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ABSTRACT

The aggregation of ultrafine kaolinite and illite as functions of pH,
cationic surfactant concentration, speed and time of agitating and
structure of stirrer was investigated by sedimentation tests and flotation
tests. The aggregation mechanism of minerals was studied by Zeta
potential measurements, SEM observations and DLVO theory
calculation.

Results show that kaolinite particles aggregate by edge to face when
the pH of system is less than 7 and disperse for electrostatic repulsion
when the pH of system is more than 9. In the presence of cationic
surfactants, minerals become hydrophobic because of the static
adsorption and the hydrophobic aggregation occurs. Kaolinite particles
aggregate by edge to face at acidic cationic surfactant suspension, while
the hydrophobic aggregation of face to face occurs at neutral and alkaline
cationic surfactant suspension. At pH 7, the settlement yield of minerals
decrease with the increase of length of alkylamine acetate chains. Order
of settlement yield of the four cationic surfactants is dodecylamine>
tetradecylamine > hexadecylamine > octadecylamine. Quaternary
ammonium compounds have good dissolvability and ionize completely.
The cationic of them can exchange and adsorb between the layers of
minerals. So the hydrophobic aggregation of minerals with quaternary
ammonium compounds is better than that with alkylamine acetate for
stronger adsorption. The cationic of CTAB has bigger volume and better
adsorption stability than 1227, so it is the best for the hydrophobic
aggregation of minerals. The aggregation is progressively bigger and
tighter with the increase of cationic surfactant concentration.

The hydrophobic surface is the key of the hydrophobic aggregation
of ultrafine particles. It’s help to aggregate for hydrophobic particles to
stir strongly. The optimum times for stirring strongly are 15 minute and
10 minute, respectively, for kaolinite and illite. The hydrophobic
aggregation of ultrafine particles has relation with the symmetry and the
obliquity of lamina, as well as the amounts of lamina. The order of
settlement yield of the six kinds of stirrer is four tilted lamina>>two tilted



lamina>three tilted lamina>three straight lamina>four straight lamina
>two straight lamina.
The research was supported by “Key Basic Research Program
(973) 2005CB623701” of China.
KEY WORDS: kaolinite, illite, hydrophobic aggregation, SEM,
DLVO theory
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b) fb 57 N =%

ML KRG 7 R R E 2 dE: B pHAH. W4l r . RIS T
TP B 755

A LS R S 0 pH ARSI ST T pH AR e A R 4 HC S SR AT 1
ey, LR Y pH AE/NT 7 I, il RO (R R BA SR AL SR AT A 4
pH AE KT 9 I, A M0ORE 2 [R] 43 BURC A, 38k 7 v pH R ] LA i) e e
A R BT M

A I — B, DN S 3R TS P AR AR T it /K A S B
ARG /K AR FH RE A2 RO 2R AT 1) S5, 0RO P 5% AR P88 5 SR 2% 11 P it K Ak AR AL R
FEseA—2, i FLEOR Bk A6 S R IR E IR 2R S B DI R T,

Bl 1-2. K 1-3 V52 R 1 RURLER AR B (TR ™ i) 5 R Gk
RS —BOCR: HR, bt 73R /KA S R i PERIK B LA T pH Z |H]
RIS S



Bt - 22 07 3 S o CERERA

SIIKEIPSES

o0 120+
—

4 [NaOl]=2X10"moJ/L

80 80}

A0

0 60}

. \’
sof a0} w\/
/0
0L 1 ! 1 .1 4, pH 2oy s
0 2 ¢ 3 8 1o 12 Pl
L 1 s L - 1 1 L ! .
2

TR =32 Y ()

‘.3 T 810 12 0 107 107 10°*
i AT COX 1074 mol /L) #9412 BB C (ol /L)
B1-2 Feirs Ll = 5 5 i BRI (o) B1-3 esks Hefk A L i BRANK L ) % A
VAR pHIE ) X 2

SN S 1 R JUART I 58 T AR B H A (R A A A S TR

RETIE A I A RS Sl A L e (RS 2k B 2 00 T 2o B IR )i
TIRE A EHERERIE . B RIEFA O, M Hibs S8R A s LR ARG 5% Il
R JA WA T TR PR MO AT ™, A R B AR, S R
LG, R BT PR SR T 10%. AN A RIBERE RS K A RO
ARSI, IS5 B AR R AN o
d) ARk R RS

