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Research on Renewable Biosynthetic-Based Drilling Fluid Systems

XIE Yuning"’

(1. Drilling and Oil Production Technology Research Institute, PetroChina Liaohe Oilfield Company, Panjin, Liaoning, 124010,
China; 2. Quality Supervising and Testing Center for Well-Entering Fluid of Petroleum Industry, Panjin, Liaoning, 124010, China)
Abstract: Oil-based drilling fluids generally have various disadvantages, for example, the base oil is difficult to deg-
rade and non-renewable. Therefore, an investigation on the renewable biosynthesis oil-based drilling fluid system was
carried out. The biosynthetic base oils were synthesized by the catalytic hydrogenation and molecular isomerization of
natural bio-oils and fats. Based on the biosynthetic base oil and modified organic soil, the renewable biosynthesis-based
drilling fluid system was formed through adding other drilling fluid additives and the optimized dosage, and its
performance was evaluated. The biosynthetic base oil was a mixture of C,,—C,, branched isoparaffins, which had
excellent safety, environmental protection and viscosity-temperature properties. The high temperature and high pressure
filtration loss of the renewable biosynthesis-based drilling fluid system was lower than 12 mL, the sedimentation stability was
good, the demulsification voltage was up to 768 V, and the 96 h semi-lethal concentration was greater than 1 000 000 mg/L.
The biosynthetic oil was able to resist the invasion of 20% formation water and 10% inferior soil, and the rolling recovery rate
of cuttings reached 98.06%; the permeability recovery rate of the contaminated cores was up to 83.5%-92.3%. The research
results showed that the oil with a biosynthetic base possessed the advantages of low toxicity, environmental protection,
degradability and regenerability. The prepared drilling fluid exhibited good properties in emulsion stability, anti-pollution,
lubrication, inhibition, reservoir protection, safety and environmental protection, which fully met the needs of drilling fluids

under complex geological conditions.
Key words: synthetic based drilling fluid; biosynthetic base; renewable; drilling fluid properties; semi-lethal
concentration; prevention of formation damage
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B R RE B SR, AT fR e T R SRR T
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ARG AR AR, DL K M A i A AR AR
J& s ah A, &R R LIRS A W6 R il ) SRk
TR PG B 43 45 F4) 2  WURE i AN 5 WU (1) L4 A
0 B2 TR, T LA [F AR S AN R R Y K AR Rt
W F 450 22 IR, 7 B AT BT X b i AT 4
SEM R, A REAS BIPERE L B ELAS S 1) Bl ]
filtih o KR IEURHM 5 A 1ERI7E 200~500 °C . 2~15MPa
AT A A T ol A T R R e R A B D R e
1, [ BR 2200 P or & 4L S BRI SE AR I
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I 95 FE TR 1 67 1 & A o Ak RN AR I R s A B
+, WG IEA R E B R A E R K AR ROn AR
U IR, B L IR A% B 4 Jd A E I i & A iR R4
fede, B A= W6 Al

WA LRI C—Coy B X BE S M IR IR
G, R SARE HILFA & I35 BB, 96 h 2BUIE
e E (LCso) KT 1000 000 mg/L( WL 1), N
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Table 1 Performance parameters of common base oils for oil-based drilling fluids

BB R/ (kgm)  NA/C EMREC R SE/(mgke!) BidrE/ (mgkg ') BHFE/ (mm’s") 96 h LCsy/(mgL ™)
P/ Sawiilkl] 851 110 88 1.20 1.00 3.0 >1 000 000
(S 810 144 83 2.00 3.00 5.8 >1 000 000
BP8313 785 83 80 20 000.00 13.00 2.7 820 000
Sk 841 83 57 30 000.00~50 000.00  250.00 5.9 80 000
Mentor26 838 74 78 10 000.00~20 000.00 5.90 2.7 480 000
AW R 802 147 92 0.05 0.45 1.9 >1 000 000

T AR CAEHSEM(V) ) (GB/T 19147—2013) Fl Bk bW % e /R ) (APLRP13H)IAS

AL 7 HOTE SR i PR RS B AR T L B UE G AN
A5 FLALAR RASE M VE AT, LR RE 45 IR 4% 32 R B
HWAFALNE | U8 BEVE SRR R E . W
ML AER i wls B SR I r 14 A R 3
MR 10%, H IR R A B 26 2 Al il 3= 22 0 4 A ke
K, WA R R PIL AR X S R 58 Y
ANREFE T ARG RS VT A T o DR 28 2 2R TS
Mk [12] H A A e AL, A P K R Il
5, AN G WOK, JZEEAS, R EYE. &2 A

