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FIT A4 FH () R SR TSN B>k B VL P 48 £ 30T A
WYX, SRR BIFEE 5 7 3RAS- R4S 343.4nm
(1) Si—C GURKLFo BTl A 1 S sk | =M A A
A, EEHMAE(54.08%) F5 EIE(22.77%) HiliE
(7.57%) R i (5.13%) 4L - # HaSO4 (98%)~ HCI
(36%). KMnO,4. H,0, (30%). KCl. NaOH #1H %
B0 | B R E R A R A F], FTA SN
Mraf, seagitFE s AN 2K .

1.2 OSi—C AR AFIHIH &

58, # 15 g Si—C B 8 AR M 20 mL K H,SO4
TONHEIEHA, 76 0 'C. WSy B 4610 R 21 | i
15 min, R G 228NN 5 mL 467K 4k 42 )2 ™. 15 min,
BEJG N 2.5 ¢ KMnO, 4k4E M 15 min. 'BHEEE K
HETEIRBN 40 CoKitan P EIR N, 2 h, FRE218
A 300 mL VKK A YIFFELBRE 15 min, BEJS N
H,0, BRI R K, I 1.5 mL HC1 b 4
ZRMES. BE, ABAKREREK, EESS
TN T, 193] OSi—C gkt ALl

1.3 KEHEFEHARH &

S Fr H FLBON LIS = N B SR ESY 1%
KBTI FLIR . 4 3.5 g JRil 5 346.5 g HE4E/KIEA,
1 F 2 5 UL (Fluko, FA25)7E 18 000 r/min ¥ 3E FigAT
5 min K73 O/W FLil. FEhIR o A S AL vk ALl
pH 737 A% N 2. 4. 6. 8. 10,

1.4 PHRERFLIERETMN

FEZEIRQS C) M T, RAMRZER OSi—C i
FLA I FLBCR AT VR . B, B R EN
OSi—C R FLAVEE 5 7 BE 1 mL Ak, B IRk
FLATE A B BRI 50 mL FLIE gk AT ik
L, BIZIRG 120s J5iE 1 h, BIAKEDE)H T
A :
pE=%"C

0
A Co AWIUGFLIRH JE MK, mg/L; C AT
Ja KAHF R MR, mg/L.
1.5 SR

F 96X (FLS980, Edinburgh, UK)X} i
AT Z u R, BRI 1 (CS800, ELTRA,
Germany) il 7€ S ik & &, H X 5 & A7 51 (D8
Advance, Bruker, Germany)Xf Si—C F OSi—C #3
REES AT 207, A8 B R SCBOGRLEE A (Malvern
Instruments Ltd., Malvern, UK)#ll& Si—C $kif¥)
T o1, KA 500 £5565 258 (AXIO Scope.Al,
ZEISS, Germany) Wl &Mk L4, FAH L AR 21
AN EHE(FTIR, Nicolet6700, Nicolet, USA)X} &% Fi
FE it A0 22 2 RS M AT e AT RAE, R X 340k
Hi 7 e itk (XPS, ESCALAB 250XI, ThermoFisher
Scientific, USA)ZHFEf KGR, KA Al K,
ek, D% <150 W. RHHH# BT B5E(SEM,
MLAG650F, FEI Company, Hillsboro, Oregon, USA)
FEERE 73 M (EDS)M W VIR ML S IGER A AT R
fIE, 2 A A (LSA100, LAUDA Scientific,
Germany ) JUEAE 5 (IR AT K AT 5K 77

DASEHOA AR, R ESVETE 30 C. AF pH
2 FMSE T Si—C. OSi—C g1 FAR 1 7K a5
BIHIK IAFT)IRE 1. 55 9K IR (1 7K 3% 4
BLC(1000 mg/L) 37 AE AR EF B 20 min, 25
FEE HA 7K T WA 5% G 1 I R T i L, PEAE Si—Cs
OSi—C G ITRLLE M—7K F 1 1) 1 43847 P

