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Experimental study on the adsorption of nano emulsified oil by natural clay
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Abstract: In order to explore the influence of natural clay minerals and organic matter on the migration and reten-
tion of nano emulsified oil in porous media, kaolinite and montmorillonite, as well as humic acid, a typical repre-
sentative of organic matter, were selected to carry out a batch of experiment on the adsorption of nano emulsified oil
by single mineral, organic matter and organic mineral complex. The adsorption mechanism was discussed by means
of full analysis of specific surface area, scanning electron microscopy (SEM), Fourier transform infrared spectrosco-
py (FTIR) , X-ray diffraction (XRD) and other techniques. The experimental results showed that the adsorption of

nano emulsified oil by the media was in accordance with Freundlich model. The adsorption capacity of single mineral
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and humic acid to nano emulsified oil is as follows: montmorillonite>humic acid>kaolinite, the adsorption capacity
of organic mineral composite samples is as follows: montmorillonite-humic acid >kaolinite-humic acid, which are
larger than their corresponding single samples, and the phenomenon of “1+1>2” appears, indicating that the more
complex the medium composition is, the greater the degree of adsorption and retention of nano emulsified oil is.
Further analysis confirmed that nano emulsified oil was mainly adsorbed on the surface of minerals and humic acid
through hydrogen bond and hydrophobicity, and the surface structure and properties are the dominant factors in the
adsorption process of kaolinite and montmorillonite, so montmorillonite has stronger adsorption capacity, and the
adsorption of humic acid is mainly realized through the aggregation between particles. For the composite samples,
the adsorption is mainly realized by hydrogen bonding, ligand exchange and hydrophobicity. Combination of humic
acid and mineral can increase the sorption sites and enhance the hydrophobicity of mineral surface, thus promoting
the sorption. The co-adsorption and cumulative adsorption of humic acid and nano emulsified oil increased with the
increase of emulsified oil concentration, which made the adsorption promotion of kaolinite humic acid stronger.
With the increase of the concentration of emulsified oil, the humic acid and sorption sites that play the role of

“bridge” decreased, which weakened the promoting effect of montmorillonite. The experimental resulis lay a foun-

dation for further evaluation of migration and retention of nano emulsified oil in porous media.
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Fig. 1 Adsorption kinetics of nano emulsified oil on single

samples (a: fitted with pseudo-second-order kinetic)
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Table 1 Fitting parameters of sorption Kinetic equation
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Fig. 2

Isotherms adsorption results of nano emulsified oil on samples (a), K, values of samples (b) and comparison between

actual and overlay values of nano emulsified oil sorption on samples (c, d)
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Fig. 4 SEM images of samples before and after sorption of nano emulsified oil
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Table 3 The surface structure and properties of samples
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SO -JETEIR 22.82 0.068 9 12.08 -18.8
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Fig. 5 XRD patterns of kalinite, montmorillonite and composite samples before and after the sorption of nano emulsified oil
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Fig. 6 FTIR spectra of single samples before and after the sorption of nano emulsified oil
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Fig. 8 The conceptual model of mineral and humic acid adsorbing nano emulsified oil
R1HGORFALINRIE 504 BRI R A &L UE T R2 AR FLALIN B K PR 0 S0 IR BUKSE & 5 R3 WK FLILN 5 g5 &
A LR SRR R AE R 5 R4 S oK FLALT S s 0 — SR AR =2 ) AR BT AR S 4 FE T 5 RS Sy 08/ S5 T AR 22 [ 1) LB i KA 5 R6 H
JEFHIR KRR S5 5200 A7 ARk R A A AR U RCAL SR 5 RT SRR SR ROE U, fEAK I S 50 - IR A R = [l i 3]
WRRAE ;s R8 AAKILILIN SSEMATR S TIRIE RSS20k e A SR 5 RO R SHIRS DL 52 DL R Tt | $2 L W37 0
R1 represents that hydrogen bonding occurs between carboxyl group of nano emulsified oil and hydroxyl group of minerals and humic acid; R2 repre-
sents the hydrophobic binding between nano emulsified oil hydrophobic component and mineral hydrophobic surface; R3 represents that co-sorption and
cumulative sorption between nano emulsified oil and humic acid; R4 represents the ligand exchange between nano emulsified oil and kaolinite-humic
acid; RS represents the hydrogen bond and hydrophobicity between kaolinite and humic acid; R6 represents the hydrophilic group of humic acid and
the polar group of montmorillonite bind by hydrogen bond and coordination bond; R7 represents the hydrogen bond between water molecule and humic
acid, which acts as a bridge between nano emulsified oil and montmorillonite-humic acid; R8 represents the hydrogen bond between nano emulsified oil
and water molecular hydroxyl and structural hydroxyl of montmorillonite; R9 represents that humic acid induced surface modification of montmorillon-

