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1. Bentonite (B)
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3. Potassium Chloride (KCl)

4. Water-Based Drilling Fluid (WBDF)
5. Plastic Viscosity

6. Apparent Viscosity

7. Yield Point

8. Shear Rate

9. Shear Stress

s, o

U g NIV S| -E i DU S 5 AR L

Sl Jlww (g5Lwodlel

g g Y0 g T ol sl o li> Jhw as sl
mL ;o a5 el Vo g g a5 o i ) -
by L3 (B iulo;l Jolae aS_io) ,laie Ol YO
e Ve min Ooody £ev e 1pm S, Lo YU
Ve min Soeds Jlw dbged 0 g Jod adlsl
O=So bgloe oo 1pm S, 0 Y je0 e
Gl Yl waSeplasa g Ly )b 5la s
LQQT LS)—"-X’PS‘)-’ 9 099 oé)')’lf oo aslw
U ST SO W IGH JUES ] B KW LR I | B N
B iolol e jLid jo islesl bl o 05 5 o
}jﬁd 9 099 d_>L> JL_MJ \ O)LA—»-.:J JL_w ] 00
J—= ST b b VLY sl Jh—w a5 au il 0
ool ul..u.».’ \ JS_.A 5O u»}]lf‘f._.w—‘ J..Q.JJ x_iuLo...w
| 00

Seishs ool eSeilsl

Gyl WYl So5ele, eles (oS oslul gl
Tl (59,05 (PV) B Sdly 9,315 el
G—b V+°C Lo ;0 (YP) V[Ml_.u S g (AV)
FogSang olSiws 5l [YV] AP 13B-1 o okl
shls oo ol o solewl Fann-35 Jos jlgs
6‘4.;5‘) (5LQU.C)_.~.: L..) ‘5.35);5 4.:‘9.&.“:‘ 039 L_A_JL!
(S—Seoilail gg i 5l 8w S e ol
G5 5 (1) N g s e ol gl Ken g
U‘“—"“')‘b )-o-ﬁiL&-AJ? oo Ja_..uj.: )_IOL....A (‘[) i@"‘)f



V.0 OS2 g b yalb Ls joexe g o33l 31 oLl

25 sl )o eoliiul 550 sl Jlw S 5 Y Jgaor

i 4l | (@) Il | (@) sel STl | (@) cubigins | w)lS o S | (ML) o o> | Jlows oles

(€3] (8) %, el g

Yo Ver)e Yo- \

\ Yo Ver)e Yo- Y

Y Yo Vel Yo- Y

Y Yo Vel Yo- f

f Yo RERR Yo- I

I Yo Ver)e Yo- 4

4 Yo ARERR Yo- \4

\ . Yo Ver)e Yo- A

Y . Yo Ver)e Yo- a

v ) Yo Verd - Ya- Ve

. ) Yo Verd - Yo- X

A . Yo Vel Yo- 'Y

4 . Yo RERR Yo- VY

\ . . Yo Ver)e Yo- V¥

Y . . Yo ARERR Yo- VO

Y . . Yo Ver)e Yo- \#

¥ . . Yo Verd - Yo- W

I . . Yo Ver)e Yo- VA

# Yo RERR Yo 4

o OH CHzOH [ e

OH OH o /{_Q
/ 0 Kl
COOH f OH LODHDH _ COOH OH OH OH
[}
ey B et
oH © OH CODH oH ©OH COOH OH OH
OH oH

(78] g8l oy Solats sl ) S

abio mh i A O v e pSi sy L3 S PA g sa alsll a bl 5 sl daloe (ol
il s s YYD cm? Joline) Jlws (6 y5s 7] el o ool ol ¥l Ly sl
s 5,0L,5 1 (¥ e min ol Lol o) isle] /zmp Loy \f ™)
> oA_...:)._J.:sw_?onA_ia_g‘) o=l o as

l,Darcy’s Law cs.a.u)‘é —— g JL,.‘.» &_i..:‘S ‘5..:‘5‘).: K ‘J._NJL_slaac




Y11V azio AFF i g 01,5 IFY o Lo -u_)p!",}
7

NP, ol
=gyt DYl (So5dlgs) Lisy aog Cgx
S Sles Joae o s g Joe ades 3l Sglate slaJoe
sl TSy pleSin Jome 9 (JSSHL - 50 Jos
e cowlio Joms ol gl [V ccil sas
Jl Glm o= sl 5l slaals jo (b s
JA_A ).».Aas_.ws oo )‘ oolar l_’ 4_>L’ (_g)Lé}
ol ol mmls a5 ,—Se;lail Fann-35
(7 J5) 00 5 oy oy E 0 i (o
(6.;’3)'1_3_15 &5l Je) Lg)l_ﬂ J—do 5l oolawl Ly
CSIN CEWON-SN [ SRNUSE. L KES O RGOS Vg
ool golgiin Joo Lo iolejl (slmeols
I NOUE & ..LA)'] oYl )L:-é) o 6‘)—.’ Jo—s
Pt Bllae (Seidly (59515 molie Sled o
@)l gl 5 Y ISb bl s a5 5 ¥
=) é...._,»}b 65)—")5 ] 0oy 4_:“)‘ 03— w_)LA)T
sl o3l 55 5l ol S_olSe SIS a3l
b Jlw Lilglossn LL ,Kuss L J5 090

AT o 0525y~ sl 03,5 a bl I, Lgsl as-

g dlio

qu_i_:f).b S>>0 ..\_.oL> Ql)éwqo)_...ffsc‘(cp)
)i 550 05290 wslr SIS (e 1 uS g

Syl Jhw (2bo)S (olss (65051
=S Ple =Sl gl (o ol 5o
el ST oy cogl8T imsl) (0381 sl oy 31
Jl— s (oo o aldd g o0l 5 g0
soli_wl KD2 Pro 5,1, 5 JUT oo 5l (5 Lo

Ple 6 =S olail bl oo ) .ol sois
Lo ojmg (mbe S bbb g (b5 obls, (Sl
1-°C AV mlod odgasme 0 £ O gllas 5 cds
=lo,S sl oo ol cul ,S3as p3Y 5o )
°}—.’.9 ‘r:Lo)f u_d).la 9 «[+Y-Y W/m.K 0dgde 4O |)
QS o =Sl +/0-F JgK eogaxe yo |
S oS Ayt 535 s aFogal s [
ol ,lndo g_j Sleslaiwl b )5 e ol (g Lo
dsged o (omloS Ply S g Sojlal og s
2l Silee 5 00 S5 jl a5 )L S

Sg—biss )5S (mled lade lyew

()= 0

{Prlet A2

ey 4l (o el ] (@ oad 3 soem auel ST L (Gl (6 ki SVl Sea¥lgSinny olss ¥ S

1. Power Law
2. Bingham Plastic
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Introduction

The performance of drilling fluid during the operation
processes has a significant effect on the prevention of
formation damages and overall costs, which are huge
amounts of costs accomplished for treating drilling
fluid filtration and lateral considerations [1]. Losses
occur when the permeability of the formation is high
enough or the cavities are so large they don’t fill with
drilling fluid. Due to these, many additives are added
to the fluid to control this undesirable phenomenon.
Unfortunately, most of them are chemical substances
and had a harmful effect on the environment [2,3].
Another point is related to the technical one: where
the addition of some additives affects some properties
of the drilling fluid and changes other tasks of the
drilling fluid, i.e. loss in cooling of the drill bit. The
quality of cooling depends on the thermal conductivity
and thermal capacity of the drilling fluid. Therefore,
the higher the heat and heat capacity, the better and
more favorable [4,5]. In recent years, many research
works have been conducted on the employment of
natural, biodegradable, non-toxic, and ecofriendly
green materials in drilling fluids to impart a specific
function or several functions. Some naturally
occurring materials are used in drilling fluids directly
without modification [6,7]. While, more natural
materials are used by chemical modification to better
meet the requirements of water-based drilling fluids
[8,9]. Among these materials, the biopolymers and
their chemically modified derivatives, with primary
components of polysaccharides, owing to appropriate
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properties, widespread availability, relatively low cost,
and inherent biodegradability, are frequently used to
improve drilling fluid properties such as rheological
properties and filtration control [10,11]. Typically,
xanthan gum, scleroglucan, guar gum, diutan and
welan gum are used as viscosifiers due to their shear-
thinning and thixotropic behavior [12,13]. Starch
derivatives like carboxylmethyl starch (CMS) and
hydroxypropyl starch (HPS), cellulose derivatives
like carboxylmethyl cellulose (CMC), hydroxyethyl
cellulose (HEC), and polyanionic cellulose (PAC),
modified tannins and lignins are classic products that
have been widely used for rheological modification
and filtration control [14]. A variety of other natural
materials and theirmodifications have been investigated
as potential drilling fluid additives. Examples include
soy protein isolate [15], psyllium husk [16], rice husk
[17], henna extract [18] and potato peels powder
[19] are also introduced in drilling fluids to function
as required purpose. Al-Saba et al [20] evaluated the
effects of corn cob, sugarcane, pomegranate skin,
soybean skin, and coconut shell powder on drilling
fluid performance. The results show that soybean
skin powder and coconut shell powder could reduce
the filtration loss by more than 60% and have a great
influence on the viscosity. Mohammadu et al. [21]
used graphene-based lubricants in water-based drilling
fluids to improve rheological properties under high
temperature conditions. The results showed that in the
concentration of 0.05 graphene, the viscosity of the
drilling fluid decreases to 68% when the temperature



increases to 300 degrees Fahrenheit, and the viscosity
of the 3% graphene at high temperature and pressure
is reduced by 30%.

In this paper, the effect of a natural biocompatible
polymer (AG) and potato starch is evaluated and
compared with HPAM experimentally. The research
is carried out to improve the rheological, thermal, and
filtration properties of drilling fluid. Fig. 1 shows a
schematic diagram of the AG polymer.
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Fig. 1 Schematic diagram of the AG polymer [22].

Materials and Methods

Materials of the research tests involve AG polymers,
HPAM both approximate purity of over 99% as well as
potato starch in concentrations of 1 to 6 g/L (with unit
incrementally). Drilling fluid prepared of a water-base
fluid and 25 g of bentonite, 10 g of sodium chloride,
and 10 g of potassium chloride as additives were
added to 350 ml of distilled water that is laboratory
equivalent barrel. Then mentioned polymers were
added to the prepared drilling fluid. Each fluid sample
was homogenized for 10 minutes with a high-speed
mixer of 6000 rpm.

Rheological properties are assessed by measuring a
Fann-35 rotary viscometer according to API standards
[23]. Numerical values of shear rate and corresponding
shear stress during the tests were recorded. Outputted
values of tests used to fit in a model which was
determined by the regression analysis. Some other tests
were carried out and obtained a maximum correlation
between the tests and model outputs. From this model
and its values, one can obtain values of plastic viscosity
(Fig. 1- Eq. 1) and yield stress (Fig. 2- Eq. 2) of drilling
fluids by mathematical calculations [24].

PV=6_ -6 (1)

600 300
YP= 6300*2-6600 (2)
For the measurement of losses of drilling fluid, a filter
press, OFITE type, was used. Measurement executed at
70 °C and 100 psig pressure within 30 minutes. Then,
the permeability of the drilling fluid cake was calculated

by Eq. (3) which is provided by Darcy as [25]:
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Fig. 2 Viscosity of drilling fluid involving polymers.

Next, the thermal conductivity and specific heat ca-
pacity of the drilling fluid were measured using the
KD2 Pro apparatus.

Results and Discussion
Rheological Properties

To define the most appropriate model, the results of
experimental tests are needed [24]. Shear stresses ver-
sus a range of shear rates in the case of non-Newtonian
fluid (such as drilling fluid) showed that the Bingham
plastic model is used to be a better one (in comparison
with any other models) for predicting rheological be-
havior. Adding prepared polymers to the Aqua-based
fluid caused to increase in shear stress gradient in
terms of shear rate. Improved results for the case of
AG polymers are more significant than others. This is
due to the nature of the structure of AG polymer which
has a dual part structure: a water-soluble and a water-
insoluble. The latter one swells in the vicinity of water,
and this phenomenon causes the AG to disperse well
in the continuous phase of water-based drilling fluid
and then resulting in an increment of the viscosity of
the fluid. Fig. 2 shows the incremental rising in plastic
viscosity with increasing concentrated additives while
there exists an optimal value of 4 g/mL. Based on the
observations showed that constant and smooth manner
in the variation of viscosity.

As seen in Fig. 2, there is an optimal concentration
for other substances too. It is 4%, 3%, and 2% by
weight respectively for AG polymer, Potato starch,
and HPAM polymer. It should be noted that although
the optimum concentration of AG polymer is higher
compared to other polymers, even at lower concentra-
tions (i.e. one percent by weight) there is a dramatic
increase in viscosity observed. The findings showed
that the performance of AG polymer is better than the
two others used in this study. These results are fully
consistent with the findings of Salehzadeh et al. [27],
who worked on pre-gelatinized starch polymer and
zinc oxide (ZnO) nanoparticles, as they also observed
an optimal concentration for each of these materials.
Furthermore, the increase in the yield stress of the flu-
id is consistent with the results of Ward et
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al. [28], who worked on genetically modified starch
polymer, as they observed an increase in plastic vis-
cosity and yield stress (Fig. 3) in the water-based base
fluid with the addition of the polymer.
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Fig. 3 Yield Point of drilling fluid involving polymers.

Filtration of Drilling Fluid

According to the measured results of filter press tests,
it is observed that the addition of additives causes a
decrease in losses for polymer-containing drilling
fluids. An expression may be related to the viscosity
behavior presented before. The uprising in viscosity
led to a decrease in the leaking manner of the fluids.
As can be seen in Eq. (3), there is a vice-versa
relationship between viscosity and losses of the fluid.
As presented in Table 1 by adding AG polymer to the
drilling fluid, an improved effect on the barrier of

losses was obtained. Experimental results showed that
AG polymer deals with a reduction of 65% in losses
during 30 minutes in comparison with other polymers
involving fluids for the same concentrations as others.
This finding indicates the high effectiveness of AG
polymer in controlling the drilling mud loss. As well
as the permeability of the filter cake of drilling liquids
decreases with the addition of polymers additives.
This behavior took place due to the structure of well-
compacted polymer-involved fluids, therefore, filling
many of the cavities of walls and leading to a strong
decrease in drilling fluid permeability inside the filter
cake. This feature provides a noticeable application of
drilling fluid where the lower the permeability of the
retaining fluid cake, the lower the fluid penetration
into the formation, and thus the losses during drilling
operation come down consequently. The resultant
outcome means improved filtration of the drilling
fluid. Test findings (Table 1) showed that AG polymer
reduced the permeability of the base mud cake by 60%
therefore is less permeable and more favorable than
other additives.

Thermal Properties

Loss of fluid is not only the right task in drilling
processes but one of the most important parameters.
Another suitable criterion for determining the
usefulness of drilling fluid is related to thermal
properties, including the cooling of drills.

Therefore, the thermal properties of drilling fluids
containing polymers were evaluated, and the results
are shown in Figs. 4, 5.

Table 1 Adaptation of behavioral modeling, dispersion and permeability of fluid cake containing experimental drilling fluids

No fluid | Polymer concentration (gr) | Data of rtheological model | Filtration loss (ml) Permeability (D)
1 - 0.9912 14 11.8
2 1 0.9870 13 10.5
3 2 0.9827 12.5 10.8
4 3 0.9960 11.8 10.1
5 4 0.9921 10 7.6
6 5 0.9999 9 6.4
7 6 0.9724 8 5.1
8 1 0.9724 11 10.9
9 2 0.9779 9 9.5
10 3 0.9872 7 6.8
11 4 0.9985 5.5 52
12 5 0.9777 5.4 49
13 6 0.9956 5.2 4.7
14 1 0.9814 13 93
15 2 0.9804 12 9.5
16 3 0.9729 11.5 9.1
17 4 0.9724 11 8.8
18 5 0.9768 10 7.2
19 6 0.9725 9 6.1
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Fig. 5 Specific heat capacity of drilling fluids containing

polymers at different temperatures.

As seen in the Fig. 4, the thermal conductivity of
drilling fluids decreased with the addition of polymers.
This phenomenon herein may be related to the
structure of the polymers entirely, where chain and
plate structures are often for polymers. In addition,
from a point of physical view, these types of materials
are basically non-conductive and therefore have not
an increased effect on the overall cooling performance
of the drilling fluid. A small and relatively smooth
decrease in Fig. 3 for the case of AG additive denoted
that by addition in concentration up to 6% by weight,
the total reduction in conductivity of the drilling fluid
reaches 7.5%, which compared to potato starch and
HPAM reductions by 11.5% and 18.5%, respectively.
Through over, it can be concluded that AG polymer
has a less destructive effect than other polymers. The
specific heat capacity (Fig. 5) of the base fluid was
found to be 3960 J/kg-K. Moreover, by adding the
polymer AG up to 6% by weight, the specific heat
capacity decreased to 3580 J/kg-K, (9.5%) reduction
compared to the base fluid. However, by adding Starch
and HPAM, the decrease in this parameter was 14%
and 23%, respectively.

To describe this phenomenon, reason by nature of the
polymer’s structure can be suitable. Since the structure
has two parts (as told before) first part is well-dissolved
and the second is non-dissolve in water. Unlike other
polymers, AG can completely spread uniformly in
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the aqua phase and its molecules should be in contact
with each other, and this connection would increase
the thermal conductivity and specific heat capacity of
this polymer at both temperatures compared to other
polymers. These results are in complete agreement
with the findings of Sabaghi et al. [29] and Adam
et al. [30], who had evaluated the effect of adding
polyacrylamide and xanthan gum to water-based
drilling fluids and observed that the polymers caused a
decrease in the specific heat capacity of the fluid.

Conclusions

In this study, the performance of AG polymers,
HPAM, and potato starch on rheological, and
thermal properties as well as the filtration of drilling
fluid are investigated. The rheological behavior of
drilling fluids was measured with different models,
including Newtonian, Power law, Herschel-Bulkelley
and Bingham plastic models. In current study, the
Bingham plastic model describes the behavior of
fluids with higher accuracy than other models. After
preparing the considered water base drilling fluid
according to the standard method, its additives were
prepared and tested using the considered materials in
concentrations of 1 to 6 grams per liter. Experiments
to determine fluid rheological properties (using Fann-
35 viscometer), drilling fluid filtration (using OFITE
filter press at 70 degrees Celsius and 100 psig pressure)
and determining thermal properties of prepared fluids
(using analyzer Thermal KD2 Pro) is performed on all
19 samples at two temperatures of 25 and 70 degrees
Celsius. The following specific results have been
obtained from the experimental investigation:

I- In the first step, the optimal concentration for
astragalus polymers, potato starch and hydrolyzed
polyacrylamide was obtained as 3, 4 and 2% by
mass, respectively. In the obtained concentrations, the
performance of the astragalus polymer is more better
than the two polymers, where increased the plastic
viscosity from 2.3 to 9 centipoise and the yield stress
from 2.3 to 7 pounds per 100 square foot.

2- The results of tests on drilling fluid loss show
that plant-based astragalus polymer in the highest
concentration (6% by mass) has reduced fluid losses
by 65% compared to other two polymers. The reason
is due to the chain and plate structure of the mentioned
polymer and the increase in the viscosity of the
continuous phase of the fluid. Also, the permeability
of the buffer fluid cake had a behavior similar to that
of fluid loss.

3- The results of the thermal analysis tests show that
the thermal conductivity of drilling fluid containing
astragalus polymers, potato starch and hydrolyzed
polyacrylamide is 7.5%, 11% and 18.5%, respectively.
The specific heat was reduced by 9.5, 14 and 23%
respectively compared to the basic drilling fluid,
and astragalus polymer, in addition to having better



Petroleum Research, 2025(June-July), Vol. 35, No. 141

performance in the case of rheology and filtration, has
a lower reduction effect compared to the other two
investigated polymers in drill bit cooling.

4- From the comparison between potato starch and
hydrolyzed polyacrylamide polymer, the relative
improvement of drilling fluid filtration using
hydrolyzed polyacrylamide is obtained, but drop of
thermal properties of the fluid containg the potato
polymer is less than the corresponding fluid with
hydrolyzed polyacrylamide polymer.

5- The general resultant of the experimental
observations of this research indicates that the choice
of each of these polymers depends on the operational
conditions and drilling process. As an example in
the case of deep and high temperature wells where
the heating and cooling properties of the drill bit are
very important, attention to the thermal properties
of the drilling fluid has a relative advantage over the
permeability and loss of the fluid.

CMS: Carboxylmethyl starch
HPS: Hydroxypropyl starch
CMC: Carboxylmethyl Cellulose
HEC: Hydroxyethyl Cellulose
PAC: Polyanionic Cellulose
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