A G RBIAT 0, ARSI AR ol

IS 0 3 o P AR 204 SE RN KSR RO PR M LR U3, IR
PEah AR KR BIRAE IHLEE 20 . (1) S 2D i mb R 1 Ak R
fe /KRB Kby (20 AR AR KH R R]FE - Mt B8 Ktk
SRA1 1y i A 7K SR T R RLEE

PR AR R B R AR AN R R Bk BEAT B K SRR, P — VIESEVR Ak
AR it R AL R R AT I e A L 2

EME AT T BT U BB S AN R AT B R IR T, VR N i
I AR S il AR DR FRER T R (S ) Syl PR A, i T iR Bk
Z A KA SR, AN R G5 H ARGk B3R, B8 T RS AR AR o 0K 1) R W
FELL R o AR I U R AR S 1 SRS, DR PR R R FH R 1 e A
AN
1.3.3 T R KBRAMMELZS

CLWITIT A H 2 2 FEGK R [ 3k 125, JHEAS T2 TRE 7 A T i 2%
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Bt - 22 07 3 S o CERERA

TP oy Ly, WRRE 738 TR AN, 5 AR MR- P K R A r e T
SEA Ll I 1-4 BT

J& R
% GRS R RIEER . AESME (MR EAID
SEHUMEEE (10~50min)

\ 4
TRk i 73 FH B Tk JWEve

L] | | | | | |
Jan By b S FK ] il 14 5
$ o || (LT Wl om || 3 5
Tlle 1% | T ] ol ol W
5 i Tk = 7% % 1% % gy
] || % %

ik B B

f& f&

B 1-4 thmy FaiKERA > L TE

BRI S, SRR Bk T RAA W R EEATIL [ 5

1) VS 00 S P S T A7) A U 48 7], DA A RORSr 5 T e Rk i 7K A4

2) A5 YA B L A R A v AT rp A5 Bl D B, BRI (R KT 10

3) WIS FEAL SRR A o R R K 2R [, TS ok ATy
TREF AT

4) F3E 2410 B B 3 i K 3 R 5k, o 38 7 ] DU TRk . R
W Wil 0% o FAH 23 2555

5) THEIAT AT Db Rt Lo A 7K 2R 141
1.3. 4 AT R K B EH 57 1E T 2R BRE A

HAT, EANAMNED N0 si KSR Bk T 2N WA T —2 /.

[E45, Song .S™ W& AEMNA (20 vm ) RAFKRIIFETE, 5
WHNEEIEAI L, Al Ti0, A7 HeE 45, 1%, FRIERSH D a4 i 43. 9%.

[ Py, IR H 0 2 AR K SR 3 1 2 BBk L L v PH R A0 T iR ik 2
W AR B8 . KA, BB RR  T AR R TU A )

K S AT EK R AL T 2 A PR AR AL BT EED T, ik T R 2

11



DR SVAT P o CERERA

Ly IR, FEIICRAR, B RN A5 5, B R4S BB IR 6 e (5% A
), P BT RS o KR BRI AR R A AR o RER A L, R
w1 T AR AT HAR SR 45 2 B A (RT3 ™

ERIETT T I\ PR R VU B 7K SR [ 93 206 I S T A K S L L A i K 2R
PRI R 2K o RV TGN (530 7K R B R R T J0 2K 1505 R R U JO AR AT L
I — B R nl SRAG K o S ik 0.82%, mIAMAIRICR N 81. 25% [ 1t
B IR L ZAH L Il AR AR At i 2 VR 2

