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ABSTRACT

A corrosion inhibition package for use with an aqueous acid composition, said package comprising: a
terpene;a cinnamaldehyde or a derivative thereof; at least one amphoteric surfactant; and a solvent. Also
disclosed are compositions comprising said corrosion inhibitor package. Preferably, the corrosion inhibition
package meets the environmental requirements for classification as yellow according to the Norwegian

North Sea offshore drilling regulatory requirements.
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NOVEL CORROSION INHIBITION PACKAGE

FIELD OF THE INVENTION

This invention relates to corrosion inhibition packages for use with acidic compositions, more
specifically to corrosion inhibition packages which 'prdvide an enhanced environmentally-friendly

characteristic while still providing industry-leading corrosion protection.

BACKGROUND OF THE INVENTION

In the o1l & gas industry, stimulation with an acid i1s performed on a well to increase or restore
production. In some instances, a well initially exhibits low permeability, and stimulation 1s employed to
commence production from the reservoir. In other instances, stimulation or remediation is used to further

encourage permeability and flow from an already existing well that has become under-productive.

Acidizing is a type of stimulation treatment which s performed above or below the reservoir fracture

pressure in an effort to restore or increase the natural permeabtlity of the reservoir rock. Acidizing is

achieved by pumping acid into the well to dissoive typically limestone, dolomite and calcite cement between

the sediment grains of the reservoir rocks or to treat acid soluble scale accumulation.

There are three major types of acid applications: matrix acidizing, fracture acidizing, and breakdown
acidizing (pumped 'prior to a fracturing pad or cement operation in order to assist with formation breakdown
(reduce fracture pressures, increased feed rates), as well as clean up left over cement in the well bore or
perforations. A matrix acid treatment is performed when acid is pumped into the well and into the pores of
the reservoir formation below the fracture pressure. In this form of acidization, the acids dissolve the
sediments formation and/or mud solids that are inhibiting the permeability of the rock, enlarging the natural
pores of the reServc;ir while creating wormholes and stimulating flow of hydrocarbons to the wellbore. While
matrix acidizing is when pressures are maintained below the fracture gradient, fracture acidizing involves
pumping highly pressurized acid into the well above the formation fracture gradient, physically fracturing the
reservolr rock allowing the acid to etch the permeability inhibitive sediments. This type of acid treatment
forms channels or fractures and etches through which the hydrocarbons can flow. In some instances, a
proppant is introduced into the flutd which assists in propping open the fractures, further enhancing the flow

of hydrocarbons into the wellbore.,
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There are many different mineral and organic acids used to perform an acid treatment on wells. The

most common type of acid employed on wells to stimulate production is hydrochloric acid (HCl), which 1s

‘useful in stimulating carbonate reservoirs.

Some of the major challenges faced in the oil & gas offshore industry from using hydrochloric acid
include the following: extremely high levels of corrosion (which is countered by the addition of ‘filming’
type corrosion inhibitors that are typically themselves toxic and harmful to humans, the environment and
equipment and thus affect the classification rating or use in many offshore jurisdictions (such as the North

Sea). Reactions between acids and various types of metals can vary greatly but softer metals, such as

aluminum and magnesium, are very susceptible to major effects causing immediate damage. Hydrochloric
acid produces Hydrogen chloride gas which is toxic (potentially fatal) and corrosive to skin, eyes and metals.

At levels above 50 ppm (parts per million) it can be Immediately Dangerous to Life and Health (IDHL), At

levels from 1300-2000 ppm death can occur in 2-3 minutes.