Si—C Fl OSi—C G KN 1R 535 14 FH F T v 4
JE U 5 JOR A SR T — 7K 7 AH R o S B FLAE S T
L REIRAT RIHAT ATV o 23 K 12 mg Si—C Al

x100% (1)
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2.1 ZEMIRIE
Si—C MG EHAMNE 1, HEECRARN
0(40.35%) + Si(35.33%)~ C(9.15%). Al(2.18%)-
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o Muscovite (KAl(AlSi;0,,)(OH),)
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(a) XRD patterns of Si—C and OSi—C

S(1.79%)+ Fe(1.3%)~ K(0.33%), K&k &= (LOI)AN
9.57%. Ff i XRD #E 411 1 fios . 45 & B, Si—C
WYL NATE, WS mAaMEA s
XRD i b A B B IR AT S0, 15 B A LA € T
B 5 Si—C ML, OSi—C T T 54 TH

2K, U ER A I R B R B L B
*1 SiCHUFRTERENH
Table 1 Chemical element content of Si—C
Element (0] Si C Al S Fe K LOI
Mass fraction/% 40.35 35.33 9.15 2.18 1.79 1.30 0.33 9.57

o Quartz (Si0,)
A Pyrite (FeS,)

Intensity
(o]
o
O

OSi—C

40 50
20/(°)
(b) A paitial enlarged view of Fig. 1 (a)

Kl 1 Si—C Ml 0Si—C fJ XRD i
Fig. 1 XRD patterns of Si—C and OSi—C

Si—C FKL 1) & 45 P 3 08 B W BB
(HRTEM)R& F 0 M &l 2 o AN 2a AT A0, HERk
A RORL AR LT AR, MR 70 3= 1 3 A m]
FEFRF 2 RLAR (29 300 nm)TE N, 7E R — 5ok
KRILT Siv C. O+ Fe. S TGHEMI AN, RKUFEERY
AT, R RS Horh, EERAUKR
5 2 1) T 37 BT T WL, 35 SRR IE (1 RERRE R )
A 5 [ AR K AE — R g — 8T, SRR
FAERIETC IR R ST A 3000 B, A3l SRR
TR 2SR AT T e RO e e, [ ik 2 2 AL
W= o A LI AR5, Si—C UKL ks S5 80
A TERI(201) T P 7 1Al (B 2b),  FIORL A R 5 A TG
SERB(E 2¢), 5 XRD 2 Hras B—3.

BB 40T T k4 Si—C BRI /3 A7, 4551
Wikl 2d fis. Si—C MRifFRi 2R 3434 nm, %
3B E(PDI) H 0.088. PDI AJ ] TG 4K ok
R, ok, PDIEAET 0.2 FBIBTR A
50 FEARTAES, PDI A 0.088<0.2, iH T4
2% NP fFLAI Si—C MURLEA B SRR /34T o

Si—C A1 OSi—C ] FTIR Y%K 3a fizs.
1090 cm ' A (AR AR A ) Si—O—Si B (1A X R
FiPRBN 51, 798 ecm ' A1 467 cm AL

Si—O—Si #AF TR 5P, 1583 em™ Al
1611 cm ' Ak (R0 VA R F- 55 &5 2211 C=C {1450,
1871 cm™' A1 1875 cm ' Ak [0 5 3R IE BURFE K C=0
PRENA 5=, 1M 3694 cm ™' 1 3620 cm ' AL O—H
MAEIRBNEIE. ML T, X R B i g
7E OSi—C 1tk Si—C H5s, KA AI G EmRE
HRIIBINT B2 SR SA TR, XXHEE
BRI RS S REEEERH. 5 Si—C ML,
SEACALFR G OSi—C Mtk 2253 B A8 4L, B
FALMES A IR Si—C My g, BT Si—C
R WIS R A = BT S R R, BT,
TELLAN I A I 30 BH S5 IR REAE U

290 KT 7L 71 A0 7 110 2% THT B A R 5 7 AL A
UM, Uk, WE TARE pH 4K AR
TG I Zeta AL, A0F 3b Brow, JHTEAD 2 FPiE0R
R Zeta FALIYFE pH HOFF S 0 FRAK, X E
ERARNTRE S AT RAEARRE pH &4 NiF
WA ERFACIIER, R Zeta HAIBEE pH
T i A Y, (EARE R R, OSi—C £ i)
Zeta FUALYERTA pH 261F FHIB AL T Si—C, X2
BONSEALAL R G OSIi—C IR H B EIN T KESH
BHHEE], S3 Zeta BT KK T .
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(a) HRTEM image and the mapping of Si—C

