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FE A2t 3 4R ok W R ZLR P R 1L ARER 4 (APS) BRUIE ) AR R AR, R 3 41 84 1) 2R, AN B AR AP 3 P BRI
B-F ERAEEE AR B, BRI Gk A B B TR E ST T APS 5 A B0 AU R TR T %
RAEHEE w0055 pHALTE B, FINIZ | A2 4 Bl f i o A8 70 A 7 m 1) Bie ) R B0k, 1 8 9 R IR B R SR
TG REA ., EREW,FERANEMH Aobs, @ NbtE A XSGR E S 5 F 5, L A8 R T4
BB E T~ AREAE, BARM Y i APS 25 W 4B IR L) C—C At B-F E B AREEGTIR 120°C A% pH
184 ~10.5, Z B B & B 9B E 4 70°C . pH AR 4 6 ~ 7, 120°C F 84 7 12 4 5% 3 B 7 69 40% , PR 4 7 ML BT 18] 4 55
min, 90°C F & 7& P 7T 424 180 min, £ /5 %1% b B B An N APS Fo & M B sl ik , 7T ARIR & 48 22% ~45%, 91
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SRS AR] SR 5 AR I 5 oL 5 TR 5 TR SRR 5 kv
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1 SEEE

1.1 #RENEE

BIE (HPG) , A=Wy 4, Sigma 2\ ) ; B-T 55 R A
fiti 140.3,5-—fif 3K iR (DNS) , H il ; 8- 1 &% R W
fity 180, A=Wl , Ki% B WA BR A | s A A A4l . g
IRATE A TR B AN 2R B L TC KT B R N o B PR B
(APS) H W FPGERR , sy Hrati, B 254 A Ak 24l A
RN 7] 5 22 3k R s 1 711) IR CEU AR ERTA TR
AP (ot 35 ) | BhHER (e 5L R SR ) (Bl (2R
PeHEE ), Tolb il 3R B A6 T ) 5 RS BERE I )
Tk, AR A BR A R 288K

RS6000 =t 5 R i A2 4% , 72 [ ThermoFisher 23
] ; XEVOG2 TOF JFi 1% 1% , 3¢ [E Waters 2\ 7] ; Elite
P230 &2 % (AN, 38 EIR R A A s FABI%E &
A7 B5F 6] 5% 3% 4% (ESI-TOF-MS) |, 2 [E Waters 2\
XEVOG2.TOF i , Hilsi 55 5 Y (ESI) 24 ESCi
BAVE, E PRI, £ LR 3.0 kV, HEfLHE
JE 30~ 60 V., B F 5 100°C, Pk B AR
300°C , 193 5 1% 75 Bl m/z S 100 ~ 4000, 43 B %
22500(FWHM) ,
1.2 EWHIE

(1)DNS W I ECHl . #RHL3.15 g DNS, ik
500 mL, BEFESG A 45°CAKUE , FEBEFE T 218 I A
100 mL 5 mol/L & A b Al A W, B 2 7 W TGEE FH
(FEMA L E AR L R b A ORE <48°C) ; 1
MIRKNIA 91 g PU/K AT A BRE N 2.5 g R AN 2.5 ¢
TeK AR R M , 45 °C oK i dh 2k i, [a] B #h 7K 300
mL, AW FE, B2 A B T 5E A TR f L 455 1k
PR HI R =G K E 4 % 1000 mL, 28 385 it
FETERR G D, BEOGORAE , SR T A 7 d 5 BRI ] ff
ARG R 61 H .

(2) W 7 I o s TR i T s
il 28BS VR UR TR 2 B AR 5, R Sl /K B R —
FE R AT, 220.22 um K AHBE AR 38 5, BRI
B A S o

(3) i e i TP AR R P gl o e o] 1.4% IR
SN A B AL B R B, T I AbFE 3 ~48 h,
I VIS T il B 3ok B 2 % | AS Ah 3 K Ab P 48 h S

R U PR S RS 0.5 mL, T4, A 1 mL
FH K CIRBR G 10 1) 4090, B850, B L Y W M
J& R FH LG 25 R AT B[] 5 3% /X (ESI-TOF-MS) ]
JE T far L o

