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Abstract: A polymer viscosilying agent with ultra-high temperature resistant ability was synthetized by the method of micellar [ree
radical emulsion polymerization which using N-vinyl caprolactam as temperature sensitive monomer. sodium styrene sulfonate as hy-
drophilic monomer and N.N- methylene bis acrylamide as crosslinking agent. In order to research its viscosity and temperature sensi-
tivity in low density drilling {luid. elemental analysis. gel permeation chromatography analysis. TG-DTA analysis and acute toxicity
experiment were carried to indicate the elemental composition. molecular weight. thermal stability and EC;, value of this viscosifying
agent at the optimum synthetic conditions determined by orthogonal test. Based on the study ol the thickening mechanism. a high
temperature resistant emitted sea water-based drilling {luid with low density suitable for Bohai Bay region was built and flied test was
also carried. The results showed that: this polymer viscosilying agent had excellent ultra-high temperature resistance and salt resist-
ance viscosilying property. thermal stability and thermo sensitive characteristics. The apparent viscosity retention rate alter aging
were Y. 81% and 95. Y5% respectively and the EC5, value was 15. 529 X 10" mg/L at 220°C .alter 16h in both [resh water based mud
and salt water based mud which can satisly the requirement of the emitted sea water-based drilling [luid technology. Field application
shows that this new polymer viscosifying agent could play an effective viscosifying role even though at harsh conditions such as ultra-
high temperature and low density drilling fluid system which decreasing daily performance maintenance problems at the expense of
the large consumption of [luid additive including conventional sullonate copolymer.

Key words: drilling {luid; viscosifying agent; polymer; mechanism; field application; ultra-high temperature

EETE . HEE AR LI Q011ZX05021-004 ), H [5 7 il 48 A 24 5] 8K % 010 2014E-38-02) | [5] % [ A BHE B 8091 H (No. 514742360 F LR 4 W -
J5 B 55 E (2013030600 ¥ )

B IEERBEEE IER. 51964 £ 9 A 4 1985 SFRAE AR A2 B2 12 000, 2000 45 35 o 5 A7 3 2 CRE 2 ) Bk 2 37 L B0 v ] 7 9 R 2 (A
A0 A R e % R W MR SO R i A9 F AT . Email : qiuzs63 (@ sina, com



CRE

IS T P A5 < i I A S ke R B BT e B R 107

1A WRIEHS BB M OR . EAE ] 558 - LR TR I 3. oo 0 R O It B F LD . A2 48,2015, 36(1) 1 106-113,

Cite : Qiu Zhengsong. Mao Hui. Xie Bingiang. Wang Zaiming. Xing Weiliang. Shen Zhonghou. Wang Shengwu. Ju Bo. Synthesis and

field application of high temperature resistant viscosilying agent for drilling fluid[ ] ]. Acta Petrolei Sinica,2015,36(1) ;106-113,

Biti 5 #4080 A 4 S DT TR A 5 B T 0 o
T TR RIS K 25 5 i LI 8 L T H R ik A K 2 5
ZE R R (H TR AW 1L Aiff )22 8] A i A DR AKAR L AR
T o RO R ORI Ly P L L A i AR T T
WG, T a2 R R T B i) i

B W2 A e DLBRRR ER A N 32 FLA L RCIR
b )2 HE ) FR B0 M2 R G (B 200°C) (REER
SRR T TR R R ORI T A A T LR
JEC A PR R AP 2 R K AL I A AR R B R
[ AR /CRZ R A W B AR R % (B3 W &
B, K AL B IR AR EA AR 5 R AR B E
VLI 7550 M 265 A M AL B g G [ AH /A T R A
P i A 2R 2 A A O e T R AN L
VHE V) 45 B AL LA A2 28 L3 A Y i ROF &
WoRN L H AT PR Y BT & % G A /A
- AR AR R 1 S B Ak R 3 R0 119 P I B ) di
FAE L 160°C . [ A1 A6 BT B I G [ AH /K K2 i 1
RA DI BRI & G T 3% a8, 0 Hal-
liburton 23 w1 LA #F ] /69 BT w6 6 R A 9 14 2500 O 3
il BRI IF % 8 T B0 180°C 3 IR 4 T8 I i 4N O Ik
RRWT A LI BRAE R EEX AR
T, T H O E SN2 ) i G R A AR
LR A0 T 5 18 18 265 70 40 6 B A i 45 2t i 5 BT LA
TF 2 v Tk G R 4G - R0 Y 5 8 F) BB IR R AR
FER X IF & A 1 it T b DX IR )2 8 ARG R il Ak L A
R A B 9E B

