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1 SEEH

1.1 #MRE5NEE

JCP-1 KBk, 7= bR R4S R 100 nm, E 2
B KRR (AM) | 2- TR s Ik e 322 PP 3 PN it 7R
(AMPS) | A #:% 80 FlliH: i 40 %5 A B 174U 3% 1 1% 14
LSS N, N-SE RO s I (R
THE(AIBN) , B[ KPS s =K & BReh /K
BORERER , o Hral, 254 A b2 0 A FRA |5 v
K- WA AR E R, T T R AR A BR A H] 5 1h R
K, REET I A0 T R AN, e ali, Kt
TRFE R AL 220 A FRA 7] SRS e, b
afi, PR TRAR ; mileAT, 2.5 pm (6000 H ) , A
MG A = A A BRSS9 pm (1500
H), RAELEEH =M ;20,10 um
(1250 H) , i3 28 AR AT BR A 7] A4, 18
um (800 H)  AEEAERRIE S B0 = o T s gk
A A, 44 um (325 B ), R 5 LB = &on T
J 70, 44 um, R 5 BRSO T AL
JZIK AL 14 707 mg/L, pHAE 7.31, B T-4H i (3.
i mg/L) A : K 2643 Na' 2711, Ca’ 241 Mg*' 42,
Ba*55.Sr*' 61 .HCO; 313 .CI' 8641,

UV-3600 Y 5840 400G EE T, H A B HE A W
KQ-250E AU 7 ifl v v , B LU &7 55 M 7 I T k2
J 75 SLI-10000 %Y = 3 B oML, B il AR 4 A M ANES A
B\ F] 5 pH818 2 pHAE AN , ik 72 0~60 C,
A F AR A BRA A
12 IBWFREBES5H®
1.2.1 iR

(1) JER - Ak Fmik

FH UE A - B 0 92 000 Bl vl B 1 D Ay o R
S HE 2P RN o TR I A AR s V-1
PRIERE o Z A AWK A 7= A IR R , AR B[R T
7, YRR R BB E i bR A S o 4 Ak B T
I, BIV{RF T e 32 A AL R 58 B, 4T3 76 DA S 4 -k

http://ythx.scu.edu.cn

KA TA RN E . R AT
R—CONH,+ Br,—» R—CONHBr+HBr (1)
R—CONHBr+ H,0— R—CONH,+HBrO (2)
HBrO+2I'+ H'— I+ Br+ H,O (3)
I+L+HEkh— L IEmEaEEY) (4)
I AR AT R R AN I, 2B s UE R AL ) K e
FLAFRE 85 €6 00 52 6 W0 A6 5 I B I A REAE
Wz
(2)FRASI TR A
Fl R G o 2 A 0 o AR AR BT b R GOk L AR
H5H A0 P A B AR 58 v 2 W B S5 TR B
BRI - 0 ) FR 10 I B 4 9 DUR TR f
A T sk A A, DT AT DA AR A
Y TR R A R R R AR ORI B B UTRER
FEOR I R 2E . R, 7R RO T R
B TE R T A TR A B A T A AR O ke AR TR
ARSI v BT R JCP-1 GOK SERFLIR R T3 HicEL
W, AR AT EE T T 100 nm 224y, HARZR B i 3h
PEAF . 7E 100 g (100 45 04 5 J7 i BE ) B 500 fin
JE TN FFEEE 0 S min, A ES . nTLUAR
JCP-1 UK GIERA S L A B TTRE | Rz B 22 000 7 45
S A PR, AT ORI S5 50 I I A5 7 25 W B £ 1)
KEuabE . (S TR R AE B 1) 2 T P S T B
(),
= (% -]V (5)
mx 1000
Horbr, co o—THORFL IR A IS A9 T B VK B, mg/L
V—4RERFLIE A SR, mL s m— A 0 ) A
Jit, g.
1.22 Bk
JE M - B A 7 T S LR LI T SR D e P e
KA A &R E . 8 R AR R ek
BRI J ) 5 o 2 S AT AS A 40 ) 3R TR ) e A i
B, 2 11 S B AOER AR A 40 2 T P R i 0 1) Ak
FAE
SIS Ao R PR ST O A 2% vl Y e A pH
(B A I ) e AR IR o ARG I 4 e TR
TR LI B RO RE AR R B O 2R e 4 il i ek L
T - B AR E £ B e A6 B
T ROk 78 43 W B R R A IO B L R R
BRELIR MR I — W 8 s o o e (o m) A5t RH R 32
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P AT M BEE AR AN (S) , AT A5 BBk AEAS [F]
AT )2 T ) A B
1.3 KBSE
1.3.1  sAEmlRak ke tit

