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Adsorption of Three Phthalic Acid Esters on Different Clay Minerals

WU Yan-hua'?, ZHOU Dong-mei%, GAO Juan®, SI You-hin"

(1.School of Resources and Environment, Anhui Agricultural University, Hefei 230036, China; 2.Key Laboratory of Soil Environment and
Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences , Nanjing 210008, China )

Abstract ; Phthalic acid esters( PAEs) are widely used as plasticizers and are easily released into the environment, posing potential harms to
human. Clay minerals are an important component of soil. After PAEs enter soils, the clay minerals would inevitably affect the transformation
and fates of PAEs. Here we examined PAEs adsorption on clay minerals using two montmorillonite clays(FZ-10, SMF ) and one kaolinite
clay(Kao ) as adsorbents that were saturated with K ions(K-FZ-10,K-SMF and K-Kao ). Results showed that the adsorption of PAEs by
clay minerals were in the following order: dimethyl phthalate( DMP )<diethyl phthalate ester( DEP )<di—n—butyl phthalate(DnBP ). Their ad—
sorption coefficients(K,) were positively related to their hydrophobicities( DMP<DEP<DnBP) and their adsorption capacity by clay minerals
was increasing with increasing hydrophobicities of PAEs. The adsorption of DEP on three clay minerals was K-FZ-10>K-SMF >K-Kao.
Both type and surface area of clay minerals contributed to the adsorption ability. Temperature rise reduced the adsorptions of three PAEs on
K-FZ-10, K-SMF and K-Kao, indicating that the adsorption was exothermic and spontaneous. This study revealed that the type of clays,
hydrophobicityof PAEs and temperature were three important factors affecting the adsorption of PAEs on clay minerals. The adsorption of
PAEs onto soil could be used to predict the transportation in soil to some extent.

Keywords: phthalic acid esters; clay minerals; adsorption; desorption
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Table 1 Basic properties of clay minerals

A ~ e -
Clay cmolkg?  OM/%  content/% BET/m-g m’eg’
K-FZ-10 77.2+£0.21 0.03 2.8 98.6 294.9+1.1
K-SMF  66.0+0.13 0.05 1.0 46.2 231.0+40
K-Kao  6.920.11 0.03 0.3 16.4 24.0+1.6
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Table 2 Physical and chemical properties of PAEs

AR R 4l KSR BER Solubility/  1F 3 FE—7K 43
BiEZ4 PAESs Structure mmol L, 25 °C it 250 ek,
— s 9
DMP Y~ 21.6 1.55
MW:194.2
0
— 7 ?
DEP 4.86 231
MW:222.2 I
0
—_— b O
— Ths @)ﬁ?/w
DnBP 0.04 443
MW:278.3 I
0

1.3 it = AR BT -2 AR i B
1.3.1 Wit

5 10 mmol - L™ (18 KC1 AR AE R S m ok
Bc il = Ff PAEs 7. WHHAIRTE 20 mL BEEG4 it
15, KL Hh 15001, SRR R 15 mL o 726 0 4 00
1, DMP .DEP F1 DnBP {4 4f ik 0 61 4351 A 0.05~
2.06.0.02~0.90 mmol - L™ F1 0.002~0.03 mmol - L, i
5643 SASIN TR R 410,20 CA 30 C A4 IR B 45
k. W R Ak FLCF 200 remin™ PR 4
W S dCZRTAY TAEZIA 5 d Yk 2 FE ) o 2
Je B s B S A
1.3.2 fifn it

50 B 05 =22 I T IR AR A, 4 B0 LR
T 4800xg BB L E B 15 min, K B IR
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mL, iF 200 r-min™ AIHRGHE R HkE, 14 d J5
B B R VS PAESs BOHRE
1.4 PAEs B9 75 5%

AR F A AT R Rl #% (DAD ) 1) 1 S0
AH 8 3% (HPLC, Agilent 1260 41, 32 [& ) K ill DMP |
DEP F1 DnBP, 3 K fy 224 nm 1 227 nm,, #5014
&M FEH Sigma—Aldrich 23 F] A Supelcosil™ LC-