[F] S At e A CPE A AL S R DI PEBE

2 2 AT, et AT ML S (A el b A AR =
) R I 23, i L A7 AR P AR 555 4 A B 2 S A el e A
Jie Al L s AR, HAE A W AL A v ) B R
R 79%~ 83%, A= WA R A S A ML S
MG DI PEREAR AR E o 3% 26 B AR 40 A B IL At e A g
A B IR 45 BRI B %) 235 ] bR 235 4 B fof 2 0ok
1o R S A T AT W IR B M R v T 4 i, 104 B
WU A HL A B R G 0 B 1 A AR
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Table 2 Adhesive performance of different base oils after adding
modified organic soil

Bk R MR sy

BERH &I

K, % (mPa's) (mPas) Pa
ZAET 100 13.0 11.2 1.8

S
EA A 99 14.7 13.0 1.7
i ZAEr 79 14.0 12.0 2.0

F17H
e 77 13.8 11.9 1.9
) AL 85 12.5 10.9 1.6

FARE I

A 80 13.7 12.2 15
e EfEr 83 12.2 10.6 1.6
B 2E 79 13.5 12.0 15

e R AR CMEEE BB HL B AR B (Q/SY 1817—
2015) 75,

2 ATEA A R R 7 b e

21 SEFHREFT
H T LSS R A 5 R R R JRR R ) il A

Bl WA — o B X B, AT ok S AT 9 P 1) 25 Ak R ) X
FUR R et s MV T SR T
7K ST 23 T8 1 — 2 W [ 4 JBE [ i e AR ek K 5 i
sk, AR TIE R E i FLAR)ZE, IF HO AR 0 1 kL
- () %) il 458 BEL T, i v LR W A AR Pk 5 Y ) 2L
A AR S A R BIL A R T M SRR AR Ry STl A
FH, SEBEIEE S T 4 = SO R RS e . 2B H
A PG 2 A Ao A BRI R AR AL o i, 8 T AT REAE
WA BB R AT T - A9 6 iEAl +CaCl,
T (25% ) +3.0% BCHEA HLA-+3.0% R Bt (EFL1E
F)+2.0% B e B e CRf FLAL T ) +1.5% 2otk 2= 4
(VR 7)) +2.0% 2 VI3 +2.0% Bt e (34
) +2.0% SR A (R 8 2R 50 ) +1.0% Bl AL A (R
UE R ) +1.0%CaO+E i A (55 B ] I8 435 [
0.90~2.25 kg/L ), 7K It 90:10~70:30,

22 EARMgEREMSMHE

A [R]85 B2 AT P A A W IO B R Il oK e o
90:10) 7£ & L FT R A9 ZEAS YV RE S A2 W) 35 Pk K 45
W33,

RI ABEENEHRESHHARNERERERENSN

Table 3 Basic properties and biological toxicity of biosynthetic drilling fluid

”EJ%/I Py FOMFERE WMERREE sy WY1 APIESRE/  miRMEIELRY  WEFLHE/ 96 h LCsy
(kg'L) (mPa-s) (mPa-s) Pa Pa mL mL \ (mg'L™)
ZAeHT 19 15 4 1.3/1.7 1.8 119 1504 >1 000 000

00 EAL A 30 23 7 1.6/2.0 1.3 9.7 1874
AeHT 29 21 8 2.0/2.4 1.5 9.2 1665 >1 000 000

120 EAL A 37 26 11 22/3.1 1.0 8.8 1730
AeHT 32 22 10 2.2/3.5 12 7.0 1422 >1 000 000

10 EAL A 47 34 13 2.9/4.8 0.8 6.4 1601
AeHT 43 31 12 2.9/5.2 0.8 6.2 1134 >1 000 000

1.85 EAL A 54 39 15 3.5/5.5 0.6 5.3 1377

FiE24 h 66 45 21 5.2/8.3 0.7 6.2 1090
AeHT 59 42 17 3.2/5.7 0.4 32 768 >1 000 000

225 EAL A 70 39 18 4.3/6.8 0.3 24 955

#E24 h 78 50 28 7.0/10.5 0.6 4.0 976

e B A180 CRIESN6 h; EiEE KM 150 °C. 3.45 MPa; FEAPEREMR AR IE CAMRIRI Tk BFH RIS 5523050 i3k
i) (GB/T 16783.2—2012) 15 ; A= # itk ys CEHRA M % e 1R ) (APIRPI3H) A,