1 5L I8
1.1 FERFEFH

N-Z 475 35 C e (NVCL) | Tl i+ 11 25 366 1
FERTARAL T2 v, F AT 2800 He 78 1 Pt li s I 20— 5% T
(AIBND , A2 A 50] K HE KR A 2= W0, FiT 28 &
BE T L5 5 A 4°C R ORAT « X 2K LR BRIRR B (SSS) FI N,
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Table 2 Orthogonal test conditions of SDTP
¥ A B C D E o/ (mPass) wmfPa o /pp X Y 4 H
1 Al B1 C1 D1 E1 18 7.0 0. 39 0. 14 0. 20 0. 48 0. 82
2 Al B2 C2 D2 E2 17 6.0 0. 35 0. 07 0. 10 0.29 0. 46
3 Al B3 C3 D3 E3 20 6.5 .33 0.29 0.15 0.19 0. 63
4 Al 134 C4 D4 E4 23 9.5 0. 48 0. 50 0. 45 0. 90 1. 85
5 A2 Bl C2 D3 E4 24 10.5 0. 44 0.57 0.55 0.71 1. 84
6 A2 B2 Ci D4 E3 18 7.0 0. 39 0. 14 0. 20 0. 48 0. 82
7 A2 B3 C4 D1 E2 30 15. 0 (). 50 1. 00 1. 00 1. 00 3.00
8 A2 B4 3 D2 E1 26 1.0 0.42 0.71 0. 60 0. 62 1.93
] A3 B1 C3 D4 E2 24 9.5 1. 40 0.57 (. 45 0. 52 1. 55
10 A3 B2 C4 13 E1 17 5.0 0.29 0. 07 0. 00 0, 00 0. 07
11 A3 B3 Cl1 D2 E4 16 7.0 0. 44 0. 00 0. 20 0. 71 0. 91
12 A3 134 Cc2 1 E3 19 7.5 0. 40 0.21 0.25 0552 0. 99
13 A4 Bl c2 D2 E3 28 12. 0 0. 43 0. 86 0. 70 0. 67 2,22
14 A4 B2 C1 D1 E4 24 10,0 0. 42 .57 0. 50 0. 62 1. 69
15 A4 133 C4 D4 E1 20 8.5 0. 43 0.29 0. 35 0. 67 1.30
16 Ad B4 C3 D3 E2 18 6.5 0. 36 0. 14 0. 15 .33 1. 63
K, 0.940  1.608 1.060 1.625 1.030
K, 1.898  0.760 1.378 1.380 1.668
K 0. 880 1. 460 1.185  0.793 1. 165
K, 1.460  1.350 1.555 1.380 1.573
R 1.OI8  (.848  0.495  0.833  0.638
ekt A2 Bl C4 D1 E2
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(BN 7, BB EE R 60°C, 5] A5 Bk 43 8 0. 4%,
LR TR BUHR 0.5% , 4K EE R Lk NVCL : SSS

% 4.5:5.5,
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23 Jy SDTP ) C,N.S JLZ JFi fit 41 R4 Hr s 1 .
M3 3 G 5|, SDTP 45 Fu A (1 B JR L X5 s K T 86}
BE IR LG, X 2 i F ¥4k NVCL fil SSS 4 )2 1 I 1 %%
10 o A5 20 45k 1 B R 2 2R A S L 3 R ] B, e R
SIBTEE BRI A R A W R SDTP h &4 3 i
S B LA
2.3 S FRENE

