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Sorption of phenanthrene on Al,O, nanoparticles

LU Yuan' LUO - Pei'? SUN Hongwen'™

(1. Key Laboratory of Pollution Processes and Environmental Criteria, College of Environmental Science and
Engineering, Nankai University, Tianjin, 300071, China; 2. Key Laboratory of Agro-ecological Processes in Subtropical Region,
Institute of Subtropical-Agriculture, Chinese Academy of Sciences, Changsha, 410125, China)

Abstract: In order to explore. the sorption behavior of phenanthrene ( PHE) on engineered Al,O,
nanoparticles ( NPs)» and the ‘influence of solution chemistry on PHE sorption, batch experiments
were conductedusing o=Al, O, and y-Al,0; NPs under different solution pH, salinity, and heavy
metal ion (Ni*) coneentrations. The results indicated that these two types of Al,0, NPs possessed
sorption capability for PHE. The sorption data fit the Freundlich model well, with 1gK; of 1.15 and
1.07 for @-Al,0; NPs and y-Al,0; NPs, respectively. Sorption isotherm on a-Al,O, NPs was linear
(n=0.96+0.03) , indicating PHE partitioning into the vicinal water layer of the sorbent; while PHE
sorption on y-Al,0, NPs was nonlinear (n=1.19£0.01) , possibly because of the involvment of pore
filling besides partitioning mechanism. Sorption on the two NPs was also influenced by the extent
NPs aggregation. Sorption under acid and basic conditions was higher than that under neutral
condition. When pH was low, the electrostatic attraction dominated PHE sorption onto Al,O, NPs.

When pH was high, the net charge of NPs increased, resulting in less aggregation and greater
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available surface area of NPs. The lgK,. increased from 1.15 to 1.60 (for a-Al,O;NPs) and 1.07 to
2.12 (for y-Al,0,;NPs) as the salinity increased to 32%o. This can be attributed to the salt-out
effect. The coexistence of Ni** facilitated PHE sorption, which could be due to the increase of
surface potential of Al,0, NPs and the cation-T interaction.

Keywords : nano-Al,0,, phenanthrene, sorption, pH, salinity, metal ion.

T AR, N TR AR (ENMs ) 80732 B T B2 25 i ekt OB A1 558 S, 21 2020 4F,
ENMs 7 5035 5] 58000 t-a't 13X 28 ENMs e ZA i B IREA B b, HAR Z 90K R R A S AL iR
AT P B S o AR IR A R ), 35T AR SR VA I PRI IXURS: 2 PRI X Y BRI 1 A 1 5 ) K
SERONAR T AEATIRE . HOATEE X 0 KBBR8 K A ML (HOCs ) 79 W B BIF S 32 224 o 72 Bk SR R
P HITCHLANOK 4 A T SR K R, BN S XA WL 4 U B e ) A X A, AR SR 5T

PR b AR A R AR R T IR R U IR, B AR X s Y 2 T R i SR X HOCs A7 7]
LA BERE F7 , OB R BT 107 A B Ak AR bR AT BEK HEA T BRI RS 3 P 2 A e
BOF IS RWIHEAA YR IN, Tian 25 BOREFE 5 B, 400K 5 T S8 A W0 19 W B A FH AT S35 B v 2 0 A N )
HOCs &, i T4k 4 8 A B HOCs 78 A= M0k Py .55 fige Wiz, AT o TR A k), 3m 1
AT G ) XU PRI, TCHLAN AR AT R XS HOCs B9 BEAT S A2 200 Su SEESE T AR AR REFR 00
AR B, e BRICIRE B S 2, I U DR 0% B S5 7 00 3 o i a0 7K )2 1 9 70 B, 7 BIE 5 o i A RS
TR pH %R A S P AR TE R Wang SFPEAIK &8 S X 28 i W BFHIE 5 rh Ol %
PRI BFHRE 1B R TEIRRAR DG AT, 148 52 3] UKL A SR AR T 15 /K S22 JEE e sy 5 e A, K A2 25
pH, #hFE B F ORI A AL B 450 5 M T S S W K TR A AL (0 SRR R BE L) R T 52 1) LB
BT 9 AR 4 I SE AL RS R A LTS e A R LA, TR AE AR KA 22 B A 1 T A BB
WA TR ERT RGBT

