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Chemicals used in different stages of drilling
operation fall into a large diversity and a vast
variety. In general, these chemicals have a very
complicated structure.

Foreign companies that supply these chemicals
under their commercial brand names, refuse to
disclose comprehensive information about their
chemical structure. That is why the information
concerning chemical structure of these products
1s limited.

In general, the chemicals used in drilling
operations are classified as follows:

A-Chemicals used in drilling operations.
B- Chemicals used in cementing stage.
C- Chemicals used in acidizing process.

For further information about chemicals used in
drilling operations, well cementing and
acidizing process a brief description is provided
hereunder. However, in describing acidizing
chemicals, that is the topic of this article, the
subject is expanded in more details.
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A-Chemicals used in drilling operations

These chemicals are used in formulating water
base and oil base drilling mud. The chemical and
rheological properties of additives for drilling
mud are of the utmost i1mportance.
The most significant functions of drilling mud
are:

» To carry and transfer the drilled materials and
drill cuttings from the bottom of the well to the
surface.

 Cooling and lubricating drill pipe.

" Building a filter cake layer on the walls of the
bore hole in order to prevent it from fluid loss.

Creating a suitable pressure in earth layers to
stabilize the pressure between the different
strata of'its crust, as well as the walls of the well.

To keep drilled materials and weight adding
substances of the mud all in suspension.

Having the ability of separating drill cuttings
and spreading them on the surface.

To bear a part of the weight of drilling pipes
and casings.

Having minimum effect or pollution to the
stratum of earth crust as well as the walls of the
well

To disclose accurate geological information
regarding the arrangements of different layers of

Introduction to
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the earth including their make and nature.
» Transferring hydraulic power to the drilling
shaft and bit.

Protecting drilling equipment and pipes from
COITOSION.

These chemicals are added to the cement slurry
that 1s used for cementing well. Cementing
operation of well 1s highly important, because as
it is practiced, right after the drilling is finished
the well must be prepared for continuous
production of oil or gas. So, a large outside pipe.
or *“ CASING™ 1s inserted to the full depth of the
well, and then the cement slurry is forced
between the outside of the casing and inside
surface of the bore hole. This cement forms a
seal, so that fluids can not pass through the well.
Adding chemical additives in cementing slurry
1s a highly important stage in well cementing.
Reasons to install casing in o1l wells and
cementing are as follows:

To keep drilling pipes stable in their positions
and keep them well attached to the earth.

To prevent collapsing of the well walls and
cave occurrence.

To prevent passing of fluids into earth layers
that may cause pollution to oil, gas and with
other fluids.

» To prevent penetration and/or seepage of other
fluids into or around the well that may cause
corrosion to the pipes.

To have control over gas or oil well pressure
and direct the flow to the surface.

Acidizing chemicals are used for cleaning oil
wells that also increase productivity of reservoir.
Different activities are performed to increase
productivity of the reservoir. Choosing any of
such activities depends on the situation of the
well, geological structure of the reservoir and
the kind of rocks that form the reservorr.
Acidizing is one of the methods used to increase
productivity of o1l and gas reservoir. This
operation could include a simple act of applying

An Intreduction to
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acid solution using common tools up to very
complicated operation in with complicated
chemicals together with tremendous volume of
acid are consumed and highly advanced
machinery with powerful pumps, able to break
through layers, are put to work,

In general, well acidizing operation is divided
into three activities:

1 Acid washing by which wells are cleaned.
[2 Matrnx Acidizing.
8 Acid Fracturing,

Acidizing of oil well, is performed for the
following purposes:

» To clean out the oil productive formation of
the well from sediments of mud and other drill
cuttings.

To increase permeability of productive
formations.

To cut and break through productive
formation b}' injecting acid and other acidizing
chemicals using powerful pumps.

To increase productivity of well.

To clean walls of the pipes & casings.

In case of the blow out, a diverting well is
drilled and connected to the blow out well. Then
by injecting acid and other fluids through this
well into the down shaft of blow out well, the fire
will be extinguished.

Acidizing chemicals are used as combinations
of different chemicals in one “PACKAGE” to
be used in acidizing & cleaning of oil well in
order to increase its productivity. Such
“PACKAGES” are tailored for certain usage
depending their compatibility with the crude oil
on which the “PACKAGE” is being used.
In combining of such packages, all the accepted
standards must be observed and the package
must go through careful Lab. tests and field
trials, while the compatibility to the crude oil is
of'the main concern.
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acidizing Additives include the following
chemicals:

[-Anti-sludge additive

2-Emulsion preventer breaker
3-Multi-functional agent

4-Iron control agent

5-Suspending agent

6-Surface tension reducer

7-Acid retarder

8-Acid corrosion inhibitor

9-Acid corrosion inhibitorintensifier
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This is an anionic surfactant chemical that is
used as anti-sludge in acidizing oil well in order
to control sludge forming in acidizing
operations. Contact between crude oil and acid
will cause certain sludge that is not only hard to
dissolve, but sometimes even impossible. This
sludge causes bad damages to the productive
layers, impairing their productivity. To prevent
such damages anti-sludge is used.