1.4 KiEMARPVEXFTINAE

BT PR H A8 3 d0L AR, XERyTRL R TS R By . I
FEOR T A AN I AU B AR BEAT TR R IIBIEST, (EDRTE FE PR /K 2R [T 11 3 i [A] 5T
PUEBIFSEIIH R AT, RN 563535 1 B TAF o iR AE B e B Id xSz 7 ik i 72
HAT S B o

e LA PR AR R, BT R A A 0 S U A I A
PR S REIR SR, W S A B R R R e, A AN Rl AR
Yol ), AEAF R 5 IR R RE AR K LA, R a5 1 LR
LCRANNS - A1 1 VS v 511tz SO i M R A A 3TN o N [ A vl 21 -3 P T 2
B MUK e AR IR R 22 . S AMIATEIR SR VR R T R ARNE, I AR
FERAEIUR, AR R G RERZ IR, IR A S e SR HE LA SR
SR 2 LB N o BrEk, AEfn A S i ek i R v, W70t iR 1 23
FICRIZR AT D 6 R R S i ) PR S PR 0 B A 2 O AL (AR

A, AT SCREET I B LT PR AR 2 I BAIRE iy A S5 B R, 5 858
Hg KRBT A BB IR A 22 D 3, O Heg K SR A LA T
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il 227 18 S FE N WU AR B DU BTk

FoF ¥ dAF. NEREFUEKMRAZE

2.1 RIS H

TR P AT IR A A A e A R A, b i Ak B L S, A
ALK BN o AR S & i EE N LFIE, Sy e, 48
Jo AE R AR B i i, 2K AR T S A S A A R R v, SRS
o

KA X SREATIHT (XRD) 23 Bk A i diAT 70 A, g5 R A 2-1. K]
2-2. M\ XRD 23 #r 45 SR W] LUE & S W) I 2B SRR LU i v, AR Bk B T 4™ )
W ZEK

8000

7200 VA
6400
5600
4800
4000

3200

HIXI5REE (cps)

2400

1600

800

8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68
20 /)%

BA2-1 bzt XRD A

7000

6300 N VBRI
5600 N
4900 .
4200 .
3500 N

2800

AHATHRRE (eps)

2100

1400

700

8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68

20 /B

A 2-2 FH et 46 XRD B
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il 227 18 S FE N WU AR B DU BTk

FUO HA PIRE bt R A S e o M D5 158047 1 et 0 #r, LA IR 2-1.
MEATLLE Y, S0 DA 2l i LA, 5 65 S LK 2K

F 21 BT AT AT 45 R %

%Eﬂ\ A].zOg S].Oz F9203 T].Oz Ca0 MgO Kzo Nazo H20+ i}%ﬁi%

R A 39.2 43.67 0.32 1.98 0.01 0.068 0.094 0.028 13.65 13.98
A4 37.71 45.97 0.14 0.21 0.01 0.068 10.2 0.22 4.51 4.85

K H COULTERMS-11 AUk FEAGIER, RifEaAmss B WER 2-2, SIRAIT
SEIRIEE A 3.85 um, R IEARIE N 3. 75 nm.

R 2= H A EANMILER

PRFR B 2R 10% 2R 50% 2R 90% SEYA R AR
T ATRIRE / um 0.63 2.94 8. 68 3.85
PFRATRLE/ nm 0. 56 3.50 6. 90 3.75

2.2 #%|
W6 270 & 2-3 43 ih:

K23 K5 A 2

ERE N IES
AH AL NaOH VAN TES R RS 238 7))
12 (36~38%) HC1 VAR TES TR A RN T AG2E TR ST BT
1 (36% ) CH;COOH Syt KRR g 1)
+ CioHosNH, b 24t ] 24 4 Ak 25 R R )
PO % C1HaoNH, 124t r ] B 2 8\ AR R A R 3
BRIVAYIL CieHssNH, sy HTat RN Y, a3
1)\ CisHarNH, b 24t RIS AE A A TR
RIVAY SiE St B SRR 17 CisHiBrN srral hEBEZ GERED  RigAERGR A
o S B S ST SR e CoiHasCIN sy Hrat B e R A PR A )

2.3 (UEFRE

AR Py B A #s FH T 5 Wk 2-4 PR .

