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ABSTRACT

This article is based on the difference of the crystal structure and surface
properties of the main minerals in bauxite, put emphasis on the selective depression
of diaspore and intensive collecting of silicates, such as kaolinite, illite and
pyrophyllite, according to the principles and technologies of bauxite reverse flotation.
In order to study the flotation behavior and the interaction mechanisms between
flotation agents and minerals in the system of dodecyl-amine or in the quaternary
ammonium salt, the methods such as flotation tests, the measurements of zeta
potential, the adsorption of flotation agents, Fourier transaction infrared, augor
electronic spectroscopy, as well as the quantum chemistry calculation are used. As
following have been shown:

At first, the crystal structure and electrical properties of diaspore, kaolinite,
illite and pyrophyllite were investigated. When the minerals are grinding, kaolinite is
hydrophilic and has bad flotability because of its broken bonds on the surfaces, that
is hydrogen on the basal siloxane and the Si-O, Al-O on the edges. Pyrophyllite has
good hydrophobic and flotability since the predominant interlayer bonding forces are
Van der waals. Illite has good hydrophilic and bad flotability because of its ionic
bonds on the surfaces. The point of zero charge(PZC) of diaspore is pH6.2, kaolinite
is pH4.2, illite is pH3.0 and pyrophyllite is pH3.0.

The second, we studied the flotation behavior of minerals and the interaction
mechanisms with quaternary ammonium DTAL as a collector:

Diaspore had bad floatbility while silicates had excellent floatbility, especially
in the acid condition, with DTAL as a collector. This is a basis of the separation of
diaspore and other silicates. In order to enlarge the flotation difference of diaspore and
silicates, the regulators were used. The tests showed that the fluoride, sodium
chloride and SFL were effective regulators. These regulators activated the flotation of
silicates while had no effects on the flotation of diaspore.

The mechanisms of DTAL in the flotation separation of diaspore and silicates
were also investigated by several kinds of methods. It indicated that: the adsorption of
quaternary ammonium DTAL on the mineral surfaces was electrical interaction.
DTAL had much more higher adsorption on the silicates surfaces than on the surface

of diaspore because silicates had high cation exchang capacities and DTAL had strong
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electrical interaction with the silicates surface, so that it could overcome the steric
hindrance which was from the adsorption of DTAL on the surface of minerals.

Fluoride interacted with the minerals with the substitution of the hydroxyls on
the mineral surfaces. Fluoride ions markedly adsorbed on the silicates surfaces and
dispersed to the interlayers of the silicates, then resulted in decreasment of the zeta
potentials, accordingly, this prompted the adsorption of the cationic surfactant. The
adsorption of fluoride ions was little and had no effects on the zeta potentials of the
diaspore. In the condition of sodium chloride, the activation to silicates was from the
intercalation of the chloride and the “salt effects”, which obviously decreased the
zeta potentials of silicates or decreased the critical micelle concentration of the
surfactant and prompted the adsorption the collector. While the adsorption of the
chloride ions on the diaspore was little, and didn’t affect the zeta potentials of
diaspore, too. The SFL decreased the adsorption of the collector on the diaspore
while increased the adsorption of the collector on the silicates, which resulted in the
selective depression on the diaspore and intensive collecting of silicates.

The flotation separation tests of artificial mixed minerals demonstrated that
diaspore could be separated from silicates with the SFL as a regulator, DTAL as a
collector. The A/S ratio of concentrate increased with the increase of A/S ratio of the
original minerals, and also the recoveries of the alumina.

The third, in the reverse flotation system of dodecylamine:

Diaspore had stated flotability in the acid condition and its flotability increased
with the increasement of pH with dodecylamine as a collector. The flotability of
silicates was good in the acid condition but decreased with the increasement of pH.
The order of the flotabilities of the three silicates was: pyrophyllite>kaolinite>illite.

The interaction were mainly physical electrical forces between the
dodecyl-amine and the alumina-silicates , except for the weak hydrogen.
Dodecyl-amine gived a rise to the zeta potential of the diaspore while almost didn’t
affect that of silicates. The results of quantum chemistry calculation showed that the
adsorption of dodecylamine on the aluminous minerals was more than on the siliceous
mineral. The adsorption of alkaline dodecylamine molecular was more than that of
acid dodecylamine ion on the surface of aluminous minerals. These results were
consistent to the flotation tests.

In order to carry out the reverse flotation of bauxite, the selective depression of

diaspore or the activation of silicates flotation are necessary. The results of flotation
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tests indicated that the sodium hexmetaphosphate has selective depression on the
diaspore. The depressing mechanisms were that sodium hexmetaphosphate
preferentially interacted with the alumina sites by the chemical interaction, while
didn’t interact with the siliceous sites on the surface. After the interaction, the
diaspore was overlayed by the sodium hexmetaphosphate and complete hydrophilic,
so that it couldn’t continuously interact with the collector. The silicates had the
siliceous sites on the surface which didn’t interact with the phosphates and the
siliceous sites could further interacte with the collector, named dodecylamine.
Consequently, silicates still had some hydrophobic and could be floated.

The simulation results showed that the electronic cloud density of the adsorption
of phosphates on the aluminous was much more bigger than that on the silicates, and
it was more closed to the surfaces of the aluminous than to that of siliceous. Except
for that, phosphates competed for the surface sites with dodecyl-amine, resulted in
the desorption of the collector.

The flotation separation tests of artificial mixed minerals demonstrated that
diaspore could be separated from silicates with the sodium hexmetaphosphate as a
regulator, dodecyl-amine as a collector. After the flotation, the A/S ratio of the
mineral was from 2.1 to 7.8.

Finally, the practice and sheets of the reverse flotation of bauxite:

According to the conditions and results of the experiments, a practice was
carried out to the actual bauxite in Henan province. The original mineral was
selectively dispersed and get rid of the slurry in the pH9.0 by sodium carbonate, then
floated separation with the SFL as a regulator and DTAL as a collector. The A/S ratio
of the concentrate is 10.04 and the recovery of Al,Os is 85.76%.

Keywords: bauxite, reverse flotation, desilication, inorganic regulator,

dodecylamine, quaternary ammonium salt, technology
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RS AT R T IR R 399 1 2 BT, SRR R B LR ) h 3, RIAsiKYE
B BT 2 (R P RE DL A W B R R A B8 H LR 145

R -5 FRIENR i) 2 1) 5 L e DA S T 4 B (1 Ry AT 5 H
) EIEAE Wi WERENH (m™ P

(001) 13.07
cye 146.542°1  (010) 8.18
(110) 7.94
(001) 25.64 (1-x)
PRI 133985 (010) 7.73
(110) 7.71
(001) 13.06
it A 27.215% (010) 8.48
(110) 8.24

FIRFGBACE DR S W A 1 — A%, AP EBR Si', i
BTN, FEHEBHE (I Na™s K'y Ca®'. Mg®'. Fe*25)4M g F
i, 3% BRI BRI ) A A S IR SR TR o Al I EE I, MR TR
Ao 1) BH 2 IV e, AR T A S, BRI K MRS K. i — T, I
I 2 BB 1 WU R B R A AR, X s A AR IRIBH 25135 PRI, A [R) 445 Fh i ik
FIVE RIS Dy, T EATITFIEAT A H AT T

7 POV St KR A AR e A (1 P 45 ) R 2 T P TR T T R 45 A
iy, SoF RV A R R . o ORI T N AT T SR, e R R T
(P, SEBL R R o BORE SRR RE 2 B I T 2 T B BT PSR i AL
LR AT T W) RS MRS Rl VR 2 AR DGR, DA™ A — KA S A A g
WA Ay P 2 S ) SR B S IR o KB o 6 T 1) T B T R 1 A B E LR 1-6
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W) S AR S R R R 52 T e ATl B o — /KB A A RS AR i 5 5%
TERKATY DI AR G 22 5 R, — ZKAEAR A s TR G R e, R R, M
P o TR A BRI A R A T SRR AR R s i, BRI, S, mIRE
Pemyo fEN AR, AR SR R UL A RS . W AORE KA AR
A1 BEAN AR RL B (AN AR R),  BRRERR ERT AN W] 3 S st I e MY Ak
PG, WA BRI AR /N, JLEAR AR . BRI S R 1 RE 1Y)
B4, 25l OMAY WRmEETOGRRE . W AN, Tk
AR REPER PR T, 29500, SR b e S B IR BRI, RIS B P
FORIEPEVEN N AR, QW RN, 4 e i IR BEB 8, SR
SRR PR A Al T AL R TR A O Ye e, Je LRI IR £
AT A KB A IR B R R S RE R, @AIREIAT, AR ) IR Kk
W REARGN IOREEE, BERLEEARAN MR . L, Sl IEHEn e, ZEhlEy
R L ZEZ 5, A2IGE AR T 0 B K R AR 2 AR o

R 1-6 — KBRS £ R I 1 TR B (R A S B

mei BEET N (nm?)