The inherent negative effects (organic sterility, poisoning of wildlife, personnel exposure, high
corrosion, hazardous fumes etc.} of HCl and the corrosion inhibitors added to reduce this corrosion in the
event of an unintended or accidental release on surface or down hole into water aquifers or other sources of
water are devastating which can cause significant pH reduction of such and can substantially increase the
toxicity and could potentially cause a mass culling of aquatic species and potential poisoning of humans or
livestock and wildlife exposed to/or drinking the water. An unintended release at surface can also cause a
hydrogen chloride gas plume to be released, potentially endangering human and animal health. This is a

common event at large storage sites when tanks split or ieak. Typically if near the public, large areas need to

be evacuated post event and a comprehensive, expensive to implement, emergency evacuation plan need to
be in place prior to approval of such storage areas. Because of its acidic nature, hydrogen chloride gas is also
corrosive, particularly in the presence of moisture. A method to overcome gas fuming is by using novel

synthetic acids which have an ability to control this drawback all the while maintaining the efficiency of the

actd downhole.

The inability for acids and blends of such to biodegrade naturally without neutralizing the soil results
in expensive cleanup-reclamation costs for the operator should an unintended release occur. Moreover, the
toxic fumes produced by mineral & some organic acids are harmful to humans/animals and are highly
corrosive and/or produce potentially explosive vapours. Transportation and storage requirements for acids
are restrictive and taxing in such that you must haul the products in acid approved tankers or intermediate

bulk containers (IBC) that are rated to handle such corrosive products. As well, the dangers surrounding

exposure by personnel handling the blending of such corrosive/dangerous products [imtts their
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use/implementation. Some if not most of these problems have been greatly minimized through the use of

synthetic acids as mentioned above.

Another concern is the potential for exposure incidents on locations due to high corrosion levels of
acids causing storage container failures and/or deployment equipment failures i.e. coiled tubing or fracturing
iron failures caused by high corrosion rates (pitting, cracks, pinholes and major failures), Other concerns
include: downhole equipment failures from corrosion causing the operator to have to execute a work-over
and replace down hole pumps, tubing, cables, packers etc.; inconsistent strength or quality level of mineral &
organic acids; potential supply issues based on industrial output levels; high levels of corrosion on surface
pumping equipment resulting in expensive repair and mamntenance levels for operators and service
¢ompanies; the requirement of specialized equipment that is purpose built to pump acids greatly increasing
the capital expenditures of operators and service companies; and the inability to source a finished product

locally or very near its end use; transportation and onsite storage difficulties.

Extremely high corrosion and reaction rates with temperature increase causes conventional acids to
“spend/react or become neutral” prior to achieving its desired effect such as deeply penetrating an oil or gas
formation to increase the wormhole or etched “pathway” effectively to allow the petroleum product to flow
freely to the wellbore. As an example, hydrochloric acid can be utilized in an attempt to free stuck drill pipe
In some situations. Prior to getting to the required depth to dissolve the formation that has caused the
pipe/tubing to become stuck many acids spend or neutralize due to increased bottom hole temperatures and
greatly increased reaction rate, so it is advantageous to have an alternative that spends or reacts more
methodically allowing the slough to be treated with a solution that is still active, allowing the pipe/tubing to

be pulled free.

When used to treat scaling issues on surface due to water contamination, conventional acids are
exposed to human and mechanical devices as well as expensive pumping equipment causing increased risk
for the operator and corrosion effects that damage equipment and create hazardous fumes. When mixed with
bases or higher pH fluids, acids will create a large amount of thermal energy (exothermic reaction) causing
;Sotential safety concerns and equipment damage, acids typically need to be blended .with fresh water (due to
their intolerance of highly saline water, causing potential precipitation of minerals) to the desired

concentration requiring companies to pre-blend off-site as opposed to blending on-site with field/produced

water thereby increasing costs associated with transportation.

Conventional mineral acids used in a pH control situation can cause rapid degradation of certain

polymers/additives requiring increased loadings or chemicals to be added to counter these negative eftects.
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Many offshore areas of operations have very strict regulatory rules regarding the transportation/handling and
deployment of acids causing increased liability and costs for the operatof. When using an acid to pickle
tubing or pipe, very careful attention must be paid to the process due to high levels of corrosion, as
temperatures increase, the typical additives used to control corrosion levels in acid systems begin to degrade
very quickly (due to the inhibitors “plating out” on the steel) causing the acids to become very corrosive and

resulting in damage to downhole equipment/tubulars.

