R - RO+R 11-27

RO+R0O, > RO*R,0, 11-28

mR,0+nS 0, > MR,0enS0O, 11-29

R.O, +(m+n)C - mRC+nCO T 11-30
900 1000

T 20T e

i = J
600 800 1000 1200 1400 1600

HREN,C
11 13
11 12 Fe0s;
a CaO- Fe,0; b 2CaO- SiO,
¢ MgO- Fe,0O; d 2MgO- SiO,
1 Fe,Os Fe,O4
Fe;0, Fe,O4
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11 12 Fe,0;

Fe,O4
1200
1250 Fe,O4 ,
1300 1350
3 caO Sio, Sio, Sio,
CaO 3Ca0- Si0, 2CaO- Si0, 3CaO- 2SiO,
CaO-Sio , CaO 2Ca0- SiO,
CaO SiO, 3Ca0-Sio , CaO
Si0, CaO CaOSio , Si0, 11 14 CaO
Sio, 1200
2Ca0-Sio , 3Ca0O- 2Si0, CaO-Si0 , 6
2Ca0-Sio , 3Ca0-Sio , CaO-Sio ,
' e
?,E
*
&
o
&
a2
™
11 14 CaO SO, 1 1
1152
c=-y/p y P

11 15
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dv/dr=J, - -A-Q 11-32
\% V=np,p=x/2a
T
Jy
A A=22x-2p=27x"/a
Q Q d® d
J,=D,eVC, =D, ¢AC, /p 11-33
D,
VG,
AC,
11-33 11-32
dV /dz = AD,Q(AC, / p) 11-34
D, =D,CQ
AC, /p=CJ) r-Q/KTp?)
11-32
2
dX/dr:DV-r-Q-L-4i 11-35
KT X
rQ
x’/a> = (20D, -—)r 11-36
(20D, kT)
J, =4D,AC, 11-34
rQ
x’/a* = (80D, e —)r 11-37
(80D, kT)
11-36 11-37
(xX’/a’)-r1
11 16a
11 16b

11 16¢c
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1al [4.7]
It I
- . o te
n 15
11-16
P - X
a A,
A, B
a p=X/2a
b p=x/4a
11.5.3
11.5.3.1
1 Fe,O4
200~300
800
Fe,O4
11
17 a
2 Fe,04
Fe,O, Fe,O,
1000 95% Fe,O4
11 17 b
3 Fe;O,4
900
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Fe,O, Fe;O,

11 18
Fe,O4

= e

fe) (s

@-—Mr [ Q-_ags;g;

u 17
11.5.3.2
1200
1350
6 Fe,O; 4 Fe;0,+0,
CaO
11.5.4
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MY E LN

Fe;O,
Fe,O4

Fe,O4

11 18

1300
1350
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11 19
1000
LEDD | )
1400 e 1 T
z z 1
- 1000 o
2 :
=g
& & im0 ) :
3 LA
g 0 -I Iull__.._.-n--—"" 1
DD 300 5q0 ?EII'.'I EEIB kE.DI} 1300 ] [F) -] ;'\-I |!1'l 116% 115
.
FEERE,T
11 19 1 20
1 2
11 20
11 8
11 8 pa
, 1127 1200 1300 1327 1383 1400 1452
Fe,0; 9.02x 10 1.93x 10° 2.06x 10*  2.75x 10*  9.81x 10*
Fe;04 2.62x 10 * 3.55% 10 3

11.5.5

Fe,O0, Fe,0; SiO, CaO
11 21
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Zalh Faplldy w1 Faylly 1
Fe,O, Fe;O,
HFwll - 5y
=Rl
Bl -l
2
1 21
3 Ca0O Fe,O4
4
CaO
Fe,O4
3
[1] . . , 1986 185~186.
[2]3.R.
1986 1~60
[3] ) . 1993 30~47.
[4] ) . 1996 95~135,281~308.
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12
12. 1
2
15%~25%
1670 Rio Tinto
1947 Colmer Hinkle
Thiobacillus ferrooxidans
Temple Leathen
50 1954 (Buyner)
1958 Kennecott
(Utah)
60
20
Cu U Ni Zn Co Mn Au, Ag
12. 2
12.2.1