Following factors cause sludging when acid
comes in contact with crude oil:

Kind and Nature of Crude Oil

Crude o1ls with higher percentage of asphaltene
have higher tendency to produce sludge in
contact with acids. Since control over the nature
of the crude oil is hardly possible, therefore, the
best action is to prevent sludging by using anti-
sludge additive.

Kind of acid and its concentration:

Higher concentration of acid creates higher risk
of sludging. Also the kind of acid is another
factor in sludging, for example: hydrochloric
acid causes more sludge than acetic acid.
Considering this point, it is recommended that
acids compatible to the productive layer should
be used mn week concentration to minimize the
formation of sludge.

Presence of free ion (iron ions in particular):
Another factor in formation of sludge is
presence of free ferric ions, higher the positive
charge of free ions, higher the risk of sludge
forming. For example: Fe +3 causes more ion
induced sludge than Fe+2 . To reduce such
effect, following actions could be taken:
-Decrease acid concentration.

-Select the right kind ofacid.

-Reduce corrosion by adding corrosion
inhibitor.

-Reduce 1onic charge.

-Presence of solid particles in the system:

One of the factors in formation of sludge is the
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presence of solid particles in the system that can
act as nucleus for sludge forming. These
particles are usually present in mixing vessels
that have not been cleaned properly, and will get
into the system together with injected fluids.
Due to the mmportance of preventing such
particles getting into the system, "MUTUAL
SOLVENT" additives are used, specially in clay
bearing layers.

-Excessive Heat Reducing:

Sudden  reduction in heat causes sludge,
therefore, it should be prevented.

To sum up the above, we come to this conclusion
that in order to prevent sludging, anti-sludge
additives should be used. These additives, in
most cases, are “anionic” chemicals and have
the greatest effect on asphaltene and paraftin
existed in crude oil. Corrosion inhibitors are
generally ““cationic™ chemicals, therefore anti-
sludge additives have a negative effect on the
function of corrosion inhibitors.

To overcome these problems, the anti-sludge
additive must be selected after proper & careful
Lab.test, measuring compatibility of anti-sludge
with the crude oil in concern and other additives
that are to be added to.

This additive 1s a “‘cationic™”, “non-ionic”
demulsifier used for prevention of emulsion
forming between oil/water or oil/acid in
acidizing operation.

In general, fluids that are injected into the well
(water, acid and /or other fluids) are not
compatible with fluids existing in the productive
layers, therefore, the possibility of emulsion
forming is high. To prevent forming emulsion or
even to break the already existed emulsions,
these additives are used. This process is more
practiced in acidizing operations, due to the fact
that since in acidizing operations surfactants are
used, therefore the risk of emulsion forming in
o1l well is very high and such emulsion will



cause contamination on the surface of the oil
producing layers.

Demulsifier additives clean out the well and
make oil flow smoothly.

Selecting the quantity and the kind of
surfactants, additives and acid. is based on the
nature of the well fluids and reservoir rocks. All
of these chemicals, particularly demulsifier and
anti-sludge. must have compatibility with each
other and with the well fluids as well as being of
the best quality. Therefore, the selection 1s made
after performing intensive Lab.tests.

Lab. tests performance to recognize
incompatibility and poor quality of demulsifier
additives.

Since any external fluid that is injected into the
well would cause unfavorable damages to the
reservoir rocks, the minimum quantity of the
additive to be used must be accurately defined.
To reach this minimum, Lab. test 1s carried in the
following procedure.

First the additive in the quantity recommend by
manufacturer is mixed with the acid, then this
mixture is added to the sample of the concerned
crude oil and let it settle for some time. After
settling time is over the content of the test tube
will be divided in two totally separated phase,
one will be just oil and the other, acid plus
additive. Then fluid of each phase 1s tested. If
drops of acid show 1n the o1l or drops of o1l show
in acid phase, the additive 1s of poor quality and
its use will not be recommended.

This additive in most cases has a multi function
property that makes it suitable of being used as
anti-sludge, demulsifier, reducer of surface
adhesion and even sometimes as suspender of
particles. In some of the oil fields that have a less
tendency for sludging, this additive can be used.
In Gachsaran fields multi-functional agent is
used as anti-sludge, demulsifier and particle
suspender, whereas in Ahwaz Bangestan and
Assmari fields due to the high tendency of the
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crude oil to form Asphaltine, using this additive
1s not suitable, therefore, anti-sludge and
demulsifier must be applied independently.
Nevertheless, multi functional agent has many
advantages as it could be used in place of two or
three different additives in just one and therefore
save time in both Lab. tests and mixing, since it
can be mixed right at the well site.