ite, providing more sorption sites



854 A

i W

A
= % Gk

41 3

Th, FUAIh - R FE R A voi 0 Ay 4 T ) S g o 2R
TR RV TG iR, o0 3 0 A — )8 TR O 5 ) 418 A
FHB G X TS A - IR, W& 98K 3L
AR B T e, AR A B B R L R
FEOLE A ARXT D, AR AR VR s . B AR
FXFYOKRFLA TN A W RF B ) AH L T8 — (R R T o
T SE BRIz A A A2 2, Wil B AR T R 20
KFAACITE Z2 LA B 7% 1 52 ) B N 2 2
SR AE RN A BT i DRI GOK FLAL I TE R AR IR
B R IERATA
3 45ie

(1) RIRFG 07 S FE RS 2 A LA I Y I8
M7 G Freundlich 7Y B 3 FhkE i 19 2 1 W B
SAOAFTEZE S, WRAFRE I K/ 20 A > S B 1R >
AT A - IR > = I8 1 - R . B Ak
X AOKFLAIM R B AR B, T
+1>27 G, RUIEFERR W MA S5 09 4
PRREIVERT, S 75 A U F 0 9 K A I A 8 4

=N
[EE=EN

(2) ml A W11 S B IR 29 K L AL I Y
W fad R LRI o 32 AR LA B i |
R KA FHES S AR W IR AR 1T, R T Z5 4
PSR e RSB A R B i £ IR, 5
Ji A R By b R i B, o H B A Y R R RE T
T PR 5 LA i ORE 22 1] B 445 45 30 i i KA
Wit RS AR ), ERRBUN K AR BER
YEH,

(3) PRI 5P R X AR FL AL I 455 A 4l E 41
FHREE AR FLAL I B 528 4, S B A B A
Feo LA T BRI A vey I A1 2 T 114 H R B A SR AR
A o e Ao S S i KA TS B, B A oK FLAR )
R JRE 8 7 o T 3 5, 2 T 5 LR AR R A P Y
SLAT- B FE R b T LA il ok BE A T, R BB
G2 M FH B4 J68 58 9 0 O 5 57 i AH X 2>, 5 i fie
VRIS . BEMORE , Sbifr- IR h T RAEK
LRI, OS2 K ZL A I 45 A9 i R4
CilTe

References

Al-Maghrabi M N, Imran M and Sharma C. 2016. Top down activation

enhancement of bentonite for the removal of emulsified oil from
wastewater[ J ]. Journal of Nanoengineering and Nanomanufacturing,
6(4): 288~294.

Borden R C. 2007. Effective distribution of emulsified edible oil for
enhanced anaerobic bioremediation [ J ]. Journal of Contaminant
Hydrology, 94(1~2) . 1~12.

Borden R C, Richardson S D and Bodour A A. 2019. Enhanced reductive
dechlorination of trichloroethene in an acidic DNAPL impacted aquifer
[J]. Journal of environmental management, 237 617 ~628.

Chen H, Koopal L K, Xiong J, et al. 2017. Mechanisms of soil humic
acid adsorption onto montmorillonite and kaolinite [ J ]. Journal of
Colloid & Interface Science, 504 ; 457 ~467.

Conte P, Abbate C, Baglieri A, et al. 2011. Adsorption of dissolved
organic matter on clay minerals as assessed by infra-red, CPMAS "C
NMR spectroscopy and low field T1 NMR relaxometry[ J]. Organic Ge-
ochemistry, 42(8); 972~977.

Coulibaly K M and Borden R C. 2004. Impact of edible oil injection on
the permeability of aquifer sands[ J]. Journal of Contaminant Hydrolo-
ey, 71(1/4) . 219~237.

Coulibaly K M, Long C M and Borden R C. 2006. Transport of edible oil
emulsions in clayey sands; One-dimensional column results and model
development[ J]. Journal of Hydrologic Engineering, 11(3): 230 ~
237.

Ding L, Dong J, Bai J, et al. 2021. Migration and evolution of an in situ
bioreactive zone formed with emulsified vegetable oil for the long-term
remediation of nitrobenzene-contaminated groundwater[ J]. Journal of
Hydrology, 593(SEP. ). 125914.