361



%)

WIER T

BBS.35004,COM

Thiobacillus thioparus

(Thiobacillus thiooxidans)

5%

(Thiobacillus concretivorus)

(Ferrobacillus rerrooxidans)

Fe3+

12-1
T.Thiooxidans | T.Concretivorus | T.Ferrooxidans F.Ferrooxidans
0.5x 1.0 0.5x 1.5 2.0 0.5x 1.0 0.6 1.0x1.0 1.6

+ V] + V]
+ +
pH 2.0 3.5 - 2.5 3.5 -

28 30 2.0 4.0 30 3.5

+ 28 + 15 30
+ + + +
Co, + + + +
- + - +
- + + -

+ + -

_ + -

12-1
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5 (Thiobacillus ferrooxidans)
FeS+
CO,
12-1
12-1
12.2.2
12-2
12-2
Leathen(g/L) 9K (g/L) Waksman(g/L) ONM(g/L) Colmer(g/L)
(NH4)2SO4 0.15 3.0 0.2 2 0.2
KCl 0.05 0.1
K,HPO, 0.05 0.5 4 3
MgSO,- 7H,0 0.05 0.5 0.5 0.3 0.1
Ca(NOy), 0.01 0.01
1000ml 700ml 1000ml 1000ml 1000ml
pH 20 2.0 2-35 2-35 15-2.0
FeSO,- 7H,0 | 10%(WNV) 14.7%(W/V) 0.01 0.01
300ml 0.25 0.25
CaCl- 2H,0 10ml 10 10
5
N&S,03- 5H,0 0.2
CaCl,
Colmer Leathen
1.5%

FeSO,

H,SO,
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12.2.3

50~250mL
20min
pH 1.5 3.5

15min
20mL
20 35

10

Fes3*

25 30
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Leathen 9K

1 5mL

1mL

1 2
Fe?*

7 10

Fe3*

10

120

100mL
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12.2. 4
12-2

REM X
. T~

- 3 | |

Erd 1 ! |

=] # ! )

g ! !

S ! 1

“lom | :

2 4 WA |

2 4 ! J :

5} ]
12-2
M
1dn d(logn
_1dn_ d(logn) 12-1
n dt at
---- /ml
t---- d h
12. 2.5
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F ppm
12-3 12-4
F F 10ppm
10g/LF
12-3
Fe? d
mg/L

0 4 4 4 4 4
100 4 4 4 4 4
200 4 4 4 4 4
300 7 4 4 4 4
400 7 4 4 4 4
500 7 4 4 4 4
600 7 10 4 4 4
700 10 7 7 4
800 10 7 7
900 10 7 7
1000 10 10

12-4
Fe** d
mg/L

0 4 4 4 4

10 4 4 4 4

20 4 4 4 4

30 6 4 4 4

40 10 4 4 4

50 11 7 4 4

80 11 7 4 4

100 11 7 4 4

150 7 4 4

200 7 6

12.2.6
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1)
2)
3)
4)
10
1
108 10%°
/mL
12. 3
50
12.3.1
2FeS,;+70,+2H,0 == 2FeS0O,4+2H,S0, 12-2
AFeS0O4+0,+2H,S0, == 2Fey(S04)3+2H,0 12-3
CuS+20, == CuSO, 12-4
CuFeS,+40, == CuSO,+FeS0O, 12-5
Fe,(SO,)s Fe3*
Fe3*
Fes* Cus
Cus
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25+30,+2H,0 == 2H,S0, 12-6
Cus, Fe3* Fe3*
CUQS+2Fez(804)3==2CUSO4+4FeSO4+S 12-7
1
CU2S+H2804+25 0O, == 2CuS0,+H,0 12-8
Fe2+
Fe®*
Fe?* 9K
Fe*
Fe®*
12-3
3000,
r .(i]zo
J Tt —— i —
4 fa
s 4 = L
2/ N
g 1009 ./. 1° % h! h
t \l-.__‘__. LE L
LEE 2
; = 703 T T T
B3] (hy H.‘:H'ﬁ](h)
12-3 12-4
9K -20+400
Fe®*
CusS S
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1
(:u+E Op+2H?"===Cu**+H,0