AWFFER I E T2 T PR R A g R S P50 1 D W B 7], SR K A P TS e 3EAE o E
PRIG LY, WEE T AR AR XTSRRI BT o JF 4 T pH B T Jm B T (N SR 4
Xt IR RREAT DA R RZ IR, IS Freundlich A8 3=l A M REAT 2, LS S 2 T DA 90 R A R B0 B 85 52 i 2 43K
Bher .

1 #BS 7 ( Materials and methods)

1.1 SEgeiin Se R

A R G AR (Acros /A ], SEE) Y EE Ry a3 4l ( R AL BRBMERMH A FRA F]) AR 35k
SrHTEl. a-AL O, K UKL (NPs ) Flly-Al,0, NPs S043LF &1 B S FHE A BRA F.
1.2 YK EAER 0 54 1 T R AE

A H 2 TR 22 1Y ( Quantachrome NOVAe 2200, 3& [ ) 78 77 K T, FH N, W k-5 Bk ) 2 b 26 1 AR
AL P e R TR (S ) AR 41 W B 45 R 26 48 F Brunauer-Emmett-Teller ( BET) 7 #2115, B FLIAFH
(Vi) FIAFLEFRL (V) 2K Barrett-Joyner-Halenda ( BJH) J7 #2115, LA FR (V... ) #R 4l Horvath-
Kawazoe ( HK) AL RSB RTAE 105°C F E 2 < 15 h LAKBRZL .

435I 0.1 mol - L™ HCI AT 0.1 mol - L™ NaOH ¥ VRJA T E R 100 mg« L™ (AR EALAS B
pH {% 3.0.4.0.5.0.6.0.7.0.8.0.9.0,.10.0 F1 11.0, i [} Zeta H {57 I 2E 1% ( Malvern , Zetasizer Nano ZS, 3%

B AR I T L 1:99 SYRALETIR A 5 TR R, (o AR L A8 30 21 46154 ( Bruker Tensor 27,
TEE) T T RS20 EHE.

H K AR B R P 43K 30 min S5 BAE TN B, #5 & KK 3 JE AT H AR L - JEM-2800 ( H
AR ) WL Ao 2075 5 i B ( TEM) 14
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X HHEATHT (XRD) & Rigaku Ulitma 1V ( HAR) #6045 54 #1485 (SEM) B4 i SEM LEO 1530VP
(L) WL
1.3 MR PR IR

FREL— £ 41 200 mg a-Al,0,NPs 100 mg y-Al,0,NPs & F 40 mL () EPA £S5 (CNW, £ =) & i
A 40 mL 35 5 IE W (5 mmol - L' CaCl,, 200 mg- L™ NaN, /KW ) , FF- 47 24 h, 45 pH 55> 5 4
6.8(a-Al,0,NPs) Fil 7.3 (y-Al,0,NPs) . S8 J5 A — & 5 19 JEAf 45 W, 1 75 JE 78 7K rp - i vk B2 ol 20—
800 pg- L7 ARFFIARZR BB 0 F 0.1% , LARE G L0 FIAON . I AE WS, TG FH T 3R DU 9 2 945 B 2
) 35 e 5, HLFE SR 2 SARAREVN T 1 mL, DAl JE 9 & 1 iR #5126 76 20+ 1°C T G IR 4R
i 4 (RSN 1 2A SC B0 F B JEAE 3 d PN ATk 21 3R XL B SF- 4 ) L OF- 4 IS #E 4000 1 min”! AR T S0
30 min, 7325 FIE W, DE FIEW AR EE. BN FEMR BRI 2 AP AT
1.4 pH XK AL AR R B E 1 52 0

FH 0.1 mol- L") NaOH ¥ A1 0.1 mol - L™ Y HCI ¥E VAT B 2 TAFA 24 h A 48K AL 58 2 i i
() pH il pH ik BB BUE, BER S h P87 1k, B pH e N BEE . SR G B InA-— 2 B 1 IER
W, AT ey, AP R [R] 1.3,
1.5 R X9 A A A R R BRI A 5