(4)DNS W5 B 7 o - #8 SRpER nT 2 i 1
T2 RME DK A A H 52 WS 0 5 1, R RR AR
85 B RN A8 A4 SO A Bt o A N A BRLASE ER ] A
B Bl VR R I SRRSO SN, AT LU Y
TR/ . DNS 7 2 H 8 8 45 340 I P M A i P 2%
5 55 DNS W, B DNS H A4 il 3 Ji a5 , il
W AR K, e KM A 3 28 540 nm, 768 H:Ath
TR B A SN A5 P — I OL R WO 5k i
W A e B B IE L, 35 1 vT DA 0 A SRR Y
i FAR IRy URERR B — a2 A5 58, e il — i e
B MRS A, BT AN TR BE AR v FVaEAR Hh S e 20
min, fIl A BB G BB 0.1 mL, HGEIR S, (R IEA
[ s 1] (10 ~ 180 min) J& , 435I HLH 2 mL F &4 2
mL DNS AW A 25 mL b @3, — 2 Rk
10 min J7 BUH R A0, K E 2528 25 mLiRA), 120t
FEEETHI 2 540 nm Kb WG . FHAR R 89 5 1A
FE A5 URE S OGBS A i A OB R FnBR =5 s
3 A AN R SR B i R OB B AR AE T AR th 2645 2
RPN T A8 THRE B Y B i, DT A5 2 B
RNl 5 s ]

(5) 23 A BE I A2 o e il AN [R] c J7 19
FEZEWRE i, 2 A T FE T AR A B T 2 25
FESCIIR B 170 s (9 BT T H0R T I 5 24 32 0
R,

(6) & 2490 5% i K e RE o 78 TR 29 P A
APS FIAE W, B T 95°C/KIE ™ 2 h, B w1
1 S WA A 6 T 18 2 1 20 A i, E 3000150
r/min B9 3R 2.0 30 min, R )5 2218 50 2T
WK B U TN IR TR AR TR BERE | 7E 105°C
TR R () o #0207 R 2 sk
Far(n).

m
=y x1000 (1)

0
Horp m—FRH B, mg; Vi— 24, mL.
UE I 0) BEE fi « WSO R 2R O, I A [ v B2
I3~ i SR , 76 (R EE A [ Bt ] TR 352 34 /5 U
I AR T
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2.1 WREFEHHFE

80°C I , AR B i 258 T in#k 0.3 h J5 MIUEE 7k
il P W 38 o LR 1 AR, IR
S o T PG TR R, L AR TSR S YRR 1)
Yo F /AN TR ER e A B R P A UL
MHE ARG, T —H R,

®1 ARBERAXTIRK@E= NS FE

WA m, mJm, Iy T RER %
HPG O h 1180000 2.77
HPG 3 h 1690000 1.98 -43.2
HPG+APS+ifj 3 h 125000 2.58 92.6
HPG+APS 3 h 376000 14.28 71.8

M —E IS MR T

22 WRRIREYSRERNIRG

I H 5 25 8 T AL S (BSI-MS ) 2 5 1 5 vk
N 0 it P AP SR P O AT LU (/) , X6 T J £ L )
XoF iR TR AT T B0 F AP o R B R AR 1 o
o B =5 VE SRV B I S e o SRy T sl 2D AN [T & )
() 22 5, B R il B e R A 7 I — R A 3, 3R
PR BEARE P 25 BE IO AR E ] o A FH TR ¥ W
ANTR B[] R A5 (R ARG EEB L 22 2 = vp
B ES>  BEEAE 40 ,80°C R Y945 = 5 80°C T B
BF D38, b R RS i R, FOpE Sk b
AN =Y S A SR I R S A NI AN 4
Ao FBE R~ T BER AR RME S B ey L (m/z)
F# N 2 203.1,365.1.527.2.689.3,851.4,1013.5,
1175.6.1337.7.1499.8 .1661.9. Hi 80°C | APS kb3
12 h Ji5 WO 7 9 %) Jo i T (P 1) AT D i e A RS
AR ERME S ey o AT APS (%R fise B B 5 A
YIBGATR] . 1 R MR N VTR, 38 2 N IR R
W e AT DI 285 B A o i, LR T 8, 32
B T~ B O D T APS B ) W AL
W 0 C—C i, AR A ™ P 2540 52 4 B i ek
fE T o
23 EEEAN