1
$H17 O+H,0===2H"+ S0}~

CuS+20,===CuS0O, 12-9

CusS
CuS===CUu**+S+2e

1
2H" + E O,+2e===H,0

12-4
Oxides type enzyme
12.3.2
FeS,
FeSO, H,SO, Fex(S04)s
H,SO, 12-2 12-3  Fey(SO,);
Fe, SO, ;
F682+7F82(SO4)3+8H20====15FGSO4+8H2804 12-10
CU28+2F62(SO4)3::::2CUSO4+4FGSO4+S 12-11
Cu,O+Feyx(S04)3+H,S0,===2CUSO,+4FeS04+H,0 12-12
U02+Fe(SO4)3===UOZSO4+2FeSO4 12-13
FeSO, S Fe,(SO,); H,SO,
Fe3*
12-2 12-9
Fe Fe®* Fe? Fed*
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Fe3*
12.3.3
Fe3+
Fe3*
1
CUZS+H2804+ 25 OQ===2CUSO4+H20 12-14
12-11 S
S S Fe,(SO,); Cu,S
S
12. 3.4 -pH
Kaplan E-pH
12-5
- Fe3* E-pH
pH 12-6
E-pH
pH<1.8,

pH

Fe,(SO,);

12001 Fe(OH)+

GOO-CUN(*) \\(7}()

400

- E Fef*t (7K

> - \

E B
= 5

—400

1%
pH
12-5 E-pH 12-6 Fe-Cu-C0s-S E-pH
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12. 4
12. 4.1
12. 4. 1.1
12-7
15mg/L
IK
—————————— =150 2
60} .
~ ./F!- \..3
= 9K ] 2
¥ ol Lo —% sq100 E
joct Ll
= i
S 20 1% =
ia 30 50
P AL 8L (mg/L)
12-7
NH,* 40mg/L
(NH,),SO, NH,* NH,*
12-10 NH,*
Fe** S

CoO,
12-8
60mg/L
9K . =
—————————— e (R o "
] /‘40*-"""'6 15 '\‘3
~ |9k O _ --—-—4100.?
B sor—;/‘*’*“j::—t‘"'" g
# 0| 77|/ 50 %
2 L ¥
3 20-/I ! 1 I 1 | %
v 20 40 6¢ 80 100 120 O
NH{E W8 (mp/L)
12-8 NH.'
80mg/L
NH,* NH,*
20~60mg/L 12-9
PZOS
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30 sor
% 0—-0.___0___0 : B
¥ 20- % T
A A
| 10+ o ‘:'5 20}
3 o ) 5
4 | . . .
1 1 i 1 1 0 10
0100 200 300 400 500 600 Y 200 300
+ P:0s 52 (ppm)
NH] ¥ & (mg/L)
12-9 NH/ 12-10 P.0s
12. 4. 1. 2
30~-32
10 45

