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Development and Application of an Environmental-Friendly
Drilling Fluid Lubricant SMLUB-E

QIAN Xiaolin, XUAN Yang, LIN Yongxue, YANG Xiaohua
(Sinopec Research Institute of Petroleum Engineering, Beijing, 100101, China)

Abstract: SMLUB-E, an environmental-friendly drilling fluid lubricant, was synthesized from natural fatty acids
and organic polyols because the existing drilling fluid lubricant was not sufficiently temperature-resistant, nor did it
have sufficient environmental friendliness. An evaluation conducted indoors in laboratory conditions demonstrated that
when 1.0% SMLUB-E was added to bentonite mud, the friction coefficient could be as low as 0.05 while maintaining a
high strength of lubricating film. When 2.0% SMLUB-E was added to polysulfonate drilling fluid, the friction coeffi-
cient decreased from 0.31 to 0.08 with lubricity better than that of 8.0% crude oil added. SMLUB-E has a temperature
resistance of 160 ‘C, which has no adverse effect on rheological property and fluid loss of drilling fluid. Further,
SMLUB-E is easy to biodegrade, non-toxic and environmental-friendly. Field Applications of SMLUB-E has conducted
on deep wells including Well TP238CH in Tahe Oilfield, the drilling fluids added SMLUB-E showed good lubrication
and friction-reducing property, significantly reduced downhole friction, avoided complex situations such as WOB
hang-off and sticking, etc.. The results showed that SMLUB-E has a good performance in temperature resistance and
environmental friendliness, and could effectively solve the technical problem of large downhole friction in the drilling

of deep & ultra-deep wells.
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Fig. 1 Molecular structure of SULUB-E
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Fig.2 Friction coefficient of bentonite mud after adding
SMLUB-E and crude oil respectively
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Table 1 Strength of extreme pressure film formed by SMLUB-E
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Fig.3 Comparison of lubricating effect between SMLUB-
E and crude oil in polysulfide drilling fluid
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Fig.4 Post-aging friction coefficient of bentonite mud with
SMLUB-E at different temperatures
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Table 2 Influence of SMLUB-E on rheological and filtration prop-
erties of bentonite mud and polysulfide drilling fluid

SR 1 FFERE VR sy A:I?;Eﬁ%
(mPa's)  (mPa-s) Pa H/mL

5.0%MHE 132 (A) 8.5 4.0 45 25.0
A+1.0% SMLUB-E 8.5 4.0 4.5 20.0
A+1.5% SMLUB-E 9.0 5.0 4.0 17.0
A+2.0% SMLUB-E 8.5 4.0 4.5 17.0

R (B) 435 32.0 115 52
B+1.0% SMLUB-E  52.5 40.0 125 42
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B+2.0% SMLUB-E  52.5 40.0 12.5 4.0

A 2 AT LU Y, TCie S B A S R
W, Bi# SMLUB-E hit 34k, HZh# f 2R
K, B RGP, X UL SMLUB-E A2 AR
V18 25 e i AN ) 5 7T L R e L 2 i B
2.3 SMLUB-E IR {R1ERE

Z R E CEWHRAKRHER S 7% ) (GB/T
5750—2006) . (/KJT: ZKIf (o) MM E : ZWEfL
IEAUZHIOIOUETL) (GB/T 11895—1989) Fil (ifF
PRI &5 e B # ) (GB18420.1—
2009) 4%, Wi T FOE I8 SMLUB-E 198 4 )8 &
YR R RE . KA R

1)SMLUB-E 18 3f & /N T 1.0 mg/L, 4
J@R BB BRI Y B /0T 0.001 mg/L,
#B A /N F AR HERR A, nT 3T Ay SMLUB-E HR &
LR,

2)SMLUB-E 4 96 h 58I ¢ E (LCso) i ib
58 300 mg/L, # i i b FH I 57485 0 — e HE L
PR (LCso=30 000 mg/L), J& T JC & it H 1k 2% 7
(LCsp>20 000 g/mL) .