(010) ffJD o
£l 16.0
Al-O 30
(100) At 11.3
0o Al-O 38.6
£ 9.7

1.4.1.2 510 kv

TR AAEAA R S (R A K R A — e R RS Vs A, S )3 T R 4.5
T RS ) TRV 24 7] () AR PRIk RO Bt S a5 b ) V74T o o 7R3
W bt — KRB A R v 0 A PRI s M 5 v A L o T S SR B 221, 7 pH
ERT 4T ZHE N, A R iR T KBS A R, — /KAl A
FE W AT R PR I FOBRE 45 T IRV A B 35 K T rh M R IR AR 2, 7 pH=6 [
AT, — KBRS A R g W& A S50 — SO AR BN /ML A58 LA IE VR R Ak 2 B b
TR SRFN TG 107 R SR V7 — KRB A () 1 AR, LR BEAR AL AT pH (A8t 2
IR UCAC G R I 117, ATLLE Y, SRRSO R, ol B A
TPk pH YE I . E I BH S GRS S AT SRV A B, EREIE
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EN YR i, pH>PZC1, — /KB AR IEH, pH<PZC2, PBHE Tl
WS FRIIRE BT S FBL B ) ML SR TS L /K B3, DRI R ™ S 7326 FH B BH v 1
W o B0 Y B pH Y PZC1< pH<PZC2.

W H RAT N R RCRFR B R A T . 78 pH {HAK T
8.5 I, U Ay f1 sty i AR 2 i [R) Ry S AH ELAE SR I s [E L, B T R 2
(SR A, ERE TS pH A AT AR R0 AT (0 40 LS R AT P LA
TERR RN WA BN IR BENE /3 55, 1 S LT SR BT T e HOIRES,
T G P ) AIORE [R) PR AH ELVR AR e i 5 o A RS T R B i AR,
R DLVO BRie, —I/KAEEAT 5 2 ik WA ™ ) R (] 1) 5 2 A6 AR R
S5 s i e AT R R EAE EAE PSS A R I AR, RS9 IR S T I
WG], P KA At LR T, AR TR T R R e

16
. NaOL 10~* mola. Y -(OHDs
—~ 1B
FE a0k Fatry acid 10~ mol/L
< NaOL 5 10”4 mal/L.
5 2
< Fatty acid 5% 107 mol/L
Il.—i
1
2 4 & B 10 12
rH

1-1 B ORIt — KR A IR E S p HILRC G R

1.4.1.3 Bh-b i ik 255041 I LEE

BRI B 32 A A I AR K AR A R BH B R R A TR SR
PIIHAR o WEFETRAL 2550 S50 W) 2 TR R FIALEE, A7 B 148 S AT A B0 S8 4 )
AR 2557 V V Ishchenko * A5l 1 Y6 5T 1 rp PR 55 Bk v v b+ 1%
T g W A B L TR TR SR AR T R B Sk i A FH 0 1 23— A - A TR R B
N M Anishchenko YA\ oy G4k i 0 il 3 Y A1 28 10T BB W 851+ 40 1 R
WAL RN BRI o 117 IR IR IR 27 8 SR FH B A v IR . DA b mi o 1
PRIEAS 0 I BRI ORI OV FHLERC), 9T, 24 pH=4~8 IJlE E 8L
BB AFAE, w5 far BB ) 3 1 LU L 5 | ) T8 il ORI A B B eSS
B St e A s P IR BH B AR B AR R TR B8 JE -Z M2 54, il
RIS 7 Sl S A A P 1 KRR HE AR TAE R B BOER IR I 701
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1.4.2 I[EiFET ZMAFHR

70 SEARKILIK — L8 AL T Oh 1 A R4 A H B 8RB AR b A
BATER Ly ST, R R s B AT AR B L
IF HAE R T S i fe i b 1K, Al AT, BUSRE S AN e 36 7 R MR AR B LAY
AEH EZA RS TR T B SR 251 S5 7 M AT T BRI e«

el 90 AL, FRE AL Tl R RERGE, R — /KA A A 2R
PR T2 T RGR T OR8] T3P A .

1.4.2.1 0 IEVRE AL T 20T

S0 R0 RSO N L, Y LR E R w2, B
20 40 30~40 AKX, & E ANV EEE M TS A X 5 AT, o] CORR AR L
A 3~8 [ A HE R ] 10~19, (HEMCRAET, 78 20 th4d 70 4548, A FIBK
T MR IR S . BT S A E S A — =K A R ——
KB ER A DA R s e —— /KR AT T 488 L m wk e, sk b —fnr A
P 3, [MICRAE 60% 2477700, WG BIRRE R, Al 6 e 57 L 4 e A
RZ, WX, Verbs b s T2 . FEWE G — KA AT
TIEW T, PRBHEREE R BE [ PIYR ST s R b R SR A BT AH 4R
LA F B BT T R TR vk B BRI S B e L
R Wvhs RS BTN AR ) KR A AR T A R I, FRE KA
A el B ) BT sr, 58 R A RIRAL B AEREAT T Tkt
5, WS TEEFMRR . 1996 FLK, bR amtst e bt s Tk R4t
KFERER R S L PR A AT T IRV E AR ST . LIRS B T
FIE RN >R ERAE, PR TR T IEFERBIFE T 2.

TR -FE R I I IR T VR R T T B B R S S T A R oy
B, IR &5 A/S b, 115 A/S LLI SR VI Re s FH FE VL& 5 b
ROEE . JEAT-FEEL R TP ESS L A/S RBARAR S, HERHFEHEAZL
GBI SEARG LT R Y — T R T AR . 1999 458 s Tk, 2 "L i "8 T
M T HA I — TR RS e TP RIS A A« 31 TG RS A o R A B i ™
50 Wi, RE N 3 AN T2 R o Bkt 5.7 MR &0 5, K14
TR ALO;70.08%. [HIC% N 86.45%. A/S 11.39 [{4EFRETS. 78 TR I L FE
v, AR R TOREORLE-0.074mm N T T5%IMER . OREATORLEE AR K
TRENIE R BERAH NG K, X NG E T IR RBRAREE « RIRL D Uik . V1 24 5]
I ORAE R . e RS (R T R VRS AR Y T IR R s - R B T2,
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SOEE G 2R SR T (ORI IR BN, AR S DR g B A LA 2
P, JEEBAE R QR HIE IR Bl E, IS B, Kk £2.
Z LA RS L ARG AN I IR kA T aP IR bR . ARG &5

HE T EMLEERY, BoRfabstit. @GN, BITRue, RGNS
30%LL E 2RI AR D 40% . AR U FEAIC 30%, fifdk 18R AT IR A R
RLERAT ) (0 A7 280 (R WSRO A WL AT 40 e 80 Bk PR TR AR DG o SRR AT A P B i
gERRIA K RL W], BRERENFN /S (B R B 4 35, RS0 ALOs Fl
SiO; I AL 735 K 70.74% 1 6.37%CKEH FafELL A 11.11),  ALO; I [ENf ik 5]
90.52%!"" 81,

