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ABSTRACT

The local consumption and the high importation cost of the imported
bentonite to Egypt lead to find local substitute solutions for economical
aspects. Hence, this paper presents composition and activation capability
of clayscollected from claystone quarriesin Kom Oshim areaat EI-Fayoum
province, Egypt for the application asadrilling fluid (water-based mud). It
isan attempt to minimize the importation cost of the imported bentonite to
Egypt by a loca solution and maximize the usage of the studied clay
sediments. The physical, chemical, thermal and mineralogical characteristics
of five Egyptian clay sampleswere studied. The rheological properties of
the prepared durriesfrom these sampl es and their activation characterization
during studying the influence of NaOH and POLYPAC-R polymer as
activators were investigated. It was found that the non-activated samples
can’t be used as a drilling mud but it could be after the activation process
where some significant changesin the rheol ogical propertieswere observed.
The experimental results revealed that the activated fitted samples may
express as medium grade bentonitic clay and this type of clays can be used
asadrilling fluid for shallow depth wells.
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Thenamebentoniteisgiven to aparticular type of
clay that wasfirst noted in about 1980 in Upper Creta
ceoustuff near Fort Benton in theregion Wyoming of
USA. Themain constituent, which isthe determinant
factor intheclay’s properties, is the clay mineral mont-
morillonite. Thisinturn, derivesitsnamefrom adeposit
a Montmorillon, south France. Montmorilloniteisalay-
ered silicateminera that belongsto smectite group of

clay mineras. Thecrystalsof montmorilloniteconsist
of threelayers: an aluminum octahedron sheet sand-
wiched between silicon tetrahedron sheets. In mont-
morillonite, some of theAl ionsmay be substituted by
magnesiumions, resulting anegative chargeonthetwo
large surfaces of montmorillonite platel ets. Thisnega
tivechargeisneutralized by interlayer cations, such as,
Na', K*, Ca?*, which separates adjacent layers of
platel ets. Thisstructuremakes montmorillonite chemi-
cdly sable Inindustry, montmorilloniteisgenerdly clas-
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sified assodium (Na) or calcium (Ca) types, depend-
ing onwhich exchangeabl e cation isdominant on mont-
morillonitesurface.

Bentonite often contains more than 80% montmo-
rillonite. It hasawiderangeof industrial applications,
such asbleaching earth, cat litter, foundry, construction
andcivil engineeringbutitiswidey usedinail drilling
fiedldsasamud additivefor viscosity and filtration con-
trol. Bentonite swells consi derably when exposed to
water, making it ideal for protecting formationsfrom
invasion by drilling fluids. Sodium bentonitemeetsdrill-
ing-mud and civil engineering specificationsduetoits
excellent colloidal and rheologica properties®.

On theother hand, Egypt importsannually huge
amountsof bentonitefor oil well drilling and other in-
dustrial purposes. Normally bentonite depositsare ex-
ploited by surface quarrying. Bentonitic clayshavebeen
found in Egypt with promising reservesmainly in sex
regions according to previous studies?. The major
problemsfacing theutilization of the Egyptian claysare
their low concentration of smectite, highlevd of impu-
ritiesand incond stent composition. Also, theresponse
of the Egyptian claysto Na-exchangeispoor and their
hydration, plastic and rheol ogical propertiesareinfe-
rior to those of commercial bentonites?.
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Furthermore, most Egyptian clays without
beneficiation are unsuitable for the mgority of indus-
trid gpplicationd*l. Theactivation processcould becar-
ried out by addition of thecommon saltsand polymers®
8l

The present paper deal swith the characterization
and upgrading of the clay in Kom Oshim areaat El-
Fayoum province, Egypt for theapplicationasadrilling
fluid (water-based mud). It isan attempt to minimize
the cost of theimported bentoniteto Egypt by aloca
solution and to maximizeitsprofiting in auseful appli-
cation.