IR e IR 45 S % B, SMLUB-E H A fRIFAY
IAEVERE, A2 A BT i K A2

3 i

AR E ¥ F) SMLUB-E H 1 © 76 3% 3 |

TP154XCH Jf- . TP238CH J- Al K 1CX H- 28 iR -t
T TGN, G R R ok B L R A
bR MORE, R A . R T PL TP238CH o
15, 443 SMLUB-E f4 BA4 )5 FHAS I
3.1 TP238CH HERIFR

TP238CH J- A I I B 25 M B K OF, B4
PR R, 00 Aty A R B A B P R SRS R AL b ),
SEENJEN A P 2R — Rl B2 . DAL RS IFER 6236.00 m,
B sE B I 6 698.81 m, SZ PRl E I 6 537.48 m
(HEVR 6 435.56 m) B R & A 2 3R 1 T 2 42 T 52 4
SERT A 88.50, KA 137.19 m. %1 B
o R R R, B KO IR it 2R 35 #) 21.0°/30m, i H 3z
B A A ih 24, [RIES /N JFIR (9120.7 mm HFHR )
EHESEBEBIR, ¥SRBO" A BRI T E
RH, ZESR B ELAT R 41 T o R EE i

LA 38 T3 A 5 1) | 7K OF 35 i 2R FH 2R Tk
TR AT FE AL . 0 T 2B H 2538 RIMALLE T7,
TP238CH F-2% i T A SMLUB-E .0 kb B 5] i) AR
TR G 8 BEL45 - SMO-FREE, KAt 50 3.0%~
4.0% WZHE 1 +0.1%~0.2% IR I8 2k 5] SMVIS-1+
0.2%~0.3% 34 b B I8 2% 57 SMVIS-2+2.0%~3.0%
SMP-2+2.0%~3.0% SMC+1.0%~ 2.0% % % i I B
B H) SMNA-1+1.0%~2.0%SMLUB-E+ il # 5
BaSO,, % ¥ M 1.19~1.30 kg/L, pH {4 9~ 10,
3.2 $hEFRAEEE

TP238CH -4l it % 85 I i 72 BHL 3 B5 R g f 26
it 2 %6 SMLUB-E i i 28 1k L3 3.

R3I HHFITRPHEFIFRIEFENEZL
Table 3 Lubricity changes of drilling fluid during drilling opera-

tion

X HW/m  SMLUB-EMN, % FEERHREL IRV REL
6 239.00 0 0.33 0.140 5
6 250.00 0 0.32 0.140 5
6 263.00 0.25 0.30 0.052 4
6273.00 0.80 0.27 0.052 4

o 6 304.00 1.30 0.22 0.052 4
6 335.00 1.80 0.18 0.043 7
6 396.00 2.00 0.14 0.043 7
6 461.00 2.00 0.14 0.043 7
6 467.00 2.00 0.13 0.0437

—JF 6497.00 2.20 0.12 0.043 7
6 531.00 2.20 0.12 0.0437




* 38 2 Pzl 45

#x 53 K 2020 % 1 A

M Z 3 0T LA 1, TP238CH -4k ko i 4l Wk
KM SMLUB-E B (1)1 3 Pk 4 22, B B R B0 A
0.33, JEDFALM REGRE 5 0.140 5; [ WA 0.25%
SMLUB-E J5, U/ Rt R B IR PR (2 0.0524),
{FLJEE BH. 2% 25000 B AR R B2 AR /N, AU M 0.33 F% 2 0.30,
XU A 0.25%SMLUB-E Jf A A A7 &% o 2% 4k I
VORI T L B O R A B K, SMLUB-E i i ML

0.25% 2 i $2 5 & 2.20%, JEVFEh I R B T g,
TR ZARFEAE 0.043 7~0.052 4, 17 FEFH R BN 0.30 &
R 0.12, Ui SMLUB-E RE A% 4 5 4k H- 1 14 1 T
PERE
33 HTERBRIH