1.4.2.2 £5 10" IEI7IE BiE 25770 19

R, AT B RO A AR (D Bk, thdE, =
PO RREIR AN . T ORI . Atk aite . 733010 RA-3158 Sk 20 R
LRI BEICR W AR RR IS ORI iR . 357k A A i 2 A U R T
PUEERIEFUR T B S0 R I (WA A B A W B E T, 7 pHT-10 B, 58°
YR AL BT T8 T S BB, BRI, R i A m) & 5 0 & i o2
TR 23 15— /IR B A AR e A ) S LA,

WEGH WT9T E 2R PR S ImBEIREE . ARIRIN . PEER. BRI
JEBARRAN . FFERN . EEPEVER SR LR AR AW b R AR B
HIVEF R AT RERR AN . N IRBRIR AN . PR 2E . pH RIS F A BRIREN . T
PERNSE . WFSCIRIT, BRI 7S Ml ol IR A0 A /K B A RN vy I A TR 50 38 77, DLAR
A Bt SR AN 2R R BT, 6T LU BE SR RS R REAT T R, SR
BTk, KR —— K = BERAL  A/S M\ 5.53 S E] 10.35, A
%l 88.9%4,

7N A T Ak R 8 P o e A R A R A A e v RESY . P R
(PI7K B ARES B S 7S M B R AN, FH B R R B A7), nl DA R0 W R
VIl 22 e, R i — KR A PRI B, D AR R AT TR A
RIOL, B (RN D R A AT A T AR i SRR i R R b, Skt S Ak
AU NI KM A OGN, FEBIE ST, BT AR BRI AN
AR BN 2 BE-— KA TR VR R AR S M . MLERIFSCER I, 75w
R IR 55 i SR AT ) 2 T A A 3 R B AP v A S TR PR A ) 0 ol v U
AWPREGE, J1—J7 1, 7N IR B e A B I B E R, S miRik s S ik
FEIE

B TR FIEAT RSO, e CAEE AT TR BRI KRR
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U AT AT ELAE FALER® . s AP et B AL S IGR) COBA, %25 7% —
AR AT AT BRI T CRE D, TR e A A H WO RE 0 59, BAT HE K RE I 1 4
Mk Fert. ke zsm TR i b ahify 2= 5%, B vt JRdMERdRE. W
T RS AR KA P 5 1S KT COBA X6 — /KA 4 A7 (M O LB A L2 7R i 3 A~ O
Ja Il A B S AR T AL ST IR T IR S

143 RiFiE

1.4.3.1  RIFIEFARBIRS J L )

R BT S R AN A AT AN ], s
WP RS A PR A ™ EE, R RE25(0.074~0.037mm) 5 AR, 4RI & =
s T IETFIE MR T2k 00, R =2 mih 80% A AT, YA K, e
R, K BOK A, AFFEIER TR I R [, TR R R
B WIFIEZIH), RS IR ™ W T BOK S 1T 25 7Ry ARSI BV He 12,
kLRI R o RN, VR b R v iR B ik o 2 Jes g Bk 4h,
SR TV AR P BRI RLE B ORI KL -0.074 mm &5 /N T 75%), BRIt
NIEYPRI A R SRR G BRI AR A, JOn] P2, SO o 0 A2 3 08 o,
PR IE IS RE MR R 2 ST . an SR Rk i dee T2, KA ik
20%~25% SR, N CAREE T EmMRRE, B R RIS M . B B
A AT LAAF SRR 5 IR — KBS A RO AR 5 K W REIR SR R IR A,
PR TSR ED R L T SIFIE T 2R T AR 5= 2k, RN
KRBT BN REFE, FRAED A,

Rt H TR, B8 0 RO AT LA 1) B o APRIE T2 5 TSR UL
TR N RIS HER . RS 3mm AR LA, -0.045mm
20%7E A7, MER LA EERTE-0.074mm A 80%HY, -0.045mm 5 60%2 %,
-0.01mm & 35%, HENTRANKIZ & A K, R EILG ED, cirEA, i
ki TN, tRImK, K EmARmGER, BAR&NEREE. X
TR A4, FH B A R AR A% 7 VR IEAT AL BEAN RESRAS 2 NIl 3 (17 1k
B o ALTRA I KL AL TR BRSSP 0] IR AL R B 1)
I — o 50, TRANRLA ) RO 8 IR B A5 5 SRR R
H, BRARASRED R o b . BREDY PN ST T AN IR G ) — /KB A R
W AT IITFAEAT A A A RDRLZR I ) S R T A5 e IR o B o DAL, Ao B ==
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R B RRAE “ U7 AR BH T ORI Ak BATIR KI5, X ARk
BB T DT /IR, Bk SR IE — R ISR BB A VA e, #E2E
T ok 2l 5/ VAR S IR e I w25 L A 1 i R AT e 0 S i 2
Fd e A4 Y 1K) 2 OGS 0 1 S P B ek R A R

FEFFRE LY T T, T KA A AR SR W [R) S8, Hedl ot s
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RS R AT O AR METE R P97 ) e L HE LA 2I8E— 2B 3 s 3 AhiE i
RE I K8, RADRLER 73 7 I RO . I, AR PP ) oSt e 54k, Tk
O IR SR ) AT LEFEPEATSC AT I B GR] . LR — K BB A R AT PRk
FEIAE R

1.4.3.2 55 LA PPk it (1) 25 510 50
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AR . XX AN TR ICHE, NG BOHT R R 255 B T ST
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TE— KBRS A R e e MR 7 1, 4R e M b AT T 0t ST 23
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S SEHL KRB ER A R i 4 A 40 B A RO ) sl MO RGE T SAS KA
A MR IHIVE T, 455K, SA3 REdh] 90% LA F ) — K ABER A7 R 7 3k
A v A A TRV [T 2R AT AR AR B 7 80% LA |, DRI, SA3 th & — /KA F 5 v
W A7 43 B AT RO AL o BT, A SCRRIRIE T IR A TR 3L 77 ATNOP> It — /K A 4
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ARSI N 7 BT,
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FIMER B AT o, B AT iy RKSE VAT SOOI S i 1
HIHLEE
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F-8 ¥ AFNSNUEURMRRTZE

2.1 R &

I HR DU AR ). —KBEAS AT il Ay R AR, ok
H RS WTREL . AT AT RS i SR RERI & k2 HEAL
TEHUERE", R, T IHkik, JERE, SRS EEEREE, 00 42-0.098mm, HHA

K DU LA WAL S AT X ST (XRDD 434, 45553 il WLl 2-1~ ] 2-4.
M XRD 3T & BT LU, SX DU R AR i 1K) 3 R0 23 il e — KA ea A
A BRI AT AT, JF HA SR P sl LA LR e, A Ik 3 1 aliy™ )
WFITIIEK

FLUOS B YIRE R A A e 24T T 0, LA RN AR 2-1 e AT
DAE Y, DURR R D)t s ol B, A56 SRa IS 5K

R 2-1 WAL A 0 20 B 4 R/ %

Be K
4B Si0, ALO, Mg0 Ca0  TFe Ti0, KO  NaO Ky

HH
— /KR A

IE 1.61 77.87 0.099 0.083 0.44 3.28 0.013 0.074 0.19 14.72

EUAE 44.22  37.66 0.093 0.074 0.54 0.22 0.064 0.049 1.19 14.79
FRIAE 50.86  32.93 0.30 0.080 0.29 0.36 7.52 0.18 0.63 5.04
it 61.57  31.10 0.013 0.081 0.18 0.19 0.049 0.12 0.35 6.53
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L NaCl SrHral IRk B PE A T
T 1 Na,PO, Sy w4l J NG R 2ER A )
L D T P (NaP0,) ¢ gy Hrat R )
247N PR Y (NaPO0,) ¢ SrHTal J NG R 2ER A )
ToK B R B Na,CO0, Sy w4l TR =)
TeK L1 C.H;0H gy Hrat TR AG2E A
+ CoH.:NH, e il = BRI R A
IR ETR N Na:P:0, Sy w4l Bk 2R )
IR (NHy) Mo:0... 4H,0 43474t BRI —)
fn PR M HNNH, « H,S0,  Z3#fr4k e T
TRl th DTAL Ekl R R
VRS SFL EF EAE DN
ISR NaB (CeHs) 4 VA TEAl ARSI LR A R A
VU R My 1Ok 2, T CoHsBr,0.K Sy w4l B RHE A RA
1, 2- & LK CHCL, T R T RA 23R )
222 1438
R AR AR 2-3,
#* 2-3 R H E SR
W& AR WS CEIIE
EE R LIRS N XFG %Y KEL W
Fi % pH 11 Rex pHS—3C 7 I RS
X S EATHHX Shimadzu D/MAX-rA %Y H < Shimadzu 27
A5 L AR H 2T A A FTIR-750 7Y %H Nicolet 23]
B L AR T DF—101B WV LARIE TR s |
Bl HLAZAX Zeta—Plus B. I. C
B TR 7B—82B SIS A R
AR B O GL—206—1I g RS
Zeta HAZAYL Delsa 440SX Coulter
sy L 000 RARIAUEAI Hitachi
SIEa
X S LT RETS AEM  PHI5300 PE
T-HRAR 101A—1 A SIS )
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B TR ORI S A DL T i