FEAN AR AR pH B 2544, DNS i
WIRhB- T 22 B /K AR (140 . 180) BRI 7 , 25 5 W,
Bl 2~5. 2 & 3] A, fil§ 140 135 PE7E 40 ~

R®2 EBERARERE T SERERE L]
AT Ch) B AT LE51/9%

TREE/C IR
3 6 12 48
40 PR 0.3
11 206 410 365 285 72
= 4.4 5.7 6.1 8.7
DUt 14.1 139 162  24.1
bk 70.4 9.1 82 10.1 135
v 206 225 272 348
g 5.7 6.4 6.1 5.3
I\l 5.0 4.6 4.6 6.3
JUb 1.1 0.7
b 09 05
80 Bp 1.3 0.8 1.0 14

—kk 20.6 364 326 360 400
=k 245 249 264 290
Ut 11.9 114 113 111
Fob 704 45 6.3 5.6 3.1

VaY. i 15.1 176 152 133
Lol 2.8 2.7 2.7 1.6
I\l 3.0 3.1 1.8 0.5
Jubk 0.3 0.3
R 0.2 0.3

80 C. I Iz 2 T o KU i, 80 °C J itk FAEAG , Fe
T B 80°C, f il E FH 3 [l 2l 60 ~ 85°C 5 it ifit
90°C , 7E 90°C 1 PE AR A1 4 60 min.  Hi& 4 &
5 Al AT, i 180 Y fe il B  70°C, 75 120°C T Ay
T PEREAARE 50 min DA, 90°CF Y76 PERE AR 180
min DA B 20T L 38 BLAY pHYE R 8 ~ 10.5,
T pH A 9.0, I HibeB- 1 55 SOME /K fif 5 180

481.2

539.2

136.9 390.8

61,1

i

0 400 800 1200 1600
mlz

El1 80°C APSAMIHE 12 h 5 WIUKE 2 i i v 14

1499.6

5.5 1446.4 1649.3
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VERRZNAYIEE . TR INEEE , 5™
AT HLEN =, 1 K A R AN AT 2 TR AR S PR3
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Pl 4 it 180 FioyAH X TilE Fif s 7] FIRLIE 11 28 Ak
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45
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H
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E
=
15
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5} 1] /min

5 70°CTF pH {E XA 180 AFHXT Pl Y52 1

71 AR Ak TP ors S B Pl R AR A R R A
B, X B A O R BN R E T R & E X5
LR A K EA BRG]
24 HEYBEREEF

&1 6 ~ 8 A UL, FE AR IC Jy v, Bl 2 il o+ )
BN, B AR M R I W ARG . LA PR R
I 24 R B A T RE , PR L, 2 v o AR R i Y
T 2 RUE 2 TR A Sk

T 24 1 A G R — AR AR, 2 i
JEURBE R 120°C B R B VR IR0 B B At = (B
J9120.,90.,80.,65°C , 3 1 37 A8 S5, A A6 A5 B Bt
g . I 6~9n I, 243k & 4 120,90 .80,
65°C i}, i ‘B Y Bl £ 4351 5.10.20.40 mg/L.
PRI, ARl AN [ 3R A [ 38 A O kot T SV
JE RN A R S 86 (3R 3) B 2, 27 & A5 31 90 ~
120 °C XTTHE I 24 BC T B A~ B B A e 59
(A= YRR RS BERE ) A . 90 ~ 120°C R 24 I
77K :0.3% ~ 0.4% HPG+0.12% Na,CO:+0.1% 3 1#
F+0.25% ~ 0.4%75 B F+0.8% 38 HEFI+0.025% 716
fiZ+5 ~ 40 mg/L /= i AL Vi (B- 1 28 A 180)+30
~ 100 mg/L HZHE M 2 5 90 °CAif )2 R 57 i
FE BB - 10 mg/L filF+30 mg/L JBEERE I , #Em>

1200 160
~ 900 120
o
s £
< 600 80 i
M mg
;‘k% =
= 300 40
"