K HITEE SFD B e 2 & 035 (GPO) Il & SDTP
(4 F T 43 F B ik LA pullulan p-82 R B0 M ARHERE 45
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ArFiE M, =4.23715 X 10° , 40 BU3S B0k 2. 1278,
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Table 3 Analysis results of C,N,S elements mass composition of SDTP
FEdh HOR EER JL# 4k 20 R SDTP #% R EEIR
2 M1 @ M2 : M3 C N S M1 @ M2 : M3
SDTP  45.00:5.00:55.00 54.59 4.13 9.63 43.17 1 4.22:52.61
il M1 NVCL.M2 3 MBA.M3 % SSS,
2.4 RAEHW W AR Z 0 SC B A PR B A oA e B e L

B 1 R B AR SDTP /Y TG-DTA 43 #rih £k .
o TG £ W LA H, SDTP A i & B A 3 Wk
A TR KA R IR BE 24 300 CL7E B E 600C i
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300CH1 390C, TG-DTA 4r#rihk F W SDTP HfF
B AR e

100
90 -
80
-
< T0F =
S =
€ eof =
50
40
30 s ' 1 '} 'l
20 100 200 300 400 500 600
BT
1 RAESFTHE
Fig.1 Curve of TG
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] 3t 5 SR Xof 46 4% it L 1 I P HE OB T T A 1
FIEML . wT HE R 7K T B WO LA K AR SR L3R OK
VG 5 FR PR A0 B AR R 35 0 B O Y A . T DA 3
IRl I 3t 5 15 7 6 8] K 52 28 B % 78 4 [
g A B RS AR 2 SDTP I A W il ik ¥ 7K 3k B I

F R RN B E T SDTP B4 ¥tk . B EC,,
{F RIS %2 56 38 50% B ) 2F 3= AF 4 0 9 19 A= 4y 43
EC: fH B, 2 W8k 00 ) () 28 P 35 PR /N . 5250 45 21
W 2.5 4 .

MIE 2 v 1% SDTP A= Yt 1 I al 405 etk [ 03 )y
FE R y=0.8140 - 0. 02022, SDTP FL44 i APT 38
AN KU SRR RN y=0.740 4 -
0.0180x, M 4 Zr A 4528 Al H1, 249 256 40 7 09 #H
RCHN 50% i, MR 445 2k % 0] )1 7 245 H SDTP )
EC. i34 15. 529 %X 10 mg/L,SDTP 45+ # API j§
W ECso {2k 13. 330 X 10" mg/ L, # PE 73 R 45 R B
/R SDTP K#. M [E7E R &4 E % bk GB/T
18420. 1-2009€ 35 7 41 il ) 458 TF A 15 9 90 4 9 9 1 4
G0 BRE 7K Kl A — ORI 4 ot T A
YRt 2 VFIE 5 3k 3 X 10 ' mg/L F1 2% 10* mg/L, A
M1 SDTP 5l 2 7K 1 58 H 30wl HF s 23K .
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Fig.2 Linear regression curve of ECs, biological toxicity of SDTP
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Table 4 Biological toxicity test results of SDTP and grading reference standard

e 7H 95 W
GH T ECa/  ECaMAR  wa, ECso/
_ o 2 g
(mg-L."") (mg-1.7") 51 3 9 (mg-L."1) S
| Tl
1~ 100 o HE
ot bl 1 y; o
SDTP =10 10! 15. 5% 104 _/tnp_{ﬁ;fk s, PERE
AT HERCRRHE) 1 000~ 10000 (g
10000 5 ik JC #f