Acids perform many actions in the oil & gas industry and are considered necessary to achieve the
desired production of various petroleum wells, maintain their respective systems and aid in certain drilling
operational functions (i.e. freeing stuck pipe, filter cake treatments). The associated dangers that come with
using mineral acids are expansive and tasking to mitigate through controls whether they are chemically or
mechanically engineered. Eliminating or even simply reducing the negative effects of acids while
maintaining their usefulness is a struggle for the industry. As the public demand for the use of
cleaner/safer/greener products increases, companies are looking for alternatives that perform the required
function without all or most of the drawbacks associated with the use of conventional acids. Some of the
problems raised above have been greatly mitigated through the implementation and use of novel synthetic
acids. However, even some of those synthetic acid compositions comprise certain chemicals which prohibit

their use in certaln environments.

Offshore oil and gas operations are highly regulated due to the environmental concerns which arise
from their operations and the potential for spills. The complexity of drilling and completing offshore wells is
compounded by both safety issues for workers on such offshore oil rigs and production platforms as well as

environmental concemns.

Many countries bordering the waters where offshore drilling and production is routinely carried out
have put into play a number of regulations aimed at minimizing the environmental impact of this practice.
These regulations include the ban on certain types of chemicals which may be harmful to marine life and the

environmeént. In order to overcome these very restrictive regulations, many oil companies employ very
costly containment programs for the handling of certain chemicals such as acids which have a wide array of

uses in the industry of oil and gas exploration and production.

Norwegian offshore drilling regulations are amongst the most stringent on the planet. The regulatory

authorities routinely carry out monitoring of the water column in each of the 11 offshore regions of

Norwegian waters.
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This monitoring involves the measurement and tracking of pollutants or biological effects of
pollutants, using caged or wild-caught organisms. This allows the regulatory authorities to assess the impact
of offshore drilling on the marine fauna. In concert with these intense regulatory monitoring activities, the

approval of offshore chemicals is another aspect that is intensely controlled.

In addition to the water column monitoring, the regulatory body takes scdiment samples from the
seabed to assess the pollution which does not enter fishes and other organisms. These physical and chemical

sediment testing seek to quantify: the total organic matter (TOM); grain size distribution; hydrocarbons and

synthetic drilling fluids; metals; and radioactivity.

The chemicals are classified according three main critena: persistence (lack of biodegradation,

liability to bioaccumulate and toxicity.

Many of the issues related with offshore oil and gas exploration and production stem from the fact

that the conditions under which this is carried out are substantially ditferent than those encountered in the

same types of operations carried out onshore.

Acidic compositions conventionally used in various oil and gas operations can reach temperatures of
up to and above 130°C. At these temperatures, their reactivity is exponentially increased and, as such, their
effectiveness or even their ability to be utilized is greatly decreased. Corrosion is the major concern at high

temperatures and is difficult and expensive to control with additional chemistry.

Modified and synthetic acids developed and curréntly patented are aimed at increasiﬁg personnel
safety, reducing corrosion effects, reducing environmental damage, retarding the reaction and diffusion rate,
increasing worm-holing efficiency (reducing competing wormholes) and reducing the toxicity profile of HCL.
Additionally, there is the risk of wellbore and/or formation damage due to uncontrolled solubilized mineral
precipitation due to an increase in the pH caused mainly by the formation of ammonia during the

decomposition phase. The advent of newer synthetic or modified acids is intended on providing usage at
higher temperatures while still maintain the performance, safety and environmental advantages and benefits

of a urea-HCI! modified or synthetic acid system, but ultimately at these higher temperatures it is most often
necessary to utilize additional or purpose developed corrosion inhibitton packages and/or components to
control corrosion of exposed steel. In that respect, even short exposure times at high temperature are more
damaging to steel than longer exposure times at lower temperatures. In keeping with the changing times,