1.3 1 A SRR R BN TR) MR B NaCl 3 (0.5 mol « L™ X i ¥ 7K 55 B 32%0,0.25 mol - L' X}
TR 16%0) , B L3R [F) 1.3.
1.6 FE4JE BT Ni** XK S b AR I B R A 52 )

7 1.3 T I AR [FIB N A — 2 2 1Y NiCLIE W, R N2t BIPI AV R 5.0 mmol - L™ Hisx
AR 1.3 7, 58 N AEAE R JE W B 45T 2%
1.7 SyMiik

YR TP A e R OB (538 ( Agilent 1200, E ) M2, ffFH €18 SUAH {43843 ( Venusil XBP
CI18(L),4.6 mmx 150 mmx5 wm, Agela). HEREE 10 L, 7 3hAH Ry B EE A0 /K, R BLEL 90 @ 10, Ji i
1.0 mL-min™ AT 2$ RN TECKI S | B R 250 nm, KK 364 nm. 23 [ S2B 2 B | y T0HRE R BN
P28 AR R /INT 0.5% , S0RT DL Z WA T AR 5 o~y J 2L 82 o6 50 182 6 3 19 5 Fl SE AR B m A
W B 55 P s AKORE v B =2 2R A
1.8 HdEsrr

K H Freundlich 584 % W BiE 554 3047 A5

Q. =K, x(C"

A, QF €, 53 57 7 T IR 5 700 %58 1A T J5iE P WA 8 ek 7R 25 A o 2 B0 I A R 2. K (A Freundllich 5
B, FAE L B0 700 W B 2 8 1) RN n {EA Freundlich $8 550, AWM BN A A et AR BE. Ry T B8 EDULAY FR A8, A
## Freundlich *ﬁ?ﬂﬁﬁT%%%Mﬁ/’&ﬁ?ﬂ@ﬁ@ﬂ'&ﬁ]‘%ﬁ( K,) 1.

e
K(l -
C(‘

2 R 5178 (Results and discussion)

2.1 YOREALER S M R AE

YRR A A a5 H T R FLAR 20 A5 UL 3% 1. W Rh 4N K S AL B0 45 f 15 00 91 8.01 AT 8.31, 7EAIK
pH TR IE L, MAEAHRT & B pH 2510 F , R 7 HL.y-AL O NPs i BET R Z)H a-AlL O,
NPs (1) 6 1%, HEA T E T LA, BAUATN a-AL O, NPs i 7 5. B Fh 4 K S8 AL 48 A AL LA FL K
T A FURTR 5 BFLIARFR 3518 93% (a-Al,0, NPs) F1 95% (y-Al,0, NPs).

PR K EAL Y XRD EHEANE 1 . AL 1 AT LLE B, 6 R G000 B0 A S 0 ok 107 19 o T B 5 5
P PDF R A H (L L iR B ARUE PDE R Fr 45 0 0% Sl T B) ) W45 28E0F, a-AL O, 25 b R B T T
y-AL O, F B B G (1% 068 Jie 5, A 4l T AR 2 SO T R BRI RP 40 oK EAR AR B A RS R AR R A
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a-AlL O R4 4 43.3 nm,y-AlL 0, %KifE°~ 3.6 nm.
R1 PFRGOKREALE A FRAE
Table 1 Selected structural properties of the two aluminum oxide nanoparticles
MM FLE5H pore structure
iy e o =] Sy
IR F Surface area/ Lz fLIAR
Nano-aluminum Isoelectric s 1 . 3
K . (m>g™") Pore size/nm Pore volume/ (cm>g™")
oxides point
Sper Do sicro Aineso Vioual Viicro Vines
a-Al, 05 NPs 8.01 30.7 9.2 0.37 3.7 0.070 0.012 0.065
y-Al,0;NPs 8.31 180 11.3 0.37 12 0.509 0.074 0.481
Lok a-ALO; (113) (116) 100l 7-ALO;3 (440)
(104) (400)
sor (012) 80 - 311
2 60} (300) Z 60l
£ (024) £
g (110) k|
401 (214) 40 (511
20+ 20
0 Py 2 A, -} 0 Il P Y B R 1| P |
0 10 20 30 40 60 70 0 10 20 30 40 50 60 70 80
20/(°) 20/(°)