TP238CH 15 ik # vy, B BHLIE I TR A R £
H ARG LA &l 5 BTR o

1200 1
—JF —JF 100
1000  —e— JERH  —e— JRRLA 180
800 |- . D
g 60 <
: =
£ 600 | 140 &
0.8% SMLUB-E 2.0% SMLUB-E
400 420
1.8% SMLUB-E 2.2% SMLUB-E
200 1 1 1 1 1 1 1 O
6200.00  6250.00  6300.00 6350.00 6400.00  6450.00  6500.00 6 550.00
H/m
E 5 ERMEFRSHNANETK

Fig.5 Frictional resistance changes with the depth and deviation of the well

MEL 5 /LR i, —FF AIFIR 6 236.00 m £ &
R 6 264.00 m (L FE b, IR 1.9°4 K 3 9.6°,
I B B 8l T P A i AT ) SMILUB-E, JEEBH
AT UG B 400 kN 2 #r 4 K F| 800 kN; Ml A 0.80%
SMLUB-E J&7, MIFI 6 264.00 m 4 Z -7 6 287.00 m
fyad b, EERHRE Z 600 kN 2247, 45 EHIE 6 304.00 m
B, Bl R i — 2 K & 220, BERH T 4R S B
HER A, HE R ZE 800 kN, 156 HH LAY 0.8% i) SMLUB-E
BN DL i S BE 5 K SMLUB-E Ml $2 & 1.8% L4
J& , BEBH B EP R 28 400 kN; DAFHTR 6 395.00 m &5 2
7 6 461.00 m (3 FE P/ i 78 SMLUB-E H-4%
Hom g = A 2.0%, B R 33,50 7 18 K
F] 60.0°, JEE FH A 55 4 4% il 75 500~ 600 kKN, —JF
MIET 6 461.00 m FF iR #E, h T HEE & T
AR B IR BE T b B B 11 B8 BELAH B — T 52 4l
SLE A FFAL, 4ks/0 5478 SMLUB-E Jf 45 il H
T 2.2% A4, B 250 2 S0 B R EE BHAR S 47 1
P4 7€ 400~ 600 kN,

38 35 43 B TP238CH J-4k I b 78 v Y B FH. 2% b
5 B0 AT, 24 8l PR O 1 ) SMLUB-E 190
SR FRTE 2.0% 2 A7, BEAE K 158 BH 42 il 72 B AR,
AH H SR FH A% 5 TR T Bl S WY K T EEBH (80~
100 kN ) &K 24 30% L) I, WEB] SMLUB-E HA7 {5

F A S R
4 4 ®

1) 356 FH Tl 2 A 90 3k v 4 B T TR . A5 L 22 T
SEVE AR IERL, A B T BB 1 1) SMLUB-E.,

2) = MR K/ £ B, SMLUB-E 7£ 7K 3L 45 -
o ELAG R A SR T R B R, TR 160 °C,
ANEHEEE, TTE, WML

3) Lk SMLUB-E A% 0> &b 385 (1) A TR I 41K 2E FH
B I SMO-FREE, 7 35 1Al i1 H R 2 7K F- S 22 [ 4
ERFHEAT TR, R B R L RN S TR .
B 0 T B, Y853 Wb SMLUB-E il & {47 78
2.0% A AT, I BEBH AR 5 45 il 7 400~ 600 kN, %
B M LA 4 Vi Y A EE BELE B

Z % x #t

References

[1] ESPAGNEB J L, LAMRANI-KERN S, RODESCHINI H. Biode-
gradable lubricating composition and use thereof in a drilling fluid,
in particular for very deep reservoirs: US 8846583[P]. 2014-09-
30[2018-10-28].