18 FE(FHE RS :25 emx4.6 mm) . JiEshiAH k47K A1
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15,1 W B 45 1

I R SR A 2 SR RE S IR I HUH Freundlich
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1.5.2 WA RS Tk

fEW RS A PAEs MR C.o(mmol - L™) Y
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WA, PAEs 196 7K P (DMP<DEP<DnBP ) i K
Ky B, [RIRIES X PAEs (W MHEdlk A, —Fh
PAEs 78 % + I i W B 1 K /MK IR O DMP<DEP<

DnBP. [Ht, R[FF) PAEs 7E[RFIES + b r e 5
UL AP KFEE S EA G
2.2 FhtREAAXT IR 92N

K-FZ-10 K—mont Fl K-SMF = F52iii 1- 1) 4 3=
T AR G302 295,281,231 m*- g™, Ky {4351 24 (383
5.54) (215£2.43) . (154=1.53)L-kg™, W& 4 FRHEH
Flsk/IN, DEP 7E = FhS i 4 %) Ky (A28 . il
= SRR L iy KBS 2R
SEIFAE, Hrp K—mont (9 K, (B 3% A T AT R oA
e, g5 R AL G WA =S E gk
W57 R mAA & X5 Hermosin &P RIS
SR G, R4 e i AU K, 21 4 X5 DEP 119
W St R
2.3 FhERBVR T 2 XF O Bl A B i

Kl 1a ATHIAN[F Y PAEs 76 [R] —FP 55+ F A
Mg S AR, K-FZ-10 K-SMF Fl K-Kao 3X —ff
Zf 4 % DMP(0.03~1.63 mmol L") .DEP (0.02~0.90
mmol + L") 1 DnBP (0.002~0.03 mmol - L") ¥ W% [ K,
{373 H DMP<DEP<DnBP, Wang 252 BF9Y T e 4l
KAWL PAEs, 25 R BIARGIKE X DMP . DEP Fl
DnBP (W% B 55 F1 77 5 A 0645 SEAR ) o Th RS 720
WEFE K R % PAESs (190 B st % BT 2848019
4528 : PAEs BB KPS W B 5200, i K MR Y
DOP 1 BBP F= 250 A 7E ki ¢, 1l DMP A1 DEP
B SRARPER R, FE e KA. R4
DnBP (1) 55 /K P fie ik, % % DnBP [ W B 68 ) i
58 ; DMP B K P55, %647 DMP 1)z i 6E /gt
5.

Kl 1b 7R =P [ A9 %G X [/ —Fh PAEs 9%
B 22 5, A5 SR SR - A [ 1 26 % [ —F PAESs
[ B RE S H9 30 K-FZ-10>K-SMF>K-Kao, iX

& 3 =FFL3F DMP DEP 71 DnBP IRBRIHE XS
Table 3 Isotherm parameters of DMP, DEP and DnBP adsorption on three clay miners

PAEs %+ Clay Freundlich #8%({ n Freundlich %% 1gK, P8 R % R?

[ER—/K 53 B A KoL kg

DMP  K-FZ-10 1.48+0.13 1.41+0.09 0.97
K-SMF 1.19+0.18 0.17£0.13 0.92
K-Kao 1.13£0.10 -0.14+0.08 0.97

DEP  K-FZ-10 2.20+0.18 3.46+0.22 0.97
K-SMF 2.53+0.32 2.62+0.35 0.92
K-Kao 1.12+0.09 0.52+0.09 0.97

DnBP  K-FZ-10 1.68+0.15 4.63+0.39 0.97
K-SMF 1.85+0.31 3.17+0.67 0.90

2.82+0.01(C.=0.01 mmol - L™") 8.51+0.33(C.=0.1 mmol - L")
0.62+0.06( C,=0.01 mmol - L") 0.95+0.08(C,=0.1 mmol-L™")
0.40+0.05(C,=0.01 mmol - L") 0.54+0.06(C,=0.1 mmol - L")
11.5£5.89(€.=0.01 mmol-L") 182+93.3(C,=0.1 mmol-L™")
0.36+0.29(C,=0.01 mmol-L™") 12.249.96(C.=0.1 mmol-L™")
1.89+0.42(C,=0.01 mmol-L™") 2.50+0.55(C,=0.1 mmol-L™")
389+0.02(C.=0.001 mmol-L™) 821+0.08(C.=0.003 mmol - L")
4.17£3.08(C.=0.001 mmol-L™") 10.6+0.73(C.=0.003 mmol - L")

