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Aggregation and Deaggregation Behaviors of Hematite Nanoparticles at Different
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Abstract: The aggregation and deaggregation behaviors have profound impacts on the fate of nanoparticles in the environment. In this
work , the aggregation and deaggregation kinetics of hematite nanoparticles at different pHs were examined using a Zetasizer. In the pH
range of 7. 0-8. 7, aggregation occurred quickly(e. g. , the average size increased from 31 nm to 1 400 nm with 400 s at pH =8.2),
whereas at pH below 6.2, no aggregation was observed. Deggregation of hematite nanoparticles without aging was slower than
aggregation and not completely reversible, demonstrating hysteresis. Aging caused more hematite nanoparticles to aggregate
irreversibly. At point of zero charge( pH =8.2), no deaggregation of aged particles was observed. At pH =7.0 and 8.9, the average
sizes of aged samples (about 500 nm) after deaggregation was greater than those of the samples without aging (about 250 nm). The
hyteresis of the aggregation-deaggregation process poses significant difficulty to predict the fate and ecological effects of nanoparticles in
the environment.

Key words: hematite; nanoparticles; aggregation; deaggregation; aging

O AR T AR A —4E R SF < 100 nm ()
20 R . R A AR T 4R 4 A oK R R B i £
e bh BT AN £ 08T B 1 ) BE AL 22 M Re L A B AR
BEVR R Akl i (EE 25 G SURNE T SR LA
B9 LR . ORGSR B A 500 B gl ok
L BRI 2012 4R gk R R DR K 1 T AL
LT AR R R HUR I ] TG B 4 18 R i 4 ok
LT3 o £ R R AR (AN s A HE R | 7 AN R 4 ) BEA
WRaE. JRE R H AT 1B B 98K A RS BN IR il
FEE T ER J55 [ BB A 412 1, {HL & A5 BT 5 2 W3 340 43 4 >k
T L A A I ER B 7 A AT R
(B Cg) T LA AE K 11 2B 65 (largemouth bass ) F i
P AL B Al KR T T AR /N B LI
IR 7= A = 4 8 O SR DR A A oK B R T I K

o I AR OK A VS AE ) R B8 52 ), i Ae] 74 4 K
AR 22 A IF I DA IE 8 ) 8 B L BN — TR 2
GZWAE 55 . AR AR Y 22 A R TE A L IE A A B AN AR
B G0 KR 7 5 1 (6 AR 3h ) s ) B8
BRI, 30 W B LA KT 4 KR - 3 A IR B S5 U5 1 o
4 Ay B it

KR 7 AR B B R M, BP9 KOk P Y R 4
(aggregation ) I 73 1 ( disaggregation ) 7 Jy /& 5 M
P ARRE SIS A AR N NI e TS o R A S S
Pl Wi B R R LB AN pH ) X 4K

W #5 H #5:2009-12-24 ; 14T H #1:2010-03-03

ESTE FHK A KPS H (40772147)

EEB N LR (1984 ~) 4, BU-LRFSCAE , FEBWFIE 7 10 KR Al
Kb T E B P 93T #8217 4, E-mail: janeshenxin @
gmail. com

= R EE R A, E-mail ; xli@ urban. pku. edu. cn



2440 7

B 31 %

TR E B AT TR S R B R T, R PR R X e 4%
TSR sE T 98 KL T WUHL J2 4 J5 B2, T B 32 5%
Wi 244 Ko ) 5 4 R4 B 9 K ks T A PR B S
AR A 28 77 A () 1) 1) 7K A 25 % 1F ol 2 58 44 oK ki
T4 2 17 A2 () B A T A3 e R R O o o
33— 2o A T 44 Kok T B4 U9 B R R L
7R S0 Ve SRR R N KR T R %, B GO L
TEA IR pH 4% 1F T 0 5 4 0 143 B f. 22 o LA i
BRI BB g KL T DY O Bk S AL W 4 K kT T L
o R A GBS I R A A S R 4 e R S I 4
G )8 Fe oAb 35 e Wy AE R BE R 098 A A W A AL
PET S B R SCHk R B R 56 TR R 4K R T
WAEFT HIBFFREY ", I He 2 BT T 8k
B O KRR AR X T R AL B Jr 2 S, Ji 2
YT 3 T I 70 X 7 2 4 K B AR B G
TR 98K BT S 4 IS B0 T2 BAT R O BIE S AR X
#/b, Gilbert 21 BF5E T FeCly 7K i A5 i 48 A 2k e
PR B ] = 4 FeOOH. 1) 5 45 5 20 HCRRAIF | 2 B 24 145
Wty pH BT 7 B AR A2 35 B 1000 nm LA b it
I e APk 2 1) pHL A E 4 7E VA BRI T
e U ST L[] E) PR A R R B R
Baalousha 25"V 5% T pH {8 Mk A LT X 4R
4k 4 KR T 5 P S 0, 2 A ML R IR 3k #)
— (T L 8 R i 4 Ak A oK R T IR T 40
VAP S A S B ek R R S b AN [EP S
T B AR (I ] K — 86 U 1 06 TRk a4 0k
BT AL RIS T2 B4R e Al ot — A AR
SR 0 DR I AR T A e ) M o A ol
20 KR T T8 AR I P43 B

1 RS TS

L1 Bl SRR

AR = EAE (R B KR AR AR ) |
AL (Jb et ) R (b sk ) ¥ o [
FE4rfrat; pH i1 ( Delta 320, Mettler Toledo ) ; i #f7
I (#I5 MD34,MWCO:8 000 ~ 14 000, Jt Tt R ¥ =
FHECABR AR 5 B B0 Ue 4% (KQ-5200B 24, B 1
B LA AT R ) 5 R Zeta A A2 I 7 X
(NANO ZS90 Zetasizer, Malvern Inc. ) ; #8 2 /K fi
Milli-Q 46 7K {Y% ( Millipore Inc. , Billerica, MA ) il 75
1.2 R 9Kk 1 i 25 A2t fk

AHFFERAEE He 25 HIBL J7 12 il 45 A ik
KR T BT B2 B 50 mL 0.5 mol/L Y
FeCly 7KW, LA 3 T A B 950 mL 2% i (1% i 4fi /K

oI SE SR AR EE A W 5 min, Z R R HI R E IR, 8 E
AT 0T i 5 0 0 KR 34 A7 S A < B A i e A Ab B G T
By AT R T T A A5 4 000mL 8 47K 15 000 mL
PeAhrh B KR 2 UK SLE AT 4 d. KT 4R 38 B ) B
PR K AR B 8 (=M BRI B ) L B BT 4
J5 R & N BETE LS A 1 /K v & 21 B S i 20 60, 28 )3
T OETE A & BoR B E F r MR 1 mg/ LA
A BT IR R KR T I pH {8 4.0, %
Zetasizer | %€ , & M7 J5 91 KL F B9 20k 45 4 (31.0
+1.0) nm.
L3 R KR R Zeta HL A A 2

Bl pH = 1.08 fy HCl ¥ % A1 pH = 12. 88
NaOH ¥, FH T899 3B 477 J5 o B0 90 K kL - 5 IS 1Y)
pH {E. 7EUL AR B2 R4 10 mL A 5 pH (B I8 2 i Ay 22 11
HET A B HCL 3 % NaOH 3 (R TR 228 40
L, PRI A KR 7 1 v 5 A B S B S . 1 e AR
TS B 04 45 L, 00K AR I 5 A9 NaOH W5 im AL 10
mL JEAARRE A Of PR 4R 5, 15 3] pH {E 3 5 R 5.3,
6.2.7.0, 8.2 F18.9 WZIKKFIRR. #5) 5 W
Fo B8 B A i, FH IR B2 2 R 3% 2 20°C 1Y Zetasizer ] 3
% pHE T YK KT 11 Zeta HLA.
1.4 SRR 9KRL T 1) R A S5

HMERER 5433 pH (E 73518 5.3, 6.2, 7.0,
8.2, 8.7 Fl 8.9 MK KLF1A . 525 5 HI RS WA H
1 mL AR S R EE © &l 20°C 1Y Zetasizer I &
LA BE T[] A 1k DAHESTRE b B RT3 58 — AR AR 2L
5 0 B (][] B — FBEAS BB L 45 s 78 I 1 09 0 4R B B
D& I TR TE] B Ol 4 ~ 5 s, 3SR I & 25 min. 7E &R 51
pH (AT (UL Z5J 3B 43 ) 4k S0 5 35 min (JELH[E] 2y 1
he) D Y R R] ] R 3 ) 9 ~ 10 s.
L5 R 90 KR 1 B4 B 56

fE—AFE pHE T RELRE K G, HIE
EIA ) NaOH ¥ 19 5 M B AE a2k 1 TmlL
CHH T 7 SR A e i ok AR 19 A2 Ak ) T 300 AH B 5
19 HCL W AT R b (T e A NaOH ) 4%
A AEV R pH A 712 20404118 (4. 0) , IF i H
JOAE A B 1 mL, DL R R 20 C
Zetasizer Y 5 Ri 45 B N (1] (4 22 4k

Ry B9 2 AR T B2 e, TR Y O 1 43
A& pH 45.3,6.2,7.0, 8.2 F18.9 i, If
TEZ IR T CE 30 d. eIy, F 0 a2t B R AR AT
W, 2 AL, I HCL 30K ¥ e 1 pH (B 47
. REFLHC 1 mL, #H] Zetasizer I & 4 4% B B
[i] 14 22 4k



10 4] RRAE AR TR) pH 2R F 25 Bk 9 RORL T 1) AR R 23 AT MR 5T 2441

2 HRE5I®R

2.1 REREAOKRAL T Zeta HLAL

ARBRAT G4 K KL TR R 1 2% 15 R Al IE L AT (Zeta
AL IEAE) , BEFE pH (E YN, Zeta W47 W F
WE(KE 1) £ pH =8.2, Zeta HLAZITLAFE T 0, A5 1P
pH = 8.2 Sy o B A 94 K KL B 55 FL L X — (BRI
WG AR R P 2 pH [HARSETH R I, SR BB
0 KR T T A B LA (Zeta HRLAL O BAL(EL) -

60
¢
40 *
>
&
& ¢
2 20
s
N
¢
o  J
*
-20 | | | | |
4 5 6 7 8 9 10

1 FET WK FERE pH TH Zeta BB AL

Fig. 1  Zeta potentials of hematite nanoparticles at different pHs
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Fig. 4 Deaggregation of hematite nanoparticles without aging
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