(b) HRTEM image and inverse FFT
of quartz in Si—C

Intensity/%
S
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PDI: 0.088

Nano Silicon-Carbon Ore

(c) HRTEM image and inverse FFT
of amorphous carbon in Si—C
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(d) Dynamic light scattering (DLS) particle size

distribution of Si—C by Intensity

2 Si—C WKL HRTEM & KRiA% 53 A
Fig.2 HRTEM images and particle size distribution of Si—C
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(a) FTIR spectra of Si—C and OSi—C

(b) Zeta potential of oil droplets, Si—C and OSi—C
at different pH

3 B IILLAMDGEE B Zeta HLAL
Fig. 3 FTIR spectra and the Zeta potential of various samples
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FIH XPS 434 1 AR T B o0 2 4 s ik
FIRE . Si—C Bm ¥ C 1s Hilm T B 4a 1,
ATCLEE], 284.8 eV ALMIEIHE T C—C H K
JCE, I E A RE H B 2 5L (C—OH) . PR 4 gk
(C—O—C) M ¥ £ (0O=C—OH) T ) 7 1 7 1) HH 3R
1E 285.5eV. 286.9¢eV F1289.0eV 4, 7£294.5¢V H
LB A Ve (FR B0 ) ) ol 5 A A R B 5

Raw data
o Peak sum
c—C
[~ C—OH
Cc—0—C
0=C—0
f— 285.5 ‘.'

Background

Intensity

n—n*
294.5 eV
1.6

0=C—0
289.0 eV
3.6 l‘u

295 290 285 280
Binding energy/eV

(a) XPS spectra of C 1s for Si—C

ER TSP, 5 Si—C M, 0Si—C [ C 1s
EAOHEER G, C—OH. C—0—C 1 0=C—O0H
F [ A R 0 3 B, R BHREBR AT R R 4 o B
NG EEERBIEM M. ki, 0Si—C
1 n—n PEEELL T 293.8 eV, KA T 1A 4w
L AR S R S FIRE MR AT —
LAz LY,

Raw Data
o Peak Sum
c—C
= C—OH
Cc—0——C
0=C—0

[ n—m* e
Background

Intensity

295 290 285 280
Binding energy/eV

(b) XPS spectra of C 1s for OSi—C

Kl 4 Si—C fl OSi—C If] C 1s 117 XPS J:il
Fig. 4 XPS spectra of Cls for Si—C and OSi—C

Si—C Fl OSi—C Fofi f43 4 L+ R (SEM)
HE RRE Bt B X 2R AE IS (EDS)an &l 5 FIEE 2 fir
o B Sa NIREM R ELHE Si—C () SEM-BSE
1w, B Sb AR BORE . 4563 2 v, ST
Ma P XORAEE AR ST, A by i d
FRL e A ALRIPIAENATSE, T AL ¢ SEARRIIAR N E
=Bk LR, 7E OSi—C B A W 231 7 X
(Bl 5¢), UiHARMAIEEREN TTRECAH K, X
5 XRD 45 58—, SEM IR Hfg 23 ] LA
I gL Si—C M 0Si—C KIFEAMAR L, WE
5d~K] 5e AILLE H, Si—C kL H BRI HE S A1 ]
R, FAUTF A BIFH RGN, T OSi—C FUR £
AXT e I — LR (B 56), TTRER T3y
A BRI, EDS Juam MU EIERM, Si—C #
i EREIRAN Fe. S JTRIEMIAT W, FWIAE
Si—C A TR S Ak IAELE (B 5g), 11 OSi—C
FEf R 2 Si O Ak, AFETE Fe Ml S LR (K
Sh), UESCEUERATE A AL R TR KRR
22 FEERSH

il 7L 700 18 78R S 1 0 P T P %o G v el 7K T )
TSNS TR EERRAEZEZEm, @i
W& Si—C Al OSi—C KR LE B —7K P AH
SIBUAT T T ARG S SRR SR . K 6 4

