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ABSTRACT 

-,. 

• • i1 · of Polyacrylamide/clay nanoc · 
The synthesis and charactenzat10n ompos1tes for the development 

f 1 • nh ed oil recovery is described Th h • . 
o 1ydrogel system used me anc · e synt es1zed nanocompos1te 

copolymer was crosslinked with Chromium (III) acetate to fonn the hydrogel which exhibited 

an acceptable gel strength, gelation time and gel stability. The nanocomposite gels prepared 

with low crosslinker concentration (2000 ppm chromium acetate) showed higher gel strength 

' 
and required longer gelation' time than the conventional Polyacrylamide (PAM) gel; these are 

desirable properties for the effective placement of gel uring enhanced oil recovery operations. 

1. INTRODUCTION 

Water production from the economically capable hydrocarbon reservoir restricts the actual 

hydrocarbon production. To overcome this problem we have so many mechanical and chemical 

_ solutions that works effectively. In case of chemical solutions we have polymer injection 

method which is widely used method for water shutoff jobs around the world. In thismethod 

polymers shows reduction in swelling and mechanical toughness of the gel. Nanocomposite 

hydrogel is one of the solution to overcome this disadvantages and perform inan effective 

manner to control waterproduction fromoil or gas wells. Nanoclay is introduced in the synthesis 

of the nanocomposite hydrogel to improve the mE!chanical properties of the gel. 

Hydrogels are widely used in many applications, such as hygiene, cosmetics, agriculture, 

medicine, biotechnology, and petroleum recovery treatments of mature reservoirs. Hydrogels 

which is prepared by the polyacrylamide having cross-inker polymers enhance hydrogels 

mechanical strength, but preparing a hydrogel having large amount of cross-inkers results in 

the reduction of swelling capability and mechanical toughness. To overcome the weakness and 

limitations of the conventional hydrogels, preparation of new type of hydrogels, like 

nanocomposite hydrogels, has recently attracted more attention. These nanocomposite 

hydrogels have excellent properties, such as good mechanical toughness, large deformability, 

high swelling/deswelling rates, and high transparency. 

The internal actives takes plays in the preparation of the nanocomposite hydrogel are the 

acryl amide chains are bound to the surface of the clay particles due to hydrogen bonds between 

the oxygen atoms of clay and the amide protons of the acrylamide as well as due to complex 

forma tion betwee n the metal ions on the clay surface and the carbonyl oxygen of the 

cicrylamidc. Na nocorn pos itc hyclrogel is prepared by the synthesized by free -radical 



polymerization/gelation ofthe monomers in the presence of the nanoclays 

2 EXPERIMENTAL EQUIPMENTS 

2.1 Scanning electron microscope 

❖ Principle 

❖ SEM sample preparation 

❖ Advantages 

❖ Disadvantages 

❖ Applications 

- . 

2.1.1 Principle 

The basic principle is that a beam of electrons are generated by a suitable source, typically a 

tungsten filament or a field emission gun. The electron beam is accelerated through a high voltage 

and passes through a system of apertures and electromagnetic lenses to produce a thin beam of 

electrons, _ then the beam scans the surface of the specimen. Electrons are emitted from the 

specimen by the action of the specimen beam and collected by a suitable position detector. 

2.1.2Working 

The SEM uses electrons instead of light to form an image. A beam ofelectrons is produced at the 

top of the microscope by heating of a metallic filament. The electron beam follows a vertical 

path through the column of the microscope. It makes its way through electromagnetic lenses 

which focus and direct the beam down towards the sample. Once it hits the sample, other electrons 

(backscattered or secondary) are ejected from the sample. Detectors collect the secondary or 

backscattered electrons, and convert them to a signal that is sent to a viewing screen similar to the 

one in an ordinary television, producing an image. 
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Figure 2. t : Scanning electron microscope and pnrts. 

2. J.3Electron guns Electron guns are typically one of two types: 

❖ Thermionic guns 

❖ Field emission guns 

2.1.3.1 Thermionic guns 

Which arc 1he most common type. apply thermnl energy to a filament to coa.\ ckctron -. ..i\'va~ frurn the gun 

:ind llm:1rd thL· :,pcci111c11 under e.\a111i11a ti on. Usually made of tungsten, ,,h idi ha ,, a high n11.:lt111 gpuint 

2.l.3.2Ekctron guns field emission guns 

l'realc a ::. trong dcL·tri(:al tie Id 10 pull elec trons away from the atoms th e} are c.h-.lh:1atc:J \\. 1th Elcctnrn 

guns arc localed either ti! the , er) top or al the very bot1om of an SEM anJ tire a bc:am uf clcctror1:i at the 

object under examination. lhe::.c electrons don't naturally go where the} nt.:cd ll\ h;.mc\.cr, ""hi.:h gets u.;; 

to the ne.\ t component of Sl:Ms. 

2.1 ACondcnscr lenses 

Just like optical microscupt: .'> , SL!\ t,., use l'un<lenser lenses to prudun: ckar and ddai led images . 

The Condenser lenses in these lkv ices, however, '"'ork ditkn:ntly . l·or one thing, they aren't 

made of glass. Instead, the ( ·ondt:n '> \..T knses arc made of magncb capable of bending the path of 

electrons. By doing .-.;o. the ( \ mdensff lenses focus and control the elcctrun beam, ensuring that 



the electrons end up precisely where they need to go. 

1.' 2.1.SChamber 
~ SEM · where researchers place the s · h .. 
1 he sample chamber of an 1s pec1men t at they are exammmg. 

• l k t ex tremely still for the mic . . 
Because the specimen must Je cp ' toscope to produce clear images, 

l • •y stt1rdy and insulated ri·o,11 v·h ., · 
the sample chamber must )C vet · 1 r <1 t1on . J n fact. SEMs are so 

• . .1 • 1 1 ti .1,.,. () 1·1,· n in stall ed on the grot111 -• 'l cic . 1· l -11 . 
se 11s1t1 vc tn v r )rat1n11s t 1a icy , -- 1 

" u I ll o a 1 111 L 111 g. 

2. t .6nl'tcctors 

Various types of detectors arc there in SLM. These dev ices detect the va rious ways th::it the 

clcctrnn beam interacts wi th the sample object. 1:or instance, t·:vcrhart -Thmnlcy dckctn rsrcgister 

SC\.'(md;ir,· electrons. \\'hich arc electrons di slodged from the oulcr s11rl i1cc n l' ;1 , pccimcn .Thcse 

detec tors are capable of producing the most detail ed images of an object's surface. Other ddcc tors. 

such as b::ickscattered electron detectors and X-ray detectors, can Lei I rescarchcrs about the 

composition of a substance. 

2.1 . ?Secondary electron detector 

(Evcrha11-Thornley) Backscattered electron detector: (Solid-State Detector) Secondaryclectrons: 

Evcrha11-Thomley Detector Backscattered electrons: Solid State Detector X-rays : En(.;rgy 

dispersive spectrometer (EDS). 

2.J .8Sample preparation 

Cleaning the surface of the specimen- The proper cleaning of the surface of the sample is 

imrnn~1111 becrnse the surface can contain a variety of unwanted deposits, such as dust, silt, c1ntl 

Jc1ri1us. mcJ iJ component s. or other contaminants, depending on the source of the biolugit.: , .. tl 

11u1L·ri~i1 ~rnd 1he experiment that may have been conducted prior to SEM specimen preparation. 

S1::i ~ili zin g_ the specimen- St~bi !ization is typica lly done with_ fixatives_. Fixation ca-0 be 
~1c h1 c- wd. lor example, by pertus1on and microinj ec tion, immersions, or wHh vapours usrng 

rn ri ous lixmives including aldehydes, osmium tetroxide, tannic ac id, or th iocarbohyJrazide. 

Rinsing_the _specimen- After the fi xation step, samples must be rinsed in order to remove the 
l'.Xcess J1 xa t1ve . 

Dehydra ti ng the specif!)en- The dehydration process of a biological s_ample needs to be done 
very carefu ll y. It 1s typically performed with either a graded series ot acetone orethano l. 

D~ying 1he specimen - _The scanning electron min oscope (like the trans~ission ele_ctron 
,rncro~copc-) operates '"'1th a vac uum. rlllls, the specimens must be dry or the sample will be 

destroyed in the electron microscope chamber. Many dectron microscopists consider a 

procedure called the Critical Point Drying (CPD) as the gold standard fo r SEM specimen 

clr:·in g. Cc1rbon di oxide is removed after it s transiti on from the liquid to the gas phase at the 

crit ic:il puint. c1 nd the specimen is dried without structura l damage. 



\l,,lUt\\11 ~ tlir • l'<'1. ltllt"ll \lier the .. ..imrlc h.r l C'Cf .:t le ! II \ J 

,II t r,1 u·.mr .11 1 .,rpropn;:ilc flh.11L""I. !. f'C'- imcn,i 11111 l he mn1 1ntt",l r ;I 

111,,ncd 1111,1 1hc ,~ar1n111g clc,tron mtcrn ... 1.·ot1<: S.Hnplc.: .ir c.: ' •" 11 l -~-' 
• t.11.;.1 ~ m,,11n1c on r.u;wi 

1 ilum111u111) , tuh, u ... 1n t?. :.i doubk-stick j lapt.: . It 1' 1mr,.,rt. 1nr th 1t Lh. • 1 
\' - ~ 

• c ,n,. c;1t1 ~ 1t, r t,r • ce 

I'll th~· l"1: st Mil·nt~tion of the spt.:cimcn on thi.: 111 ou11 1inl.! .., tu b t') f h • 

,. 
- <.: or1.: .:t(t;le LM ~ ll .. r. • 

\1n 1.:nw1ion pro\ 1:~ difficult and c:1n n.:sult in s igntftcJlll c.bm;:igc to 1hc ,am pk. 

C1.K1tinl!. the specimen- The idea of co;;iting Lht.: spcc_,mt:n i-, tu incrca.."1..: its con<luctn it1, m th<,: 

~canniiig l'lcctron microscope and to prevent th,: huild -up ll r hi£h \ Oltagt.: charg1:5 on the 

specimen by conducting the charge LO ground - Typical I:-. specimens are coated with a th in 

layer of approximately 20 nm to 30 nm of a conducti\c metal kg .. gold. gold-palladium. or 

pl:itinum ).A spider coated in gold. having bet:n prepared for vit::\\ ing \\ ith a scanningclcctron 

microscope. 

2.1 .9Ad,,antages 

AdYantages of a Scanning Electron ~1icrnscopc indu<l1: its \\ iJc-arra~ of applications, the detailed 

three-dimensional and topographic.al imaging and the 'crsatilc infonnation garnered from different 

detectors. SEMs an! also 1.'JS) to aper.th: \.\Ith the.: prnpcr training and advances in computer 

technology and associated soft\\;m: rnal..c.: opc-r.t tion u..~r-frirndl~. Although ·all samples require 

minimal preparation actions. 

2.1.J ODisad,1arHa~es 

The disadvantages of u Scanmni; 1-lc\.Uon ~! tdos.copc .. 1art "ith the size and cost. SEMs are 

expensive. large and must ~ hott-<\I m .m ,lft";j 11cc or .1n~ possible electric. magnetic or vibration 

interference. l'v1aintenancc lll\l.ll\ c~ keeping .1 ~lc..td~ , uhugc, tum:nts to electromagnetic coils 

and circulation of cool \\ah.·r. Sl:~h .m.· hnuh.-J tu !>t.>IIJ. inorganic samples small enough to fit 

inside the vacuum chamber that can h:indlc moJcratc \ acuum pressure. 

2.1. l lApplications 

SE Ms have a variety of applications in a number of scientific and industry-related fie lds. especially 

,, here characterizations of sol id materials are beneficial. In addition to topographical , 

morphological and compositional information, a Scanning Electron Microscope can detect and 

analyze surface fractures, provide intom,ation in microstructures, examine surface contaminants, 

revea l spati al variations in chemical compositions, provide qual itative chemical analyses and 

identify crystalline structures 

2.2 'I he rmo-Gravimetric Analysis 

lr1trocJuc tion 

I\ fh: , 

r r Ill l IL 



- - ------------ ----

•!• Instrumentation 

•!• Factors affecting results 

•!• Advantages 

•!• Limitations 

•!• Applications 

2.2. l Thermo-Gravimetric Analysis 

Thermo-Gravimetric Analysis or Thermal Gravimetric Analysis (TGA) is a method of thermal 

analysis in which the mass of a sample is meaSured over time as the temperaturemust be 

prepared before being placed in the vacuum chamber, most SEM samples changes. 

Three types of thermo-gravimetry 

❖ Isothermal or static thermo-gravimetry: In this technique the sample weight is recorded as 

function of time at constant temperature. 

❖ Quasistatic thermo-gravimetry: In this technique the sample is heated to constant weight at 

each of series of increasing temperatures. 

❖ Dynamic thermo-gravimetry: In this technique the sample is heated in an environment 

whose temperature is changing in a predetermined manner generally at linear rate. 

2.2.2Principle 

In thermo-gravimetric analysis, the sample is heated in a given environment (air, N2, CO2, He, 

Ar, etc.) at controlled rate. The change in the weight of the substance is recorded as a function 

of temperature or time. 

This plot of weight change against temperature is called thermo-gravimetric curve or thermo­

gram. this is the basic principle of TGA. 

2.2.3Jnstruments 

❖ Recording balance 

❖ Sample holder 

❖ Furnace 

❖ Temperature programmer /controller (thermocouple) 

❖ Recorder 

2.2.4ReconJing balance 

A micro balance is used to record a change in mass of sample/ substance. An ideal microbalance 

must possess folltl\, ·in g. features. It should provide electronic signals to record the change in mass 

using a recorder. The L'lcctro11ic s ignals should provide rapid response to change in mass. 

z :;, 

t y; 

'ij 
" i 



2.2.5Sample holder 
. is laced in sample holder or crucible. It is, ... ,. 

The sample to be studied P . . . dttached to the wcigh i11g arm 
. different vanettes of cruc1bles used S . . 

of microbalance. There aie · oinc differ in shape and ;; ize 

. erials used. They are made up from 1- . 
while some differ 111 mat · . . P c1t inu111 , aluminum, quartz or 

I 
. tcrials like graphite, sta111 lcss steel gla .. 

alumina and some ot ,c1 mn ' 'ss etc 

of crucihlcs. They arc: Sha llow p·ins(L 1 , 
❖ There arc different types . . < • iscc lor vo latil e suhstam:cs) 

·11 , - (l iustrial sen le calcmat1on) 
❖ Deep eruct 1 l:S 1H 

d . . , 'hies (sci r generated atm. Studies) 
❖ l ()n~cly coven: <.:1 uc1 · · 

❖ Rctorl cups (Boiling point stu<li cs) 

2.2.6Furm1cc 

The fumace should be designed in such way that it Prod uces a linear heating range. It should have 

a hot zone Yrhich can hold sample and crucible aI1d its tempe~ature corresponds to the temperature 

of furnace. There are different combinations of micro balance and furnace available 

2.2. 7Temperature programmer/controller 

Temperature measurement is done in no. of ways thermocouple is the most common technique. 

The position of the temperature measuring device relative to the sample is very important. The 

major types are 

❖ The thermocouple is placed near the sample container and it has no contact \vilh lht ~ample 

container. This isn' t a good arrangement where low-pressure are employed. 

❖ Temperature measurement is done in number of ways, thermocouple is rhc mo:-,t cumnH111 

technique. The position of the temperature measuring device relati've to the j..unpk i~ \ er: 

1mportm1t. 

2.2.8Recorder 

The recording systems are mainly of 2 types 

❖ Time-base potentiometric strip chart recorder. 

❖ X-Y recorder. 
I · ,orders or one recorder 
n some instrument s, light beam galvanometer photographic paper re(; . . h 
. , having plot of we1g ts 

,, ith two or more pens arc also used. In the X-Y recorder, we get curves 

direct ly nga inst temperatures 



2.2.9Factors affecting TGA 

Factors affecting the TG curve The factors which may affect the TG curves are classifi ed into 

two main groups.: 

❖ Instrumental factors 

1) Furnace heating rate 

2) Furnace atmosphere. 

❖ Sample characteristics includes 

J) Weight of the sample 

2) Sample particle size. 

2.2.l0Advantages of TGA 

A relatively small set of data is to be treated. Continuous recording of w~ight loss as a function 

of temperature ensures Equal weightag~ to examin~tion over the whole range of study. As a single 

sample is analyzed over the whole range of temperature, the variation in the value of the kinetic 

parameters, if any, will be indicated. 

2.2.llLimitations ofTGA 

The Chemical or physical changes which are not accompanied by the change in mass on heating 

are not indicated in thermo- gravimetric analysis. During TOA, Pure fusion reaction, crystalline 

transition, glass transition, crystallization and solid state reaction with no volatile product would 

not be indicated because they provide no change in mass of the specimen. 

2.2.12Applications of TGA 

From TGA, we can determine the purity and thermal stability of both primary and secondary 

standard. TGA is used to study the kinetics of the reaction rate constant. Used in the study o f 

catalyst: The change in the chemical states of the catalyst may be studied by TGA techniques. 

(Zn- ZnCr04) Zinc-Zinc chromate is used as the catalyst in the synthesis of methanol. Analysis 

of the dosage form. Oxidative stability of materials. Estimated lifetime of a Product. 

2.3X-Ray Diffraction 

❖ Introduction 

❖ Generation of x-rays 

❖ Principle 
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It is a non-destructive teclmique. 

It PI·ov1· des a precise measurement method which requires 

❖ 
no extern I • 

. . peed collecting a scan every second It a cal1bratin11. 

It can mc1ease s , , can inc. t 
tease sensitivit~ 

It has greater optical throughput. 
. 

. 1 . · II)' simple with only one moving part 
It 15 mec rnmca - · 

,.... • ,.._ te 10 Jig, h t, ~gt~fug is u sed. 
10 sepa .. a ._~ ~ -

Slit 

Sarnpl c 

Light source 
To s_el~ ct t h e s p eci fi e d IR light -

b,_sl1t ~~as,d. ' 

Fixed CCM,~ 4 n uma(sropTuaJ ;-,, firot rrwde 

~ ~y the•· interfe rornct<!r using JR 
, .. hght. 

~ B; C I ,, 

~ 
~ ·,, 

---··► 
---► 

D etector 

Sample 

MovingCCM .,, ... , is calculated a nd transformcJ 

" .::,, , '·,4s~ng a FounsrTrnnsform (FT) . 

Figure 2.4 : Fourier transform infrared analysis. 

2.4.2Sampling 

techniquesLiquidSamp 

les 

❖ ?\'eat sample Diluted solution Liquid cell 

Solid Samples 

❖ ?\'eat sample Cast films Pressed films KBr pellets Mull 

Gas Samples 

❖ Short path cell Long path cell 

. . ·1.., ·1s fulllm~: 
I , JCl.!" "i ., • • 

2 4 3'fh s . ' . t · 111c11ta r1l • 

· · e ample Analysis Process The normal rns I u 

2.4.4Thc Source ll -sl· s 1hn1uµh ~111 

I .. ,111 r> :-,. ,. 
, . , j lll S JL , 

Jnfrar· d · · l ly sotllL L - · 1 •l y to th~ 

1.: l:nergy J~ l:m11ted from a glowing black- ooc · ,k (and . ult111 1:1 L • 

tlie s:1I111 

aperture which c;ontrol s the amount of energy presented 10 

dr.:ttct,,rJ. 



2.4.4.1 The Interferometer 

The beam enters the interferometer where the "spectral cncodin 1 ,, l' k t 
1 

. 
g d e1., p ace. The resulting 

interferogram sigmli then exits the interferometer. 

2.4.4.2Thc Sample 

The beam enters the sample compartment where it is transmitted through or reflected off of 

the surface of the sample, depending on the type of analysis being ,;ccomplishecl. This is 

where specific frequencies of energy, which are uniquely characteristic of the sample, are 

absorbed. 

2.4.5Thc Detector 

The beam finally passes to the detector for final measurement. The detectors used are 

specially designed to measure the special interferogram signal. 

2.4.6Advantages of FT-IR 

2.4.6.1 Speed 

Because all of the frequencies are measured simultaneously, most measurements by FT-IR 

are made in a matter of seconds rather than several minutes. 

2.4.6.2Sensitivity 

Sensitivity is dramatically improved with FT-IR for many reasons 

2.4.6.3Mechanical Simplicity 

Thus, there is very little possibility of mechanical breakdown. 

2.4.6.4Internally Calibrated 

These instruments employ a HeNe laser as an internal wavelength calibration standard. 

These instruments are self-calibrating and never need to be calibrated by the u 



Preparation of Sample: 1. 
• The sample we prepared i~ using 200?1g ~HP A + 25ml I-I 

and stir it for five hours using magnetic stirrer and the 20 + 125mg Chro . A Pellet. mmm cetate 

• We don't need to disturb the gel in between the stirrin . g time, and w . . . 
. e will give 1t for analysis. 

• In this we will take a I 00ml beaker we will weigh all th . 
as per the requirement and in the PI-IPA and Chromit e ~hem1cals using weighingmachine 

• .c: 5 l im atetate · 1 
and mix it up well and stir ,or 1ours. we wi I acid distilled water 

• After stirring we will use High Vaccurn Pump and Rota E 
we will get the powder form of the sample, XRD SEM ryFTvlfap?rator to dry the sample then 

' , ~. fGA. 

• After the preparation of the sample we have to store it in a pl t· 6 _ . · _. as 1c ottle. 

J J 

,. 

£:~-~--:__; --~ ~-~ 
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be Sli;M Bssult of C'l1c sRmplc (Sci[nnin g electron microscope).;_ 
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3. CONCLUSION 

l degradable nanocomposite hydrogel has been synthesized using laponite XLG asnanomaterial, 

nd evaluated for mobility control and fracture-plugging applications in mature reservoirs. ft was 

,bserved that gel strength increased wi th increasing nanomaterial concentration. Jt was also 

,bserved that lon.gterm thermal stability of hydrogels was directly proportional to nanomaterial 
' 

;oncentration. The higher the nanomaterial concentration, the longer the thermal stability of the 

1ydrogels. Post-degraded nanocomposite hydrogel viscosity measurements were 26 times higher 

)1an those ofhydrogels without nanomaterial. After degradation, LXLG nanocomposite hydrogel 

rnd a post-degradation viscosity (4437 cp), whereas hydrogel without nanomaterial had a post­

j~_gradation viscosity of 170 cp. LXLG nanocomposite hydrogel can be used for confonnance 

control applications because they have higher strengths and longterm thermal resistance than 

hydrogels without nanomaterial.For secondary polymer flooding-mobility control applications, 

we recommend using degradable LXLG nanocomposite hydrogels, since they have a high post­

degradation viscosity under anaerobic conditions. This product, when injected into the reservoir, 

wi ll initially act as a conformance control agent by plugging water thief zones and channels, 

thereby directing injected water to sweep out oil from low permeability oil rich zones. After an 

extended time period, this product degrades into a highly viscous polymer solution which then 

moves deeper into the reservoir, mixes with flood water and increases its viscosity, and by so 

do ing improves water and polymer flooding processes by increasing water sweep efficiency, 

thereby enhancing oil production. Thus, with a single product, we can 

❖ correct reservo ir heterogeneity and improve conformance control. 

❖ improve water fl ooding process. 

❖ Boostpolymern oocling. 
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