there is also a strohg desire to develop corrosion packages which are more “environmentally friendly and

more effective” than conventional packages.
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EP patent application 1 724 375 A2 discloses an aqueous organic acid composition containing a
terpene as corrosion inhibitor intensifier said to be especially suitable for use in acidizing subterranean
formations and wellbores. The composition is said to substantially reduce the corrosive effects of the acidic
solution on metals in contact with the acidic solution. Suitable terpenes are said to include carotene,

limonene, pinene, farnesene, camphor, cymene and menthol.

US patent no. 8,765,021 teaches an aqueous treatment composition for inhibiting corrosion and acid
attack on metallic surfaces that comprises a thiourea organic derivative, a polyalkoxylated terpene nonionic
surfactant and an acid. The invention also relates to a process for cleaning industrial metallic equipment, in
particular heat exchangers in which a heat transfer fluid, generally based on air or on water, tlows, with a

view to cleaning them and removing scale and other soiling.

US patent application no. 2003/0166472 discloses a well treatment microemulsion that is formed by
combining a solvent-surfactant blend with a carrier fluid. In preferred embodiments, the solvent-surfactant
blend includes a surfactant and a solvent selected from the group consisting of terpenes and alkyl or aryl
esters of short chain alcohols. The disclosed well treatment microemulsion can be used in well remediation,

stimulation and hydrogen sulfide mitigation operations.

US patent no. 8,323,417 teaches a method of treatment for inhibiting sulfur-based corrosion or
scaling or for removing scaling from a surface including inhibiting corrosion caused by sulfur-containing
materials, reducing corrosion caused by sulfur-containing materials, inhibiting scaling caused by sultur-
containing materials in gas, liquid or solid phase or any combination of multiple phases of materials,
reducing scaling caused by sulfur-containing materials, and removing scaling caused by sulfur-containing
materials. The method involves contacting sulfur-containing materials with a composition containing a

turpentine liquid, wherein said turpentine liquid comprises a-terpineol, B-terpineol, B-pinene, and p-cymene.

US patent application no. 2006/0264335 Al discloses an aqueous organic acid composition
containing a terpene as corrosion inhibitor intensifier is especially suitable for use in acidizing subterranean
formations and wellbores. The composition substantially reduces the corrosive effects of the acidic solution
on metals in contact with the acidic solution. Suitable terpenes are said to include carotene, limonene, pinene,

farnesene, camphor, cymene and menthol.

US 9,074,289 B2 discloses a method of inhibiting corrosion of a surface in contact with a corrosive

environment encountered in oil and gas operations. The method includes contacting the surface with a

6
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composition comprising a quaternary nitrogen-containing corrosion inhibitor. The patent teaches the use of

such inhibitor at levels ranging from 0.1 to 8%.

Despite the various known corrosion inhibition packages, there is still a need for corrosion inhibition

packages for use with HCl, modified and synthetic acid compositions in the oil industry which can be used
over a range of applications, that are formulated to be useful for synthetic and modified acid systems and still
be effective with conventional acids such as HCI and can be used at high temperatures (i.e. ~130°C) without
having its components degrade, phase out of solution and have a superior safety and environmental profile
over known packages during use at those temperatures. Moreover, it is desirable to have corrosion inhibition
packages that do not undermine the advantages of environmentally and personnel-friendly acid compositions
such as various synthetic and modified acid compositions which have fewer delcterious effects than typical

conventional mineral and some organic acids.

Certain corrosion inhibitors such as propargyl alcohol are undestrable in offshore application such as
in the North Sea as it is rated red and moreover has a poor performance on Cr-13 alloys since it tends to pit
the surface. Surfactants are desirable when used in combination with corrosion inhibitors but they also carry
their ov;m set of issues, as they have in general a high acute fish toxicity and lower biodegradability (less than

60% in seawater). In light of those drawbacks, short chain non-ionic surfactants are typically preferred,

because they typically exhibit better acute {ish toxicity. However, a disadvantage of short chain non-ionic

surfactants 1s that they usually have lower dispersion ability. Therefore, it is much more difficult and, in

some cases, not possible to disperse a relatively hydrophobic corrosion inhibition component (such as citral

or also cinnamaldehyde or other terpenes) with a nonionic surfactant.