[ron ions exist in some of the productive layers.
During acidizing operation these iron ions are
being solved in acid. Iron ions in acid causes
damage, therefore, iron control agent is added to
prevent such damages.

Damages caused by the presence of iron ions in
acid are described as under:

Formation and aggravation of sludge.

Formation of Fe(OH)3 and Fe (OH)2
deposition that will block productive layer
pores and reduces their porous ability.

Forming of FeS in wells with H2S. In such
cases H2S scavenger additives are added in
addition to iron control agent.

[ron control Agents are generally divided into 3

||||||||||||||||||||||||||||||||||
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following additives:

A- PH controller: This additive that is generally
called PH controller, prevent Fe+3 & Fe+2
deposit by lowering PH. As it is known, Fe+3
begins to deposit from PH 2.5, upward. Whereas
Fe+2 begins to deposit from 7, upward. This
should be noticed that with presence of acid, the
possibility of  depositing Fet+2 is almost
impossible.

B-Reducing Agent : This additive reduces Fe+3
ion to Fe+2 ion, thus reduces the risk of sludge
forming and inhibits deposit appearance.

C-Complexing Agent: This additive, that is
known as the best and the most effective Iron
Control, composes with iron ion in the system
and makes a compound that is easily dissolved
in acid; this way, Iron ion in system will be
completely eliminated.

During the acidizing process some of the
particles of the reservoir rock are not soluble in
the acid. To keep these particles in suspension in
order to prevent them from settling while the
acid i1s being pumped back from well to the
surface, this agent is used .

Surface Tension Reducer Agent is a non-ionic
surfactant that is used for giving a better fluency
to the spent acid. It i1s used for well cleaning after
the acidizing is finished. Application of this
additive is speclally required when the
productive layers have low permeability.

This additive 1s used to increase penetration
effect of acid in a lager surrounding of well's
radius. In general, the reason of using acid
retarder 1s to provide higher efficiency in
penetrating of the acid into the reservoir rock.

An Introduction o
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This action 1s practiced by retarding the
chemical reaction of acid overrock.

Acid retarding action could be made possible in
two methods. In the first method the chemical
reaction 1s retarded by covering acid molecules
with a film of organic substance. In the other
word, the molecules of acid are emulsified by
using a suspending chemical. The other method
1s to cover reservoir rock by a thin film of
organic substance that will slow down the
reaction.

Acid retarder additives are classified in four
groups:

Chemically Retarder Acid.
Emulsifier Acid.

» GelAcid.

Foam Acid.

A-Chemically Retarded Acid (film forming):
One of the best acid retarder additive is this
particular one that by covering the surface ofthe
reservolr rock with organic substance will
reduce the effect ofacid reaction on the rock .




The advantages of using this additive are:
-Contrary to Emulsified Acid Retarder, this
additive does not require the second phase (outer
phase), therefore, the volume of injecting acid
solution is reduced. As a result a good saving is
made in transportation cost for delivery of extra
load to the well site as well as pumping
expenses.

-It could be used in highly compact layers. For
example in Bangestan Layers of Ahwaz and
Maroon, that are very compact, using
Chemically Retarder Additives i1s much
preferred to Emulsified Acid Additives, because
injecting Emulsified Additive that has high
viscosity requires higher pumping pressure.

-It 1s possible to use chemically retarder acid
(film making) without paying attention to the
production fluids of the well weather it be oil,
gas or water injecting.

Using this additive has its disadvantages as well;
such as limitation of its stability in high
temperature and resistant of film covering rock
to dissolve properly. These problems could be
overcome by applying discorrect measurement
in proper method.

B-Emulsified Acid:

Retarding acid effect can be obtained by using
an emulsion that its outer phase 1s an organic
matter (such as “gas-o01l” or crude oi1l) and inner
phase 1s acid. The preparation method 1s that the
retarding additive should be mixed with “gas-
0il” in a certain proportion and then acid
solution that also contains other additives will be
added to the mix and the mixing action will
continue till a homogenous emulsion with
suitable viscosity will be obtained. In mixing
this kind of acid retarder, it is very important that
absolutely no surfactant should get into the mix,
therefore, careful attention should be paid in
having the mixing vessel to be absolutely free of
any surfactant.

Presence of any surfactant in the mix would
lower the quality of the emulsion, it may even
prevent the mix to emulsify.

Emulsified Acid Additives are good choice for
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Lavers with good permeability and reservoirs
with low temperature. This emulsion, 1n
addition to 1ts retarding ability, has a good anti-
corrosion ability because in gas-oil phase the
acid is practically covered .therefore, its
corrosiveness is considerably down.
Nevertheless, using Emulsified Acid Additive
has its own disadvantages described as under:

- It needs second phase (like gas-o1l or crude oil)
therefore, the volume of injected fluid 1s highly
increased .