=30000

EEICHERC R
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2.6 igﬁ!ﬁrr_ﬂ:._ 4000
SHNTEO T B4 R R A P E R SDTP, [ 5hi ol
o 4 2659 HE300 K Bt e 44 245 K% 38 2 57) Driscal D =
Rl S AE 4% IRKSEIK e 5% Eh K 33K 48 220°C (16 h 3™
EACHT G IR AR SRS RN 3 TR £ 2500}
iy & 3 A %0, HE300 1 Driscal D 7 ¥ 7K 5k 3¢ § 2000 |
WEROR S SDTP M EL 84T, i 7E 88 7K 263K h Driscal #®
D Fl SDTP {34 B %R 5 HE300 4 b &4, 4 220C 1500
w5l 2 L5 - HE300 Hl Driscal D 7E ¥ 7Kk 3 3% Fi1 £k /k . > R ey
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FEIR rp RN FEE T R0 B S BK ii SDTP WK B i
FEBE /I Z R 5 R B, 7E IR K JE 3K f HE300,
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25.5mPass #139. 5 mPa«s, Z4L i . J5 2 0 4R 5
AR 36. 36% ,56. 04% Fl 90. 81% ; 1M 7E £5 7K 2k 3¢
st HE300,Driscal D & SDTP 24k Ji7 i & W %6 BE 43 51
i 11 mPa+s,17 mPa+s #135. 5mPa=s, Z1b i . J5 F W
Fh AR R R 36.07% .44. 74% F 95.95% , 3 Fil
T 5 30 i ) o) B S B 45 S 2 WA 0F A 104 3R A 0 B O
WG SDTP B A 847 14 i s i 14 26 0 /B S b b
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Temperature resistant performance results of SDTP
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Fig. 4 Relationship of apparent viscosity of SDTP aqueous

solution at different temperature

(1 11 S5 2 43 98 BE 2 30°C , [ sk (7 2 e 2 e o4 303 B
AN-Z@EC NBEE R 5 AR REY 4 FiEd.
SDTP 7K %5 2 WL 2 3£ Bt ¥k 3 %) 7 o S JG B IR U T
B TS IR BETEE 80°C & 105 C Y, SDTP /K % i 76 W
FEBTRE. X2l T SDTP 21 [F] i & A &K
FEH—SO; FFiK-L oo H I GE B g K 0 A58, 2 38 B
F Il A4 A R I, SDTP 43 14 o 119 7K 4k 2% 144 i 98
T E AL A Y B K AE . SDTP 5 30 K % 4, T a5 i
ASF T K HE AT 1) KA A S 2 B0 HE 2 3 A ARG 5 it 24 3k
JE TR 3 i 5 45 Fr 6k BE I B O R () 4k 28 Tt 5, SDTP
53 ¥ 55 B9 KA RS20 55 o (ELE 7K b o0 20 0 4% B % Ak
14 L 7K 48 £ 1 FH 28 T 084 38R, 20 1 AR 7 2 2 AR g L 3
B SR A K v A IR I 3R R T R s im . 5L ey
F SDTP il & 3K HE—SO; &hbdd Rk TS
G5 R S T K | (A K 2 P A K G AR R AE
TOWAH 2 B S R AS 2 = A DLgE AT H R .
2.8 REENMSRHEHABRERENMRKL

% N B AL B (Al T — &L
?ﬁii’%?ﬂ{ﬁﬁﬂ%ﬂﬂ AR B AR R B A R AR
H:2.0% Wi 3% + 0. 3% SDTP + 4. 0% SMP-3 +
2.0% DBFT + 1.5% CXB-3 + 3. 0% SD505 + 0. 8%
SF-260, i H W F I N 1. 04 g/cm? W32 15 R AR
R4 230C 16 h AL G 18 L A PERE . 9258
B E S5 FiR.

#5 NERRETESHRERERMEE

Table 5 Basic performance of ultra-high temperature resistant and low density drilling {luid

Gel 10"/Pa Gel 10°/Pa FLap/ml FLyrue/mL

%1 AV/(mPa+s) PV/(mPa+s) YP/Pa
E Ak 56 23 33
Eibia 46 26 10

4.5 7 4.0 21
1.5 2 4.4 24

AV R WE T mPa-

s: PV R¥BPEFE . mPa-

s;YP ] 1 PasGel 10" RF18] . PasGel 10" H 22

. Pas FLapmly API u&kht mL; FLyrue N nhh 3 HE I8 O i (S HR R BE 180°C) omL..
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H1 & 5 WL I R RIR R s i e LG R
JE iU 1 A sl U] ) YA TR AR 5 1 28 R A R
A Tt s U] ) A TR AT 8K AR L B I W B e )
BUCR BEADL R AL S PR TR A A R s Ak
RMEE R 46 mPa«s, #XF T & b i 6 B4R 15 R
82. 1% » BEWIZ B I A R A RAF M HTIRPERE .
2.9 HEBSH