0 30 60 90 120
5] /min

Ko i & 1 B

600 120

- 4 9%

P 400 o
= ——10 mg/Lif} 60 B
= —a— ) g
= 12 mg/L fiff bic)
¥ 200

= 30

®

0 0
0 20 40 60

HsJ [] /min
K7 mrEW 2 YRR
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400 30 R4 B-EHEBREHBXIEGIHMEMRELE
f TRy e  RIIREC  RAE/h R/ %
2 300 1 60
g ) ——20 mg/Lifi o 2 2 52
< 200 i‘% ——23 mg/Lﬁ@ 4 40 ‘H’I’( 0.05 95 2 45
= Y, = :
& My e, g 120 2 29
= e
= 100 | . 1 20
s s 25 2 78
0 . s s 0 95 2 62
0 15 30 45 60 0.1
Hif 1] /min 120 2 41
FEl8 R 1 AR A R AL
80 N = . =
800 ®5 FABKNARETHRESE
(O T 1 ~ = ! - .
~ 600 A\[ﬂr‘ui@ e 1 60 WA/ (mg- L") Bt it/ B AT
g : . APS H ) (mg-L™) /%
= 400 "‘; 140 1]]3;:;( 100 0 425
;% 00 L - 1, 80 40 332 2
SRR 08 80 80 230 45
0 . . .
0 10 20 30 40 0 2.6 HIHMA
1)/ 261 HLLTY

B9 540 me/LBEHERNIR 2 IZHEEAE AL

®3 AREEERSEBRAEFME TR ARSI

U %ﬁ TRV R ] (h) R B e PR BB 155 50
C (gl Ly 05 2 4 6
20 0 HIE ERE HIK Rl I
40 0 T REE TR Gl Gl
50 0 TR R TR e e
90 20 15 Ui WK WK Rk <5mPa-s
20 20 B TR <5 mPa-s
20 30 B W <5mPa-s
25 50 VREE G MK 12mPars <5mPa-s
70 40 50 R R WS <SmPa-s
60 100 %K ik <5 mPass <SmPa-s

T BE - 20 ~ 60 mg/L fiff+50 ~ 100 mg/L Ji 3% % it
I, T BT B : 200 mg/L f+0. 1% BifR ¥ . it Tk
Firp, T B AR E AR 0L B T A A R
FEEFR R I A E
2.5 HEXERTRTEEREMEEEHI RN

HH 4 3R 5 AT, B- 1 B SRR N 14 0.1%0
ZAk 2 h A A 40% L D, LU YRk 2 (g
H 60 ~90 pm [ 9~ 15 pm, RiA2 B A8/ IN s £E7E
AT BRI AR T B 22% ~ 45%.

(O FEE T 20 1A i R B0 B e, T
5, TEACIR A5 1 T 16 PEt i, B E R & 1T 8
ISR L AR A R i b T HE
A E IR EABR , S5 T HEE N 4 m/min B, B 5E
il 1) Jo i 53 B 8% , HI B A% 0~ 1 L/min fil A,
AP E 3 1~ 1.2 L/min LA, =00 HE4% 2.5 L/min fifl
A, B W% 10.0 L/min JiTA o ARG AR A -0
TR IR A I 100 5 81 5 £ W B T AR

(2) 3B T2 TR e &, B OCH: Bet ) AR 4l
M JZ R D7 B B0 (5 66x1 W H Sl 40 ~ 60
min) . FFREESE M A, T 2% X B T A
F1, AR AR B 0.1% i A W B A , Rt
Yo PLBE TOH KT it THF & 0.8~ 1.2 mY/min, —7J5
AT PR THEHE I 2 08 Y1) G 0 N R AR i o 0 15 9 —
7 TE o figp S 0 P T 0 0, X 0 Tl VAR 2 e 28 i 1)
FEZLH e D, D IR s DF B T AR, AR W A
HHBERFR 12~ 1.5F% T 585, X2 h
Je TR o
2.62 I AK RS

ZAE AT BRI Z K I 24 T B 1 9
FEVR it T B R 3200 ~ 3770 m, i )2 155 S 90 ~
120°C . & 6 Bdin] W, , 3l ok A= Wil 5 | ALis i
B e B S v e B A W B R AR DB O A R 2R B
RAAR R SR A3 3 | 70 T /K 298 3 1 FH i
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xo EREISERBR