I BT SRR D FAT IO, PR O A D) g, A BAR 40mm,
e 30mm, ANEEAATRL, R & 2-3 B,
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il 227 18 S

FE N WU AR B DU BTk

F2-4 KIe AE AL &

P N & T BRI E
XS AT X Shimadzu D/MAX-rA%! H 4 Shimadzu
WOGHRLEEAL COULTERMS- 1T %
Zeta AL E X Zeta Plus %I F[F Brookhaven{{ 2% /A
F T B JSM=5600LV 74 H A JEOL 2 vl
HAE AR RN XFGZY KRG BB
LR B L JHS—1907%! BUHHER B L2
THEES JPX-T74 VLI AT A
(Ve e SHB-TII PN T 547 B2 )
TR R JARF MRS
K25 pHit pHS-3C#Y i H B R A PR 7]
M TR g FN202-1% USUZINE I EIN
ST ER R L SKMZEY AR SIS
iy B 1 FE MR TR 100m1 i
HUBRD / bitgRbR)
WIS / PR BT A PR )

2 At Bt &

2 bt AR

3T R B S

2.4 ARFE

4 BT hBEHE
B 2-3 BEHERRK
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il 227 18 S FE N WU AR B DU BTk

2.4.1 X BHEATE 940

£ H A Shimadzu D/MAX-rA A X SFERFT5HAC EREAT A 0 M. AT,
Kal=0. 154056 nm. JEH A BPELE, B 100mA, 5 H 50kv. B4gh DS 1.
RS 0.30. SS 1, FHHEF 2 & /min, %5 0.01 &, FHETEH A 2 0 =5~70 .
2.4.2 SnFEIRLE

A DRI ORI 2R AR B R DR - ok R Ak, PR ilie A2 3R F

(1) FRECFEMN 3g TR\ 200ml (IR L, INAZEIR/K 2 60ml AL, FHH-T4Hk
PIAEHE 15min, %50 1300r/min, FRUEA ¥ 72900 B

(2) I CGEAID — WA, BN pH EER],  CRUE BT AAAA
J360ml, FHL-FHIFEHLLL 300r/min 4 2min, {257 S8 KB HIVE -

(3) LI SR (B BRE ) — & I A], & T 100ml YRR, e % 100mL,
N EEE SRR 10 Ok, SRS DTRE Smin

(4) #ihi )2 50ml K pH H (£0.02) , FJZ 50ml byt . AR, ik
LACITR

(5) VB HHTH 5.

Uik 2-1 v

TR Z2=M,/M X 100% (2-D
X M—JiB)a 2 50ml ML TS E R, ¢
M —URESEG T R S FE R, g
DUBFR IS IR LI 2-4,

FREE 3 78 )2 50m1 I pH {f

i r

1300r/min HiEFE > .
L £ gBET
15min l

g, i pHAE T2 50m1 4t

300r/min ik

SRIFE:— 5 N [A] l
v
ER HE 8min > PRI

A 2-4 REREAAZH
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il 227 18 S FE N WU AR B DU BTk

2.4.3 SIEREH MHRKERFERNE

FREURE S 3g N 200ml [FIREAREE , INANZETR/KZE 60ml &b, FHHFHEREHL
DU 1300r/min $E#E 15min, CRUEH K 7840 7080, AT ZIEEE R & (4 X
10'mol/L) , i pH, {RUFEIFHAAT N 60ml, FHEFHFEYLLL 300r/min HiHk
2min, MZGHISHRAEM, LRI G GRBRE— @ IR o SRR AN [R5 TR
(3R EAT AN [R5 o B RN R N (R A BB R o BERE S IR R e Dibe, RroEAg
G, WA IENEKE, TIRZ R RUTE AN 80ml [FTFIEAE, EHkAl
SIFIENL ATV, VR R R B R A L 3 4l 12601 /min, 4% FRB%E pH, 3 min
JEIMAERIEFA], 1 min FHHATF TE, & 1 min FrElieEch —0F, SiEhg
10 min, VA= MET ERICE AL S, THE A I RICR . PR
2-5,
2.4.4 FHEALINE

FH 25 20 mg #5100 m1 Bt 5L, I ZEMRK, W) P HE28 96t 5 min,
F HC1 8% NaOH i pH {E, PRUFEIFHAIN 50 ml; FHILIFFHEHFE 2 nin, WK
BIFW pH AE, 1 2B AVEANRESE, ] Zetaplus Zeta ZRHTACGEATINAE, FEA
FEMIEIRINE 3 Yk, BUFIME.