GEOLOGY

The samples used in this study were taken from
claystone quarries located at Kom Oshim area, El-
Fayoum province, Egypt. These samplesbelongto Qasr
El-SaghaFormation of the Upper Eocene age®. The
sudied quarriesissituated 30km thenorth of El-Fayoum
city between latitude 29° 31 and 29° 35 north and lon-
gitude 30° 50 and 30° 59 east (Figure 1). Thestratig-
raphy of El-Fayoum province has been dedlt by many
authord¥, Qasr El-SaghaFormationisdividedintofive
unitsasfollows™™:

Figurel: Location map showsthestudied claystonequarriesat Kom Oshim ar ea, EI-Fayoum province, Egypt.
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Top 5- Sandy limestone (1.5m)
4 - Loose sands (19.0m)
3 - Clay, calcareous sandstone and limestonein-
tercaations(28.0m)
2 - Interbedded purple clay with fine sand
interbeds (19.0m)
Base 1- Gypsiferous sandy clay withfossiliferousca
careous sandstone (91.0m)

Thelowest two unitsattaining atotal thickness of
about 110m representing bulk of theclaystone-siltstone
interbeds. Some of these have been exploited at Gebel
Qasr El-Saghaas bentonitic clays*? or around Kom
Oshimvillageasbentonite™. The Qasr El-SaghaFor-
mation differswiddy inthicknessand compostionfrom
one areato another in El-Fayoum province. Thefor-
mation isgreatly minimized in thicknessfrom about
180m at Gebel Qasr El-Saghato about 40m at Qaret
El-Faras, north of El-Fayoum depression, with dlight
changeinfacied®,

EXPERIMENTAL PROCEDURES

Materials

Five claystone sampleswere taken from the ex-
posed surface of fiveinconsiderable exploited quarries
located at Kom Oshim area, El-Fayoum province,
Egypt. Inan abbreviated notation, the studied samples
weredesignated as g9, g10, g11, g35and q124. The
samplesweretaken from thefresh depositsusing rep-
resentative sampling method. Thecollected samplesare
mainly brownishgrey to dark yellow, massiveclaystone.

Alsointhe present study, two types of activators
were used; caustic soda (NaOH) and synthetic poly-
mer (POLYPAC-R) as an attempt to upgrade the
samplesby activation processand henceimprovetheir
rheologicd properties.

Raw samplescharacterization

All collected claystone samplesweredried at 60°C
for 48h and then crushed using ajaw crusher to 100%
bel ow 5mm size. A representative batch of each sample
wasfurther ground to 100% passthrough 200pm sieve
diameter using aporcelain mill to avoid samplescon-
tamination. Theses eved sampleswere used for miner-
alogical, chemical and dehydration analyses. These
andyseswereperformed using X-ray diffraction (XRD),
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X-ray fluorescence (XRF) and therma differential and
gravimetric(DTAand TGA) investigations. Inaddition
to, internationa standardswereused asointhe study.

The used XRD apparatus was a X’Pert PRO
PW3040/60 (PANalytical) diffractometer equipped
withaCu-Ka radiation source. Thetest wasrun at 40
kV and 40 mA. A continuous modewas used for col-
lecting dataiin the 20 range from 3°to 30° at ascanning
speed 2°/m. The acquired datawere analyzed using
X’Pert high score software works with PDF-2 data-
base. The used X RF was an Axios sequential spec-
trometer manufactured by PANalytical, Netherlands.
Also, atraditional manual method prescribed inthe
American Society for Testing and Materials (ASTM)
for determination of thelossonignition™, (LOI), was
followed. Themethods described intheASTM®8 were
used for the determination of soluble cationsand an-
ions (Na', K*, Cl-and SO, ™). Also, the method re-
corded in ascientific paper™ wasused for the pH de-
termination. It wasmeasured at 22°C by a Jenway 3510
electronic pH meter, UK. Thethermal analyseswere
carried out using computerized DT.50 thermd andyzer
(Shimadzu Co., Japan). The heating rate was 20°C/
minfor thethermo-andytical instrumentsand thenitro-
gen atmosphere (30ml/min) was used. Textural anay-
sisof the studied sampleswas conducted using laser
diffraction grainszeandyzer of Horibamoded LA-930,
France. Also, the textural classificat89ion was fol-
lowed*8. Physical propertiesof the studied samples
were determined such asAtterberg limitd?® and free
swell test?%, Results of the free swell test were also
explained?. Also, activity ratio of clay anditsclasses
was calculated’?. To measurerheol ogical properties
of theclay samples, viscometer instrument model 35A
(USA) wasused to measureviscosity and gel strength
parameters. Also, theASTM D5891-02 (2009)% test
method was used to determinethefiltrate | oss of the
claydurry’s.

Rheological tests

Rheol ogical propertiesfor the samplesslurry be-
fore and after activation process were determined to
assesstheir responseto the used activators and conse-
quently capability for usngasadrillingfluid. Generdly,
thebentoniteusedindrilling fluidsshould follow the Qil
Company Materials Association (OCMA) or the
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American Petroleum Ingtitute (API) specifications. In
the present study, plastic viscosity (PV), apparent vis-
cosity (AV), yield point (Y P) and filtrateloss proper-
tieswere determined.

Activation method

To determinetherheologicd propertiesof thestud-
ied samples, durry of each sample (g9, q10, q11, g35
and g124) with distilled water were prepared at differ-
ent concentrationsfrom4.5% upto 7.5withanincre-
ment of 1%.

For making dkaineand polymer activated sample,
dlurry of 22.5¢g from each samplewith 350ml of dis-
tilled water were prepared and mixed in ablender with
theactivatorsof 1.5% by weight caustic soda(obtained
from Misr chemical industries, Egypt) and 0.5% by
weight POLYPAC-R (polyanionic cellulose water
soluble polymer). The used POLY PAC-R is white,
powder, pH of 7 and specific gravity of 1.5. Itiscom-
mon and designed to control fluidlossandincreasevis
cosity inwater-based mud.

The prepared slurry was stirred for 20min at 600
rpmthen it was aged overnight!®!. All the activators
used were of industrial grade. The used concentration
of theactivatorswas added in the clay concentration
durry of only 6.5% taken into consideration achieving
somewhat apparent viscosity of 15¢P (centipoise) which
isstated intheprocess of clay activation purposg® and
traditiona ly used.

RESULTSAND DISCUSSION

Characterizationsof raw samples
(a) Mineralogical composition

XRD patternsfor thestudied samplesareillustrated
inFigure 2. Themineralogical anaysisshowsthat all
samplesareessentially montmorillonite, kaoliniteand
illiteasclay minerasin descending order of abundance.
Quartz and calcite mineralsare al'so found in minor
amountsas non clay components. Themontmorillonite
mineral isrepresented by abasal reflections (001) at
14-15A° in the air dried state which corresponds to
montmorillonitewith predominantly Caasinterlayer
cation. After heating of the oriented samplesat 550°C
for 2h, montmorillonite main peak changeto 9.5A°,
kaolinite mineral disappear andillite doesnot show
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cons derablechanges. With glycolation of theoriented
samplesover night, montmorillonite peaksexpand and
exhibit changeto 17-18A°, kaoliniteand illite peaks
did not show any changesintheir positions. TABLE 1
showsthesami—quantitative percentage of detected clay
minera swith respect to dl fraction szesof thestudied
samples. Itisvaried from 47 (q124) to 75% (g35) for
montmorillonite, from 11 (g35) to 18% (g124) for ka
oliniteand from 2% (g35 and g10) to 5% (g124) for
illiteminerals

TABLE 1: Semiquantitativeper centageof theclay minerals
in clay fractionsof the studied samples.

Sampleno. Montmorillonite, % Kaolinite,% Illite,%

a9 65 13 4

ql0 66 14 2

ql1 63 12 4

35 75 11 2

q124 47 18 5
(b) Thermal analyses

DTA and TGA thermo-gramsof thestudied samples
(Figure3) show |ow temperature endothermic peaksat
about 76-97°C reved that the absorbed and exchange-
able cations coordinatewater arereleased. Thevaria
tioninthepesksszemay duetothevariaioninthemont-
morillonitecontentin thesamples®!. Thepesksat about
270- 268°C may relate to the dehydration of goethite
mineral [FeO (OH)]. Otherwise, these peaksrepresent
thelossof theinterlayer water of both montmorillonite
andillitestructures?. Presence of iron mineral iscon-
firmed by thefidld observationwhereasydlow and purple
patcheswereendosadin daystones. Endothermic pesks
at about 511- 523°C represent both of starting removal
of thegtructural OH-frommontmorillonite, illiteand ka
olinitelatticesand production of amorphous phasefor
kaolinite(disordered metakeolin). Therdaivey low pesk
temperature of dehydroxylation of the samplesmay be
attributed to the presence of excessstructurd ironinthe
octahedrd layer of thesmectite. Thesmall curvesat high
temperatures (890-941°C) indicated by S-shaped en-
dothermic-exothermicreaction pesksrefer mainly tothe
final structurd breskdown of themontmorilloniteandto
therecrystallization of itscomponents?®. Thesesystem
peaks are not accompanied by any loss of the weight
sincethey arestructura peaks. All the detected endot-
hermic peaks of the samples areaccompanied by acor-
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Figure?2: X-ray diffractogramsof thepowder and treated clay fractionsof different samples(q9, 10, 11, g35and q124).
Ca-M: Calcic montmorillonite I: Illite K: Kadlinite Q: Quartz F: Feldspar C: Calcite
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Figure3: DTA and T GA ther mo-graphsof thestudied samples.

(c) Chemical composition, soluble salts and pH
value

TABLE 2 shows chemical composition of the
studied samples. As expected, all the examined
samplesconsist mainly of SiO,, Al,O,and Fe,O,in
descending order of abundance. A minor to trance

amounts of CaO, MgO, Na,0, K., 0, TiO,, SO, and
P,O, were also detected. The percentage of themain
oxidesindicatesthe presence of smectiteclay. The
small percentage of CaO isattributed to the presence
of lime concentration, asdetected by the XRD analy-
ss. Thelossonignition valuesprimary arereferred to
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the removal of hygroscopic water and loss of the
interlayer water inthe structure of clay mineras. Also,
results of soluble salts content exhibit trace amounts
(< 2%) of Na*, K*, Cl-and SO,*. Moreover, the pH
of theexamined clay samplesshow akaline medium.
Thevaluesare between 8.35 (g9) and 10.17 (q124).

Therocks containing montmorilloniteminera produce
anakaline pH™.. Theresultsof the SiO, and Al O,
areagreed with therelationship betweenthe pH value
andthesolubility of theseoxides. It iswell known that
both slicaand duminaareincreasingly solubleat higher
pH values®.

TABLE 2: Solublesalts, oxide content, L Ol and pH valuesof thestudied samples.

Cations and anions of soluble salts, %

Oxide content, %

Sample

L.O.I.

no. Na* K* CI” SO, S0, Al,O; Fe,0; TiO, CaO MgO Na,O K,0 SO; P,0Os % PH
g9 0.54 0.03 0.10 048 48.16 2699 7.79 129 050 1.60 1.41 1.600.02 0.01 12.35 8.35
10 0.99 0.15 0.02 0.33 48.86 19.40 13.17 0.31 1.88 2.03 2.62 1.66 0.06 0.01 1211 9.75
11 0.88 0.15 0.037 044 51312194 993 0.72 1.41 208 2.78 1.87 0.05 0.01 11.95 9.21
35 0.27 0.03 0.15 054 48.56 26.18 8.02 1.37 0.81 1.80 1.74 1.650.01 0.01 11.22 8.63
0124  1.63 0.18 1.80 0.82 4555 17.32 10.49 0.04 1.84 2.01 2.87 0.20 0.20 0.77 13.83 10.17

(d) Particlesizedistribution

Result of particlesizedistribution by thelaser dif-
fractiongrain-sizeandyzerisligedinTABLE 3. All the
studied samplesareof awell-sorted classof theargilla
ceous sediments (rock containsmorethan 90%silt and
clay). Thesamplesnos. g9, g10 and g35 show avery
fine-grained claystoneclass. Theclay sizefractionvar-
ies from 82.23 (q9) to 89.60% (g35). The q11 and
0124 haveappreciableamount of thesilt fraction. These
samples achieve a silty claystone category of fine-
grained and very fine-grained classes, respectively. Itis
worthy to note that the samples g9 and q10 provide
the highest content of theclay fraction (< 2um) of about
82%. Thisresult was confirmed by the XRD anaysis
giveninTABLE 1.

TABLE 3: Dataof grain sizeanalysisin weight percentage
of thestudied samples.

Sizefraction (microns)

Sand Silt Clay
Sample ° °
o 8 5 o £ 8 5 o £ 2 Toa
I 5 = > I 5 = >
S B iT o B i o
O s E O s E v
g9 0.00 0.00 0.00 0.00 0.00 0.10 0.15 17.61 82.23 100.00
gl0 0.00 0.00 0.00 0.00 0.00 0.10 0.11 17.35 82.53 100.00
gll 0.00 0.00 0.00 0.00 0.00 0.00 3.11 18.27 78.62 100.00
g35 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.40 89.60 100.00

gl24 0.00 0.00 0.00 0.00 0.00 0.26 5.94 23.10 70.70 100.00

(e) Atterberg limits, free swell test and activity
ratio

Resultsof physicd propertiesof thestudied samples
aresummarizedin TABLE 4. It wasfound that all the
samplesareinorganic claysof highplagticity (CH). The
liquid limit (LL) variesfrom 74 (g124) to 185 (g10)
withacorresponding plastic limit (PL) from 30 (q124)
to 64 (g10). Liquid limit greater than 50% refersto the
presence of montmorilloniteY. TheAtterberglimits
(LL, PL and PI) areinagood agreement withthe XRD
results. Thehigher the clay aswell asthe montmorillo-
nitecontents, the higher theAtterberg limits. Results of
free swell test show range from140 (q124) to 600%
(910) indicating samples of moderate (q124) to ex-
tremely high swelling potential (g9, 10, g11 and g35).
Theresultsexplainthat asthe montmorillonite content
increases, thefreeswelling increases.

Resultsof activity are pointed out that most of the
samplesshow ahigh (q124) to very high potential (g9,
g10, g11 and g35) for swelling®2. Also, The samples
no’s q9, q10 and q11 are clays of the active class, q35
of normal class and q124 of inactive class. The ob-
tained resultsfrom the activity ratiosdenote the pres-
ence of montmorillonite of calcic formwith astrong
potentid for swelling.

Asacomparison between theresults of minera -
ogica anaysis, clay activity and thefreeswell test, it
wasfound astrong rel ationship between the high con-
tent of montmorillonite, thehigh free swell and the po-
tentid affinity for sveling.
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TABLE 4: Resultsof Atterberglimits, free swell (%) and
activity of thestudied samples.

Sampleno. LL PL Pl Freeswel (%) Activity (A)

a9 166 59 107 500 1.30
g10 185 64 121 600 1.46
g1l 140 55 85 270 1.25
035 150 56 94 550 1.04
0124 74 30 44 140 0.60

TABLE5: Reaultsof rheological propertiesof theclay durry
for thesamplesno’s. q9 and q10 at different concentrations.

>3 _
Rpp=; Filtrate
®S 600 300 AV. PV. Yp. loss
€2 RPM RPM cP. cP. 1b/100 ft2  ml/30
e (% min.
o

(@)

45 15 100 75 50 5.0 24.0
55 18 130 90 50 8.0 21.0
6.5 21 150 105 6.0 9.0 20.0
75 28 220 140 6.0 16.0 18.0
45 160 100 80 6.0 40 23.0
5.5 230 160 115 70 9.0 22.0
6.5 280 210 140 7.0 14.0 20.0
7.5 320 250 160 7.0 18.0 185

Rheological propertiesof theslurry before acti-
vation

Resultsof studied rheological tests of the non-acti-
vated samplesaredemonstrated in TABLES5-7. The
incremental concentration of the samplesleadstoin-
creasing of theviscosity, yield point, gel strength and
decreasing of thefiltrateloss. M ost of the obtained re-
sults are out of the recommended standard limits of
OCMA and API specifications (TABLE 8) which
means that the clays can not be applied asadrilling
mud without activation. Theviscosity isincreased by
decreasing of silt fractionsor by decreasing particles
surface area(clay fraction),®. Thehigh content of silt
(29.3%), asanon-swelling-fraction, and lowest con-
tent of theclay particles(70.7%) aswell asmontmoril-
lonite content (65%) provide poor propertiesfor the
g124. Q11 and 935 show good resultsfor thefiltrate
lossaccordingto OCMA specification (16ml max.) but
with only high clay concentration (6.5 and 7.5%). The
Y P should be high enough to carry cuttingsout of the
borehole but no so large asto create excessive pump
pressurewhen starting mud flow. Thesamplesthat match

= Fyl] Peper

requirementsof the OCMA specificationfor thefiltrate
losswill reducethe cakeformation and prevent thehole
packed off. Thesewill run s multaneoudy with the cost
reduction.

TABLE 6: Resultsof rheological propertiesof theclay durry

for the samples no’s. q11 and q35 and 124 at different
concentrations.

R

= .

o - Y Filtrate
T2 600 300 AV. PV. P. loss
s o RPM  RPM 1b/100

I~ cP. cP. 2 mi/30
e £ min.
SA

45 180 9.0 9.0 90 1.0 20.0
55 220 120 11.0 10.0 2.0 18.0
6.5 25.0 170 115 8.0 9.0 16.0
75 320 220 16.0 10.0 12.0 15.0
45 19.0 8.0 95 110 3.0 19.0
55 23.0 10.0 115 13.0 3.0 17.0
6.5 28.0 170 140 110 6.0 15.0
75 31.0 210 155 10.0 11.0 13.0
45 3.0 2.0 1.5 1.0 1.0 62.0
55 4.0 3.0 2.0 1.0 20 51.0
6.5 6.0 50 3.0 1.0 2.0 45.0
75 7.0 6.0 35 1.0 25 35.0

TABLE 7: Resultsof gel strength of thesamplesno’s. q9,
910, q11, 35 and q124 at different concentrations.

Sample no. g9 qlo0 qll g35 ql24
Gel strength, 1b/100 ft?
Concentration
% 100 10" 10 10" 100 10" 10 10" 10 10"
45 40 80 50 80 100120 7.0 11.01.0 20
55 5.0 10.0 6.0 10.0 11.0 13.0 9.0 13.02.0 3.0
6.5 8.0 15.0 11.0 15.0 15.0 16.0 11.0 14.0 2.0 3.0
75 13.0 19.0 13.0 23.0 17.0 18.0 15.0 17.0 3.0 5.0

Overall, presence of themontmorillonitein calcic
form achieves unsatisfactory rheologica resultsfor the
samples. To reduce the ca cium content in the mont-
morillonite, theresearch directed to add Naactivator
materids (activation process). TheNaionsare expected
to replace Caionsleading to theincrease of repulsive
attractiveforces between particlesand henceimprove
thetechnological properties. From the other hand, ac-
tivation of bentonitemay affect bentonitepropertiesfrom
two aspects; firstly, changing the water adsorption ca-
pacity and so swelling of bentoniteand secondly, sepa-
ration of bentoniteplates.
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TABLE 8: Limitsof thestudied rheological specificationsof APl and OCM A grade.

API Parameter Requirement OCMA Parameter Requirement
Viscometer dial reading at 600 rpm 30.0 (min.) Viscometer dial reading at 600 rpm 30.0 (min.)
Yield point/plastic viscosity ratio 3.0 (max.) Yield point/plastic viscosity ratio 6.0 (max.)
Filtrate (fluid loss) 13.0 ml (max.) Filtrate (fluid loss) 16.0 ml (max.)

Rheological propertiesof theslurry after activa-
tion

Resultsof the studied rheol ogical testsof theacti-
vated samplesareillustratedin TABLE 9 and Figure4.
Itisobserved that the added activatorsontheclay durry
increase the viscometer dial reading at 600 and 300
rpm. Addition of 1.5% caustic sodaleadsto enhance
therheological propertiesin spite of most of samples
aredtill didn’t satisfy both of OCMA and API specifi-
cationsin oneor more parameter val ues. Addition of
0.5% POLY PAC-R providesaremarkabl e enhance-
ment intherheologica propertiesof the samples. Also,
it was noted that the decrease of gel strength values
with activatorsexcept for the sampleq124. Also that
decreasing iseffective with the caustic sodaaddition.
Generally, if themud hasthehigh gdl strength, it will
create high pump pressurein order to break circulation
after themudisstatic for long time. Furthermore, in-
creasing gel strengthindicatesabuild up of ultrafine
solid. Therefore, the mud must be treated by adding
chemicasor diluting with fresh basefluid.

All samplesexcept 9124 meet the specifications
but may need alittleamount of afiltratereducer tomini-
mizethefilter cake thickness, such as starch or car-
boxymethyl cellulose (CMC), particularly in case of
NaOH. Moreover, addition both of the used activators
didn’t provide good properties for the q124 to achieve
thedrilling fluid specifications. Thiscould beattributed
to thelow content of montmorillonite and presence of
high proportion of non-swelling fraction. Thissample
mayy need ahigh concentration of theused activatorsor
other type of activators should beused. Overal, this
sampleisinactiveasreved ed fromtheresult of activity
ratios (0.60). It isworthy to note herethat the plastic
viscosity of theactivated clay samplesusing both acti-
vatorsvariesbetween 7 (g11: NaOH,q 35: POLY PAC-
R) and 10 cP(q9: NaOH and q124: POLY PAC-R). It
satisfiestheoil grade bentoniterequirementsof 5.0 cP
for Meycogel and relatively near to 11.0 cPfor the
Wyoming bentonites. Also, samplesresponseto the