HHEIIAR ST L1 RE T A SAM PHI-610 PE
G RNS S JA R HERAPANES )
P R YEAL JCX-50W G e )
WOtk A CILAS 1064 Liquid CILAS
Gas sorption analyzer
B JIIEI Quantachrome corportion
NOVA-1000 Ver>5. 01
AN DT-2350A ] T H AR A R A

2.3 ARFAE

2.3.1 iFikik e

DR/ PRV 7 Y

TFIEREGAE XFG HAGFIENL BT, FRENLEE K 940r/min. A XFREL
3.0g YO 25mL kA R, I 20mL 2248 7K, P83 1min J5, H HCI 5 NaOH
WY pH {H 1min, 7EAZEERHTT INAAEEFIVER 3min, SRJE IMAFENGR, BidE
Imin, VEUE 3mine WA SRS ™ it 20 il BT AR E D EUE S RICR

2) NTIREH THIFIED &

el — 2 LB — KA . = s RA RS ARS, —RET
35mL (KVFGERE, IZEMAKGE R, {8 XFG BUEERZ Ry E 3k T iF i s, %
LI E A 1650 /mine 5507 —: BN ImBERREN A A, W2k 0.075¢/L,
PEFE 3min, + JEONHNGR], WRIE 0.052g/L; 4t : L DTAL A,
WREN 4X 10" mol/L; 451E=: L DTAL M5, WEEA 4X 10" mol/L, SFL
RS, WA 0.001mol/L, #HtFE Imin, VFE 3min. HOUA Sh AR P 7 0 2y
ABFRE, PR B, FAE T ) ALOs%AT Si0x%, THHAEH (4
fiklt.

3) SEPAF IES
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SEBRAAR N BEIEIR IS AR 1L A1 LSL (Rl kAT IY, SVt )s,
IRP it RRE PN 77 it 2 ) T AR, BB A AL, TSR . SERRET
AT R I AE P R RS W0 DRt A T, ka6 B IR W2 B

232 REDR

B TR 5 I 20 R B AE CILAS 1064 Liquid J806RLE 2> HA_E 3k
ATRLEE ST, 7K A Jot, B8 75 4 FH IR TA) 24 400s.

233 tkFR@EAT

B T il e i 4l MRE i #F Gas sorption analyzer ver5.01 X 2% (T EL
KM, WU RS-

2.3.4 FHEANE

FHE BT EOE 26 e S B 41 2 -Sum, T B IR E N3, 1EfE I HFE
% BB, MRE ImL B REE SomL (HZRTRAK R R, ARG PRSI
PEFE 3min, JOAANVFIEZAFIER 3 min, HVESSSWI-—EBEG RN 2
MEit, 75 delsad440sx zeta FEAZAX_EIEN P zeta HLAL

2.3.5 WP =N E

2.3.5.1  NImBERREN 1 B

435 0.5mL, 1.0 mL, 1.5 mL, 2.0mL, 2.5 mL >4 PO, Tk h 0.1g/L
(1) = R AR T S0mL A, M émol/L FIMRAIRAEM 3m L, 13g/L
(KR 4.5mL, 3g/L SR IHA W 2.0mL, &A% 4] )5, WK BN 10min
AH. AE UV 3000 4G g 660nmt KA, FH Tem Bb £ 3 I 52 VK
IR CRE, P I BAEbRHE T LR

B 2 g-98 u m I FERUNBERR, NN 40mL ZE13/K , 254 ) Pt #1225 £ 2min,
PHE 3% pH 1, NN (NaPOs)s ¥ 3mL, Hii 4 Smin, JTFF 72h, B_EJZ I 10mL
T 50mL . Fe RO E AR IR K S0 A R e O RS, 7R R IR AN
(ObRiE T AR fh 2k 1S PO &, TR0 S kA P . ZE kT WL Y
FEN PRI L P &, BI(NaPOs)s MR T o
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2.3.5.2 ST I B

K I T IEFENE rO AR IS 962 IR AU AL b v sl 2 o R 22 i A 1
HYE R IR B0 e, WUE SR bR AR A e 730 A i i
7, MbsvRE 8 BB, 3B AR IR ke, ok A AN R
THT AR MBCBAY

2.3.5.3 = SRR b

FRELAUA Y)FE 3g T 25mL (FPRGEAE, InZ/KIG &, D% K pH
(B, 76 5 EE S b T NN — 2 W BE (R R ER, BERE, N R B (R sl
DTAL, fREFEHEMABUN 24mL; HidE 2 4080, SIAEOE, 75 GL-20G-11
VR B BDy, F0h 230r/s, IR 10 2080 W BV 2 - SmL, K
FB AR 52 7 iUV M DTAL (RRIARIREE, 72 I8 20 Eh 2E 0 W 2 T FrO R B

=

Ho

2.3.6 XRD 9

WA IRy RAE S ZE H A Shimadzu DIMAX-rA B X 52667 M EF6E 153
W X R ATO NS . SEEG A HHE, K a 1=0.154056nm, JEJH A A5
FE S, BT 100mA, 5 50kV, $4%°4 DS1. RS0.32. SS1, FHi# & 4 2°/min,
A58 0.01°, HFEE K. 0 =5°~85°,

2.3.7 £I5MR

R+ IR FIBC R R G 7090 FTIR-750 LA LI A2 s
HMETEACE AR FE dhit, RIS SO e BG4 Ik 2500 I 205,
SR MR I 25770 S A AR R I 208

2.3.8 HREXFETREIE

IR TR R AR EEZT 0 0.5mm (YBROIR AU P02 AR 72 R 7308 24 77
WrF, RIEIE] 2 N, U E T RS TR, I 40 SRICE, BT, AR
HEMAUEE, RABEBIRE BT A5 SAM PHI-610 P, FIGH 25 1 Aax)
B AITREAT 200k, ¥ 0 PN 1], R 308 2 bl P SO R o (R 20 TR,
TUE PR AR R N 7 s
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239 EFUFITE

AR T AV S ETE Cerius 2 AT FIREATIO . 0 40 00 AR 45 R A
R TARuSeft, H Builder MEHLMEAT MR B3 FIAL I BT 75 VEBTW S AR 4544, IFH
3D-sketcher T H5¢E ML AR . 55 H OFF SETUP fil OFF METHODS #xt
LA A SORPTION TOOLS KiEAT S5 M. WPt g W B & vl 5
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FE -REN YR AR PR W TR TR

FZE B-EVYNRKRED. BRSESAIFESE

306 ST MR A 0 28 T ) B S IV 2 S A [ - = AT B A el
AR W BOR o MWARAS LU0, B0 03 AL A i A S5 A8 1) 72 3 il T )k
T BT AT A S 2 s ST P PRV I S IR I RE S ) FRIARTRT, WA 52
Widy IRURLAE K A SR AISR K E 0 HOR BIERAT R aAT e TR, WFEH™
VIR S RS, RTRFIE . BRI DA S ) 3 1 5 0 245 2 TR AR A B
XD 0 B AT A BB, I FEEFE . TF AR 477 3o,
(EECEIR7/PALIPBURE SRV NI