(2]  #05. URRERT R R RIBISE (D). KA AR
#,2013.
YANG Fang. Study of nanosize carbon spheres as high temperature



%48 K % 14

AREHR S | 4L R IRRIE TE A SMLUB-E 9 A4 B A

¢ 30 o

[4]

[5]

[8]

[10]

[11]

[12]

[13]

drilling fluid lubricant[D]. Changchun: Jilin University, 2013.
KNOTHE G, STEIDLEY K R. Lubricity of components of biodies-
el and petrodiesel: the origin of biodiesel lubricity[J]. Energy &
Fuels, 2005, 19(3): 1192-1200.

NGUYEN D, STEVENSON D, ROHR B. Lubricant additives for
wellbore or subterranean drilling fluids or muds: US201502
18433[P]. 2015-08-06[2018-10-28].

BORUGADDA V B, GOUD V V. Improved thermo-oxidative sta-
bility of structurally modified waste cooking oil methyl esters for
bio-lubricant application[J]. Journal of Cleaner Production, 2015,
112(5): 4515-4524.

MASSEY F P, MASSEY O N. Lubrication for drilling fluid:
US9598625[P]. 2017-03-21[2018-10-28].

XUGRAL, FEAREE . — bS8 i 17 HML 98I 5T [0]. R
SR Tl 2002, 22(4): 48-49.

LIU Baoshuang, TANG Daixu. Study on a new type drilling fluids
with white oil lubricant HML[J]. Natural Gas Industry, 2002, 22(4):
48-49.

RUARK G A, PIKE R W. Synergistic bead lubricant and methods
for providing improved lubrication to drilling fluids for horizontal
drilling: US8324136[P]. 2012-12-04[2018-10-28].

FEREZE, DUUTEE, S, 5. —Rhar RGN VR R A o R0 14 R
5T [0]. AEER T2, 2007, 29T 1): 40-42.

LEI Shengjun, JTA Wanjin, ZHANG Ping, et al. Research on per-
formance of a new liquid lubricate for drilling fluid[J]. Oil Drilling
& Production Technology, 2007, 29(supplement 1):40—42.

TR, T, PFEZ. IMR REHE R R S50 ] A
IMEHHR, 2005, 33(3): 31-32.

YUAN lJianqiang, WANG Yuezhi, LUO Chunzhi. Development and
application of water base lubricant-JMR[J]. Petroleum Drilling
Techniques,, 2005, 33(3): 31-32.

IR G, Bk, XU, 4. A BHE T HLX B0 5 X H
[9). AihEREREAR, 2003, 31(1): 4243,

SUN Qizhong, XU Hongbiao, LIU Chuangqing, et al. Study and ap-
plication of the polyether lubricant HLX[J]. Petroleum Drilling
Techniques, 2003, 31(1): 42-43.

BE R, W, AL, BB B I RIR R B ERENTST (7).
AMEHRFA, 2009, 37(1): 46-52.

XUE Yuzhi, LAN Qiang, LI Gongrang, et al. Ultra-low permeable
drilling lluid and its performance[J]. Petroleum Drilling Techniques,
2009, 37(1): 46-52.

fuf Py, ez, EOHbK, A5, A0 ML IO W AT VLR A Y
N [7]. A REIREOR, 2010, 38(3).

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

HE Zhumei, XUE Yun, ZENG Ganlin, et al. Application of wax
emulsion lubricants in drilling operations in Jiangsu Oilfield[J]. Pet-
roleum Drilling Techniques, 2010, 38(3).

AR, BT B TK636H MR- IRl TR A R H [J]. VE 5
P THE, 2007, 19(7): 59-61.

HUANG Xianjie. Ultra deep horizontal well drilling fluid techno-
logy of Well TK636H in Tahe Oilfield[J]. West-China Exploration
Engineering, 2007, 19(7): 59-61.

AMANULLAH M, BUBSHAIT A S, FUWAIRES O A. Eco-
friendly lubricating additives for water-based wellbore drilling flu-
ids: US9834718[P]. 2017-12-05[2018-10-28].

