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ABSTRACT

ypothesis: The hybrid polymer system of modified starch and sulfonated
Hpolyacrylamide (SPAM) in water-based drilling fluids, compared to natural
starch, utilizes the synergistic effect of the two polymers to enhance thermal
stability, maintaining optimal rheological stability under HPHT conditions, and
significantly minimize fluid loss by forming a compact, low-permeability filter cake.
Methods: A hybrid polymer system composed of sulfonated polyacrylamide (SPAM)
and starch, in native and chemically modified forms, was investigated aiming to

improve the drilling fluid performance.
Findings: Thermogravimetric analysis (TGA) revealed that the modified starch
exhibited a significantly lower degradation rate compared to the native form, which
is due to its compact crosslinked structure that enhances the thermal resistance.
Rheological analysis demonstrated that the combination of modified starch and SPAM
provided higher shear stability and exhibited a smaller viscosity drop after thermal
aging, which indicates improved resistance of the polymer chains to mechanical
and thermal degradation. The drilling fluid formulated with the modified starch-
SPAM blend showed marked improvements in thermal and rheological stability.
sulfonated polyacrylamide, Filtration tests further confirmed its superior performance as the filter cake thickness
was reduced to approximately 2 mm, compared to the thicker and more irregular
cakes formed in the formulations containing native starch. Additionally, the fluid
rheology, loss (FL) reduced to 2.2 mL, which reflects the formation of a dense, uniform, and
thermal stability low-permeability filter cake, which is critical for effective wellbore sealing and fluid
control. In fact, synergistic effects of the two polymers, in addition to improving the
fluid’s physical and chemical properties, have increased its stability against harsh

operational conditions.
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Table 1. The codes of the samples and the drilling fluids

under investigation.

Sample code | Composition/Explanation of the sample
Starch-N Native Corn Starch
Starch-M Modified starch
SPAM Sulfonated polyacrylamide
Blend-N Blend of native starch and SPAM
Blend-M Blend of modified starch and SPAM
DF-Starch-N Drilling fluid containing native starch
DF-Starch-M | Drilling fluid containing modified starch
DF-Blend-N | Drilling fluid containing native starch and
SPAM Blend
DF-Blend-M Drilling of modified starch and SPAM
fluid containing blend
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Fig. 1. FTIR spectra of samples Starch-N and Starch-M.

A g S Ghls Jelse b 0islasid b ol ful ol
e3gdne 3 Ayl Gy (il O3l Al Al Sl
Cdd Sl 5 C-0 sla il a4 by e VYFoA TS o
O td ol Al edalin 3V vAvem! 550> 3 C-0-C oS
5> el 5 SlasT slaes S s (S dalpd ol ena (ib
S e Al 1 sddm ol 4l L
aJMiCULa\ 5ok el Co s gl 5 oL S olul
o2 Jgl e e s s LA (Y JQZ)TGAQJA)'\@L:}UALA\J{
a8 S350 (il esls GtV °C ol o 7S 348
05 edkdsdalis 05y als .ol osls &) ol s e 03
Sy i Sl apms b °C 5l S sbos s Starch-M 4 s
Ol Sl e e Ol w4 Ll e Starch-N & s O
il 5o kb gl gy S sy 5 bedS Slle 0550

100
90 1 —— Starch-N
80 1 —— Starch-M
70 A
60
50
40 A
30
20 A1

Weight (%)

100 200 300 400 500 600 700
Temperature (°C)

(2)

oz 5l (S350 @S s 831l Ol oS (|
il @l 3 1 Ol Sl 5 ks dhats (Sl (55,018
S Ve psi Lis s APT 5kl s, b Jle G961 ¢S5l
5 il oy Lo ol Sl esliad LT min ey G slos
3 o g3 Lo (555 skile 3L IS (s S 05051 51 e
40 °C oz 53 2o S 051 055 Jsane ST L sipcens b 5o
A, Sl sl | (S bl (e S SCES
SV Ml L3 sln bl b s s s s kiSp S 5l

A esliad sl gl 5 LS pln 5o g le

g mbe

GL'\'J J‘L’J\J” eMCM‘ 9 J’.:.«.b awlis Lﬁw )L’I}Lw d.w.iu.a
Sl co Ja YY T em! 5 YA Al gy aslis
J).J:uﬁ °>‘3¢"3"“".’J7“Sﬁ)"\?“ dLﬁo)ﬁ)C*H LSLA.,\.’ﬁL;.:MIS
oS Bl 4 400 emT Al s sl Sy eoees
95 8 55 a8 Sl o e anlis g S L =l C-C 3C-O
G SNV em! gV AY 4l s Sy s pd e sdaline & sal
C-0-C o gy i8S plasyl sC—H slaos S et ilss
k_i.:;: ca.\.&cwl i ;A:.]a P ‘U'»"l S99 L7 .)_9...2:@ o2l w
ab ;3 a8 s Al WWYE om! 4l s pasise 5 Al
S Pl Sy ol [V ] el ol sdaline ks analis
Bl Joss sbes S ol ol baipe Jis S glaes S

w0

-0.01 +

—— Starch-N
—— Starch-M

-0.015 1 ¥
-0.02 A
-0.025 1 M

-0.03

Derivative weight (%/°C)

100 200 300 400 500 600 700

Temperature (°C)

(b)

.eJuiCyLﬂ\ il 9 @‘.Ja awlis dLAA_}}“_', DTG (b) $sTGA (a) :LSL“)‘ﬁj&-; _y .
Fig. 2. TGA (a) and DTG (b) curves for samples Starch-N and Starch-M.
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Fig.5. Shearviscosity of SPAM/Starch-N and SPAM/Starch-M
blends before and after aging at 25 and prediction according

to the mixing rule.
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Fig. 6. (a) Apparent viscosity, (b) plastic viscosity, (¢) yield point, and (d) gel strength of various drilling fluids before and after

hot rolling.
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Table 2. Fluid loss and filter cake thickness (B) before and (A) after hot rolling.

DF-Starch-N DF-Starch-M DF-Blend-N DF-Blend-M
Sample
A B A B A B A B
FL . 0.8+0.1 >100 2.8+0.3 >100 3+0.2 7.240.3 2.2+0.1 9.8+0.5
(mL/30min)
Filter cake
. 2.5+0.2 10£0.7 2.6+0.3 540.1 3.6+0.6 5.1£0.2 2+0.2 3.3£0.4
Thickness (mm)
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Table 3. Comparative summary of the present formulation with previously reported starch-based drilling fluids.

Starch type Test conditions Fluid loss Filter cake Reference
Rl (mL/30min) | thickness (mm)
Starch + Tea Polyphenol + 120°C, 16 h aging 6-7 Not reported (7]
Lignosulfonate, cross-linked with
glutaraldehyde
MBA Modified Starch 120°C, 16 h aging 6-7 0.1-5 [16]
Acetylated Cassava Starch 150°C, 16 h aging 10-12 6-7 [19]
Carboxymethylated Cassava Starch 150°C, 16 h aging 22-23 4-5 [19]
Native Wheat Starch 120°C, 16 h aging 7-8 2.2-2.3 [23]
Native Corn Starch 120°C, 16 h aging 7-8 2-2.1 [23]
Native Potato Starch 120°C, 16 h aging 4-5 1.2-1.3 [23]
Current Research 120°C, 8 h aging 2-2.5 1.5-2 -
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