It was unexpectedly discovered that the corrosion inhibition packages according to the present

invention exhibit stability when combined with acidic compositions under exposure to elevated temperature
(up to and above 130°C). This consequently makes them useful in various industries using acids at these

temperatures including, but not {itmited to, the oil and gas industry.

SUMMARY OF THE INVENTION

According to a first aspect of the present invention, there 1s provided a corrosion inhibition package
for use with an aqueous acid composition, said package comprising:

- a terpene;

- a cinnamaldehyde or a derivative thereof;

~ at least one amphoteric surfactant; and
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- a solvent.

Preferably, the corrosion inhibition package according to thc present invention is comprised of
components giving it an environmental ¢lassification in Norwegian waters of at least “Yellow”. According to

a preferred embodiment the corrosion inhibitton package has a "Gold" classification for UK waters. Also

preferably, the corrosion inhibition package has a classification of “R” in Dutch waters.

Preferably, the terpene is selected from the group consisting of: citral; ionone; ocimene; carvone; and

cymene. A preferred terpene is citral.

Preferably, the at least one amphoteric surfactant is selected from the group consisting of: a sultaine
surfactant, a betaine surfactant; and combinations thereot. More preferably, the sultaine surfactant and
betaine surfactant are selected from the group consisting of: an amido betaine surfactant; an amido sultaine
surfactant; and combinations thereof. Yet even more preferably, the amtdo betaine surfactant and is selected

from the group consisting of: an amido betaine comprising a hydrophobic tail from C8 to Cl16. Most

preferably, the amido betaine comprising a hydrophobic tail from C8 to C16 is cocamidobetaine,

The inventors have unexpectedly discovered that a specific surfactant class that is rated yellow for
North Sea applications can also provide very good dissolution of corrosion inhibitors with loading ranges
that make it economically feasible to use. This class of surfactant, amido betaines, allow the production of a

stable dispersion of the terpene component int acid without phase separation, with a yellow rating.

Preferably also, the corrpsion inhibition package further comprises an anionic surfactant. Preferably,
the anionic surfactant is a carboxylic surfactant. More preferably, the carboxylic surfactant is a dicarboxylic

surfactant. Even more preferably, the dicarboxylic surfactant comprises a hydrophobic tail ranging from C8

to C16. Most preferably, the dicarboxylic surfactant is sodium lauriminodipropionate

Preferably, the surfactant is selected from the group consisting of: cocamidopropyl betaine; B-

Alanine, N-(2-carboxyethyl)-N-dodecyi-, sodium salt (1:1); and a combination thereof.

Preferably, the solvent is selected from the group consisting of: methanol; ethanol; isopropanol;

ethylene glycol; and 2-butoxyethanol; and combinations thereof. A preferred solvent is methanol.
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Preferably, the terpene is present in an amount ranging from 2% to 25% by weight of the total Weight

of the corrosion inhibition package. Preferably also, the at least one surfactant is present in an amount
ranging from 2% to 20% by volume of the total weight of the corrosion inhibition package. Preferably also,
the solvent is present in an amount ranging from 25% to 80%, more preferably from 25% to 75% by volume

of the total weight of the corrosion inhibition package.

' According to another aspect of the present invention, there is provided an acidic composttion
comprising:
- an acid;
- a corrosion package comprising;:
- aterpene;
- a cinnamaldehyde or a derivative thereof;
- at least one surfactant; and
- a solvent;
wherein the volume % of the corrosion package in the acidic composition ranges from 0.1 to 7.5%.

Preferably, the acidic composition further comprises a metal iodide or iodate.

Preferably the weight/volume % of the metal 10dide or iodate in the acidic composition ranges from
0.1 to 1.5%. More preferably, the wt/vol. % of the metal iodide or iodate in the acidic composition ranges
from 0.25 to 1.25%. Even more preferably, the wit/vol. % of the metal iodide or iodate in the acidic
composition is approximately 1%. Preferably, the metal iodide or iodate selected from the group consisting
of: cuprous iodide; potassium iodide; sodium iodide; lithium iodide and combinations thereof. More

preferably, the metal 10dide is potassium iodide.

According to one aspect of the present invention, there is provided an acidic composition comprising
a corrosion inhibition package according to the invention and an acid selected from the group consisting of:
mineral acids; organic acids, synthetic acids; and combinations thereof. More preferably, the acid is selected
from the group consisting of: HCI; Lysine-HCI; Urea-HCI; hydrofluoric acid; sulfuric acid; phosphoric acid;
phosphoric acid-urea; p-toluene sulfonic acid; methanesulfonic acid; and methanesulfonic acid-urea. Even

more preferably, the acid is HCI, Urea-HCl or lysine-HCI.

According to an aspect of the present invention, there is provided an aqueous synthetic actd
composition for use in onshore oil and gas operations, said composition comprising: lysine and hydrochloric

acid in a molar ratio of not less than 1:12; a surfactant; a corrosion inhibitor; and an intensifier. Preferably,

9
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not less than 1:8, more preferably 1:5. According to another preferred embodiment, the ratio is of not less
than 1:3.

According to an aspect of the present invention, there i1s provided an aqueous synthetic acid
composition for use in offshore oil and gas operations, said composition comprising: urea and hydrochloric
acid in a molar ratio of not less than 0.1:1; a corrosion inhibitor; and an intensifier. More preferably, the ratio
is not less than 0.3:1, even more preferably, the ratio is not less that 0.5:1, yet even more preferably the ratio

1s not less than 0.7:1.

The use of a corrosion inhibitor package with an acidic composition where the acidic composition
comprises an acid selected from the group consisting of: a mineral actd; an organic acid or a synthetic acid,
said corrosion inhibitor package comprising;

- aterpene;
- a cinnamaldehyde or a derivative thereof;
- at least one amphoteric surfactant; and

- a solvent.

According to another aspect of the present invention, there is provided a use of a synthetic or
modified acid composition comprising a preferred embodiment of the corrosion inthibition package according
to the present invention in the oil and gas industry to perform an activity selected from the group consisting
of: stimulating formations; assisting in reducing breakdown pressures during downhole pumping operations;
treating wellbore filter cake post drilling operations; assisting in freeing stuck pipe; descaling pipelines
and/or production wells; increasing injectivity of injection wells; lowering the pH of a fluid; fracturing
wells; performing matrix stimulations; conducting annular and bullhead squeezes & soaks; pickling tubing,
pipe and/or coiled tubing; increasing effective permeability of formations; reducing or removing wellbore
damage; cleaning perforations, nozzles, ports, jets etc.; solubilizing limestone, dolomite, and calcite; and
removing undesirable scale, unassisted or natural high formation temperature production wells, injection

wells and their related surface and down-hole equipment and facilities at temperatures up to 130°C.

According to another aspect of the present invention, there is provided a syniheﬁc or modified acid
composition comprising a corrosion inhibition package according to a preferred embodiment for use in the

oil and gas industry which has high salinity tolerance. A tolerance for high salinity fluids, or brines, can be

desirable for offshore acid applications. Conventional acids are normally blended with fresh water and

additives, typically far offsite, and then transported to the area of treatment as a finished blend. In certain

10



10

15

20

23

30

CA 02956939 2017-02-03

instances it may prove advantageous to have an alternattve that can be transported as a concentrate safely to
the treatment area, then blended with a saline produced water or sea water greatly reducing the logistics
requirement. A conventional acid composition can precipitate salts/minerals heavily if blended with fluids of
an excessive saline level resulting in formation plugging or ancillary damage, inhibiting production and
substantially increasing costs. Brines are also typically present in formations, thus having an acidic

composition system that has a high tolerance for brines greatly reduces the potential for formation damage or

emulstons forming down-hole during or after product placement/spending (reaction) occurs.