SRR S IR AR
I 37
ki 1
10’

v v
k=S L
B2-5 HbaiFtafn

2.4.5 FHiBEFRMEMAR

W UTRRRI R BE R 3% BB AL M 5E pH 45 4F THRE 50 f%. H 5 ml 1448
W B 8 s PRIV, T — T (BN b)) T a3 b, 404 A SR TR T,
W4 i B AT WS

17



il 227 18 S FE N WU AR B DU BTk

2.5 R FHBIFHE

2.5.1 SUPEKE R E
HiFE 2-6 RTCAE Y, Bl el A iR EE TG N, ol A IR DT R P R R T BRI
MIRESE R H 40g/L B, = A DI = R AR BEET IR I — Bk,
[T S SN T = Tape o7 NG N E T 27 P
FUIA 257 S NAERR TR I I [ A SR B 1) A7 A 2088 T A i
IO, T AR T 1) 28 SRR JEE 35 K T 43 B IO, DR T A A5 O [ 3C ok 52 BA K
ST A IR AE S — RO TR DR, FE T IRIFEIM A, #5375
— M R T S R e R A 2K
v=v,(1- ) 1-2A)1-2.54) (2—2)
A v BRI TR R, A v, AT
A AR .
¥l (2—2) fjtk, 155
v=y,(1-4)° (2=3)
M (2—3) W40, BEGRIFORMHR G I, w0 A ORI R B B,
IR P 8N s IR JEAE 40~50g/L I, T R HBAK.

100

1 ol
wr —e A

80 |-

70 -

DU (% D

60 -

50 -

40 1 s 1 s 1 s 1 s 1 s 1
10 20 30 40 50 60

BIFARIE (g/L)

B 2-6 SbmilE R BFRREG X A
AR L PRI Sy 30g/L, JRIA . —&RE s, Sikas k™

HRE:, AT RS A SRR RS b R AT A = R, ANF
THSEER AT

18



il 227 18 S FE N WU AR B DU BTk

2.5.2 BEETE) A E "

I 2-7 & A e A s S AT BE I TR DG &R, TR, Bl A S TR ) 384 0,
i U AT 9 v 2 T B A1

H B 2-7 W40, 2. 5~35min A T¥EE X IS TRFE 35~40min, #H24F K46
X, 40min G0 HHE N2 R4 o TEVE X, 1A BRI TR LA T U 2,
B0 S R % B i O S 35 B (1 v v R I e (1 = v ST - )
EFE S8min,

[ ]
. (1 #8pH{E
2ol " —u— A
| |
L}
|
.I
g aor .l
E [ ]
IE 60| "
¥ "
= I "
80 |- '\
I ]
100 | \*.
T T T T T T T T T
0 10 20 30 40 50

YR T] /min

B 2-7 &G e 5 B AU e n 8) 64 & &

2.5.3 IRIWiRE"

RN A ERMKPEEMAER A, 1300r/min, 5%EHiHE 15min, TE
RE 5 K (ay, a, a3, an, as) , FHARK ©@-1), THEILEKIRZE R ZE.

R 45 Rk 2-5 75

& 2-5 mRESHRBLER

W ai as as ay as
OB 2% 64 60. 67 61. 33 62.33 60. 67
AL 85 R~ :
E _ 64 + 60.67 + 61.353 +62.33+60.67 —61.8%

MR Z, R FRAE R 2
.o (2.2)” +(=1.13)> +(=0.47)> +(0.53)* +(=1.13)°

5-1
=+1.41%
s, = T = +0.63%
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MR, BEKTFa=020, t,=1.89, BIEEEN S0%H, Hd&a: RIE
51K £ T00sSu = +1.89%0.63 = 1.19 %, MU UL =R MBS &N T 1. 1%8, AN
& R R ZE G,
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eI IA 'S S AR A S AR I SEA R AT

2 MR SIASFIANERREAITA

lavay
=%

AN I AR AT e, A DR SR B DA 2 B AN 5 T 22 1 e
R iU A1 5 BRI A R KA O I HEACSR AT o BRI VA PE LS — %

3.1 WEEREMSIRA SFEH A RIEITAHRFNG

3.1.1 pHERESIRASFRAGHNTHERE

B 3-1 S e A S PR I DTRE = R 5 A ot pH 0 &R . Wil 3-1 Fos, &
e A7 55 AR AT AT R A B pH AR IR KT AR Tl 7, 24 pHIT
NPT R AR, UKL R B A 3 A SR AT s 24 pH {EAE 7T~9 TR ™% AL
HAK, BORLER ARG 24 pH>9 IPTRE™ A8, BORAL T iR A1
ARIARR 22, SRS M T € IERIIECR .