T C. W IR B S h DMP DEP 1 DnBP B)#E .
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Figure 1 Adsorption isotherms of three PAEs on K=FZ-10(a ), and adsorption isotherms of DEP on three clay miners(b)

HE ARSI (F 1A ¢, PAEs F1% 1 (7]
PIVER B LA E R - km, JUHGER L2, K-
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1y 72.8 £55 1 4.9 15, X K-FZ-10 %} DEP fi{) W i & 2
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W B 0 A B 5 00 T s T RAAER , T 24 C<1.0 mmiol -
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Figure 2 Adsorption isotherms of DMP(a),DEP(b),DnBP(c) on K-FZ-10 at different temperature
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Table 4 Isotherm parameters of PAEs adsorption on clay miners at different temperature

O K-SMF K-Kao
Freundlich 8%t n  Freundlich %% 1gK, Do %% R Freundlich $§%{ n  Freundlich %1 1gK;  AHCZR %L R
DMP 10 1.96+0.22 0.41+0.08 0.97 1.39+0.21 0.18+0.14 0.94
20 1.19+0.24 0.17+0.06 0.92 1.13+0.13 0.1420.07 0.97
30 1.13+0.03 0.22+0.04 0.99 0.75+0.11 0.140.11 0.93
DEP 4 3.780.18 3.81£0.21 0.98 0.87+0.03 0.49+0.03 0.99
10 3.51+0.33 3.62+0.36 0.96 0.77+0.02 0.43+0.01 0.98
20 2.530.31 2.62+0.31 0.92 1.12+0.14 0.52+0.06 0.97
30 221022 2.25+0.23 0.97 0.85+0.12 0.33+0.05 0.89
DnBP 10 1.76+0.41 2.88+1.01 0.80 0.59+0.51 0.08+1.01 0.30
20 1.85+0.32 2.87+0.71 0.90 1.15+0.33 1.59+0.92 0.64
30 0.99+0.31 1.0720.63 0.76 0.63+0.32 0.560.64 0.58

DnBP {52015 /)N, DnBP 7E K—Kao I 1% 5% % [t
H#0H 1.1 mmol kg™, DMP DEP F1 DnBP 7£ K-FZ-
10 . K-SMF Fll K—Kao _I fity W [ 1o A 0 2 il #A ) o {5
S A SE S R B S 25 AR S, R B DMP
DEP Fl DnBP X = Fi 4y Jou £ 8 Tl AR b i) Wi Bf 1
Bif IR B T i TG R . X AT e S DR AR B i PR i A
X, DU rh R A i S0% L) F A HLE & AR/
(0.23%~0.33%).,
2.5 PAEs BIfEIRFA TII

[ 3 J& DMP Fl DEP 7E K-FZ-10 [ /)% [ff - fi#
W HHZ A T AR . B 3a IR, 7 H DMP [y
e P BAIRAT (€.<0.2 mmol - L), TIL {E 230 1, fiff W i
BRG] I 5 24 DMP ¥ B FH 25 B (€.>0.5 mmol - L),
TIL{E 1 0.9 Ji/NE 0.4 A2 A7, Ff WLIAT B IR 52 B I 0
55 . & 3b h DEP 7F K-FZ-10 | By [t —f#m% 5 DMP

100 (a) 14
11.2
80 I-
) 110
'ap
< 60 0.8
=] =
g =
£ 40 10.6
8
10.4
20 +
10.2
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