12-5 12-11 12-12

12-5
7 15 20 26 30 35 40 50
Fe? % 0 38 100 100 100 46 29 29
x 108 /mL 24 54 38 31 24 0 0
Sulpholbus 60
80 40 50
120 e
. = 30F
= - - e
g 80F / é '20*
[ ]
P :
)~ S 10
= ﬁ L
L 3 [ 1 |
OIS e =—s = € 0 10 20 30 40 50
HE(C)
12-11 12-12
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12. 4. 1. 3
i — 14.0
. LN
8.0p" 0, °
12-13 12-14 ' I
12-15 d SN
7.2 - PH o
/ Jz.0
A
§ 4]3—/
Fe3+ pH:2 —l. 0
12-13 9K
pH
°, 3 4140
0. 5 45.0 100 8r6 ™o
0/
7 80
e M\ v e X ot T 5
ot / +43.0 L N i E
T \ o A i "4 2 ‘l \\ b i =
. =y P, 40 7 ‘\ 3 x
god S o AV &
ke ] p o- £ e, T .
0.1 ~° T 3 . , g g
i i g | 0 i 2 3§ 4 5%
0 2 ) [ 8 1¢ sH
B} e] (d)
12-14 OWN 12-15 pH
pH
12. 4. 1. 4
Al 3+ C a2+ M gz+ M r]2+ M 02+ Zn2+ Cu2+ U
g/L 6.29 49 24 3.3 016 17 12 1.0
c cd o AgS ASO; NHy Cd* Na'
mol/L  0.34 0.073 0.0071 0.0019 0.056 0.118 0.078 0.29
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12-6 F Fe?*
300mgF 100% Fe?*
12-6
mol/L Fe?* %
NaCl 0.2 0
0.5 50
1.0 90
KCI 0.2 0
0.5 0
1.0 90
Na,SO, 2.0 0
K5S0, 2.0 0
Alx(SOy)3 1.0 0
MnSO, 1.0 0
NaNO; 0.35 0
0.6 40
0.8 100
NH4NO; 0.3 30
0.8 100
NaF 3x 10* 0
1.7x 10° 30
6.7x 10° 100
12. 4. 1. 5
Fe®
Fe* Fe®* Fe®* Fes*
Fe2+ Fe2+ Fes+
Fe** Fe®
Fe** Fe® Fe2*
Fe®*
2+ 1 + 3+
2Fe +§ O,+2H ===2Fe" +H,0 12-15
1
2FeSO+ E 02+H2804===F62(SO4)3+H20 12-16
pH Fe** Fe*
12-16 12-17 Fe,(SO,);
pH Fe,(SO,)3
Fez(SO4)3+6H20===Fez(OH)6+3H2804 12-17
Fez(SO4)3+2H20===2FE(OH)SO4+H2804 12-18
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r
o
5 1
U
3
R L [Fe(OH)]*
P recomnals S
L i 1 J
4 3 8 10 12 14
-pH
12-16 Fe* pH
Fe(OH), ===F¢”+20H; Fe(OH), ===[Fe(OH)]*+OH; Fe(OH), +OH===[Fe(OH)3]’
1073
o
>
E 107
24
B
¥ 107
2
g~
7 4 ¢ % 10 17
pH
12-17 Fe* pH
Fe(OH); ===Fe"+30H; Fe(OH); ===[Fe(OH),]'+OH; Fe(OH); +OH-===[Fe(OH)*+OH"
Fe(OH);  ===[Fe(OH)s] ;  Fe(OH);  +OH'===[Fe(OH)4]
9K Fe? Fe3* pH 2
Carphosiderite Fe;(SO,),(OH)s-H ,0
Fe** Fe**  pH>2
Fe203nH 20
Fe3* pH
Fe®* pH Fe®"
Fe**+3H,0 == Fe(OH)s+3H" 12-19
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[Fe(H,0)g]**+H,0 === [Fe(H,0)sOH] > +Hs0" 12-20
2[Fe(H,0)s0H]*" === [Fey(H,0)s(OH),]*"+2H,0 12-21
pH<2
pH1.5
Fe3* Fes* 12-18
Fe®" 0.5~10g/L
b}
1072
i 2 fro*e 2
-l g B
» = =
=] Fd 10°¢ §
[
-lo—t
oL . [ R L
LS 20 50 100 200 500 }
Fe** it Bt (ppm) a
12-18 Fe* Cu 12-19 5.60/L,
-235 Cu30.09% 0 9.6g/L
25
1---Fe*"; 2---Fe(OH)**; 3—Fe(OH),"
4---FeSO,"; 5---Fe(S0,)*; 6---Y Fe
12-19
Fe3* pH1~3 80%
Fe(OH)?* FeSO," pH=1.5
50% FeSO,* Fe3*
FeSO,* pH1.5
12.4.1.6
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10%~20%

12.4.1.7
0.6m
12. 4. 1. 8
1
2
3

FeB4iEG/L

1.