1 AR XRD 3[4
Fig.1 XRD patterns of a-Al,04NPs and y-Al,O;NPs

2 KPR EAL SR TEM BR. N EL 2 0] DIE 1, PP A0 B0 24 S oK GUB0RE , R i A 25 W
WEF a-ALO, S BRI, KA 2 K 50 nm, y-ALOJK AL T /N, 258 10 nm, a-AL O, HFL &5 ¥ & /0 | i
y-AL O, A W i A LA FEAE.

2 (a)a-AlLO;NPs EEFHIEEIR, (b)y-Al,0,NPs & 5T H1 5T 5]
Fig.2 TEM images of samples: (a)a-Al,O;NPs, (b)vy-Al,0,NPs

2.2 YK EALERXT HE A W Bt
WRR 2K S AL B T HE A W RS IR 2R 1A 3 BT AL 3 AT AR Y, y-AL O, NPs X (4% B BH f K

T a-Al,0, NPs i [i] Freundlich FERILLE PR SAAL B FE A MBS TRLER P TR R0 IR 2
(Y K fH, WA S0 T35 2 405 BERCHF , AR OCRB RPITE 0.98 LA B FEIERI AR S 500 pg- L7,
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y-AL O, NPs. a-Al,O, NPs WFHHERY K fEIK A 38.4 L-kg™' 10.1 L-kg™".

4.0X10* -
0 a-Al,04
0 7-Al,04
4 L
_3.0x10 9
T=b
-
P
2 20x10* F
3 o
| B
1.0X10 o o)
o o 8
ol 8 . . . |
0 20X10° 4.0X10> 6.0X10> 80X10> 10X10°
Cong:L™)

B3 oK S 5T R I B A

Fig.3 Sorption isotherms of PHE on two aluminum oxide NPs

R 2 YOREAER X R B ARG S8

Table 2 Freundlich isotherm fitting parameters of PHE sorption on two aluminum oxide NPs

yKE AR Freundlich 1 % K,/ (Lekg™)
Nano-aluminum lgK ./ R 1 1
ides _ _ n R C;=50 pg-L” C;=500 pg-L™
oxides (pg-kg™/(pgL)"
a-Al,0;NPs 1.15+0.06 0.96+0.03 0.988 12.1+1.3 10.1+0.3
v-Al, 05 NPs 1.07+0.02 1.19+0.01 0.999 24.8+1.8 38.4x0.4

TG A 25 SR A>Tk A B, i e HL 3 1w R B ok A2 Bk A L R g S
TCHLE T B A TARA S A B R W R A 0 P S T P8 30 /K 2 2 e JEL 7 A BELASVE . PRI, i 7K
A HLIE G WIAE TCHLA ) 2R 18 04 W B A A S 2 iz M LTS G e 0 1 3 T 405 30 7K U2 R B ARV i =2 ]
(R 43, IR R S 0 LR R i 2R SR 5 RF 55 %) 7 2 R R 590y b 3 T

ABFFEH, a-Al, 0, NPs XFHEF K R Freundlish AL7LE 1 n (EIT LT 1, MR 241, B4 L
A 2 G B3 R 1 SR ML (Hy-AL O, NPs X FER I B Freundlish ARG n ER T 1, X 0K
Wit W RS TR 0 (388 22, XoF 3 A R B B 7 3865, 3k 1 A 3 G AR FH O S 18 98 4 i B y-ALL O, NPs X 3F
P4 A B oL