HY ¢ 3 AT WP AR AR W B SR O T e A
FEXE T, BB RN ) 4 18 KuE R A N R 2
JEE A W 0 A R R b ) EL A AR 1 O A
SR, WS RS AE 768 V DL E, B 255 180 °C

e i e e 58 4 ] DUORFR RS 8 i FLIBOIR S & iR
i R R AR T AW R L TR R g E, B8k
& HA 24~11.9mL; 96 h LCsy ¥ K F 1000 000 mg/L.,
B 2.25 kg/L WA AR AR A R R &
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REALHE 24 h 5, H BT ER% 2210k 0.18 kg/L,

EN R R AR LB STHE T S .
FE2E A Wy 02 Al YRR A B LR 1Y T
T A2 e L R I e L TR KCF IR O B O
RE Y ZEOK, T HLH A= Wy 2 PEARAR, HA TR 4 B0 354

PERE o
2.3 HPHIEFNE B
k3 T A )2 I, TR DA R K 2 A

B S TR I | Bl AR T B e IR
ANELE R R B 2 5 A%, i EL A I B PR IE A A
AR LA o b, ZORBI R NE B
RAFRYIHITERE . 2B PEBULFJE v HUZ 5 Y
B AT PR AR A R IR W, HEAT T R U
B R Bl DO S 5 8 U R R I, SR
F 4o RORHEE I RUKSF I8 ZOR B ORA R 4f
A9 T PEBE, DR O ) P A T 3 T S 3 T LA 8 0T
R H BB RIS PR A A W B R

W, SO AR I REYHS | BRI R RR R A, 1 T RAL AR IR 4,
® 4 TESGFRIMVEER D BIENITNER

Table 4 Evaluation results of the inhibition and lubricity of different drilling fluids

B — IR, % TRIFIBCR, % 90 minl 7K /g 24 hERERRA et
ZEIK 17.32 7.86 Se LA SE 2 HIE 0.34
RBREBI 54.45 43.36 12.34 7O A 7% 0.17
BAWEI 79.54 70.79 8.54 RIHAREL 0.10
KCIRB PRI 81.63 70.89 6.64 TR 2 Iz ik 0.14
I RS 98.78 97.56 0.78 ToHl Ak 0.04
TR A A A R 99.02 98.06 0.62 JLFIAE 0.03

T : AT FRA A6 R B IR B 1,20 ke/L, itk L9010,

HT ¢ 4 AT, S B T A 0 D T K
SR, T PR AR R R e 0 TR
IR R, IR EICR IR E] T 98.06%, 5 F1
TSR R 25 o Ul W AT P A A W I Al RO
U8 5L A AR 55 A 3 AR, A AT BE AR AR
SE, B LS BESHR SO T R A A A o AT A A
W3 I B R )T T AR RS 1) 0.03, W HLT
PERESF, AT LRGN HFad #2 b pO BE 4R, BB
DE AL GE B A HE Bl - WOMT 1 Ih T BB 9

24 s

FE Al HEAS [7] i J2 5 72w, AS ] 36 45 o 45 il
5 e Wy it N Bl IR, DT X Al TR ARG T BE 1 AR
Wi, A, AR 225 SCHR [16] Hhpy O R TR
A A A R A R UK L TS Y RE T, 45 R
35,

2% 5 AT Bl AL 2 KR AR R, AT
A WA LR TR R L D) Ik, gk
R FL O R B AIG 2R 2K R AR SR
20% IF, BEFLHLE A 691 V, A FEA AR ¥ 4 e A
WAR RE PR AR M FLIR IR &R, 58 @] ISR — i
Mo 2K B T5 G 5 45 - AR A AT A A B SR

FEWA B BRI ) W R A e DR R A T 2
% LR AN 10% I, 255 H- 0 e il g e 8 2k
HHA 9.9 mL, @A LA BB AL, WA AR
BRI B A RGPS Gk, A SRR A
15 ey, HoAk AE 2 KR IR A I3l , (Hak 2 BE i 2L B
oKk, H AL AR E P B Bk, 58 4l LU
A T L R R 2 52 24 M 2 Al X B R RE Y R