H TR RTEAR TR pH 25 AUAS [FRIR 2SS0 7 i —
IRV R 43 TR A P R0 AR TG0 PR B A I
Wik 6a fizr, 1E pH=4 %4 F, Si—C 1 OSi—C
FRRIORL AR BETE AR R 08, AR NN HIAR S, WA
FLHTEW . T RE R, Si—C Al OSi—C 7E/KH
FHA ) B I T AR AR A, Si—C G KR A
SENBIAES, RAEWRAETE AR, B
pH=4 I} Si—C ki i B A BoREL KM 1 OSi—C
WOREBE 22 (1) BTE K AR, B /D st N B, i
BAEAL S OSi—C kiR Mok /K g 58 . Kl 6b 1]
H1, pH=6 B} Si—C FURLLEJH K B AH H 173 A Jo B
Ak, T OSi—C MURLAE 7873 9% 3 Ja i 7% B 7K F
HAORFFFRE, AKAHIZ, A TSRS i A gk )
(TFT) B B 7= A 1 1 22 8 (Marangoni) 80U 51 2 [
AR LT L TR B N e B 107, X ee R ek T
Frifil % (17 OSi—C i FLFITE pH N 6 B HA R4 rI
SEMER R AP A EYE . Y pH=8 B (K& 6¢), Si—C
WORAT PR FFBR K E, 14> OSi—C kL A 7E 7K
HH, R pH B E15 OSi—C SRR HEE—
HaoR. kR pH EFAEE] 10 B (& 6d), Si—C i
b AR, E S AT A F A, 5
IR TR A L, SR T A
1M OSi—C FIURLTE I /K FH T Ab F2 58 W I T R T
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(d) SEM-SE image of Si—C particles

(e) A partial enlarged view of (d)

30 um

(b) A partial enlarged view of (a) (¢) Cross-sectional SEM-BSE images of OSi—C

obtained by the epoxy resin embedding method

4, &> hole

»
;

(f) SEM-SE image of OSi—C particles

(g) EDS element mapping of Si—C sample

Fe-KA

2 um S-KA

(h) EDS element mapping of OSi—C sample

5 Si—C 1 0Si—C f¥) SEM-BSE. SEM-SE H# /v Jt EDS Ji % Wbt ]
Fig. 5 SEM-BSE. SEM-SE and EDS element mapping images of Si—C and OSi—C

%2 Si—CHITRAM
Table 2 Elemental composition of Si—C
X%

Point Phase

C (0} Si Fe S Al
61.15 5.08 1.12 1450 17.99 0.14 0.01 Pyrite
36.35 38.69 2443 033 0.08 0.12 0.00 Quartz
52.16 24.12 14.04 034 029 691 2.14 Muscovite
49.25 3596 13.88 049 0.06 035 0.01 Quartz
36.63 47.53 1543 005 0.11 024 0.02 Quartz

® O o T 9

X is mole fraction.

FLAE X LEH 5 15 B pH B Si—C A1 OSi—C
YK UL 2% T S P R R M R, X
EPRLER 2 R 55 B e E A RIER B 2% 14 T
1) 5 A AT L B R FE A O, (E A4S = ) 2 OSi—C 9

KHBLF1E pH=6 [N LG 1t e, 1M AE pH=10 I},
EETER) OSi—C GNKKE 725 5 51 e 7K S I 1) 7,
a7k LR

IFT 2 50 LR TBURS E MEAAiRE AL R0 1 B A
O, B T DA LA A C A T 44 B
TRy /K A T RS g A1 40 *1L Si—C AT OSi—C 49X
KR AN F pH A N /K ST BIAS IFT §m A
7a FIE 7o fion. 855K EW, Si—C A OSi—C g4k
OR35S0k 3 AR K TR Y TFT . o o ) i) F
K, IFT Z#T A%, pH {E N 8 I8 Si—C [ IFT &AIK,
o 23.28 mN/m; 1fif pH {64 6 i} OSi—C 1) IFT &A%,
4 23.87 mN/m. HAFERENZ, pH X Si—C I IFT
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[FIEEIA KT OSi—C, FERRPESAF T (pH=2~6), OSi—C
P IFT A& T Si—C, i fE I 254+~ (pH=8~10), Si—C