30%

12-20

2+ y

2]
s %H(zsty /

a

/.
o X @50
/

377
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12.4.1.9
co,
7mg/L 4.7%
Fe?*
12-21 4d Fe?" 660mg/L
50mg/L
0.06~0.1m3/(m3-min)
co,

1%~5% CO,

1100
_. 9eo
=
E’ 700
-
22
w S00F
5
300
100
O
1% It E (43
RS
12-21 Fe* 12-22
12. 4. 1. 10
Cu?* Hg? Bi** Co** Ag'
Ag">Hg?"*>Co?">Bi*" Cu?>Bi*>Co?*>Hg*
Hg*'= CO?>>Bi®*'= Ag* Bi®*= Ag">Hg?*>Co?**
CuFeS,
CuFeS,===Cu**+Fe*"+25+2¢ 12-22

378



@ MR

BBS.35004,COM

S H,SO, Fe?* Fe3*
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12-22
_ S 12-23
/Ll lle KS +S
Y - S—-- Ks---
s
dN
Y- UN-DN=0 12-24
dt
N
d_? _ps, -ps-N 12-25
N--- 9/L
Do L/ hL ]
Sr---
S--
Yo--
=D
D
DN=DY=(S, — K4 ) 12-26
m_
n
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L S
D
D
dC
— =a(C"-C)-gN
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C---
C--
q—- [mL/(gh)]
a___
C
a a
[1] 1994
[2] 1997
[3] 1997
[4] 1998

380

12-27

12-28

cC g N



	资源加工学

	封面
	目录�
	第1章  资源加工学概述�
	1.1  资源加工学的形成�
	1.2  资源加工学的学科体系�
	1.3  资源加工在国民经济建设中的地位和作用�
	1.4  国内外重要的资源加工学术研究机构�

	第2章  物料的基本物理化学特性�
	2.1  物料的鉴别�
	2.2  物料的物理性质�
	2.3  表面化学性质�

	第3章  粉碎与分级�
	3.1  粉碎�
	3.2  分级�

	第4章  颗粒在流体中的运动�
	4.1  流体的基本性质�
	4.2  颗粒在流体中的沉降�
	4.3  流体中颗粒的相互作用�
	4.4  气泡在流体中的运动�

	第5章  物理分选�
	5.1  重力分选�
	5.2  磁场分选�
	5.3  电场分选�
	5.4  复合物理场分选�

	第6章  表面物理化学分选�
	6.1  概述�
	6.2  颗粒表面润湿性与浮选�
	6.3  双电层�
	6.4  矿物溶解对浮选过程的影响�
	6.5  硫化物固体颗粒表面的氧化剂还原反应与浮选�
	6.6  聚集与分散�

	第7章  矿物加工药剂�
	7.1  低相对分子质量有机药剂�
	7.2  大分子药剂�
	7.3  无机盐类药剂�

	第8章  化学分选�
	8.1  化学分选概述�
	8.2  化学浸出�
	8.3  化学沉淀�

	第9章  粉体制备�
	9.1  超细颗粒与纳米颗粒�
	9.2  粉体的物理制备方法�
	9.3  粉体的化学合成�
	9.4  粉体表面改性�

	第10章  粉体成型�
	10.1  粉体成型基本方法�
	10.2  水分在成型过程中的作用�
	10.3  粉体成型机理�

	第11章  粉体固结�
	11.1  固结过程的气体力学�
	11.2  固结过程的传热规律�
	11.3  固结过程传质规律�
	11.4  液相固结�
	11.5  固相固结�

	第12章  矿物微生物浸出�
	12.1  概述�
	12.2  浸矿微生物�
	12.3  微生物浸出基本原理�
	12.4  细菌浸出影响因素和浸出动力学�





