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Abstract: The mechanisms of mobility and retention of titanium dioxide nanoparticles (nTiO,) in well-defined porous media
composed of clean quartz sand in the presence of fulvic acid (FA) and humic acid (HA) were studied under acidic conditions. nTiO,
were immobile in the porous media in the absence of FA and HA at pH 4.0. FA and HA could be adsorbed onto the surface of nTiO,,
change the electrokinetic properties of nTiO,, and facilitate the transport of nTiO,. The elution of nTiO; increased from 0.01 and 0.88
to 0.91 and 0.94 with the increase of FA and HA from 1mg/L to 10mg/L respectively. Compared to FA, more HA was adsorbed onto
nTiO,, and thus the facilitated effect of HA on transport of nTiO, was stronger. lons inhibited the mobility of nTiO,, and the effect of
CaCl, was greater than that of NaCl in same concentration. The mobility of nTiO, was better in the presence of HA than FA. In
addition, 7%~56% nTiO, was deposited in the secondary energy minimum well in the presence of HA, higher than 4%~17% in the
presence of FA, which could be easily released when the environmental conditions changed. High energy barriers between nTiO, and
quartz promoted the mobility of nTiO,, while a combination of the secondary minimum energy, straining, diffusion and gravitational
deposition were involved in the retention of nTiO,.
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-COO-) K2 H(-OH) F fe A1, T B 2> e IR 11k 45 1
A IE HLK nTiO, (O i LD T 4% nTiO, 5

I JZ ) R L 5 1 g (2 nTiO, 7 5T 1T RS 1,

P& 15 nTiO, FEMPESCAE T I EREE XK.
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6.2.FA I [ Fluka T2, {5 I s FH 25 85 - 7K T 1 o
wIE 1g/L VEWGHA T H Sigma—Aldrich 85,
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Table 1 Design and partial results of experiments

o o —aHA MOl CaCh 47 e e P M Mo
(mg/L) (mmol/L) (nm) (107) (107) (107) (107) (107)
1 40 0 0.1 493 0 55 6.0 1.7 72 1
2 40 1 0.1 738 0.01 3.9 1.1 3.8 7.7 75 0.98
340 2 0.1 483 0.53 55 5.8 1.6 7.1 2.7 0.38
4 40 5 0.1 505 0.87 5.0 6.2 1.6 6.6 0.60 0.09
5 40 10 0.1 448 0.91 5.8 52 14 72 0.31 0.04
6 40 1 0.1 537 0.88 43 8.7 2.8 7.1 0.55 0.08
740 2 0.1 434 0.90 5.9 5.0 12 7.1 0.44 0.06
8 40 5 0.1 462 0.92 5.6 55 1.5 7.1 0.40 0.06
9 40 10 0.1 550 0.94 42 8.8 2.7 7.1 0.40 0.06
10 40 5 5 525 0.79 0.04 49 6.5 1.8 6.8 1.0 0.15
11 40 5 10 526 0.70 0.06 5.0 6.5 1.8 6.8 15 0.22
12 40 5 15 557 0.55 0.14 45 8.5 2.6 7.1 25 0.35
13 40 5 20 579 0.35 0.17 44 8.1 23 6.7 43 0.64
14 40 5 25 623 0.14 0.14 43 8.3 25 6.9 5.7 0.82
15 40 5 50 860 0.11 0.15 3.4 13 4.7 8.1 7.1 0.88
16 40 5 5 468 0.77 0.07 47 72 2.1 6.8 1.1 0.17
17 40 5 10 558 0.75 0.09 55 55 14 6.9 12 0.17
18 40 5 25 514 0.59 0.17 53 6.4 1.9 72 22 0.31
19 40 5 50 609 0.14 0.56 44 8.1 25 6.9 5.7 0.82
20 40 5 0.5 450 0.49 0.04 5.8 52 12 7.0 2.8 0.40
21 40 5 1 448 0.29 0.05 5.8 5.1 13 7.1 48 0.68
2 40 5 2 639 0.09 0.04 52 6.7 1.8 7.0 6.4 0.92
23 40 5 5 718 0.01 0.02 4.1 1.0 3.1 72 17.9 25

a. nTIOL ISR AERIAR;b. THFO~TPVILH #, [10~7PV it tH i HnTiO, = 5 M HnTiO M = M ;e T3 7~10P ViR H 3R, B 7~10P Vi tH ¥ nTiO,

5 R nTiOL 8 1 1 U AR
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SR T S T W B PR T B IR ) B4 T 4 (h<d) 23 75
FEC RS ) 451 %, 3 BUHE R 0 BB (Veras) B0 A2, HUH B
Z: WICHR[14].
2 b G KURE - 2 K ORE 58 48 DA S 40 K R —
A PERD RIS B RN RE A (Vr):
Ve =Viaw VoL +Vosm + Veras (2)
1.5.2 JietdyEsme R s b, &9 T AL
BRI H R 3= R 3 R ALEE S 2 FL A R
A B AU S R I E N EACE g,
CIEYES oS
o =1p +1h +17I (3)
Ko m Mg 73 WA B . BREUSRFEH
JIVURE R AR 2 B bRk AR IR R, il T kL
W R 2 (0] 0] BEAFAE R 0, AN 48 L BR AU g
T AL no. S B IR BRAH W AR L PR AR 3R

NN

2d.
TR @)

L MK Co R G 43 B BRI MR nTiO,
F 9 1

R B R o 28 2 B SO M 50 5 i S
2 ) U P b 2, 2 536 T 8 2 W
% L5 T A SR B R o 2 H:

a=-L (5)
o
SR L5 2 W SCHR O],

n=-

2 FR5WE

2.1 nTiO, X FA F1 HA [0t

I 1 AT nTiO, %F FA FWR i B 5 v
With FA KRR TH S5 i, pH 4.0 I, 08 B & A
Img/L FA I 5.93mg/g B4 10mg/L I Ay
54.3mg/g (& 1a).nTiO, MIZE AN 6.2, FA 1
pH 2~8 "I zeta FELAV I O MR PRIk, vl DAHE T HEL IR
51 3 7E W B vt 21 5 A AR ,nTiO, 210112
H25 FA MR FOR KR R TC A A it A2 32 (1)
BEALEE S 5 FA AHEG HA 76 nTiO, 25 1 0 b2 B
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iF,nTiO, 1] zeta HAAZFF }-34.7mV.HA X nTiO, 5
FIERS zeta ALY FA AHALE 2b). AN H
JE,pH 4.0 I, T HA £E nTiO, 2 W - 5 K i
#3 nTiO, 1 zeta FEAZ HHIEAZ A HA WEL N
0.8mg/L,/N T FA [ JE 1.5mg/L; {3 J¥ T (<2mg/L),
HA fF7ER) nTiO, 1) zeta FEAL/NT FA AEAEI1F
(LA B R). JES TR 52 M nTiO, 1 zeta FEAIRIAL
PEEZLASE R LR 34N J7 10 (D)W E nTiO, R 1 1)
JE3 BB TR 43 - v (1% 7 P 36k [ e R RORE 3 1H ) 1 HL AT
1 zeta HIATBEAG;(2) nTiO, 1M IR FE L 5 65 i
2 (14 T A7 A2 492> 1 J0RE 3R TH 0] BT A IR R A
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5 SR AR [0 3 A7 H A PR A R 5 R B
PR 2 [A) A7 A 35 ) PR 0, 0 B PR A A e b SR 1
(1R o T LA 2280 AN K] Ak 3 98 L R o) A
b zeta FLA G i 3% 52 (€] 3ab). 1 NaCl 5 CaCl, )
TAAERAR T A 9Efib zeta HIAZIZEXT{H (zeta HEAT T
i), H. CaCly (4 H 558 (& 3def).

Wi 1 PR, S5 451 T nTiO, ¥ SR Aok 1%
KT 400nm (1) 5R G4 i 4 S A ) 4 K TR
W LUK AR I 20 B, 76 7K P G BRSNS A2 PLJE
UR AN K IURE (AR AR AF A, 1T A2 e 28 SR AR AR i K 2R
B2 AR 142 K441 F nTiO, ik 2 1] [f) XDLVO %
N e A AR ALE 2.4~40 4K T30 H AN, 3422 KT 20KT )
FT LA 1 ks DRl A 1T A 7 3R 42 ) Zhang. 5T
RI, T bh nTiO, 2 BULE R 47K 5 T BT Rids ok
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NaCl. pH 4.0 i}, .28 HA 75 nTiO, 3R [H W By i Lk FA
B H I HA SO BORL SR SRR A U8R S FA G
B 7.

40 F 40 | .
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é D
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Fig.2 Zeta potential of nTiO, and quartz in various background solutions
a. pH 4.0 I FA W JEZ RIS b, pH 4.0 I HA WM c. pH 4.0 5mg/L FA I NaCl #EERISEM d. pH 4.0, 5mg/L HA I NaCl 3K 520 e. pH 4.0,
Smg/L FA i CaCl, #J% (11 52
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JETARRR P 2R o A F R TR A Y
i T nTiO, 1 HLB 1 0T 5 SR AR, b L Ho A A1
PRI ZE AT b TR SR RAT R
2.3 FA M HA YEH § nTiO, KL # 1