Ha-AL O, BH MR R T TSI LL , y-AL O HF A 58 A AR 37 7 (R TE IR O HE L, T ALY DU B
W53 A e O JE 1B, X 2540 1 y-AL O, ELAT B K1 L 2 1wl BRI BE 22 06 M 05 . TEM B 35 B
y-AL O, AL T 0 B A LG b A2 W Bt R b JE 43 7T BRI AR AEy-AL O, A FLR 1ML 1 4 J2 B HE
R PRl AL O, NPs UL ANETE &L NI 4 BT LAE H a-AL, O, W BFT 5 A9 20 21 S G 25 28 1k, 36 3
oA 5 a-ALO, R H B4 A, Wiy-ALO, W M HE 5 76 05 & PR FRAE #1530 em™, 1390 em™
Ab T W B 3 UE R 3R> T 5535 T y-AL O, I T /K JZ 1 5 580 A0 5P 409 K Uk 26 1 2 A= T A AR
JH. Yang 25 FE K E A A BRI 5 4 PH B A0 EL VR AR 9 Hp tho IR 88 38 4 i PH S 1 7T L 28358 e /K 2
SRR RN R A A T AR, If-E— 205 W AT A B T R B R AT, AR AR R T A LB AN I
76, NSHAR/IN 25 FLAR O BT 3E 43 T 19 B4R (0.7 nm ), W FFFBE 5 220 7 38 in , 45 56 1) 108 6 A o
T3 e AN JE B W B AT AT R A Ok 2 1 A B K P T B - B S A P R 2 R
W BRSO B 22 B4 20 TR B T 3R 43T A — A5 IR B 3t ml DA ph AR ZR MR B n> 1 SRAERH.

UEAN , AR TR 77K i A BRIE A5t s i FLIR B RE 7, Yan SEZERIFST y-AL O, NPs XJ LS Al /2 b Al
TCHLBAETR £5 01 o v ok 30, 52 B 32 401 7 Bty -AL, O, NPs |1 SR (AR Fitg 189 R T AR AR 70 A I v, 1 P L 36
AT K (A TPR LG, y-AL O, NPs B0y b T AR HE A W BFFRE 71 /N Fra-AL O, NPs. iX 15 By -Al, O, NPs
P EBFL 4 T B AR AN 2 BT A FLAE I B R I R B8 e 40 L3 T BBt TR AL AR e K S vh &0
IR B A T FAARS T e AR AL SEM AU MLEEAE JE (18] 5) o s HZK 3R R P AP gk A ik
FRRE S BRI AT REOIR B0k & AR A 58 | Hoy-AL O, NPs 4 A1 B2 B i K T a-AlLO,NPs, X 53]
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< /
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2000 1900 1800 1700 1600 1500 1400 1300 1200
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B4 ORI R AT A B AR LD AN 4]
Fig.4 FTIR spectra of aluminum oxides before and after the PHE sorption

&5

() a-AL O,NPs £, (b)y-ALO,NPs F13i Hi ]
Fig.5 SEM images of samples:(a)a-Al,0,NPs, (b)y-Al,0,NPs

2.3 pH XK E AR B E R 52w
RIF] pH 2 PF R, 98 K S04k B JE 69 W B S R 2 An 6 T, W B S TR R S 800 T 3k 3 .
a-Al,0, NPsHily-Al,0,NPs 75 iS04 b, W Bt i 55 , T A BR PR RNBRIE 25 17T, W B RE 7 #5431l i

10°

5
10 a-Al,O5 NPs E AL O; NPs %
o pH=45 0 pH=48 %
A pH=638 o - 2
A pH=7.3 %
% pH=10.3 & u|
pr=10. % # pH=10.1 x4 b
~ 10t % YA ~ lo* & a A
oo A 'en w A
< = 0
EA %% A 2 B
< % 2 < % 0
Ql = Ol « B A
103 F <3 A 103
T A B
N IN
N N
A
A
]02 1 ] 102 L ]
10! 102 103 10! 102 103
Colug'L™) C(ugL™)