KANIA D, YUNUS R, OMAR R, et al. A review of biolubricants in
drilling fluids: recent research, performance, and applications[J].
Journal of Petroleum Science & Engineering, 2015, 135: 177-184.
T, BRIEAS, B DU, LA T 8T T R 44 0K i
SD-NR il 8 B [J]. Widel < H, 2016, 23(1): 113-116.
WANG Weiji, QIU Zhengsong, ZHONG Hanyi, et al. Preparation
and properties of nanoparticle-based lubricant SD-NR for drilling
fluids[J]. Fault-Block Oil & Gas Field, 2016, 23(1): 113-116.
AT, BRIERY, AR, 4. BT EL I AR NE BB 5
BEH [9]. BB S S, 2018, 35(3): 54-59.

DONG Binggiang, QIU Zhengsong, DENG Zhi,et al. Study and ap-
plication of a drilling fluid microemulsion lubricant NE[J]. Drilling
Fluid & Completion Fluid, 2018, 35(3): 54-59.

/K, BT, RIGEEE, A, — PR MERE PR LA B TR 3R] (A
FEERH [9]. $EFHB SR, 2018, 35(4): 46-50.

LI Xiaorui, ZHANG Yu, JING Xiaoqin, et al. Evaluation and ap-
plication of the high performance environmentally friendly drilling
fluid lubricant HPRH[J]. Drilling Fluid & Completion Fluid, 2018,
35(4): 46-50.

B, BRIGEHE, MK, S5 KIS TR T ST R N A Je
B0 Ak, 2017, 34(4): 721-726.

XUAN Yang, QIAN Xiaolin, LIN Yongxue, et al. Research pro-
gress and development trend on environmental-friendly lubricant in
water-based drilling fluid[J]. Oilfield Chemistry, 2017, 34(4):
721-726.

Rl BUHR IR DCHR B 3B DT IR A R (0] SRS SE IR,
2019, 36(3): 308-314.

LI Jianshan. Drilling fluid technology for borehole wall stabiliza-
tion and mud loss control in Block Hangjinqi[J]. Drilling Fluid &
Completion Fluid, 2019, 36(3): 308-314.

[ %4 ALF]


http://dx.doi.org/10.3321/j.issn:1000-0976.2002.04.014
http://dx.doi.org/10.3321/j.issn:1000-0976.2002.04.014
http://dx.doi.org/10.3321/j.issn:1000-0976.2002.04.014
http://dx.doi.org/10.3969/j.issn.1004-5716.2007.07.024
http://dx.doi.org/10.3969/j.issn.1004-5716.2007.07.024
http://dx.doi.org/10.3969/j.issn.1004-5716.2007.07.024
http://dx.doi.org/10.3969/j.issn.1004-5716.2007.07.024
http://dx.doi.org/10.3321/j.issn:1000-0976.2002.04.014
http://dx.doi.org/10.3321/j.issn:1000-0976.2002.04.014
http://dx.doi.org/10.3321/j.issn:1000-0976.2002.04.014
http://dx.doi.org/10.3969/j.issn.1004-5716.2007.07.024
http://dx.doi.org/10.3969/j.issn.1004-5716.2007.07.024
http://dx.doi.org/10.3969/j.issn.1004-5716.2007.07.024
http://dx.doi.org/10.3969/j.issn.1004-5716.2007.07.024
http://dx.doi.org/10.3321/j.issn:1000-0976.2002.04.014
http://dx.doi.org/10.3321/j.issn:1000-0976.2002.04.014
http://dx.doi.org/10.3321/j.issn:1000-0976.2002.04.014
http://dx.doi.org/10.3969/j.issn.1004-5716.2007.07.024
http://dx.doi.org/10.3969/j.issn.1004-5716.2007.07.024
http://dx.doi.org/10.3969/j.issn.1004-5716.2007.07.024
http://dx.doi.org/10.3969/j.issn.1004-5716.2007.07.024