ANFI BRI T nTiO, B 2535 i<k & 3 fr
INAAELE FA B, BT nTiO, 5 4 Jeib 3R 1 zeta HIAT
AR, B 5| 1A nTiO, A3 B 75 2 LA ke
o pH 4.0,FA W58 1mg/L i, nTiO, F 1 zeta HLA
5 IEAE (B 2),nTiO, L4 ¥ 7 2 LA A
H AR 0.01, XDLVO FHSTESE TiX— B4,
AT LR R2AEE 4.2 FA IRE%S T
I ,nTiO, 1 zeta FAAZ AR 4y T4, & 5 A1 S b Z ] )
SN RE HIL>150KT 13422 R I HE R , AR T
nTiO, 1] % fLA R YT Y nTio, AU H HR T i, i
2mg/L FA I ) 0.53 1 i £ 10mg/L I ¥
0.91.1~10mg/L HA I ,nTiO, I3 HE ) 88%~94%,
e TAH AR E FA AEHTR nTio, (MU H %,

1.0 0
a vyvyyvvy O lmg/L
GVIRRANMALAA 0 dmg/L
0.8 A % A 5Smg/L
va v 10mg/L
0.6 I A
- 0000
Q v o° 0° oA
] o
0.4 | o® v

0 1 2 3 4 5 6
PV
1.0 | b o0
W O Img/L
g& 5 © 2mg/L
0.8 [ ¥ g3 A Smgl
v 10mg/L
0.6 [ & =
S 8
© 04 8
%
0.2 [ B8
0.0 WWWW
0 1 2 3 4 5 6
PV

B3 A FA. HA WIS F nTiO, %32 i £
Fig.3 Breakthrough curves of nTiO, at different FA and HA
concentrations

a. FA pH 4.0; b. HA pH 4.0

VEEUGETHIRIK L A Smg/L %453 1%} nTiO,

TR, 7558 2 Wl 5.4 8 19 L T s I,
YK R — A7 LD 2 1] 1Y) 2 NV g 4 22 B AR, I Y B
S RN AR XU b R R U B I O R R
B A74E Smg/L FA Bf,>4 NaCl 3 5 i Smmol/L &
42 50mmol/L I}, #8442 1 479KT N F% 4 187K T, 55 K
/NBREIX H-0.37KT H#4 M %-2.9KkT(/# 4¢),nTiO, 1]
WHER 079 FBEZE 0.17(% 1) AWF5H,0~7PV
SEREIE TN T~10PV AN E A8 1 SO e
Toh R RO PR 5 r 2 R P B A B B A 22 LA TR
HF) nTiO, AT A KB 7RI, 4 FLBRK 25753
AR by Z2 I 1 TR0 Sk B AN AR X 2R,
DURRAE S8 M /INARE X 5 0 S &5 B AN 2 [l ¥ 24
KR TR P AR R B, 7~ 10PV 1) F R it
TR AR 4%~17%(5 nTiO, HEFE ) nTiO,.
5 FA AHEGHA BAT S K45 R 52 24 1 5 )
gy, 7 R I A 1 R A S KU LB AAE. NaCl 9k
A AN HA AE R nTiO, FIT #5850 A 48
TR AR XA B 22 (7%~56%). 41 R D R
1058 M/ Age X ROk R R & R 7T v
[ JBURL, I8 4 Smg/L HA A7 76 i ,NaCl & J&
Smmol/L ¥ 1% 50mmol/L.nTiO, HIELET1E R
JEWEAT T % R (0~10PV) 1 0.87 P& 4 0.78, 1t
W] NaCl %f nTiO, ¥ 753 # V5% i A K AH 2
F,5mg/L FA f74E I NaCl #& & 1 Smmol/L ¥4 /n 4
50mmol/L,nTiO, )3 71 1T B P KK FEAIC, it 26
(0~10PV) 1 0.83 T[4 % 0.25,15 ] NaCl & ZBF% T
nTiO, [ ELFE 1.

CaCl, XJILH s hiE KT NaCl.CaCl, K&
i 0.5mmol/L ¥4 Smmol/L I 5k — 44 Hfb
) Fr #8522 182K T ¥/ 42 40k T,nTiO, I H Al
1 0.54 FBEE 0.02(& 5¢), 2% T A AW EE NaCl
EH R nTiOy WIIE 8 1. 55 4h, B4R H B -0.2~
—2.6kT 28 AR /NFAREIX (H & 7T~10PV PR TR
A 2%~5%, Ui nTiO, T ZEYTREAE 28— A BBk,
I HLERBE b 3 7 5 B 1 AR AN 2 F 9 B AR A i
(1) nTiO, FFREIK.

AT LA nTiO A1 JEMD 2 8] 1) SV g
PI>150KT #4422, 0547 K nTiO, i B 7E 2 FLA i .
%1 41,pH 4.0, 5mg/L FA. 25mmol/L NaCl 177 41t
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