(1)7E 50 mL #5 i RN A 5 mL B R 4h 2%
TR (pH{E M 4) .25 mL JCP-1 {80k R AnifE v b
O — I BEARVE R S mL 28 180K , 3 B IR G4 A,
AT mL A FNRIK , 75 530 10 min /5 A 3 mL
FH R 4MPS U (PR 10 g F R B3 T 1000 mL 2518 7K i
TR , PR A 438K 10 min J5 A 5 mL JE#S -k
TR, 7R BRI R R 2N 2 () ¥ P B (1) R e
il (R IR FLIR AR AR E TR (45 °C) Ff L 60 s Ji , R
366 EE TN AR A (G 450~700 nm) LA
[7) Jo e B (20~80 mg/L) JCP-1 44 K 33k L v 1
WECRE , 22l B - i 2k, DU Al K
1.32 Zrik pHALA Rk

(1) BEBREN T PP W L . ARER 3 425 g Y
ZIKAEERREN , 23 5% T 800 mL ZE /K, SR 5 4%
HINA 0.5 g /KGR SR , F5H ISR 73 51 8 775 pH (&
%3.0.4.0.5.0, 537 B £ 1000 mL £5 H . (2) 7F 50
mL 25 B PRI A 5 mL 28 %5 .25 mL JCP-1
MR R 9 ARE W (10~40 mg/L ) H A 5 — Ve JE bR v
W .5 mL 7&K RG4S, A 1 mL 4R F
Ko R ZHL 10 min J5 iNA 3 mL H RENI T,
FEAMEL 10 min JE A S mL JE 8 -BUIL AV T, 2%
KRR ZIEE LR L (3)45 CR#HE 60 s)5, A6
B T 2 7 SR A DU I K (580 nm) B 3 AN ] ik
J& JCP-1 YR BRI R G, IR 5 (4) P i
ZE P pHAE S50 3.0.,4.0..5.0 B IR A
1.3.3  #IRSUIR BT R AR W & 00 2436

B #1 100 mg/L JCP-1 S ER bR vEW , M1k 24 h )5
Fi B 5~ 120 mg/L #Y JCP-1 13k R A bR (i
WeRE R4 S mg/L) . 7E 1.3.1 15 dh b e th il de A
TR D K A I AN (] 2 v B (5~120 mg/L) JCP-1
K 2R 9 B MR ) WO FE AL, 2% v ik pHL A Ry D ik
B R 45 °C o MR PSR 2 ik B - RO B AR
HEMZR BT LA A5 R -G EE R A
1.3.4 WHESBF HE@FHEREEHN T

(1) F R RI A 77 20K 25 mL A [) T ik B
(200~3000 mg/L) ] JCP-1 44 K ER 1A R 5 6 g I
WA AT G e A S Na PR gk

A AR KA B A IR A K TE R
45 “C (FLAPl Hb 2T ) T8 75 231l 10 min, fif4ER S5
W RH 4 400 240 R 750 TR B 2k 1A o (2) FH v i
LAILTE 4000 r/min 47 [ 43 25 24 30 min, 2 K HL
IEWRC BRI 25 mL, WA 50 S 5 R AR R AR VR
(3)7E50 mL 2SRRI S mLZZ i .25 mL
FE 5 W B A T R B JE Y T TR R S mL 2%
WK IREAE A L mLA AR K . R 2k
10 min J5 M 3 mL HRREMVES T, 75 73X 10 min 5
TIA'S mL V&0 -BAb AR A T, 2K 08 /KA g 2 2
2 WA . (4)45 "C FF#HE 10 minJ5 , FH/0%
6 BE T TE S B0 B 22 1) e A 0 R Ak DU ZR AR K AR
EU VRN £ W B, X I R R — W 8 A o i 2k A
FRHAR T (5) 5 (5) 104 B A I it

