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Adsorption and desorption behavior of nanoparticles on rock surfaces
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Abstract Low permeability reservoirs play a major part in China’s oil and gas exploitation. They feature small pore throats,
poor connectivity and strong capillary effects, while nanoparticles have been applied to enhance oil recovery due to their small
size. However, nanoparticles present strong adsorption ability in porous media, so it is imperative to examine the adsorption and
desorption behavior of nanoparticles to improve their applications in oilfields. In order to study the adsorption and desorption
behavior of nanoparticles on rock surfaces, the static adsorption loss of hydrophilic and hydrophobic nanoparticles on quartz
sand and outcrop sand surfaces was quantified using the sealed oscillation equilibrium method. Experimental results showed that
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hydrophilic and hydrophobic nanoparticles were mainly physically adsorbed on the rock surface and exhibited characteristics
of single-layer adsorption. Their isothermal adsorption curves had the characteristics of an "S" isothermal adsorption curve and
could achieve good agreement with the Freundlich isothermal adsorption model. Hydrophilic nanoparticles had relatively poor
adsorption capacity and the final adsorption loss after desorption was smaller, while hydrophobic nanoparticles presented the
opposite adsorption and desorption behavior. This experimental study can provide theoretical guidance for a better understanding

of nanofluid technology and its application in oilfields.
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Fig. 1 Adsorption curves of different concentrations of

nanoparticles on quartz sand surface

Table 1 Experimental scheme of adsorption and desorption behavior of nanoparticles
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Fig. 2 Adsorption isothermal curves of different types of

nanoparticles on quartz sand surface
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Table 2 Mineral content of outcrop sand
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Table 3 Clay mineral content of outcrop sand

B WA i %

ENEe] DH5ER)Z DHI£1 [E1e]

il fi
0 13 9 38 0

LREERIE Vel PR A IR)Z
0 25 15

WO AR A W RE T R . SEI IR i Sk
W0 P SN A B, A 38% MR Ie A LK
25% MIEAT, B 28% MR )ZE GRIZE T ™),
PRI, ARSI AR X A A SO A S 35 T 114 R o
FCAE #8 b 2R H PR A — B B TR
WA DL SR AT

2.4 GHR BRI B4 7% T A B R A

ARSI AE W FE N 0.2wt% 4 3 7K P48 A B0k A
B K G K UKL AE 58 S b b 4 JBEBRE S 38 (B2 SRR 5
W RS2 50 AF [ ), IR R / 58 o6 6 B ] 7 22 Akt 2 dn
5 Fs .

FH LS AT, BERNAIIT, 94K 0K RE % 1 H M 57
SRS, BESS IR R B W AE S, m s B
S T i 2 7 7 e B g i 6 5B
7 A 528 Sk A 2 T WG RS- s 178 A B o K T S K PR A oK
WOk, IR, R4 F 7 2 UBE (SEM) X 19 i 44 K
TORETE % Sk 120 3 18T W BT S R RS R T UL (AN 5] 6.
K7 B7R ), R BRIE RN e 20 A0 7 8 S b T ) Wi e
SN RSP R AR AE & SR T IR
AEMT, fndk, FRAEAE, HS5 AR ORI T B A b i
AR A EAE L U, AU 5 B AR T
[ 5~10 f%, 38 ) S B A 20— 70 2 IRARME RN, 75

1um EHT= 5.00kV
WD= 7.9 mm

Signal A= SE2
Mag= 10.00K X

G >
Date :24 Jun 2019
Time :17.01:50

ZAE 100~150 CHABRTAREMI, X E&ARMALGZ
2SI, BRSO B R o TR e 2 B A4 P
B T R R T A B T R R Sk bR . T
FRIRME AR AL I A S K SRR BOR il
FHPE KRR FIUREAR BE T B 7K P 8 A0 B i o 1)
ST @€ ¥oga 5.7 () SIS T3P i R
B 5 A A5 114 A DA JUARE 11 5 B 2 e /N T i K A 2

14 I
BBt

12 —e—()

10 11.02 mg/g

&R E/(mglg)
()]

4r .32 ma/g
ot 1.65 mg/g
0 -
0 20 40 60 80 100 120
0% Bff (A5 B ) B 18)/h

(1) SEARPEPKIRL; (2) BRATEGA KA
Bl5  REIZEBELN KRR 55 SR 3R 1T IR BT — 5L B e 2k

Fig. 5 Adsorption-desorption curves of different types of
nanoparticles on outcrop sand surface
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Fig. 6 SEM images of adsorption and desorption of hydrophobic nanoparticles on outcrop sand
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Fig.7 SEM images of adsorption and desorption of hydrophilic nanoparticles on outcrop sand
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