Ding L, Song J, Huang D, et al. 2020. Simultaneous removal of nitrate
and hexavalent chromium in groundwater using indigenous microorgan-
isms enhanced by emulsified vegetable oil; Interactions and remediation
threshold values - ScienceDirect[ J]. Journal of Hazardous Materials,
406 124708.

Dong J, Yu D, Y Li, et al. 2019. Transport and release of electron
donors and alkalinity during reductive dechlorination by combined
emulsified vegetable oil and colloidal Mg( OH) , : Laboratory sand col-
umn and microcosm tests[ J]. Journal of Contaminant Hydrology, 225
(Aug. ) : 103501. 1~103501.9.

Feng X, Simpson A J and Simpson M J. 2005. Chemical and mineralogi-
cal controls on humic acid sorption to clay mineral surfaces[ J]. Organ-
ic Geochemistry, 36(11): 1 553~1 566.

He B, He J, Wang F, et al. 2018. Migration, clogging, and carbon

source release of nano emulsified vegetable oil in porous media, evalua-



U KIRFE 0 W RE SR X 2K FL A A 10 S g 5 855

ted by column experiments[ J]. Bioremediation Journal, 22(1~2):
53~62.

He Baonan, He Jiangtao, Wang Fei, et al. , 2018. Nano emulsified oil
alleviating the permeability loss in porous media[ J]. Acta Scientiae
Circumstantiae, 38 (1): 267 ~ 274 (in Chinese with English
abstract) .

Huang Renlong, Chen Jie, Liu Junguang, et al. 2017. Phenanthrene
sorption on kaolin-HA, montmorillonite-HA and goethite-HA [ J ].
Journal of South China Normal University ( Natural Science Edition) ,
49(2) . 85~93(in Chinese with English abstract).

Jeeva M, Lakkaboyana S K and Wy W A N Z. 2019. The adsorption of
direct brown 1 dye using kaolinite and surfactant modified kaolinite
[J]. Bulletin of the Geological Society of Malaysia, 67: 35~45.

Jia M, Wang F, Bian Y, et al. 2018. Sorption of sulfamethazine to bio-
chars as affected by dissolved organic matters of different origin[ J].
Bioresource Technology, 248, 36~43.

Jung Y, Coulibaly K M and Borden R C. 2006. Transport of edible oil
emulsions in clayey sands: 3D sandbox results and model validation
[J]. Journal of Hydrologic Engineering, 11(3): 238 ~244.

Koliastasi A, Kompothekra V, Giotis C, et al. 2020. Novel emulsifiers
from olive mill compost[ J]. Food Hydrocolloids, 99 105373.

Lee T H, Cao W Z, Tsang D, et al. 2019. Emulsified polycolloid sub-
strate biobarrier for benzene and petroleum-hydrocarbon plume contain-
ment and migration control—A field-scale study[ J]. Science of The
Total Environment, 666: 839 ~848.

Lian Yugian, He Jiangtao, Liang Yu, et al. 2018. Simulation experi-
ments on gas change in enhanced denitrification of nitrate process by
nano emulsified oil[ J]. China Environmental Science, 38(6): 2 105
~2 115(in Chinese with English abstract).

Li S Z and Wu P X. 2010. Characterization of sodium dodecyl sulfate
modified iron pillared montmorillonite and its application for the remov-
al of aqueous Cu ( II') and Co (I ) [J]. Journal of Hazardous Materi-
als, 173(1~3): 62~70.

Saeedi M, Li L 'Y and Grace J R. 2018. Effect of organic matter and se-
lected heavy metals on sorption of acenaphthene, fluorene and fluoran-
thene onto various clays and clay minerals[ J]. Environmental Earth
Sciences, 77(8): 1~12.

Sarria M, Gonzales ] M, Gerrity D, et al. 2019. Biological reduction of
nitrate and perchlorate in soil Microcosms: An electron donor compari-
son of glycerol, emulsified oil, and mulch extract[ J]. Ground Water

Monitoring & Remediation, 39(2) ; 32~42.

Shin H S and Kim J H. 2016. Isotherm, kinetic and thermodynamic char-

acteristics of adsorption of paclitaxel onto Diaion HP ~20[ J]. Process
Biochemistry, 51(7): 917~924.

Wang Fei, He Jiangtao and He Baonan. 2016. Formation mechanism of
organic-mineral complexes simulated by subcritical water treatment
method[ J]. China Environmental Science, 36(8): 2 495~2 504 ( in
Chinese with English abstract) .

Wang K and Xing B. 2005. Structural and sorption characteristics of ad-
sorbed humic acid on clay minerals [ J]. Journal of Environmental
Quality, 34(1) . 342~349.