() WMEPLE, HEARTHEMEKERSYHN 2
T8 & SDTP A /K 1 W T8 1aE BE Y 1 38 Bk
S50 0t L HL A BG4 A A kA IR IR s R A
SDTP 4+ 5| A K SOk NVCL J& » 24 i B ik
F) NVCL {5 i i 5 28 4 T EE B L 7™ 24 I el 5 4 T
SEREG VIR0 A AR AE AT A Y B KT i A 4
£ RS I A T8O P A RO AT o . A
B, 2R BE Bk IR ih SDTP ¥k 3 2 7 54 m s , SDTP
O3 F T8 S0 2 0] 19 S8 45 H6 25 45 55 0 B0, M il & B
B P 3 R A

(2) HLiAHLI, B T FA SDTP 40 Fh &4
NVCL -t 70 50 5% Ko 25 35 W 1 ) 5, I 23 1] o7 BHL 488
K A R0 20 7 32 B W18 05X % ¢ 7 SDTP 1y
BUIRAE A B AE L R AR R F R TR &
AL TIN5 B A5 B B 0 00 A7 AE 2 (7 790 7 A i K 4
AAER M — A A IR A R S R G
Y or ¥ Z 46, 5 308 BRI s 793K, SDTP 43+
A 1 5K Ak ik AT B R B A B BAT RAF 9P IRE , 76 B
V0 TR BT I R 5 v Rk B A 8 0 6 1T
BZ A KABIEE 0/ T A el K RS B Bk BT G 5 B O
1) PG E W 5 [R]Fs 24 JR R e s NVCL % 6 fie ek
afpE A B K R 2 2 R 1 NH—(CH, ) —
COO— G54 320K i — 25 T BURE W R BE 8 =2,

(3) PrEhMLEL . HOEHE 0B AP FF SDTP {3
J2— Tl 5 L A O TR O X4 B O R JE L B B ok R Y
T 2% 2 B R R A S R R AEAT o fH R T
SDTP 43F 5| AT 0 b A 508 4 538 [ 25 5 3k P ik
FRAR LA i ELE 5| A T HAT g K FEYE ) NVCL il %
BOARFERENT o — J 1 B PR AR Ik AT W 467 4% B 8 K T AE
FHBE A R T 805 B AW KB ETT N [F 407
24N w RN 3 AN R O 7 I — A T A
7 55 T8 2 e AT R 2 o DAY O X 9 S8 B 5 11 s T A i
T s 55— Ty Tt B JE AL R 1 v BE R 19 B A W v
R 3Z 5 1 B mC8ONE 19 5% Wi A R R (ELRE JC AL R 2
B W A3 0 R0 0 B P R A R A A T
IR H K S S ME A NVCL RS a8 4
Y53 T TAK 125 2B AR 38 0, 214 85 T B i 38007 45 ORI o
VO L6 5 16 22 12 34 fn A ik, SDTP 78 4 - 38 rp e 3R

TR AR ERRE .
3 BN

2 T FE P AR 3-81 0t b [ A T B AR il 2 )
A8 19— 11 T R o TR G ) ) o &= H
AU 3 7R il FH 2 ) 9 A T & R R S e R 0 — 1 TR
o ZIFRITIF TR 6 138 m, 92 PR 5 & I 8 6 066 m
(TP 5 606. 75 m) , 5¢ i H Ik L 0l it Bl i 220°C
P T I T P R 10 A 2 v AP % Al I R 1k
(2 0 = 75 BT BN 0 LU Ak AN IR R
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Table 6 Basic performance test results of drilling (luid
in Well NP3-81 field application

i AV PV/ YP/ FLam/ FLurue/ W33
L (mPass) (mPa*s)  Pa ml. mL HE/s
Ha o 26,5 24 4.5 5.4 24 53
A0 25.0 20 5.0 5.8 21 57
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each cycle
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