3.1 ARV YINRASHEERE SR

3.1.1 —/KEEA

—KAEAR AT 1k 27 20 ALOs « HyO B a -AIO0 (OH), I ALO; fFE g & &
) 84.98%, H,0O 15.02%. — /KOG HAFRIRG LR, RO AR, HA S
LR 3-1. AE—/KEEEEAY, SARTEANTREEREM, REFHHERH a
H, ROTRIRE a0 S TAER TIEEEER 2 %, APTFHE AT Ui B,
Al AT ECH 6. [APT (O, OH) o] J\IRIARLL (1 RUER AT 22 T . B 14T T
c FlAEAH o BUREMRI LA THAHE . BEWN J\IARIEARICES . 7ETE L o Flr) 11l B4
THHEAER-Z8, FFEAD AR, O0-H-O i gk, ikt
3-110,

— KA A IR R 8 A R B T A RS SR AR A . 2 — KAl
BB AN, FEHT (010D THIRIZ, (100D F1 (001) & THIH A5 LI
W4, FRIHFFEAT KRN ALLO BN AI-OH . — /KRB A7 IR I IRRL 25 00 A
JURL LR AR 20 S DL B 3-2 RN 3-2, S5 RN, 78 S0 AT H — KB A A
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i, 0~-10 0 m R P)RIRL by ST 1) 35%, A PIRORLIF ELER RN, UK
1.2617m%/g,  S0% K11 MIURL TR A% hy-17. 54um.,

£ 31 WIS S

S
: i LS4
B2
ap (nm) by (nm) c¢o(nm) « B Y Z
—IKEEER A 0.441 0.940 0.284 90° 90° 90° 4
=R 0.514 0.893 0.737 91.8° 104.5°  90° 1
R 0.52 0.90 1.0 90° 96° 90° 2
It Ay 0.515 0.892 1.859 90° 99.9° 90° 4
100 10
a0 A - 8
£ 60 L 5
ILE 40 F 4
=
S
20+ -2
0 T T T T e O
0,01 0.1 1 10 100

ADiarneten)/um

P 3-2 — KBS A R RE 3 AT
K 3-1 KBRS A ) S AR S

3.1.2 g5léA

R AT AU AL[SLO10](OH)s 2L ALO; » 20, * 2H,0, y F /K ik
Wk, LK DR IEIE R A7 4E, ALOs. SiO2 5 HyO HIELIR & 543 il 41.2%,
48.0%11 10.8%.

AT 104 DUTH #4173 5 A )2 S5 AL0, (OHD S\IRIAR 2% 101 &5
IR LT, BT AR, LIS HOLE 3-1, L kgs e 3-3.
AP TTJZ ISRV SE , I H IR, J2 I AT S A B T Bk 9 T77
1E o VAT I (RDREZ 53 A1 BOBURE L R TR B LI 3-4 A 32, SESRRH,
FESEG T FH E A AR S, 0~-10 0 m R IR IR0 by B 1) 39%,  50% [T
U AT UL AR b -21.25pum 7 PSR A LL R TTRAE 24K, O 16.5436m%/g. 475

30



S S RED YIRS R S S T

W A7 B e B Iy, LR B 001D THIKEZE, (0100 A1 (110) 20 WA
fig s, b (001D Mg RRAE N JE T, WRREKTH, (0100 A (110D M. &
U Ay J2 M) Al I S BT (1), A B U R 1T AR A S s it R ITRE AL-O
BHORN Si-O B, DA A A PR B () AR I LA

0.1 1 10 100
ADiarnetensum

Kl 3-4 ml AR AT

3.1.3 EHA

PR B A BN Kix(H20){AL[A] Si3010]}(OH)ox(H20)xs I ANGE s
ST H B RAL ), W EIKAL T RZIRIERR S04, v A3 205 R A 16 db A4k
#30A: (K 330N20,046Ca0.004) (Al 056 F €0.027M0.070)[(Si6.437A11563)020](OH)s,

RAE R RS R, LRSS HENE 3-1, AR guE 3-5. ARAT
gitotEE =28, BmN)E [(Si, AD O4] DY Z 435 ) AR 2 B b 5
(R GE R FRTC )2, R T DU TR PR Akl o 4 B0 4T 5 A AE AT o Bt AN Ik 1
< J B N2 (8] LLAMEE Fer, I AH QIR &5 Ry ST R RSBk, 2R 359
(RIS PR 2 i JRIBE S Il H 8 K A Naty Ca®'%%, B
BRKAE, BRIAE S5 M B Ic 2 AR, Wb AP, HE5iocZ2 206, Wb
IR AT o

BT BB I (PR R AT SORORE E 2R TRIRR 20 ) WL IE] 3-6 FIK 3-2, 45 R 3RW,
FESEIG T AR RIA RS, 0~-10 0 m RLZR IR PRk S =11 52%, 50%H7™
YIEORL I REA% -8, 74um, 00K (1) EL R RIS K, ) 8.9056mY/g. 4 BHAIA
WO ARERF R I, JLAR R 20 (001D MW, (010D A (1100 LW WL A% 2
T, PR T2 AR Ay T B 9% 1) 701
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3.1.4 MR

A AR AL[Si4010](OH), B AlLOs * 4Si0; » HoO, R & /KA ik
MRER, HH K URIIE A TE, ALOs. SO 55 HO B IR & 543 il h 28.3%,
66.72%F1 5.0%. V5545 B A7 (1) it AR A 27 5k 10

(Ko.0s2Nao.020Ca.011Als.101F€0.02sMg0.012)[(S17.585Al0.415)O20](OH)4

A SRS EOLE 3-1, HakdimmE 3-7, dipiczg =20,
P2 [Si04] PUTHMA S JZ B4 ARt a5/ 50 2, 850 /= 2 18] s AEAE )
HRAE . DRI ESR, A ADEREED K BRI,
NI JRA 2D 8 R s 1 P Ay PR ok <8 g T 2 1~ J0F N J2 [R) DA% H A o i i
Ren R, ERICZNES, =B 2/3 B\ BR, B, 4698
fi] o

W RRCRE i PRIRE 20 70 A SRR B 2 T AR 23 0l DL ] 3-8 IR 3-2, 4 SRR,
75256 By A A R Frh, 0~-10um KLk B Wk 5 SR 75%,  50%I[H)
TR (k4% 0 -5.83um, B AR ) LR THIAREE R, N 5.6122 mP/g. 4t
AR I, R T EENT 001 THIMIEL, (0100 A1 (110) 25 WA
B, A AR LR (001) Tise4, R _EAEE g Tk kA

100 10
g0 a
‘of B0 ]
7
Lj 40 1 4
E
5
S0 Lo
I:l L ELLRLAL | T rrrmm T T 11Ty LR RLL | rrrrmm I:l
0.01 0.1 1 10 100 1000
X(Diameter)/um
K35 ARG RG] K 3-6 FRIATRLEE 7 A

L EPTIE, BAT A I, AR AR S BRI IR SR WA R RS R L R
IR LERITRUNTRE S 2 B EARAFAE ORI 2200, HIR L 3-2. 1iudy P iX L
VRO )RR A AR IR NT, AEARKRESE EukoE T ik vk pe .