- 70T

1 2 |3
eeoen:

T
| Si GH ) OSTSEl |7

After dispersing in Adding oil
water for 10 min

Standing for
60 min

BEAIR IFT (RE 77 B 5 o X R W], LA B AE T Si—C
I I s RS R T 5

After dispersing in
water for 10 min

Standing for
60 min

Adding oil

(2) pH=4

(b) pH=6

1 2 ‘

After dispersing in

water for 10 min Addmg il

60 min

s L |

s g
LA A

Standing for
60 min

After dispersing in

? Adding oil
water for 10 min

(c) pH=8

Where “1” is the state after dispersing particles in water and standing for 10 min;

shaking and standing for 60 min

(d) pH=10

“2” is the state after slowly adding kerosene; “3” is the state of the system after

6 AE pH K Si—C Fl OSi—C ZKBURL 7 BUE BE I —K IR &9 10 0 BT N

Fig. 6 Dispersion behavior of Si—C and OSi—C nanoparticles in kerosene and water mixture

ST M ANGOR PRI —K TFT MIRE 1 5448
TR PR B DA DG o (o] 4 2 1o e Y P 3 5 FH 2% Ak
FREAE, N T I Si—C Al OSi—C YK Pk %
VR, K Si—C F1 OSi—C ¥ A s Sz i Fr, il
ST R A . i 7h BoR, Si—C 3%
fil R 138.2°45.2°, HAEMMBIKNE, XE&HT
Si—C Wb S A BKIE. M2, O0Si—C
B f N 40.4°+6.9°, & BIRRAL 4> 4 R Th AL,
PR T HEZ R EEE A, SR TR R T
PR, X g B PRL P 2% 1 SR AE CRURLLE Y —7K P A
oL, B 6) IS R

T o U 5% g oK JURE T i K ST T RS 1 7
B, JE— BT T GRS T A SR AT
He BRI, Si—C GHKIIORL JCIELE 7K ST 2k 47
4B TE A T R (P 8a), 1T OSi—C 4K Bk 7 I
K ST e T il B — g S IR ST B (] 8b),

OSi—C 7E /K L1 (1) 5 347 8 5 R G A
AN T A 2R R e A
2.3 #HRERELIEEE

KRR RE N 7 R £ NP s 7L 7 i A AL 1
Bt. & 9a fizn, 7E pH N 6 i, Si—C F1 0Si—C
(10 L 205 2 S i o ke LR ) 3 i £ s, 1 B
e T RV R LR FH AT B T 3R A5 R A LR
76 FH&N 1000 mg/L B, OSi—C M Si—C % R i
W FLRCE 3 9N 98.94%F1 87.86% % B4 AL &b
H 5 1) OSi—C 9K T B A AL R il AL e

FERFLF &N 1000 mg/L i, BF7T 7 S pH
X OSi—C B FL I RE 5200 o 4 B 9b Bl , 7E pH=2~8
JHEN, OSi—C MBS HIE 96.66%, 75
KRR FE Y /N T 314.68 mg/L. {E pH N 6 I,
OSi—C BT A ik B 98.94%, 43 BS /K H i
FENN 97.33 mg/L. 7E pH {E 4 10 i, OSi—C 1)
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WAL RCR KNG R 5 E 8.43%, K3t T HiALAE

MAEFLIE W KA IR UUE 1, B pH
159 10 Ah, 15 F OSi—C il 7L J 5 mT W22 30375 Mt 1)
WKF . FFHAESPEM T, AMHERAREH
EWIE, AL pH N 6 BB H K s S e, B
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Extended Abstract

Introduction It is well known that crude oil is one of the most important energy sources. The oil-in-water emulsion is often
produced during oil exploitation due to waterflooding and groundwater. This emulsion causes damage to the transmission pipeline and

environment. Therefore, the separation of oil and water is an essential step in the petroleum industry. Chemical demulsification is

currently the most widely employed due to its convenient operation and quick response. However, the extensive use of chemical

emulsifiers has brought potential harm to the environment, so it is necessary to explore novel environmentally friendly demulsifiers.
Recently, nanoparticle (NP) demulsifiers have been widely concerned in the application of demulsification for crude oil emulsion. NP
demulsifiers usually refer to chemically synthesized nanoparticles or modified natural nanoparticle minerals. While graphene oxide
and reduced graphene oxide are reported to exhibit an excellent demulsification performance of more than 99.9%, the high cost of raw
materials limits their widespread use. As a result, economical mineral materials such as attapulgite, kaolinite, and nano-silica are
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employed to develop NP demulsifiers.