LR/
D
o

T T T T T T T T T T
2 4 6 8 10 12
pH

B 3-1 &b SFFE e = £ 5 pH 6 X 2

3.1.2 RPAEFRREE T AT B U S A 5 R F Ak Hikl /Y 3R &

Bl 3-2 N BH B 1R s VR AR sy A DT R R 5 pH IR . B R]
LAF Y, e84 pH RN, il A7e+ T IEBRRR SRV (1.5X 10" mol/L)
(IR ALK A2 b T BB IR 5 AN AN A T v 06 A 7 /K
FLI) 2R [ o

B 3-3 D iy A AT R R B e AP B MR ER R P IR G R o 18] 3-3 T LA
s B e AT R R s vk P PR K, ey e A AR P R T R, IR E R K
ARV R ARMA K Bl 3-3 R T BBE IR i A1 2R 14T A
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eI IA 'S S AR A S AR I SEA R AT

Mo AR, BEAELCH A RLER IR R BE A IE 1C, Myl A AUTRR % N %, R

BORIEES, PO s >4 PURE > N>+ )\ . 3Xn] g ke kAn
BRI IEAT OC, R 3-1 P, BedbAr i (Vi 5 BEAE e e A 15 IS I BEAIS, %
WPAFAE R BT E 31 A v 0 A UKL IR 5 i K PR AR 22, DT A HL it /K 2% ]
PEREAL 2

90
n=1200r/min
t=bmin
80 |
N 70
"
R
& 60 |
=
O e ez
—o— C,=1.5X10 "mol/L
40 1 " 1 " 1 " 1 " 1 "
2 4 6 8 10 12
pH
B 3-2 g iilE =25 pH 9 X &
pH=7+
990 |- n=1200r/min
t=5min
80
=
s
or 2 ailren
B b
—eo— (Cl4
—A— (16
oL —v— CI8
0 . ; . 1I0 . 1I5 . 2I0
C/ %10 “mol/L
B 3-3 S0 i 75 5 b e s An B 3 R H & A
& 3-1 dwAh e s m g A CMC 8 (mol/L)
fe P * W CMC
i 2X10° 1.3X10°
+ DU 1X10° 4.1x10"
RVAYLS 8.3X10"
+ )\t 4X10"

PRI AT A R AT AR, PR SR A BT, B, [F
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DR A S AR A S AR I SEA R AT

e S N R S e AR S i IS I 3-4 B, A (1 2R
UL PRI R BIETE  ASCH XM RIS 125, RAEE—DRIPLET.

B 3-4 FlF R T S48 57 FLE 6 TR R IR
o HE b FAE

3.1.3 FEIMEBEFREFEMENNSIRASFANARAITANZM

Kl 3-5. 3-6 43l h e S R TR = 28 g U 2 3 P 70 R B 1 0%
Ao W 3-5 ATLLE H, KT AN RISERIAE LR, w0 S 2 bl A
W FE R3S R U o 3 K, R BE I R 31— e 5 W g2 . =i Sh 2R R g 1k
TSR TR B B 5 T A ik, Tix T 2Rk BRI & 77, CTAB (1 5R A
BRI T 1227 =R G M A 2R BIRCRAK I Ry . CTAB>1227>1
HETE R 56 o

PR E R R IALT N, HUEAE 1227 Fi+ JBER ik b, BEE K
JERR, REHCRE G, LV R A 2 S B80T - R

pH=7+
n=1200r/min
t=bmin

D=2 /%

70 R 1 R 1 R 1 R 1
0 5 15 20

C/Xi(()) “mol/L
B 3-5 SWm s F R Y Uitk @miE A RE G £ &
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DR A S AR A S AR I SEA R AT

80

70

1

A—— 4

S e
M 50 ° 9¢
3¢ n \ —e— 1227
" L —A—
QE \\\\_ . CTAB
=0 \\ \\\
I ] . °
30 \ \./
u
20 - \\\\\\\\\.“"4-4~l ]
" 1 " 1 " 1 1
0 5 10 15 20