EOG, MWW RS RR I 2 5B R RS, AT DU Y, SR iR
WP £ BEAGRIH O JE T RAREER FR Y, BRI R, SRR AR 8
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FE -REN YR AR PR W TR TR

I E R B R, RN R g TR, e el 1
AR AT RN, R e A AR R A AR RS R AR AT g B e
THEIAAAEALAFENTE — KB AT BAT IR R 25K RE T ey BRI A 7
T3 TSR AR F R E . I, DR P nl L B A W R
W AT > U AT ~ BRI AT > KRR A

100 i

0ol 01 1 1a 0o
ADiameter)/um

B 3-7 A AR G R R 3-8 It £k o) A

R 3-2 s it P RURL 1 HEAR I

[EVEZ S — KBEES A A il A R

mn ARG 14 HEIR J2IR AR AR
MR AR R B LR, A Vs BrEEREAEE )
tR WA (m?/g) 1.2617 16.5436 5.6122 8.9056
pavAEcs -10um 35% 39% 75% 52%
MR +37um 20% 30% 7% 5%

FR, 0 EER T RBOS A M 7 E B AH S s . BRI ™)
FEWR B TRI A B AP I 2500 (MR 0 15 T 24 700 PR B B EE LA, AT 32 7 B 2
FUMFEMARL N o T 3-2 Al AR Y, 7 3 24 7RV S 1 AR Aoxt— KRR A X7 I8 72
Wi B R, TS ey U A PR BB P S MR AR R

P& W IRORLEE A BSOS ) R e A — 2 5. 3R 3-2 T AR Y
KRR AR R PR DL 5 B, AR AR N R 2 75 /D Il A AR A
W DIRE S R AR AT i, T A IR R P O RDR S e
LC], FT LA HY BRI S ™ A i (00 00K 20 RS S I v (DR 25 /b, Tl R 4 B
FUORLZR A — € BUBI R AL, s 0 0 i) SOV IE I B T — 2 IHESE . 7 AE )
PORE LR 1 B A R B A o DAL, SR PR PRI 45 1R 5
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PEA5 TERL L AL N PR B0 ™ 1 S e i peAE — @ R 8 B HAT B AR
e

3.2 B-REW YRR RETE

3.2.1 FRETRTEE

W RIS FAE KR SRS FAHEAEH, RAGIE A2 sl W i
AR SR 1, AR T b, Al T R R SO TR R SR T, AR
MR OS2

TR i BT — 7K B A P BT 28 1 R PR A0 A0 11 o T 2 i HH R = M) S e AR
1, JEERERI, HARRNSEAKYE, SAMEAERE SR EALZR T, IR N
G- FEARFE pH AT, FEIEALRTH I ) A F R PR B I #F 25 H Bk O,
BB A B 2 A R N, LRV SR (3-2) A (3-3), MR K
L

>s< +Ho—>>s< +OH* ------ G-1)
YS—OH +H* —>>S—OH2+ ------ (3-2)
)S—OH +OH ™ —)S— 0" +H,0-----(3-3)

H>S FREIE AL

JEARFERR AR W AT W LEE LS N s Ml A DVRIA S i e s T
W (010> A1 (110D J7 [ R AEMF S, SafLH R Si-O F1 AL-O Bt & A= W%, il
FBON BTN, SRR R R T AR T AER T, R,
Wi K R A e F g A, A A T (10 A7 FELL R B — KBS A AR 1),
DRt s A FL PR OS2 pH B SR o BRYEA Bt o i far (E WL s AR i,
Ui TR ANe7 s B by, g TR

TERERR RN W2 b, 2SR M3 B el AN E . 20 -
1) Si-O 5% Al-OH o0 IRIEE, FRIE b, XPhR & AN A, (H2m T8k
YR AEAE R R S e, Tk B STt LA Ha A (R BH S 1 AP B Fe¥ 8540,
AP B Mg® B Ca™ 2585 e, SEIR TP IEHRMAALE, SRRt 48
BHES FiE N ik S P S A vt o HKEPER G, J2RAERR 24 M0k Hh (1 ik
i, <5 B 25 A KA g B AE R i bk N\ BT A A A R JE s 87 FL o EH
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FE -REN YR AR PR W TR TR

VR 2 A LR S i B 1 IR SRR S B A M2 FH B 1 R i
AT OG, AHI T/ B pH {H

PRI, 22 TR S T S BN TR PR ey AL, 70 R R IR S ™ ) 2 T i A7 A 2
JRAN R AT (1D 25 R A e kM (0 BH 257 R0 At 5 2 1) Je ol iy (1
KA, ST pHAETG O (2D IR 2 136 R i 125 5 6 1 g 17 iy
L, g PRS2 pH RSN o

322 SR-ETYMERS (PZC) WMEE

W i PR AR CREE B mass DL i 0 VR (0 B B I R, PZC A
IEP Je 0™ MR AT A (T S 8. s ok 5, et S AR 2 20 IV
X (LSD) nf AR & A WIAE A AR R h I BEE PZC.

3.2.2.1 —/KIEHHAIN LSD J PZC
KRR D AAA, AR I B AR BV

AIO(OH) +3H'=AI"+2H,0  K,=10""* (3-4)
i AP KIS AFAE LT R

AP’ + OH = Al(OH)*" K,=10""! (3-5)
A" +20H = Al(OH)," K>=10"7 (3-6)
AP" + 30H = Al(OH); Ks=10>"? (3-7)
A"+ 40H = Al(OH), Ks=10*° (3-8)
M EIRFHOCR, &AW E S pH B &:
1g[Al"]=7.58-3pH (3-9)
1g[Al(OH)*"]=2.59-2pH (3-10)
1g[Al(OH), ]=-1.72-pH (3-11)
1g[Al(OH)3]=-7.42 (3-12)
1g[Al(OH), ]=-15.42+pH (3-13)

s FR X, VKA ) pH IR BEX B A 18] 3-9 i

HE 3-9 WFES, ARG, —KERARERAS TN AP,
AI(OH)*". AI(OH), IE& 7, MIAEBIESAE T 8 h 613 741> AI(OH)4 .

R VR A 2 SR, 6 TR (R A A ™, LB IR A r sSORE N T4 A0 0 1) 1
M BH 25 (1 IE — 1 4158 [M™ (OH) o1 1 5 AR AN BH 15 7 161 57— 11 415 [M™ (OH) 1n+1]
WRFEAIZEN) pH . B8 3-9 WTLAEFI, pH=6.85 if, AI(OH)=Al(OH)}4, UL
A KR PR E 22 HE k) pH=6.85,
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1gC

2t
0o 2 4 6 8 10 12 14

pH

14
0

Bl 3-9 — /KEEE ATV AR AL 1K) pH iR FEXTEE 183-10 —/KBEA A (18h HL AL 5 5 W pHLEL Y

KA

MAF— 7K AR A 1 Bl A7 5 i pH LIS R LK 3-10, nTLLEH, (1) B
EHEVSW pH AE R IN, — /KAEER A 1) zeta A7 IRGE /DN, 00— /K BEAR A7 3
F75% pH AR (2) — /KB A A (PZC) 2928 6.2, 4 pH EH D
T 6.2 I, —/KAHEEE AT R Ty 1 FL, Y I AT 118 S 25— WSO M LI ol r A
FHW B AE LRI 2 pH (H KT 6.2 W, — /KBS A 2 th far 7 H, DU H B 14l i
30 5y T T e B A LR T A AR R o RS ) — K AR A S S PR
H S SEAR 2, BEUR UL, — /KRR AT R I e AL B 1 EZE A RE & AI(OH), A&
Al(OH)y

3.2.1.2 HEM M) LSD A PZC
U A P AR A IS 2 A A DY T AT A5 A \ T A 3 1 SR IR £
W), AR KR A R A, AR H A A — KA A R R
U AT AR KV TP AT AR IR SN
0.5H4AL[Si200](sF3H =AI"+H,Si04 0.5H,0  K=10" (3-14)
AP FERE P IR RS LR (3-5)~ (3-8)
117 HaSiOggaq fF1E T F1 SV :

Si0; »» + 2H,0 = HySiO4 K, =1077 3-15
(aq)

H" + H,Si04% = H3Si04 Ks=10'*¢ (3-16)

H' + H3Si04 = H4Si0, Ke=10"* (3-17)

2H" + 2H,Si104> = Hy(H,S1047),> K=10%1¢ (3-18)

HR S K (3-5)~ (3-8) MI(3-14)~ (B-18) [ T W h & 0 5 pH KR
ok
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1g[AI’"]=6.05-3pH (3-19)
1g[Al(OH)*']=1.06-2pH (3-20)
1g[Al(OH), ]=-3.25-pH (3-21)
1g[Al(OH)3]=-8.95 (3-22)
1g[Al(OH)4 ]=-16.95+pH (3-23)
1g[H4S104(aq)]=-2.7 (3-24)
1g[H3Si04]=-12.13+pH (3-25)
1g[H,Si04>]=-24.69+2pH (3-26)
1g[Ha(H,Si047),71=-23.04+2pH (3-27)