2.5 fEEARIPHE

AT K SE 8 W, T L B AR 6 2 R Oy
1A AR 22 L e, anmT DLkt oK B, /KB 5 4%, (H3h
FEEN I R A 3R CLARR) | T ) A5 ) AT e
Xt J2 1 A o PR AT AR A A R IR
M 2O AP PERE, S0l B T 5 AOR[RB B R 1 R
SR 0 (ALIAT 3 R 88 X B3 IX 800.00~ 1 800.00 m
WD Bk R I A 0 ), R4 2= 2% Sk [17] h i
Ji ik, R JHMD- I A 5 0 5 R 2h A4 FE F i R4
W 0 28 0] P A 2R W 6 ISR A W 3 5 18 3
RIRE R, GER WK 6,

HH 2 6 AT, AT FRA AR )6 R B O 2 R AN
] 95 375 32 1Y 500 36 RS [ R B 1 400 5, X098 328 AR
RSN 5 A IOE i N (BB $v8 SV =l e ot Sl
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Table S Results of pollution test of biosynthetic base drilling fluid against water and inferior soil

o " FMBLE/ YRR/ =il APLER R/ MRS IR, BELHE/
bRy} A
(mPa-s) (mPa-s) Pa mL mL \%

ZALHT 36.0 25.0 11.0 15 1176
5%7K

EA A 41.0 30.0 11.0 13 8.8 1242

Ak 42.0 29.0 13.0 1.4 975
10%7K

EA A 48.0 33.0 15.0 0.9 7.6 1091

Ak 54.0 37.0 17.0 0.8 691
20%7K

EA A 61.0 41.0 20.0 0.6 5.7 810

ZALHT 36.5 25.5 11.0 13 1130
3%%t

EA A 40.0 28.0 12.0 1.0 6.3 1245

ZAkTHT 42.0 28.0 11.5 2.0 944
%%+

EA A 53.0 36.0 17.0 1.9 7.5 1175

ZAkTHT 64.0 42.0 22.0 1.8 744
10%%5 1

s 70.5 46.5 24.0 2.1 9.9 793

T AW A AU 1.20 ke/L, 7K FE90: 105 AL S EAEL50 CRESN16 h; i 4512150 °C. 3.45 MPa; 45 + i i H 5
SSIX L RARVE LA JH 5 f AR L 26 000 mg/LAYAHLHIZ /K (519 mg/L CaCly+351 mg/L MgCly+1 581 mg/L NaySO,+3 549 mg/L NaCl) ,

Fo SEXMERHEER

Table 6 Results of permeability recovery test

e SWBFER BEANEE BIFLGNEE BERKE

/mD X/mD X /mD %
1 0.86 0.189 0.158 83.5
2 8.31 2.119 1.771 83.6
3 28.16 5.017 4.299 85.7
4 53.07 10.389 9.454 91.0
5 239.06 42.089 38.848 92.3

TE: TTFRAE A A UL 0% 51,20 kg/L, 7K 490 10; 45
FIREH120 C,
T 83.5% LA b, 0 BB TR EL A B Y R s 2R AN
HIEVERE, BEEAE A0 LR U B g D, A2 IR
PR

FIREAE A ) R B AN (A R A PR RE AR
PN G N R i N N S R SR WS 7S B 5 v
A Y B AR R BRI B, ST A E K H B
JUAR IR EOR, S BLB BT K (0l M T 7
6] o AW OB I O 2 T U UL el ot
IR i TP L S N ¢ S & (1= -8 N
FH B PR TT 2 R R BIE 3 A T e 19 1 i 5t o

3 g 5Eil

1) 50k BUAT A A 28 R A il 20 DR 18 BE 22 19 ) fL,

M I R A Wy O i 3 o i fen U 2% | S A Ak
SERCRE, A T ARER SR LE Y G AR R o I LA b
HA RN SR JETE I RIERE . HAH]
KR Z B LY TG B, BA AR A B AR S

2) VUAEY) & R S5 oA L O 3, i
O30 H A Bt i S e B A A i, TR T — B
ASVERERRE | IR | T RE AT | AR PR
RERF | 22 A PO T FEAE AR )5 AR B A 2R o

3) W — AU W] AR R W R B R
FC 77, L i HEPERE, AT S 4 3 T A2 52 4% b o 2
PF N 2 g B I SR R Y 2K

4) FWCLART HRAE | nl RS Hbr, 83k Bk
AW R SR AR AR S Tk, B R A R fE
b 1A A
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