6 AIF] pH Z A T HETE QAR A A5 b A I B 2 2
Fig.6 Sorption isotherms of PHE on Al,O; NPs under different pH

Huang %" & BUAETE 02 B S8 AR A4 8 1 A R FFREYA S pHL & 28 5357384k, IA AT TR pHL %o I B
)52 M) T 355 W 5510 % T ) P 7 2880 B85 R A5 R AT G (ELIR AT PR E— 2B W5 6T LA TR pH R4 K J5k )
Zeta FEOITE DL, 4 pH (IR F A5 £ 0T, AL, O, NPs R — & B AIERMT, 58 & = BT HE L A #
SIS A R T B A7, B pH AIREAK(pH {EMN 7.0 TREZ] 4.5) , AL, O, NPs 2 [ A9 1F HE far 38 in , %
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AE A IR B3 0. Wang 251 QUAE RS b % SR pH T 40P B0 6T IR 1Y IR B8 588, O DAk 2 S AL R I
FEL 5 L PR 7 PRy 22 ) LA P A 45

R3O pH & MF FAEAEGOR AL AR AR A5 S5
Table 3 Freundlich fitting parameters of sorption isotherms of PHE on Al,0,NPs under different pH

YR AR Freundlich #7 K,/ (L-kg™)
Nano-aluminum pH 1gK ./ R _ ., _ B
oxides (a7 (g L1y n R €,=50 gL' €,=500 gL

v-Al,0; NPs 4.8 1.64+£0.04 1.03+£0.02 0.996 53.0+1.6 54.4+0.9
7.3 1.07+0.02 1.19+0.01 0.999 24.8+1.8 38.4+0.4
10.1 1.73+£0.03 1.14+0.01 0.998 88.1+0.9 128+5

a-Al,0; NPs 4.5 1.77+0.04 1.00+£0.02 0.995 63.4+0.5 60.6+0.8
6.8 1.15+0.06 0.97+0.02 0.988 12.1+1.3 10.1+£0.3
10.3 1.48+0.04 1.09+0.02 0.996 48.1+£1.6 56.7+0.0

SRIMT, 24 pH 1 T4 H1 5, AL O, NPs 1A Al—OH f# 25 H Bt 1, Il Al—0~ , HLZ 14 61l e,
{EJ2: AL O, NPs Xif S 4 W BRIV 00, ST 388 0 , i A AL A L W2 B O AS B At X ol 2 5. Huang ™ |
Wang %5 W55 T pH XK 0RE AT AT R B R2 0, 45 26 0, pH 388 a3 S0 299 K J0RT f19 2 167 FEL 12 55 A1
FNKR USRI Z R AE T, 24 pH i 55 HL S i, B pHL B TR 98 KRR 2 T 4 B8 14 in , DA i
R RE PRI, 2T 0 K UK Y 45 f B L SR A B K. Yang 25 7E pH XK E Ak A7 88 I TE 25 R Wi A BT 9
H TR H R AR A SRR AR P AT T A, A AR I SR A 14 RN R A A R A — A R
HIPZR P gk FH IR AR A R SE /N, AR oK R K A5 8 22 BRI Bl 26 1 L, T LK 5 R S 0 i
Bl pH HE30m 55 s, 9K SORE 2 18] A HE R 08055 , B SR AE UL A B K 17 P SR A2 BH 400 K SR (14 R A
ZINRIT 2 THT AR 5 2 T F i 0 A 7 D0 2 X e 7 A T A R o R 3 e A .

2.4 FREEXT YRR ARSI B E Y5

AR ER AR SR B OO J2 B R 32 5 FE 45, 98 K OR8] A9 HE R 7R FH 32 20 E1 55
S HORL PSR R I8 0 8 5 s SRR B ) P A 2 AR A 50 P LB 40 i D, DA i 2 1 R o 114 A 5K
SOLE, IR B S FIER BT, 98K AR AR TR (0 W B SR 2k An 8] 7, W PR TR S 8L 3 4.