Ordinary mineral nanomaterials typically consist of a single hydrophilic part (e.g., quartz, silicate, etc.). Therefore, they require
complex surface modifications to adjust their hydrophilicity and hydrophobicity, enabling them to be excellent demulsifiers. Recently,
researchers found a novel mineral material called Micro-nano silicon-carbon ore (Si-C). The Si-C particles consist primarily of
hydrophilic quartz and hydrophobic carbon, so it is expected that they can be used to prepare a novel NP demulsifier.

Methods The Nano silicon-carbon ore utilized was sourced from a mining site named Shilukeng in Fengcheng City, Jiangxi
Province, China. Initially, bulk samples of Si-C were ground, and the resulting mineral particles were subsequently screened to obtain
samples less than about 1 um. The demulsifiers (OSi-C) were prepared through a simple oxidation treatment.

Results and discussion The major elemental composition of the Si-C includes O (40.35%), Si (35.33%), C (9.15%), Al (2.18%), Fe
(1.3%), K (0.33%), and the loss on ignition is 9.57%. The average particle size of Si-C was 343.4nm. The Zeta potential of OSi-C
was considerably lower than that of the Si-C for all pH conditions. This is due to the introduction of oxygen-containing functional
groups on the OSi-C surface after oxidation treatment. The content of C-OH, C-O-C, and O=C-O increased compared to that of the
Si-C, suggesting that the OSi-C was successfully oxidized, resulting in increasing oxygen-containing functional groups. After
oxidation, the obtained OSi-C nanoparticles showed good amphiphilicity, interfacial activity, and low interfacial tension (IFT)
properties, which enable the particles easily to arrive at the oil-water interface. And it was believed that the self-assembly behavior of
OSi-C at the oil-water interface is due to its good interfacial activity and the ability to reduce the oil-water IFT. At a demulsifier
dosage of 1000 mg/L, OSi-C exhibited a demulsification efficiency exceeding 98.94% at pH 6, with the oil concentration in the
separated water less than 97.33 mg/L.

Conclusions An OSi-C nanoparticle demulsifier was prepared by a simple oxidation treatment of natural Si-C nanoparticles to
achieve highly efficient demulsification for the crude oil-in-water emulsion at room temperature (25 ‘C). The OSi-C nanoparticles
exhibit superior demulsification performance than the original Si-C at the optimal conditions, and have a demulsification efficiency of
98.94% at pH 6. The mechanism behind emulsion breaking was revealed through analyses of Zeta potential, interfacial activity,
surface wettability, dynamic IFT, self-assembling at the oil-water interface, and microscopic observation of the demulsification
process. On the one hand, the OSi-C nanoparticles have good amphiphilicity, interfacial activity and the ability to self-assembly at the
oil-water interface, which makes it easy to arrive at the oil-water interface. On the other hand, the OSi-C material has abundant
Oxygen-containing functional groups and aromatic ring structures, which can promote the binding of nanoparticles with emulsified
molecules of asphaltenes and resins at the oil-water interface through hydrogen bonding and n-= interactions. Furthermore, with the
help of external forces such as stirring and oscillation, the protective film at the oil-water interface ruptures, thereby achieving
oil-water separation. Therefore, the OSi-C nanoparticles can rapidly break the emulsion with high efficiency at room temperature.
Due to the natural composition advantage and nontoxicity of the raw Si-C, this work provides a new approach for synthesizing
environmentally friendly natural mineral NP demulsifiers.

Keywords crude oil emulsion; demulsification; nanoparticle demulsifiers; silicon-carbon mineral