C/X10 mol/L

B 3-6 A B IR 5 LA R E K

F R b < 2

3.2 MMEREZEMNSIRASFRANAREITAHRZ N

3.2.1 BIEHEESIRASFAANGKREE
B 37 s e AU R R R R

HIK] 3-7 ATLLE Y, ANk

PRI, e A AR ™ R B A P (R 3 KR AN K, B KT 1200
r/min I PCREF R A PR IMAREEERG, e 47 TR 5 B P i
(RIE R TI 2 28 HK, SRIARCR W g oo SR, DRSO 5 7K 2 P 1) T 1 A
RLR KA o ﬁﬁﬁAﬁﬁ%mmME%h JEip

pHE7E —u— RNy
—e— C,=4x10"mol/L

t=bmin

DU /%

0 200 400 600 800 1000

Y38 /r/min

1200 1400

B 3-7 S il RSB A Xk A

& 3-8 PR DI R I IR

W, AR S TER A,

FERAT 1K) 2R RS R B P L A3 K I o . 5 =y AN LR s AR AR T
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eI IA 'S S AR A S AR I SEA R AT

800 r/min H}, ALY FUC, &7 800 r/min B2 W L S 2%
KIEE. Bk, ARG ] LU E, TR A 1) 38 B RCR I 0P R ey 18 K
[[TEAE

80
pH=7+
t=bmin R *bﬂé’j
0L —o— C12:4x10"1mol/L
o 60
5 .
&_?
i 5 50
40
30 L 1 L 1 L 1 L 1 L 1 L 1 L
0 200 400 600 800 1000 1200 1400

34 /r/min

B 3-8 A B U R E BRI K R

3.2.2 BIRASFEMARKER RIEREER 8

4 3-9. &1 3-10 &l A7 By R BOUT IR 0 5 g PRI TR 90 28 o B 394
3-10 FJLAE Y, AIERHETETERI, @m0 Ra TR ™ bl R I [R] 11
B ARAANK o 7E RIS BRE I TR AN, ZRTANE PR I AT 5 2 3 ik s 0
R RSO . NGRS ARG, A S 5 A 1 2R B R0 Bt 4 4 i
() P 385 0 T 2 184 5 5 ok 95 o e & A 5 P R A g 7K 2R AT P o A 43 B I T 43l Ay
15min 1 10min.

90
pH=7+ —m— RNz
n=1200r/min —e— C,=1.5x10"mol/L

80 -

L
3
T

60

0 . 5 . 1I0 . 1I5 . 2IO . 25 . 30
BEFE 1A /min
A 3-9 Zbm e = R SRR 6 X &

25



Bk L83 B AR R (XA R T

80
pH=7.5 —m— RNz
n=1200r/min —eo— (C,=1. 5x10 'mol/L
70 |+
60 |-
5
i
Q&
=2
20 n 1 n 1 n 1 n 1 n 1 n 1
0 5 10 15 20 25 30

BEFERSTH] /min
A 3-10 A4 &l = £ St 6 X &

3.2.3 IHREMMBIRASFEAARKERRZ G

K 3-11. B 3-12 2l SR TR = R S A E i I 0 R . K]
3-11. 3-12 WIBUFH, AR TR, B i 25500 e A7 5 R A 1
TR = 2R BT R IR S W s I NS TG P 70 0 4% 14 85 0 i 7K 2R AT P8R )
s, F BRI BIRCR BRSSP ok« DRbt > — @bt > =Rtk > = H ik > 4
Bt > ZEM. AR R EWA (45 B BB IR S SR RO B
W R4

100

pH=7+ t=5min | ENIIES
n=1200r/min B C =4x10 'mol/L

VTR =2 /%

e L N 3 - S '
ANTRI Py YA

B 3-11 @4 il = F S B X A
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60
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HGEF AL 6] 10min, KEAS[AIBERE I T SR B HE 5 =0 A 10 R T (BB AR LEAL,
Ul 3-16. 1K 3-16 wl %, AECHIREA SR FE I TR AOREAC, el 7 7530 B 01 A1

28



Bk L83 B AR R (XA R T

LML, 16min ZJ5, [FICRMSSFRAT. DIk, nlRUiE i 7 5K -
VR A B AR SR PRI )24 16min, 5 UTRaERAHTT .