Woateriolsy Science  mmm——

activatorsby theaddition of POLY PAC-Risbetter than
those of NaOH. Moreover, NaOH reactswith acal-
cium bentoniteasfollowd™!:

Ca-bentonite+NaOH — Na-bentonite+ Ca (OH),

The positive properties obtained by addition of the ac-
tivatorsare attributed to the function of the materials
added. Caustic sodaisused in most water-base muds
toincreaseand maintain pH and akainity of drilling
fluids. Increasing the pH leadsto theincrease of fluid
viscosity dueto theaction of hydroxyl radical (OH). It
is expected that the NaOH is able to produce high
amount of the hydroxideion (OH") whichimpartsa
higher pH and viscosity of theclay suspension.

Theused POLY PAC-Risapolyanioniccellulosic
polymer used essentially for controlling water lossin
fresh and seawaters, stabilizing thebore-holeandim-
proving viscosity of drilling. Thepolymer formsathin,
resilient, low permesbility filter cakethat minimizesthe
potentid for differencesstickingandinvasion of filtrate
and mud solidsinto permeableformation. Inthe other
hand, polymersin the bentonite suspensioninteract with
clay particlesaccording to their ionicand non-ionic char-
acter. Theionic polymersinduce €l ectrostatic interac-
tions but the non-ionic ones are adsorbed on the sur-
face of clay mineralsby stericinteractions (repulsive
and attractiveforces).

When water-sol uble polymers are added to ben-
tonite suspensions, they dispersein theliquid phase
(water), their functiond groupsdissociate and the poly-
meric chainassumesasdtraight configuration. Thechains
are adsorbed on clay particle surfacesaccordingto their
ionicnature®.

Theflocculation of water-bentonite system can be
achieved and are explained by i) the formation of
bridges, i.e., laterd interactions between hydrophobic
groupsof polymersthat gpproachtheclay particles; ii)
segments of the same polymeric chains that are
adsorbed on different clay particleslinkedto each other
and interacting by attraction; andiii) theencapsulation
phenomenon, i.e., formation of largeflocsof particles
or clay particle agglomerates®.
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Figure4: Variation of rheological propertiesof theclay slur
(A)and 0.5POLYPAC-R (B) activators.

TABLE 9 : Results of gel strength of the clay slurries at
concentration of 6.5% of the studied samplesactivated by
1.5% causticsodaand 0.5% POLYPAC-R activators.

Sample no. q9 gl0 gqll g35 ql24
activator Gel strength, 1b/100 ft2
% 100 10" 10- 10-- 10- 10-- 10- 10-- 10- 10--

caustic soda, 1.5 11.0 12.0 13.0 14.0 12.0 12.0 115 122 70 9.0
POLYPAC-R, 0.5 12.0 135 13.0 14 120 14.0 125 13.0 9.0 11.0

It isstated that any additive, when added into the
system, changeselectrical doublelayerson surround-
ing clay particles, consequently, el ectrostatic behavior
between clay particlesand rheol ogical propertieswill
be changed.

riesat concentration of 6.5% activated by 1.5% caustic soda

CONCLUSIONS

Thecharacterization of non-activated clayscollected
from quarrieslocated in Kom Oshim area, El-Fayoum
province, Egypt for theapplication asadrilling fluid
(water-based mud) wereinvestigated. Also, the acti-
vation capability for these clayswereexplained asan
atempt to minimizetheimportation cost of theimported
bentoniteto Egypt by alocal solution and maximizethe
usage of thestudied clay sediments. Thefollowingman
conclusions can bedrawn from the present study.

Most of the studied samplesareof clay-like ben-
toniteof cacicformand exhibited different physicd and

ey, P alzrioly Seience

Au Tudian Yournal



388

The composition and activation aspects of El-Fayoum clays for using as a drilling fluid

MSAIJ, 9(10) 2013

Full Poper =

rheologicd properties.

The studied non-activated samples can’t be used
asadrilling mud without activation.

All the studied clay samples, except q124 (inac-
tive), can beused after activationasadrilling fluid where
their rheologicd propertiessatisfied the OCMA and AP
requirements.

The technological properties of the activated
samplesby POLY PAC-R aresignificantly improved
than those obtained by NaOH activator.

The obtained resultsreved ed that most of theacti-
vated capable samples may expressasmedium grade
bentonitic clay and thisgrade of clayscanbeused asa
drillingfluidfor shalow depthwdlls.
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