2 ZER5THE

2.1 WK KAMRE

& 1] L, ARl BE JCP-1 9 KRR L T Wt
CRE - P i 2 2 B — BN AR AR AT, RO RE
Y+ 580 nm Fff T ik 2I#% K AE . 7F 580 nm Ak,
TR LR VA Ak v A ' B AR A, 00 P Bk L RV B
FIR G B T AEAEXT I G R o HLAT G2 i M i S 1A
Kk AR VAR AR, 7 JCP-1 R FL W v B () 2 2ok
B kA T ERSEHNOY .. 2 —RINROGEE
8 52 56 2 B, W ' ) e DR ™ o AR X R 22
N, BRI E R e e R DI, A
JE 580 nm A J SL S50 Y S AN K

0.400 F

0.320F

0.240F

W'

0.160 F

0.080F

0 AL A
400 500 600 700

P /mm
Bl ORIEIHEE JCP-1 4K SRR WO e i it
22 ZZWiARpHERLIE
2 WP pH (X TCP-1 94 K AR FL I W 6 1Y
SO WL 2 FEASTR) R B %) JCP-1 4 K f ek IR &
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0.200
./.\- 40 mg/L
0.160 |
B0}k A—/——A\Ago mg/L
50
g ./0-\
0.080 | 20 mg/L

———0 10mglL

0.040 . 2 10 me/L,

2 3 4 5 6
pH1H

P2 Z2m pHAEDG JCP-1 KRR FL IR FE 1) 52 1)

HIA pH{E 4 3.0.4.0.5.0 28 ARG , WG AR
TBIRBEAN K . K HE 3 Fh pH{H R SR FL I 09 W 6 B2
AL UL FEGR W pHAEL A 4.0 B, R [R1HE B JCP-1 44K
TR ZLIR A W B A 28 de R DR A % v s A
1 e pHAE A 4.0, LABR PR RS E Mo R ME 5
{14 TR N
23 IREHZHNATSIRERI

0~120 mg/L Jill & i [l 9 JCP-1 94 K S BR LK
P4V B — T B ol e A OG R R UL R 3. & i £
LbERE A S R R

0.600

0.480 |
#0360 F
~
Y
= 0240 F

3=0.0049x+0.0033
0.120 | R*=0.9989
0 25 50 75 100 125

JCP-1 LM BT Wk %/ (mg - L)
[#13 JCP-1 GHARTERFLI e 8 - B Frafe i 2k

JIT 22 1 T 6 e B o o 1 3 FH P BB T
DB RS R B AR IR 22 SRVRE I . BT b TR 2=
Kig . 150, BOHI AR TR U, 7 R 2 Mk B O
T R X6 7 B v 5 [ (0~ 120 mg/L) Y, AZEAR
IKAE R OV, I LR S B o vk B - TR G &
%3 A WO R BUME S5 AN R R Rk B AN
)RR A 0T A W' B SN A 7 E A, T3 X
WL R NF IR, G5B, MR- bR
T 2R 1A% a5 A R 25 89 7E 3% LAY, R TT % ik
JEE I G B b 238 FH T 0~120 mg/L JCP-1 7sEk
FLIH B HIBRAE

http://ythx.scu.edu.cn

R WRFEEKFLRRRE-RSLEARAE f 2SRRI R

JCP-1f3Ek FiBEJ5 ) JCP-1

oo, TR oy e, WOGHE WOGEE AHXTR2E
T/ o BRI/ X
IS oy PRI ot smin
mg-L™) (mg-L™)
300 15 20 0.099 0.101 2.02
300 6 50 0.247 0.241 243
300 3 100 0.492 0.503 2.24
500 25 20 0.099 0.098 1.01
500 10 50 0.247 0.251 1.62
500 5 100 0.492 0.487 1.02

24 BEST YRE KR = NE

M 200 mg/L JF 4 %) 3000 mg/L K il , e HUA[A]
FIGR VA BE 1) JCP-1 K IERZLIR , 4 HE JCP-1 40K A
BRI A R 00 R A
o3 PR T RS . BT SR T Ok
WGV FE i iy, P BUR LAY AR & ok
(%) e J32 J20 R 4 W 2 — W O B A ot 2 P s YL
SR S B, SR R B 30 A N, AT R AR DU
W E P AEAR UE N 2 MR AR e U R N o AR 4l S 56
IR 2 i P A 2 O T B TORR L) B
WRE AR AL IR ER DL 4. 2553601, JCP-1 44 K i3k
TELALZH 534 ) % T 1Y) 25 WO BRF 4t B ) s v B 1Y)
SIS [ ARG R R, HL R R 2 R