FH RIS e A 1K) pH— IR BEXT ST, il 3-11. AN al 4, 1 milé
VW ERRVESAET, w4 VR4 E50h AP AI(OH)™ . AI(OH),"IE &
F, MAEERRESE T, 581414 AIOH)S + H3Si04 HaSiOs” Rl Ha(H,Si047),™

TR Z BRI PIBH B 7 I E— Il S5 YR B 1 15— AL o i
FHEE ) pH AH, XN FER2R0 10 PZC. il A @Bt by, HiE—hdl
554 AI(OH),, Ti—Mdlsrk HiSiOs, "EANTREASEN pH EH N 4.44, 15
U 7 P B8 2 0o

I JE A R R A R 7K P 1R s A (3-28) F1(3-29)

AlL[Si4010](OH)ys) + 4H,0+6H > 2AP + 4H,S104a) (3-28)

K AL[Al(1.5Si3010](OH)ys) + 10H & XK +(5-x)AP + 3H,Si04q  (3-29)

A 1 1 BURERRER™ ), v 32 B e AR Al A 1) =K AR 2
AT RN 2: 1 ), eI EE R A DY TR0, A B
B K, R e A 22 o B aK(3-28) FI(3-29) mI A1, IR A s A s H
BT A s AP, RGN KT ALY, SR 2 HySiOyuge AT F
HSi04aq) 1E K 1) SN F iy 0 A 1K) —FF, - 200 L3 (3-5) ~ (3-8) M1 (3-15) ~
(3-18), Fr LA A7 FHAFFI A ()05 o) 250 P61 0 5 vy s A PR 2 4B

TEARI) pH AESAE T, MUAS A s PR R A 1) zeta FAA 5 W pH
R A I 3-12. WETTLLEH, (1) BEEWR pH 880, ZEIRER R
VI zeta HLAZIRZD: (2) =il PARA R EA RS (PZC) 4304k
4.2, 3.0 f13.0. 24 pH {H/NT PZC I, W 4 Hifr (FH, iy 1E HL a7 1) BH &5 14l
W LA T 7 R A P IR N AE LR T =5 pH(ECK T PZC I, SRy 7 Hs,, JUJRH
B HBOR S 1 i A AR AR TR A A R B o e g5 IR BRSSP e 0
A EA S (LA 3-11). X ULHH 7410 AI(OH), J H3SiO4 & milk A1
B SR A A

AR, SR AT 5 T v A P IR AR TR SR A A T P A7 Ji T R i
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T FELAT (RS BN A s I H JEs T A g 1T FELAT () 22 5o FEPR ERAT I )2 () 1T
R [T A R (PSR S5 R A AN o bl T [R) AR ASEAS 2 1y 44 A7 L AT
pn A% b (R FL Ay P A T 2 R BB B 1 P AMES o TR KAEAERE, H T AME I BH
B TR AR IR B, BT B ZE R AN B, ST, EAl
N2 WL Z IR e | DRk, AR HOSHL 2 I B BRI A, HE
S 12 R PR PH 8 1 DA R R B 2 B JZ2 25 TR N

Uiy 1] W 4 1) R - A AT - A, OURE 2 FR O A S T I B AR T
Ao BRAE VIR 2 Wi R S i ek i, nl U AE R AR flA DY i
W EWr R IR IR i 3R 10T, T LAR AR SR T, rh PSR T Sk 3 T
o MR E, (R /DB E AR, U BT AT A2 B T IER), 1
R [A) b B #, m] BEAE A0 B ik it 7 D Se i 8, DASSOR 5k Bt IR 3R T S5 %84k
FRRIIA Y, A SINAIE R, AL SR X 4 ] L4 1E f gl GaZaE
ML)

R SCR AR O R A AT AR THT S LS (PZC) e 7.3+0.2.0 21T T4
ARARIURE 1 2 f A5 P, I KT S50 AR — 2K AR A ™ 0 10 2 P Ao R TS0
[T AT (93 A — 30, B BRI R SR ) B i 1T b AR PRME 25 AF B ml oy IE FL iy o [X]
I, m AL SRR ) PZC — K T E ZE H N pH2.81,

HIEE 1, SR B & 0GR s ig a8 E 0 B pH EERDE PZC s
<pH<PZC jmss, B 4.2<pH<6.2.

0 40
Z\%
2b \% HSO,

—a— il
—A— A
—o— Rl

3
B
)
o

FHAL (mV)
|

{
S
S

|
(2]
o

0 2 4 6 8 10 12 14
pH

Kl 3-12 HERRI N zeta WAL S5 pH
B 3-11 @A R4 53 1F) pH — o 5 £ K] eSS
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3.3 $B-REE IR AEIE

3.3.1 Z4gEh DTAL AHEKHIB - aZ s

Bl 3-13~3-16 45 T8 LA i & B ZEA el ) — /KR A . = f s A
A RIS A LR TR P 2 £k DTAL 1E R F7F 3 [RICR 573 pH {2 18] 1)
KHo

HE A LA, LAZEREL DTAL (2X10™*mol/L) i), — /K5 w]
VPR S, BRIEAS AR, — /KA A R T VR RIS A AR s Bl ORIR B IR,
— IKBEER AT TV AR AR /N o 43I N 2 X 10™* mol/L i, I A fERR T 4%
PER B RIF R, B pH (EHAIME K, JLRTVRME T RE 38 Kl ook 5
(6x10™*mol/L), Rl AT [TV EARGf, FERELEBPESM: BRIV B, N
IAEREAS pH Y Py i A AR LU R AT o AR (EAR A = ORIk B, LT
PEPEAR T 28 WORIGRREE S, BRI B PR vEAS B0, EomRIESME T,
PRI IR AT PR I B s AR I CRIIR BE (610 mol/L), PRI AT (¥ T V7 2k
TERIR NGRS F T, 08 A . ARSI T, B pH
R BE R IL PR M T B s BEAEROGRIREE RS N, 7R3 pH MEVE A, i
FapinpE SV EIllE Sty

SR UL, ZEEEER DTAL AR S0 ) i 0 A Rt A7 EAT L R A i 12k
A SR E R0, AT ARG o FERRYESS AR T (iR vk e T 4%
fF, R RAERRYESAT N, A A B e . 2% & DTAL XKl
A TR E RE R 22, Tl WSO FH 2 R AR A 0 — /K BB A 1R T v P R A I
i), DRI T 228 £ DTAL X — 7K A AR A F0 LB ek R b0 40 ()7 36 3 B HH R e (1) 5%
P, XTRERR R P s A R A R R, AR O AR T R A
(A AR IR T TR TR A S AT, 320 K KRS A FIRE R £h
L R =3 S S W T ) S v 8 B 5 N W = e sy S L 8
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100 100
—B—0.0002mo1/L g0 |
80 —A—0. 0004mo1 /L -
~ —A—0. 0006mol /L < 60 |
& 60 % 40 X
= i R x X
i <
10 20
ﬁﬁﬁﬁégg% T
20 : 0 2 4 6 8 10 12 14
pH
0 e - = % - -0.0002mol/L
0 2 4 6 8 10 12 14 —A—0. 0004mol/L
pH —&—0. 0006mo1/L

B3-13. — /KBS AAEARIWOGRIR L NI 181 3-14. gl AR AN RSO S T FR i

TFIE DGR S pH EI R PR 5 pH AR
100 100
80 80
< 60| <60 f
§ 40 %ﬁ 40 |
20 | 20 |
0 L XX R 0
0 2 4 6,8 10 12 14 0 2 4 6 DH8 10 12 14
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—&—0. 0006mol/L —A—0.0006mo1/L
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ERNEIpER

M 3-17 FTUUEH, ARG, — KBS A S T, ar
VEVEARGS, BRUE JSmBRIE ST T, AIVEPERRAR. A, SR ATERR IR T
AIVEPERLLE, BEAE pH {HMBE R, FRklRDeR T R R U TR IR T 4
A IR PR, BRrESAE el

IR 48 RR W, + R 590 4 T KBS A R R SR
I (R A R 22 5, KB BE A 1 0 Bl AL T 2050 A 1T X A PR SR A 400 (1) 3l
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IR PP AR M o AT T AT PR Ay i A > s 0 A ~ PR A >—oK
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2. /KBRS (R R TRUM AR IR TR SR ™40 P Sy T A T 32 56 A B B i 120 S 1 el AL
SERE iy o, Hoar URFIERE ISV pH AR AL s BfiR Fh W) (1 )2 1
i P, DR A AR A < B BH B X6 s v P v A7) < Jes FH B - (1 A [ A FH T
R, DRI Ay A A B Ry, ANBEEE R pH (BRI A o AR 223 (1) 35 iR
R E ] CLSD) Hiff e — 7K BEES A A iy 7 (R B8 PZC 7300l 4 6.85 Fl 4.44.
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B HOR S B T IR feE pH (B VS S 4.2<pH<6.2.