-Injection process of emulsified acid additives
takes more work and time for mixing and
viscosity control compared to chemically
retarder acid additives.

-Most of the emulsified acid additives lose their
capability in temperature higher than 200 F.
-The possibility of using gas-oil as injection
fluid in gas wells s nil.

C-Gel Acid:

In this kind of acid retarder, gel making additive
covers molecules and reduces the contact
between acid and rock surface causing

An Introduction o
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Retardness in acid reaction. This process gives
acid the ability to penetrate deeper into the
rock.This acid retarder agent is a suitable choice
for reservoirs with good permeability and
particularly is the best choice for fractured
I'EServolIrs.

The other advantage of this additive is its low
corrosive effect on the pipes and down-hole
equipment. Important point about this retader is
that the right gel making additive must be
selected and suitable mixing process should be
applied to reach the best quality and required
VISCOsity.

This additive 1s used to reduce corrosion on
pipes and other well-head and down-hole
equipment. [t is also among the additives used in
well acidizing operation.

This additive is divided in different groups
according to the temperature of the productive
layers it is to be used for, and the nature of anti-
corrosiveness it may have. At the present time
most of the corrosion inhibitors belong to film
type group. These types of corrosion inhibitors
form a thin film over the metal surface of pipes
and other facilities and provide protection
against corrosion. By using this additive,
application of different acids (like HCL, HF, and
organic acids) is made possible.

In general, the flow of oil in wells after a period
of production will be reduced. This is due to the
blockage of rock pores. To get over this problem,
in certain period of time, oil wells should be
washed by hydrochloride acid solution with
added corrosion inhibitor additive to clear out
the blocks, obstructing layer pores.

The obstructing blocks are usually small pieces
of limestone that is easily dissolved in
hydrochloride acid. By using corrosion inhibitor
in such acid solution, the effect of acid over the
metal is reduced to almost nil.

Theory and Mechanism of Acid Inhibitor Action
[nhibitors are made by composing special
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Hydrocarbon with highly condensed sulfuric
acid.

These  chemical compounds are hydro-
carbon sulfonates, with basic formula as
(R-SO3H). They are MONO-POLAR

molecules that their “R”parts have cyclic
hydrocarbons and chain hydrocarbons, and are
co-valance. The radical of SO3H is polaris and
has electro-valance property. SO3 H radical
makes inhibitor molecules, that are oil basis,
dissolve in hydrochloric acid. As the results of
this reaction the hydrocarbon compounds, that
have excellent film forming tendency with
metals-will form a covering film made of oil
based hydrocarbon over the metal and that film
provides protection against effect of acid over
the metal. Meanwhile radical SO3H having
surface  absorption property towards any
sedimentation and all non-metallic deposits,are
absorbed and its co-valance property would
allow hydrochloride acid to dissolve the
mentioned deposit. As the final results, the
surface of metal will be cleaned of any deposit
and other non-metallic contamination.

By cleaning the surface of metal, inhibitor
molecules divert their direction 180 degrees
and will cover the surface of the metal with their
radical R. This way,the metal will receive
protection against the corrosive effect of
hydrochloric acid.

Generally in high temperature (above 200F for
acid 28) corrosion inhibitor additives lose their
capability to have control over corrosion and
keep up to the standard. To overcome this
problem, acid corrosion INTENSIFIER
additive 1s used to reduce corrosion in high
temperature and also to intensify the effect of
corrosion inhibitors.

In general, this additive is a week acid (in most
cases organic acid) that reduces the effect of
strong acids like hydrochloride 15& 28.
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Foreign companies that so far have supplied
their manufactured product of acidizing
additives are the following companies. It should
be noted that their products have received
approvals after going under intensive lab.tests
and field trials.

Each of these companies manufacture their
products under certain commercially brand
names and provide combinations of their
products in packages in which each chemical 1s
added in recommended measures and each
package is specially formulated for certain
fields:

Name of Foreign Suppliers:

1-BJ Service

2-Halliburtion

Y
€ ‘E

3-Dowell
4-Henkel

Director of Chemical and Refinery Items, in
1381(2003) began to work-out a project for
promoting local production of acidizing
additives. The special effort is made on having
the production of these chemicals to be totally in
accordance with all the internationally accepted
standards of oil industry as well as being
compatible with the crude oil produced in local
fields.

It is also important that the compatibility of each
chemical with other chemicals composing the
acidizing package must be restrictly observed.

At the present time 2 local companies are
participating planning for locally manufacturing
these products. These companies are Travis Iran
Chemical Co. and Siman Band Co. . The sample
of their Acidizing Additives are pn.,scntl}f under

Lab. test & field trials.
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