HRSI R/ (mg - g)

0 1000 2000 3000
TRERBI 4R B VR BE/ (mg - L)

&4 JCP-14KiERA e s L] 0 1) 3 i
) % B2 Bt A B e P8 B9 AR Ak

Sy LRSS IR JCP-1 S ERAE 7 Fh B2 530 P 3 1
PR A e R, AR TR 4 v i B AR A5 3 e ik
BRWIUA B B v 546 (200~3000 mg/L ) 5 |2 Y Ff
AW . ER LY, ek e ek AR L
5 | B R o A A A (B mg/g ) FH R BN
T UA A7 (3.78) >4k e 471 (3.17) > 52 i 47 (2.84) > {Jt
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I (2.74) . WTEAERE £ 9, d ek vR s 1k
o5 | L 1) W B A8 AR (RS, mg/g ) R R E /N33 h
BRI AT (2.02) > A A7 (1.03) > A 5(0.24) . 3Bk
FEFE 0 Py 2 10 ) W B AR A A K T AR ARG
T Y W AR . T T RA A
rf S R IR B B ) S 1 2 R U A, T B R ) A
SRR A g, IR PR ) R A TR R AR A
{HAHZE 14.7545% 0 2 LIWITER VR JEE 500 mg/L Y S5k i
[] B o LU, iR 28 0 ) 2 T ) 2 R A 448
BB TR AT) G VA B 11 3 B TG, WA AE R - 3k
THT 114 W o 18 e AR O AR o TIOERAE 2 0 P R 1T 1)
I o ik 0 AR B R AR E R £ e
V1R PR O 3o 445 T8 R Ay 3R T 19 ik A f kAR
FAE 53 ) 2 BN A R 0 8 T ek R A e AR AR A
(1 1.96 155 Fl 8.42 4% o B A7 X 12 AL ol R 2 IR 14 488
FIWFPEAERE £ CER A A8 5 G 1% W
HE I -
2.5 BESTHRERIRIRME RTINS IE

TR B T LR 3 T A% S A AR X A
AL A AR TR TR L 5T 4L A B
HIRTFE KM B YA CHRIRTFAEPM
KBRSk 4 A ARRE 5 ) 22 4L A AL
(F2), FEA TR AR B2 I SR 40 S AR 0 4 2
A A B C R A B

*®2 FEHEMESENSESTWES

VA A AE B A G C
Wy A ) XS XS
o P/ T/ W/ T/

% g % g % g
Rl f 48.87 2.932 1444  0.866 .52 0.091

AT 21.84 1.310 5734 3.440 65.69  3.941

e 29.29 1.757 2822  1.693 3279  1.967

1o HLSR T Al 00 5 A ok S B Z2 21 0 )
AT A AR B2 O 7E . — SR TRk e 2 4
3 ) 2 THT B I B 00 R 5 B e A B B S
{Ho —ORFETRORTE AL )2 1H i)W, o
AR5 H A AR 5 A D AR AT
RG-S, 2 00 B0 1 AR AN [R) 4 4 2 2 T )
Wb o T 2, A [R)AR 5 BB 2 T A I
o T AL TR 7 P2 0 ) 3 T ) O A 5
i, W6 .

n=> I, (6)
i=1

Horp, I— e B O , mg/g; T—EA 40 200 %
TSk A 2 B S SIEDNEL , mg/g 5 o — %5 AT 0 I AR
XF i, %o

F & 3 R UL, TR 5 S AT, d B R [
Ry 1] 1) AH EA X RSk 70 4 40 2 1 W2 oh 1Y)
S A B , ELAS [R) A 4 2075 5 e 1 R o 3 L 25
T4 2 W B X R I B B . 45 2R
X JCP-1 4R AUER 1 W R E 12t 9 ) B Bl
RN, S5 YA EAE LG %, fEit,
TE T 120 340 40 2 T Fl ek W o6 R 40 R X6 5
HAREOLT , AT DL R O ek A 22 414 ) R
A B o, 1 TR R fR A e 5 B . 32 X —E
T 735 , X JCP-1 GHK OBk TE A 40 2 1T W
FRF-e P FOUNEL -5 SN 8 358 25 T H T 7E 3% LAY o