41



R KA 2

3. L Hh DTAL FEMVEGAT FXTERR SR WA B e g, oo — 2K A AR
AR s BRAE ST T, RERR R T rI e N R, o KRR
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AT, BRYEAAT R R R SRAT A KBS A AN RE IR 0™ ) (¥ 7>
o T A GRE SRR TE ST N KRR SR AT — KB A A B g
i tEng, BEE pH EM BT, RERRERD DAl e N R, i o
KRR A AR S G5k BTN RV EANE R R L, AT
TE P I 10T — AR A R i A R PR SR P B A B o P M AN F L 1
X

42



DU ORI A T LB

FME  HBGH SRS Y ERINERR

4.1 B FHKFRRLESHFEEEES
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REAE TR (KD L iR 28 2 4 T4 g0

RNH,, & RNH, - S=10"*%...... (5-1)

RNH; < RNH, , +H" - K,=107"0%...... (5-2)
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RNH; + RNH, ., <> (RNH; @ RNH, )+ K, =10%"7 oo (5 4)

b R EE Cr ol 2 X107 mol/L I, JE R — i tiE i IR 7 pH=9.6.
1 3R 2 S B s b 4L 1Y) pH-R EEXS S L 4-1. eI mT %0,
TERRRYESAE T, VR 10 24155 RNH R (RNH5™) 5*'5 Bl pH (¥4
I, I RNH; (g F1 RNH; © RNHy o [IWREREIN; 2 pH KT 9.6 B, #&
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PR S Rk S o
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8 _3:
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111
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0

12 14

Kl 4-1. i h S 40 B BT BUE (G=2X10 "mol/L)
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B85 Wy T ULRCENTZ I8, i PAAAE R Mgk AR Ve, 5
GKGEEAE R, I E I P A AEIE I B a5 RN 5 — 2RAR 1Y
PRI B o A A AU T ST ST SOR A T R TR E. (HMC) B AF
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et RO L KRR (AT RGE TR s AERRVESRAE N, Sy AT
—EMIEICR, B RNH; M (RNH;D P RIFEXRH ik A — e Ve

Ptk DTAL AR s it i, B BRI = 7, D e R3S 41y
WL ER P B 1

4.2 PHEF Y B -fER P2k R R B

421 FERER-ETYORARMENES

] 4-2 225 £ DTAL 76— /KRR A7 FIRERR R AT 43 1 1) B 2 55 5 0
RIRFEIC R INE . MBI T LUE H, BEE WG EER B IN, filGrZen v
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THI IR B 20T S B3 1 JeAE — /KB ER A (3R TR B 2 TR 2, B il
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W o i A 4 SR B B B N L i LT R B I SRR BN T 5 X
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K 4-3 &5 3 DTAL 75— /KAEES A7 R RR SR A4 3 T X B 5 0 pH
H KR M. WNET LA, ZEEE DTAL 009 i 0w b i b G v
pH BRI Bt B AR L R, W R0 I S A B W pH E
(R 1E INT HG 0, X MG SR T AT AR 5 P ES T ORI R T, A A R R I
TR Bt 2 b o DR, 2 SRR S5 P 3R 1T A1 — & (R FBAE 0 A
Bl 4-3 AR BT T AEAH R pH BN, 8k SR 7Rk IR Eh ) 2 1 PR R o B
BT K TAE — 7K AR A R T PRI B o, 7 0 A R 0™ 3 T (1 R B A AN K
MFHILEIRE ] 4X 10" mol/L [N, fE¥&AS pH HIEF P, Z4% 4k DTAL £ —
JKAE R A 2 T R R B2 2 1.0-1.5 X 10 mol/g, TR T IR SR 4 1) 2 T 140 W e
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BATIERE, 43I LURR S TR Z O JE A B Ta i) A AR 1, AR R A 1] 43 )
DL 4-6 FIE] 4-7; [N A 1 DA S DY TR J2 A FEAC SR TR b AR 24, LA
PR B A A 1 23 DL Bl 4-8 & 4-9.

H Build 3¢ NI 3D-Sketcher [HIMRBATHIWC A 73 T4k it 43 812=54
BT, BT SRR R T4 T 2 WA 4-10.

Pl 4-7. B TR A= S AR S5 R AL P
Bl 4-6. )\ T A2 it A5 4 PR O R

Bl 4-9. AU DY T A4S 2 5 4 AL
] 4-8.  fik AU DY T A4 2 45 A (R AT AL I

4.2.3.2 AL ERWAERER 22 W) 5K )

R RN il PO Sl SR (VA E ESR e A /BT SO ER IR o AR st
B, P 44 P AMIASE R I, 2R A T R R P R AR TR
Bifo DRI, 3K LR P A S A sl e i B S i A I REAT TS, AR
s R R VR AT, A SR B 1 — PO O e RS AR I 0 R R
TERG, & 30F IR M 21 WL 4-11. 5 G e fur poCof FH TS 190 2R R BE 5 1
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TR SR SR 4-1.

De

I 411, 2l b 180 T MM B 5 i e e
] 4-10 Zebk b EREII SR (A) fE R4 (B)

KA1 FHERRPERL G 24
Wbtk 4 HOBK (om) A FEEC

C6-N5 0. 13560 ZC6-N5—-C9  109. 8551
D C7-N5 0. 13479 ZLC7T-N5-C9  110. 0986

C8-N5 0. 13505 ZC8-N5-C9  110. 4281

C9-N5 0. 13700

Qe-N5 0. 16512

C6-N5 0. 13513 ZC6-N5-C9 97. 9147
(B C7T-N5 0. 13455 ZCT7T-N5-C9 98. 0165

C8-N5 0. 13514 ZC8-N5-C9 94. 2454

C9-N5 0. 13542
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AN R AR 22 IR EE vh RE A 1Y PR R AR e AN AR VR T, o Rl MR 2 e AR g
U S F WKl 4-11.

YRR T S A e ERG, EERHIERTE, SRR A T
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RUM SIMULATION
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B 4-13 PRI 6 0 iR SRS 27 A D I A AR B I (e
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R T B BT 32 BEL 7 55/ 0 (0 i DS gt e 2t 55 S ey ) A i 2 1) 7 A T BBOR 1
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[FIREE, M 4-15 RIE 4-16 n] IR B, 4k ShAe 5 4nh PR i i i e
AL, A5 B W) B ) DX B 5 1 35 Ry ) 4 TR B X P R
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N KA R A I PRI R A T zeta FRAZ IR I SR
pH (KRR I 4-17~4-20. — /KB4 2 HL S (PZC) 4 pH6.2, HIE
4-17 w5, QU pH /N T — 7K BREE A7 1) 2 W i, s T i — 7k A5
A1) zeta AL 4 pH (E KT PZC B, —I/KBEERAT Y zeta HOAZ W ZE1E 0, - H.
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J7 3G, Ui ES 12 SR DTAL AR R TR A T 3R IR M, 5y )3 11
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