Wang L, Xin J, Nai H, et al. 2020. Sorption of DONs onto clay minerals
in single-solute and multi-solute systems: Implications for DONs mobil-
ity in the vadose zone and leachability into groundwater[ J]. Science of
The Total Environment, 712 135502.

Wei Qingfeng, Shi Yanming, Li Tongtong, et al. 2019. Adsorption of
U(VI) from aqueous solution by hydrogen peroxide activated montmo-
rillonite[ J|. Journal of Nuclear and Radiochemistry, 41(6): 578 ~
584 (in Chinese with English abstract) .

Wei Shiyong, Tan Wenfeng and Liu Fan. 2009. Advances on the study of
mineral-humus interactions in soils[ J]. Soil and Fertilizer Sciences in
China, (1): 1~6(in Chinese with English abstract).

Wen C, Sheng H, Ren L, et al. 2017. Study on the removal of hexava-
lent chromium from contaminated groundwater using emulsified vegeta-
ble 0il[ J]. Process Safety and Environmental Protection, 109 599 ~
608.

Wu P, Tang Y, Wang W, et al. 2011. Effect of dissolved organic matter
from Guangzhou landfill leachate on sorption of phenanthrene by Mont-
morillonite[ J]. Journal of Colloid and Interface Science, 361(2):
618~627.

Wu P, Wen Y, Xiang Y, et al. 2015. Sorption of pyrene by clay miner-
als coated with dissolved organic matter (DOM) from landfill leachate
[J]. Journal of Chemistry, 1~10.

Xia Qiwen, Yang Yong, Liang Yu, et al. , 2020. Experimental study on
the sorption behavior of carbamazepine at different concentrations onto
montmorillonite under the effects of dissolved organic matter[ J]. Envi-
ronmental Chemistry, 39(6): 1 670~ 1 680(in Chinese with English
abstract) .

Xu Yufen. 2008. Adsorption of Heavy Metals by Humic Acid Complex of
Clay Minerals[ D]. South China University of Technology (iin Chinese
with English abstract) .

Yang S, Wang F, Tang Q, et al. 2019. Utilization of ultra-light carbon
foams for the purification of emulsified oil wastewater and their adsorp-

tion kinetics[ J]. Chemical Physics, 516; 139~ 146.



856 F=

fi 9

2
¥R &

41 3

Zhang L., Lei L and Zhang S. 2012. Integrated investigations on the
adsorption mechanisms of fulvic and humic acids on three clay miner-
als—Science Direct[ J ]. Colloids & Surfaces A Physicochemical &
Engineering Aspects, 406(1) : 84~90.

Zhu X, He J, Su S, et al. 2016. Concept model of the formation process
of humic acid-kaolin complexes deduced by trichloroethylene sorption
experiments and various characterizations[ J]. Chemosphere, 151; 116
~123.

Zhang Xiaoliang, He Jiangtao, Shi Yuting, et al. , 2013. The influence
of C/M and TCE initial concentrations on the organic adsorption behav-
ior in simulated organo-mineral complexes [ J]. Acta Petrologica et

Mineralogica, 32(6) : 809~817(in Chinese with English abstract) .
Bt Hp 325 2% STk

R, T, £ JF, %, 2018. 4 KAMMEMEZILN TE S
PEBUR I SEIRRIFFE [ T]. PRBERl2E240, 38( 1) : 267~274
R, MROZS, XIRG, . 2017, BT BERR AR X AE g g

BREBIFFE[T]. SErEIRTE A2 . AARBIEIR, 49(2) : 85~93.

BEEM, M, $ W, % 2018, gUkILkhaR LSRR ER 1k
FRAVERTSELJ]. T E B, 38(6) 1 2 105~2 115.

FOAE, VL, TSRS, 2016, I B AL BRI B0 A A
WL RALHRIET[T]. P EZFEERLE, 36(8) : 2 495~2 504,

BV, GO, ZERIF, %5 2019. H,0, 1% k524 6k i
U(VD) B[], A S5O, 41(6) : 578~584.

BB, I, X1 JL. 2009, IS T— Y TS AR AL
i R WFFT R T]. hiE SRR, (1) 1~6.

LA, ¥ B, BT, %2020, WHPEADLUE (DOM) 4R R
RS PEPAESE N EWEHA T N [)]. BB, 39(6) .
1670~1 680.

TREIF. 2008, KLY BORR 52 A Ak T 14 I B —— A R AL
FIRFSE[ D], AR TR

WNFE, ITY, AEREE 2 2013, C/M B TCE )8R e 4 -
T YR AR T UR G AT (1], A ATk,
32(6) : 809~817.