R3 Mk EFNES STUERRT

TYIHAEA TYIHEB TYdE C

SR F SR F SR I
WHRRR MY . WHE BHE
e/ (mg-g™") Hz/l%/ (mg-g™") Hz/(%/ (mg-g™") 13?%%/
(me-L™) ooy ey S s

H o i

1000 1.106 1.113 0.59 0.954 0.960 0.63 0.879 0.884 0.59
2000 1.918 1.963 2.27 1.728 1.734 0.32 1.642 1.657 0091
3000 3.636 3.554 2.29 3.262 3.273 0.33 3.142 3.094 1.57

2,6 WIKEEATYRERMHESRSH

AN R ACERAE A0 A 10 3 1 1 2 IR 2 Tk
oy 5 A A R R T I S DXk 9 1 [ YL
A 3 ) 57 A g W AR SR, o A T
MR RS A FH 23R 1 BT R JBE L DR B ol 2 ARk 2
Y pH [E ANk B2 SF IR AR R T AN ). 2244
PR Ok WA il PAIN ¢ €2 = SR 1] 3 bl
O/ CINBER- 30 | 2 S R DN 62 & R LTV ReX s
155 o SEEAS RN, B L YXE JCP-1 KAk
AR B RE 77 5 TR B R LA I R RE )

B0 — O AR EERRER S5 o NS5 H R
Py, BERTIRUR, B LA R RE J75 . <08 i 1 5
s e (PRt P ST Sl RN 7/E VRS
M RRTALER . Horb, SUREE H T GORBORIA
B PATRIRE T AR A RS T Z (6]
B L W AT OB, BORIR R PRI TS B
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Y Z RIAEAERR LR T o Bl 3 R A I U
e IR Z R ER LT J1 . (T JCP-1 4Kk
FLIR P AEAE SRS g I, m 3E Ao R R A
B 77, DT - B 25 5 6 - W R A e T
{85 /N IR a0 4 v W Bt 1 B Y o RIS,
HL ORI 8 W] (i 286 1 0 3 T 25 4 A A4k e
AR AN, BT LY 3R AR L 1) fOeR I B S
PRI , sk el S AAF 9 v 2 SERS a4 W o DX 2 2 0
B,

MAERS 011 5 JCP-1 9 K AR 2 ] L 47 Bk
B R 2 KA R SR RERR R & A, A kL
L R TR /IS, $R AL 1 R B0 57 3 /0, oy P i e
T SR A, A FURLEE R
MAE R S 25 T, A ST AR B e K T
T P R R o Ay DI B N R RE T
55 A R A TE R — kAR (44 pm) TG LEFR
TR (SO 43591 K 5,746 .3.381 m¥/g, B 47 AT EER
() b R T AR, nT PRI BE 22 A I R ke o DRI,
KATKHAER (1 I8 RE 750 TN A o

DLy M 2 B R RS A 8 06 R K AR 4 W%
BRHAE 22 AR K . B 4 HAT ik i I o
AT A A LR i T fhoekiz 7% 0 A2 v 4 [
TR AT B MG S AT R, A
FLBIT PN R P TR B 320 15 | S LB P SR 85 4 11 e A,
FORXHLBR R A . TR LR B R
BH 3328 /N T4/ NFLBR 38 TR T |, (A5 5k 75 5 ik
ARSI FLER S o FE 3RS 5 A FL BB T AH B
YER T EIVE T, SR I B 1 R FL AR A L B i 1
i FLBR AR N , T SEIRTE A 584 B3 41 T 1Y
AL 17

3 4t

FE JCP-1 AR AR v B (40 5 e e v 535 LAY
JEbRE W, S AR R 580 nm, 2% P )
FEpHAE ] 4. WREE-WOGREARIE M2 b 45 sl A%
TRZEITE 3% AN, 1E T 0~120 mg/L JCP-1 fiEk
FLIRHE BE AR E o