80

70 -

i
= 60 |
=)
BN
mﬁé pH=6. 5~7
50 | _ -4
& C,=4X10"mol/L
"= BiHEEE 1200r/min
VFiE 10min
40 |-
" 1 " 1 " 1 " 1 " 1 " 1
0 5 10 15 20 25 30
PEFEETIR] /min

B 3-16 F AT A 10min B 946 Rt R St pkat e 69 X &

3.3.3 BB/ EMX U ATKEREE I FIZAF I

HIP 3-17 W%, SRR as s E e, w47 i ke [RDAC A it 2R 4 AH
VT, UEEVE IR AR . HOFERT IF) 10min, KA [ H0REAR SR B3 5 e A 1 2R
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FRE WALERIBEIEMRE

ATERYE 22 HL ) DLVO BRig, Yt oAl B AR AR A EAE T, 08T 1 6l
FL IR U A7 5 AR AE KA b R 2R S 2 AT 4

5.1 DLVO IEip"™

DLVO HEi 2 A LV 4> Der jaguin—BHiE Landau A135)8 Verwey —
Lo Overbeek PUNEEHIIT, & H A RUR A & PR FH LR BT 11 5% Wil e e 1 LU
SEREME IS . PLEIE LUSORE ] (R AH ELW 5 | ) R L ) R i, kA B
FEAT I, X PRI SRR FH 5t ok s ROORE IR S e

2oLy DLVO B i ™ R IE N«

VisVyt Ve (5-1)

X, 7 RORLR RS T RE, 1 oA kL ) Ju A AR AT A e, 1, R MO A
(I AT B AR R A . SR P AN AN [RDRL 7 [ AH B4R F AR R SR BB A T 4 ©, )

A _RiR2
Vi = ~6H Ri+R2 (5-2)

KAy Hamaker 350, R WEORCER, HOWERL MRS, R AL H LAY
A nm.
VE _ ﬂtg‘;;ilzR2 (¢§1 + (032 )( ;goiz%zz p+ q) (5_3)

AU, e LR R e WA AR A L R B
iR, o HBRRI AL, H

1+exp(- xH)
P:]ﬁ[l—exp(- xH) / (5-4)
qg=1In/ 1—exp(-2xH) / (5-5)

2, HR P URL (A (RFE B5, « 'O Debye K, ARFMUHLJZ R, 78 298K I,
SFF 101 B H AR R -
k7' =0.304/\Jcy (5-6)
X, e MREFRE . ¥ ¢~10" mol/L, W x =0.104 nm',

5.2 BkiERIIERBEITE
FE T P URORS ™ 1 T 3 9 T P R A 2 W S P 2 S i LA S 1)
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YOG RORLAE KA AR T, ABCAERORE (RS TT 4% R, 4 500nm, 34y 11 - 1%
R,k 40nm. KRR (F) Fmih (B) KKK Hamaker % %0k ™ JiETH A,=8. 6
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R AP P i FEA AN B pH AR A T AR A, FLAE W] AL A L pH (55
ity T 2 H N (R e TR B L O T T A (R S A S R
D aser =0. 059 (PZC 1ype—pH) (5-13)
et W A7 5 BRI A 1 i T 2 P A 05 Ky 7. 73 6. 84, AN pH R i A
PFIA S A R 5-1 BioR:

51 Zb b 547 G Bk R & Fe i & 69 C AifE

¢ HAL (mV)
e e R
pH JE T Ui [T JE T Ui [T
& o JIET & o I [ & o JIET & o I [
2.5 —-26 308 -29 256
7 -26 43 -29 -9
10 -26 -134 -29 —-186

EARF pH R, AR (5-4) . (5-5) . (5-6) % (5-13) fRAAR (5-3),
a3 5 ] A v A S R TR R R () ) R A B BE, 25 R L3 5-2.
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Vewn 8. 28 (p+a) 5.72(p+q)
Ve 0. 74 (p+q) 0. 92 (p+q)
7 Ve 0. 204 (-0. 89p+q) 0.07(0. 57p+q)
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