10°F  ¢-ALO; NPs 10°c 4-ALO; NPs
o 32%o O 32%o ﬁ
A 16%0 A 16%0 =
B (%o % u 0%o B lﬁ
4 . L A
~ 10 f A ~ 10 ad o "
'an R 2 'sn g =
< 3
8o E% [ o Z
3 M 3 AN |
< 5y & < B2 Ty
i Ci
e s e 100} ° i
1 ! .
jin] i -
n
.
102 L ) 102 L |
10! 102 103 10! 102 103
Collng'L™) Collng'L™)

7 AFERIEAAE T AR SEAAR X 10 0 B 2 I 26
Fig.7 Sorption isotherms of PHE on Al,O; NPs under different salinity

(EARBFFE B INER B (16%0F1 32%0) , AR HE T a-Al,0,NPs Flly-Al,0, NPs X JF A4 W%t , {5 5 Fif
YK EALERY 1gK 20 B 1.15 #2553 1.60( a-Al,0,NPs) Flf1 1.07 #2755 2.12(y-Al,O,NPs) . Turner I
Rawling > A AT [ U ML) A W 6 I 2 k7 A o v 3 o, G 5= 2 A ML o 2 56 A 4 P T o R
VRS2 48 A LA A7 A ER 0 7K Vs R b i ik B S B A, IR BB 6 B 184 , A7 #1175 G 346 5 7K AH 1)
BN, B A LA B AR A R



44 P AR SR A R T B T 829

R4 AFEREANF T ARTEGOR AR LA IR L S 28

Table 4 Freundlich fitting parameters of sorption isotherms of PHE on Al,O, NPs under different salinity

YKL s Freundlich %% K,/ (L-kg™)
Nano-aluminum - 1gK./
d salinity = n R? C;=50 pg-L™" €;=500 pg L'
odes (pgkg™)/ (pgl7)"

0 1.15+0.06 0.96+0.03 0.988 12.1+1.3 10.1£0.3

a-Al,0; NPs 16%o0 1.14+0.06 1.03+£0.03 0.990 14.9+1.4 16.1+1.1

32%0 1.60+0.06 0.90+0.03 0.986 27.7£1.9 17.8+0.8

0 1.07+0.02 1.19+0.01 0.999 24.8+1.8 38.4+0.4

v-Al,05; NPs 16%o 1.72+0.05 1.02+£0.02 0.991 54.2+8.4 58.0+0.8

32%0 2.12+0.07 0.84+0.03 0.976 62.7£1.3 50.7+0.8
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Fig.8 Sorption isotherms of PHE on Al,O, NPs in the presence of Ni**
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Table 5 Freundlich fitting parameters of sorption isotherms of PHE on Al,O, NPs in the presence of Ni**
KSR AR Freundlich 7 Ky/(L-kg™)
Nano-aluminum 1gK/
s B B n R? C;=50 pg-L”"  C,;=500 pg-L!
oxides (ngkg ™)/ (pg-L)" ©
2 H 1.15+0.06 0.96+0.03 0.999 24.8+1.8 38.4+0.4
a-ALO, NPs .
Ni** 1.28+0.06 1.19+0.03 0.989 110+4 105+5
2 H 1.07+0.02 1.19+0.01 0.988 12.1£1.3 10.1+£0.3
y-AL 05 NPs .
Ni** 2.06+0.02 0.98+0.03 0.993 39.1+2.4 32.1+1.0

3 258 ( Conclusion)

(1) PIRRAARSAALER T HE AT — %€ B BE T, F P a-AL O NPs X 3 i) e B 52 et 2 HL i) 2
FEARFE AR RN T K2 TP 43 BC, y-AL O, NPs X SRR B B 20 B A FH AMA 0] RE AR 7EFLIL ST LI 1Y)
SEREFER], BEOh, PR EACER X AR BT 3 32 2 AR K AL A SR P A S

(2) PR SEAL BRTERRYE AN BRNE A5 1 T 0 FE B B 7 0 T P P48 0 7RI pH 2605 T, 9K 4 Ak
PR IE A, S AR AR S S R BRI 7E i pH T, DU Jeiad 94t oK A 35 T v HL A T
TR AR PARLAR A R M R R A0

(3) TR I T AEAEANR AL AR L e B, SR ATV PO 52 i W B A B S SRR T e AT 10
FEHIERHE T, Na " X 4R S AL AR L RARZES S i A K.

(4) E4 R BT N T LAGE 1 R AR K S A B PR SR AR BE RN B B 7~ A A A P 00 K S AR50 X S
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