T T 58k BORSBT
. MR W3 = Lty »
g TRy EL mEm v Wi WIS SUFETE AT
B % % . o ; . . (10'm*)  Hrd

m MPa ° ¢ WE/MPa /M’ SEEM lE/MPa BCHE/m’ SEHE/m mr

G3-A  3500~3526 52~74 31 17 29.1 20 20 15.7 30 30 12 257
G166-B  3701~3770  68~78 40 21 23.0 50 51 11.0 50 50 1.8 375
G166-C  3824~3900 68~76 40 22 16.8 30 30 0.2 50 50 1.3 264
G76-D  2965~2980  55~60 35 16 30.0 30 5 115 20 20 0.6 275

BT RERRCR . PRI R R TR T s

% N I\Ab EIT';:T N 0 N TSTUN 0 ) )
B RO E U5 B D LE 40%  FRIRPLE18%. ) e e s s AL L . 7

ATUFEIFIR, BRIP4 T R 2 13 MPa, F #it, 2012, 33(6): 1018-1022.

e B 1.2%10° m?, A 301 290 d., (2] Zegkil), BGLLZE, EO. AR SO R BT 5
ML BRAS 5, 2012, 29(6): 71-74.

3 4hiip (3] ARt XI5, AR, 5. A Pm e FE e

. X I I L] AT, 2014, 33(8): 3-7.
ARG LA T BURB- BRI I 4y g s vmomtem e 2 20 0 000 25 v .

Fr W, TR 120°C T 32 pH{H 4~ 10.5, %8s B RS 5, 2011, 28(6): 61-64.

VELIE K 70°C , pHAE 6~ 7,7 120°C FEQTEVERT (5] WRE, ETLR, DR, JITFE RO Ak NGREe AT 61
4 p 9 ST 4 . [J). B 55830, 2010, 27(6) : 68-71.

5530 min, 90 Eiqu PERTIRIT 180 mine SAPSTE (o1 S s, Ko 20 et A T
WIS [, 5 i SR D P T S8 P AT HW LT 4k, 2008, 25(2): 126-129.
FEARIUIRZEE S0 5, HEAEH TR, B2 (7)) Eued, ssmis, B0, o5 ARG Y 7 vk L i
PEAE T~ AT BB BB /L 5 1T APS $52 5 S 6k WP RE T i 5 & EE Tk, 2009, 35(9): 128-131.

%J:E/‘J c—C %@o E}j—i%ﬂ?&qj IEJHTJ‘jJ[]/\ APS ;FHEE% [8] BEG Q, KAPOOR M, MAHAJAN L, et al. Microbial xylanases

N N and their industrial applications: a review [J]. Appl Microbiol
] yAs A~ EL 0/ [ T
BERSAS , T ARG B s 5 ik 22% ~ 45% . AR 2 Biotechnal, 2001, 56(3/4): 326338,

0 Tt A s S e 790 K LAt 8 Jon 751 I o) S0, MR A [9] KLYOSOV A, DOTSENKO G, HINZ S, et al. Structural features

Iﬂfi]ﬁﬁi%’ﬂ—iﬁj’% T A3 T 551) 1Y) ﬁ‘%ﬁj\ﬁj\j 8%, pen of B- (1—4) -d-galactomannans of plant origin as a probe for 8-
7J(#}:E%i L‘JE }m%mﬂa 9 #W\ %}] ﬁﬁ HE 7J(Jj_3:jj _T"/‘_i./g (1—4) -mannanase polymeric substrate specificity [ J]. Carbohydr
Res, 2012, 352(5): 65-69.
ot S MRV 43 ey
FREZ 13 MPa, FAGHUIE RTHITE 1.2310" m', A7 [10] REESE E T, SHIBATA Y. B-mannanase of fungi [J]. Can J
2904, Microbiol, 1965, 11(2): 167-183.