BE TSR W A B 35, SR AE R TRl 4 2 1fT
) i A R o 22 S R, H 2 B AN [R) A 3 K
e TORTERE LA ) F TH A WL B AR E I R T
HAEAERE W FRm R B AR (e, SCER T 7
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Fa A0 P, X6 JCP-1 94 KA ER W i BE 7 S5k 1)

AT W B RE T R S A A e B A X I

BRI A RS T (KA AT R

W FMEE TS o
BT e 0 A 0 AN R A ) R T Y

TR IR B S, J Sl AR S AN T, — 3 iR 22

IUAE 3% A o BEUESE T & 77 vk A ml S, Sk

AN [R] 2 B 4 18] B9 A B AR FHOS BOsRAE 7 4 2% 1

W R S A BR o 4 B in 25 FH T JCP-1 42K

THBRAE Z2 40 531 2 1T W B 2 BT 7, ] R T Ak

SRRl ERI L 38
JCP-1 ZKAUERTE A 1) 28 T 118 e 2 R o s

TR 5 55 A ) B H 3R i 3T X3 ]

() JLRRAE FT ) 2 ] 7 A= i W B FH SR o Ok T

LB 30 1 2 % I A [ T T A B S 4, Aok PRI i

B FH T s BA 1L B RE T A) ek AR FLBR AR, DI

FT I TE A BE SR AT BFR Wii e vl

SE Xk

(1] s, 2. A WRHERIEM BT ERE A T Ao e
[J]. AL THERE, 2021, 40(S2): 75-80.

(2] SIT2%, B, Trest, 5. BAEYRER R 50 VG Fe
FELT] A BT SR ICE, 2018, 25(4) : 100-105.

(3] FMgR, Eeie, 5k, % TR AR AR = &
IKEEARWIR S50 508 DR E i — X PP — B 1-3 b2 R G
YIS HIC I ] BT SR IR, 2020, 27(5) : 53-61.

(4] Sy, JA I, FAsk, 55 9k B MERH IR EEPLEE &
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Static Adsorption of Nano-spheres on Mineral Surface in Liquid Phase
JIANG Xu'?, CHEN Junbin'?, ZHANG Dijie’, CAO Yi"?, SUN Chen'*
(1. College of Petroleum Engineering, Xi’ an Shiyou University, Xi’ an, Shaanxi 710065, P R of China; 2. Shaanxi Key Laboratory of Seepage and
Rock Mechanics of Oil and Gas Wells and Reservoirs, Xi’ an, Shaanxi 710065, P R of China; 3. Qinghai Oilfield Exploration Department of CNPC,
Dunhuang, Gansu 736202, P R of China)

Abstract: Nanospheres have been widely used in low permeability reservoir development. In order to study the adsorption
mechanism of nano-spheres on rock and mineral surfaces, it is necessary to quantitatively characterize the influence of mineral
types on the adsorption capacity of nano-spheres on rock and mineral surfaces. Firstly, starch-cadmium iodide method was used to
calibrate the concentration of emulsion, and then the adsorption capacity of microspheres on the surface of single component
mineral and multi-component mineral was determined. Then, based on the measured microsphere adsorption capacity on the surface
of single component mineral, the predicted value of microsphere adsorption capacity on the surface of multi-component mineral
was obtained by weighted superposition according to the relative content of rock minerals. The results showed that the static
adsorption capacity of nanospheres on different mineral surfaces varied greatly. The adsorption capacity of clay mineral to
microspheres was generally stronger than that of non-clay mineral. Kaolinite had the strongest adsorption capacity for microspheres,
which was 14.75 times stronger than quartz. The adsorption capacity of microspheres on the surface of potash feldspar was 1.96
times and 8.42 times stronger than that on the surface of albite and quartz, respectively. For the adsorption capacity of microspheres
on the surface of multi-component mineral, the relative error between predicted value and measured value by weighted
superposition method was within 3% . Based on the adsorption phenomenon at solid-liquid interface during the migration of
nano-spheres in pore channels, the analysis showed that the clay mineral on the pore wall could strengthen the adsorption of
nano-spheres, which was beneficial to change the pore radius and realized partial liquid flow direction under the condition of
incomplete plugging.

Keywords: nanosphere; clay mineral; static adsorption capacity; diversion of liquid flow
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