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Investigating the effect of carbon nanotubes and shale on
the rheological properties of water-based drilling fluid

Ahmad Mousaei', Morteza Ehsani>*

1- Department of Polymer Engineering, Technical and Engineering Faculty, South Tehran Branch, Islamic
Azad University, Tehran, Iran

2- Department of Polymer Processing, Iran Polymer and Petrochemical Institute, Tehran, Iran

Currently, one of the significant challenges in High-Pressure High-Tem-
perature (HPHT) well drilling operations is the reduction in the rheo-

logical properties of water-based drilling fluids. This issue relates to the degradation of the
structure of viscosifying polymer additives due to temperature increase, leading to de-
creased viscosity, deterioration of drilling fluid properties, and increased filtration vol-
ume, ultimately resulting in serious drilling operation disturbances. In this study, the
simultaneous effect of powdered shale and Functionalized Multi-Walled Carbon Nanotubes
(FMWCNTs) with OH and COOH functional groups on the rheological properties of water-
based drilling fluid suitable for drilling surface layers with a weight of 63 pcf has been invest
gated. The construction of a base fluid and six fluids containing nanotubes (three samples with
OH and three samples with COOH) at different concentrations was carried out under laboratory
conditions and simulated downhole conditions, and the rheological properties and filtration
amounts were measured.

The results showed the best effectiveness for a concentration of 0.05% of the COOH functional
group, leading to a significant improvement in rheological properties and a reduction in filtra-
tion amounts. Additionally, by adding 20 gr of powdered shale to the fluid and using the optimal
concentration of 0.05% COOH-functionalized nanotubes under AHR conditions, a remarkable
improvement in apparent viscosity by 37.5% and filtration control by 67.8% was achieved.
This study demonstrates that the use of nanotubes and powdered shale can significantly im-
prove drilling fluid properties and provide better filtration control. Nanotubes with a concen-
tration of 0.05% COOH-functionalized nanotubes, by dispersing in the water-based drilling
fluid, increase viscosity and enhance the drilling fluid’s ability to retain drilling cuttings. The
addition of shale powders has significantly enhanced these properties and provides considerable
filtration control.
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Table 1. Placement of shales in the classification of igneous rocks based on grain size [18].

Particle Size in Clastic Sedimentary Rocks
Sedimentary Rocks | Sediment name | Particle Type | Diameter(mm)
Conglomerate Gravel Boulder More than 256
Cobble 64 to 256
Pebble 4 to 64
Granule 2to4
Sandstone Sand Sand 1/16 to 2
Shale & Mudstone Mud Silt 1/256 to 1/16
Clay Less than 1/256
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Figure 1. Nanotube with COOH functional group.

FFe Ve ALY DY Ve D by cla F o ol Al gl
bz slaylis 5 laled cod g (S) caws VoYY 5 OV
CNT oolasiwl 5y50 slacdale adllas (pl )5 ol odds aid oy,
PRPITIR PSS RUWCSVIRY )  SPSRVA R IRV R PRy B o A5 IRVeg WS
530 AYY AY 55 XY clales 5 V5 °C laes clod
syt 050 WY Mpa g VWA )+ F SA XY ¢l Lis 5 VY5 °C
Lyl o a8 aad o lid ol &l ol .l o o2l )8
eled P WE LYY Ly ()58l 5 JSKWLKe WY el jlud
2l odd sdalie al b 4 Cowd AV i3l lacdale
Y5 °C o YV slaled 0 ONT onds 48,5 )5 & slaclale oy
g WY AY glaled 5 5 % /VY clale > Liso I oy i
slod 35 9 %/eYY clale o sy Bl cpyide V0. °C
Lylps pd cawl oad 5)155 %+ /YY clale base VWYY °C
ledale olod ;o 35 ,lid i3l 4 V5 °C lasre (slod ol
odd odalie b clb & Cund ol anjeSiny il
Hled il Lo a8 )S I 4 ONT glackale fle o .l
Sty olod )3 |y abjoSumny GlalBl cn i Y0 /YT clale
IV Canl oald oyl ol (S5 by

ool &S S o (VoV8) Jlo o ol o Juelow!
4 Gree glaoly gl pla 3 (> Yl (4,
alg s Y LS g Lod cod (jle (g)li> (olin 13 039
p)S oIV g elod /o) Glackle 3l )y 4 pladl 1Y 5)S
» e i Jlow pis (K555 ol MWONT
ol g sl YU eled balyds )3 (Topdlyle o ' blLe) e
aginig Ceb V7 5l g o)l Jhw (S35)95) (olys adlllan
85 B (s 3y90 Coleg) ax 3 YO 9 VO (glos
Jbus 4 MWOENT (54381 &S sl 03l i addllas ) ol
NXY lime 4 1y gl Ve 5 plSoxinl &S canl (0B (g)las
b 53 V0 F (slod 53 1) gl ilid jolie 5 wis dgu
ool yild s MWONT ms il %) e ol olis
Olise 4 Y0+ °F s> y> aginig celw V& 3l o 50 5Ll
Il KoMy d 55K g oyl g 0gMe .l 03y ials %014
slod 2 %YV 5 %5 (lime 4 iy bl g ol (gjles
&S Caol 00l s adlllas (pl pols sl adly jiol58l YO °F
Srite S gaomo ) dtwilgs MWOCNT 31 %-/+) clale
9 YO+ °F (A°F) lase (slod ¢ olod Lyl aw jo o |,
olie 4 dagi b g bl anilb edale ple 4 cuws YO °F
LYV] 25 Gl aigg cdale lgie a5yl a7 oS

1- Sarapar
2- Saraline

o

5

951 sole

Sl g0

g

3
o\
%

(VE-¥—8) £ Cpss slaoid

Yy



—

&3

552

Sl 5o

s

3
%

(Ve-Y-£) €4 (p s slagtd

AARF

b osSangySn oS 93 ol ol 003 3,5 (TEM)
M2y 0 )Py pgal bl g5 Slas (b9) > (ool
w55 s ) Bl eailsiten &S sitn

ool diged 59y 3 Vb 5yl b 9yl 5 o SEM
(SE) sugin slopiopsdl caiged b 0)55 5 jl (o 5 9o
4 SEM pslas gl oo g (BSE) s sleogysdl
sadllas (gl g Lo dl)l Wi v | (v &9
SEM | 5lo3g: anlio dige5 _orbauo (5l S g  sled oyli5 Lo
B3> Sl 958 saalin |y iiged jl (55 b Bl 0
29 & $9y8Ul 5 TEM 33,5 odaliio (05 4 1) (rdaw
2y iged | g il ey 5 USee ygus Wiged o)k | ki
Gges JI 5l by Coge 4 TEM pglad dgdee JiSits
2559 S g (31 JlBLo 3590 )3 SleMbl 5 Kgd o 1))
o Sl Glgie TEM loslial L S o pal)8 diges
5 gyl IS5 5 o) dles 3l cigms Ll il 51 Lass
23S eanlito ] degl aws (59 ol (sloog,S g5
SN (g9p (K (Sedio Wilo 0l LS TEM glas s
Jate (ols glaog)S ol b () &5 3550 042> ol glgil
RO A Y

EDX Cuwd -Y'-£

5 Glosd S5 Olsiee lge 59y 2 spais LT bl L
b LT 08" (i |y Jlai )50 diged 53 pais o Sjg duoyd
st sladlgdgl (EDX) (o550 oasslyy (oS0l g5 (i
() 5 () ol Jsi > iy @ OH 3 COOH o5
ol 035 5

COOH sle (g5l dglsls EDX 3JU1.Y Jgi

Table 2. EDX analysis of nanotubes containing the COOH

functional group.

Components | Weight%
C 99. 8
Cl 0.2
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Table 3. EDX analysis of nanotubes containing the COOH

functional group.

Components | Weight%
C 98.86
Fe 0.43
Ni 0.5
Cl 0.09
S 0.12

OH bl 03,5 | gl ¥ JSi5
Figure 2. Nanotube with OH functional group.
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Figure 3. Nanotube containing the OH functional group.
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Figure 4. Nanotube containing the COOH functional group.
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Table 6. PCF 63 light clay formulation
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Additive Composition
FwW 350 mL
Soda Ash (Na,CO,) 0.5 gr
Caustic Soda (NaOH) 0.2 gr
Starch LV 4 gr
PAC LV 10 gr
Base clay 5gr
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Table 4. XRF test result on shale sample.
Composition | Weight%
SiO, 70.1
ALO, 10.3
MgO 2.4
Na,O 1.2
Fe O, 2.0
K,0 0.5
CaO 3.1
TiO, 0.3
L.O.1 10.1
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Table 5. XRD test results on shale sample.

Mineral Chemical Formula
Quartz SiO,
Cristobalite SiO,
Calcite CaCoO,
Kaolinite Al Si,0,(OH),
Smectite Clay mineral | Na ,(AIMg),Si,O, (OH),6H,O
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Table 7. Rheology test results [41].

03|06|6100]|6200 (6300|6600 GEL AV | PV YP T | FL | pH
10sec/10min
unit - - - - - - Ibf/ 100ft? cP cP Ibf/ 100f | °F | mL -
Mud Base (MB) | BHR | 3 5 19 27 32 46 3/5 23 14 18 77 5 11.99
AHR | 1 1 8 12 14 21 1 105 7 7 140 | 59 | 10.71
MB+CNT-OH BHR | 3 5 18 24 30 45 3/5 22.5 | 15 15 77 | 53| 11.65
0.01% W/W
AHR | 1 1 9 13 15 23 1/2 11.5] 8 7 140 | 6.3 | 10.65
MB+CNT-OH BHR | 3 5 17 23 30 44 3/5 22 14 16 77 | 4.8 | 11.45
0.05% W/W
AHR | 1 1 7 11 15 21 1 10.5] 6 9 140 | 6.8 | 10.68
MB+CNT-OH BHR | 3 5 18 25 31 46 3/5 23 15 16 77 | 54| 11.5
0.1% W/W
AHR | 1 2 9 13 17 30 1/2 15 13 4 140 | 6.9 | 10.65
MB+CNT-COOH | BHR | 3 5 19 25 31 45 3/5 225 1| 14 17 77 | 5.2 | 11.54
0.01% W/W
AHR | 2 1 9 13 16 23 2 115 7 9 140 | 6 10.56
MB+CNT-COOH | BHR | 3 5 17 24 31 48 3/5 24 17 14 77 | 42| 11.76
0.05% W/W
AHR | 1 1 8 12 16 24 1 12 8 8 140 | 5.3 | 10.79
MB+CNT-COOH | BHR | 4 5 18 25 31 48 4/5 24 17 14 77 | 5.6 | 11.65
0.1% W/W
AHR | 2 1 8 12 16 23 2 11.5) 7 9 140 | 6.1 | 10.51
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Figure 6. Clay cake containing CNTs with different functional

groups along with shale powder after hot rolling.
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Figure 5. Clay cakes containing CNTs with different functional

groups and different concentrations after heating.
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Table 8. Results of rheology tests in the presence of CNT and shale powder.
03(06]|6100( 6200|6300 | 6600 GEL AV | PV YP T | FL | pH
10sec/10min
unit = = = - = - Ib,/100ft* cP cP | Ib/100f | °F | mL =
Mud Base (MB) | BHR | 3 | 5 19 27 32 46 3/5 23 | 14 18 77 1 5 | 11.99
AHR+ | 6 8 27 36 48 59 1 295 | 11 37 140 | 4.5 | 9.76
Shale
MB+CNT-OH BHR 3 5 17 23 30 44 3/5 22 14 16 77 | 4.8 | 11.45
0.05% W/W
AHR+ | 6 8 27 35 43 58 1 29 15 28 140 | 4.7 | 9.98
Shale
MB+CNT-COOH | BHR 3 5 17 24 31 48 3/5 24 17 14 77 | 42 | 11.76
0.05% W/W
AHR- | 6 8 27 36 44 60 1 30 16 28 140 | 4 9.98
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Figure 9. Comparison of the effect of shale powder on the proper-
ties of fluid containing nanotubes at a concentration of 0.05% after

hot rolling.

$ 2L & joSung Y-V

gl 9l (13,5 LI jlaw &5 w30 (L5 () Joo> ol
ab Jbw » il wlub Gl Hotrolle 5 a0l JS 4
w5,5 )15y clbelale 3)lse olad 3 o |y Cusl 00 Sy
O Syl 5l ol odlawl  Jele 05,5 g3y I e
Cool atsly  iol8l Wgy (AV) (gl abjeSuws polde
b &5 23L Wlyi e 920 cpl 4 gl 5l p3olSe (Ve JS3)
Syosh b Gipy SIS & VL ()l culia olss
4 Cailos 38 )l o5 alial slod 4 53 3250
35Sy Lai> 51 0gMe 005 g £9090 (nl 45 03391 Jas
sy Ol ol S Yo 3l gd 5o o ) e
I ele slamog S plend cllad W 4 lgie syml
hole sla 09)5 )5 plgie badllgll kbl g9y p 485
Ngdiso SIS slagy Bo)b I b jerdy canlio Wigy el
bis sl o (o)l J5 6,0l anjgSiny ioljdl el oS
Ol 9o el Vb plod blyd cov 5 ajSuny
g a8l il )l Jl 5 K5le 190 4 (6yli> Jlw SlLo
Db Sl Guolio Cualses b 5SS

23s ONT (5ol JS g by J5 0 Jed 390 (2,5 8Ll L
als yo 3 00wl ela IS B 5 15 Syl ] s AV
lie o8 (V' Jouo) Conl 4Bl o3l (p2g8 B yobo & 3
ol JS > Rl it S Al je 3 0nd able la S
Y JS) cawl ous 0055 COOH. sle

‘55)‘9 G\LJJ —Y’—V

Syl B a8 canl opl [SSbo edly (g9)lg s LU, 0
ool &S Slods (gg)ly e ialS & e badlglgl

BHR
s0
—t—2\lud Base 0.05% CNT-OH = 0.05% CNT-COOH A

— 10 /
= -
L=
El
= 30
=)
g pe
F 20
= 7
e
@

10

N
0 200 100 500 800 1000 1200

Shear Rate (1/S)
» COOH 5 OH (ol b dlgib (sl 5 4y Juw 55908, ool Y JS
Yo+l+0 clale
Figure 7. Rheological properties of the base fluid and the fluid
containing nanotubes with OH and COOH functional groups at a

concentration of 0.05%.
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Figure 8. Rheological properties of the base fluid and the fluid
containing nanotubes with OH and COOH functional groups at a
concentration of 0.05% after 4 hours of hot rolling.
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Figure 12. Softening point of base clay and clay containing
nanotubes with shale powder after hot rolling.
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Figure 13. Plastic viscosity of base clay and clay containing nano-
tubes along with shale powder after hot rolling.
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Figure 11. Apparent viscosity of base clay and clay containing
nanotubes with shale powder after hot rolling.
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Figure 14. Comparison of filtration values of base fluid and fluid
containing nanotubes with COOH functional group.
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containing nanotubes with shale powder.
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