Field Application and the Performance of Biological Enzyme Double Breakdown Technology at High
Temperature
LIU Yi'?, LUO Cheng', LI Liangchuan'*, WU Jun'?, WU Zuohao', YAN Fei'*, DAN Jiamin'*
(1. Drilling and Production Technology Research Institute, Jidong Oilfield Company, PetroChina, Tangshan, Hebei 063002, P R of China; 2. Key
Laboratory of Oilfield Chemistry, CNPC, Beijing 100083, P R of China)

Abstract: Aiming at the problem of gel nonuniform breaking using ammonium persulfate (APS) at fracturing fluid in Gaoshangpu
oilfield, a gene fragment of B-mannan enzyme was extracted from marine thermophilous bacteria. The gel breaking principle of
APS and biological enzyme was analyzed by means of GPC and electrospray ionization mass spectrometry. The proper temperature
and the range of pH vale of B-mannan enzyme was researched. The fracturing fluid prepared with guar gum, biological enzyme,
capsule breaker and other additives was applied in some deep wells of Gaoshangpu oilfield. The results showed that mannan enzyme
was endonuclease. The viscosity and molecular weight of guar gum were greatly reduced by intersecting action which directly

(FH55 4101, to be continued on p.410)
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Preparation and Performance Evaluation of Gel Based on Polymer Microspheres
DONG Mingtao', ZHANG Kangwei’, LIU Gang’, LIAO Ruiquan', LI Zhen’, CHENG Li
(1. The Branch of Key Laboratory of CNPC for Oil and Gas Production, College of Petroleum Engineering, Yangtze University, Wuhan, Hubei 430100,
P R of China; 2. Downhole Operation Company, Dagang Oilfield Branch Company, PetroChina, Tianjin 300280, P R of China; 3. School of Urban
Construction, Yangtze University, Jingzhow, Hubei 434023, P R of China)

Abstract: In order to meet the performance requirement of pressure operation to the gel strength, controllable gelation time,
thermal stability, salt resistance and pressure bearing capacity, the polymer microspheres was introduced to the gel. With acrylamide
as the main component, 2-acrylamide 2-methylpropanesulfonic acid (AMPS), surfactant SDBS and initiator G20 were introduced
to make copolymer microspheres. Corn starch was used as the skeleton and copolymer microspheres were grafted and
copolymerized. The pH value was adjusted to 8—9. The optimum ratio of copolymer microspheres was obtained, the influence of
cross-linking agent MES and pH value on the gel formation performance was investigated, the microstructure of the gel was
analyzed by scanning electron microscopy, and the thermal stability, salt resistance, high temperature thickening and pressure
bearing performance of the gel were evaluated. The results showed that under the condition of 90 °Chigh temperature thickening, the
gelling time of the gel system, composed of 2.5% starch+ 15% polymer microspheres+ 6% cross-linking agent MES +0.005%
initiator G20 gel, could be controlled within around 1.5 h, moreover, the thickening transition time was shorter, which effectively
reduced the possibility of gel/gas channeling in the gelling process of the gel solution in the wellbore. Within the temperature range
of 90—130°C, the gel strength was up to 28 N and could be stable for 10 days. The gel system prepared with high-salinity aqueous
solution with a salt concentration of 9—18 g/L had excellent gel forming performance, showing good salinity resistance, and could
effectively overcome the influence of salinity underground. The capacity of pressure bearing of the gel in the case with inner
diameter of 121 mm was up to 70 kPa /m, which met the requirements of high-pressure operation.

Keywords: pressure operation ; polymer microsphere gel ;thickening ; pressure bearing capacity

(#5399 T, continued from p.399)

affected on the glycosidic bond and mainly produced 2—=6 oligosaccharides with few monosaccharide. While APS preferred to break
the C—C bond on the sugar ring. f-mannan enzyme tolerated 120°C and 4—10.5 pH value. The optimum temperature was 70°C and
the pH value was 6—7. The enzyme activity at 120°C was 40% of the highest enzyme activity, and the activity could maintain 55
min. While when the temperature was 90°C , the activity maintaining time increased to 180 min. Adding APS and biological enzyme
into the fracturing fluid could reduce 22% —45% residue content. When the fracture was completely closed, the technology of
injecting high concentration biological enzyme acquired effective stimulation in 9 fractured wells. The average injection pressure
initially decreased about 13 MPa, the average cumulative injection quantity was 1.2x10* m’, and the validity was 290 days.

Keywords: gel breaker; biological enzyme; high temperature; enzyme activity; oligosaccharide; residue
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