A preferred embodiment of the present invention provides a corrosion inhibition package which
provides various oilfield grade steel alloys exceptional protection against corrosion when exposed to acidic
compositions at low to high temperatures (upwards of 130°C). Additionally, the components used in the

preferred corrosion inhibition package are quite environmentally friendly.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The description that follows, and the embodiments described therein, is provided by way of
illustration of an example, or examples, of particular embodiments of the principles of the present invention.
These examples are provided for the purposes of expianation, and not limitation, of those principles and of

the invention.

According to an aspect of the invention, there is provided a corrosion inhibition package for use with
an acidic composition which witl be placed in contact with a metallic surface, said corrosion inhibition
package comprising:

~ aterpene,

- cinnamaldehyde or a derivative thereof;

- at least one amphoteric surfactant; and

- a solvent.

Preferably, the corrosion inhibition package is used with an acidic composition such as a synthetic

acid composition comprising:
- lysine & hydrogen chioride in a molar ratto of not less than 1:12; preferably in a molar ratio not
less than 1:8, more preferably in a molar ratio of not less than 1.5, even more preferably in a

molar ratio of not less than 1:3 and even more preferably in a molar ratio of not less than 1:2.5.

11
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According to another preferred embodiment, the corrosion inhibition package i1s used with an acidic
composition such as a synthetic acid composition comprising: urea and hydrogen chloride in a molar ratio of
not less than 0.1:1; more preferably in the urea and hydrogen chloride are present in a molar ratio of not less
than 0.5:1; yet more preferably in the urea and hydrogen chloride are present in a molar ratio of not less than

0.7:1, and even more preferably in the urea and hydrogen chloride are present in a molar ratio of not less than
1:1.

Preferably, when the synthetic or modified acid composition comprises lysine and hydrogen

chloride, the molar ratio of lysine to HCI can range from 1:2 to 1:12; preferably in a molar ratio ranging from

1:2.5 to 1:8, more preferably in a molar ratio ranging from 1:3 to 1:6, even more preferably in a molar ratio

ranging from 1:3 to 1:5. |

The terpenes considered by the tnventors to achieve desirable corrosion inhibition results comprise:
monoterpenes (acyclic); monocyclic terpenes; and beta-lonone. Exemplary but non-limiting compounds of
some of the previously listed terpene sub-classes comprise: for monoterpenes: citral (mixture of geranial and
neral); citronellal, geraniol; and ocimene; for monocyclic terpenes: alpha-terpinene; carvone; p-cymene.

More preferably, the terpenes are selected from the group consisting of: citral; ionone; ocimene; and cymene.

According to a preferred embodiment of the present invention, the corrosion inhibition package
comprises a surfactant which is environmentally friendly. More preferably, the surfactant i1s capable of
withstanding exposure to temperatures of up to least 130°C for a period of 2 to 4 hours in a closed

environment without undergoing degradation.

Preferably, the at least one amphoteric surfactant is selected from the group consisting of: a sultaine
surfactant; a betaine surfactant; and combinations thereof, More preferably, the sultaine surfactant and

betaine surfactant are selected from the group consisting of: an amido betaine surfactant; an amido sultaine
surfactant; and combinations thereof. Yet even more preferably, the amido betaine surfactant and is selected

from the group consisting of. an amido betaine comprising a hydrophobic tail from C8 to C16. Most

preferably, the amido betaine comprising a hydrophobic tail from C8 to C16 i1s cocamidobetaine.

Preferably, the cinnamaldehyde derivative are selected from the group consisting of:
dicinnamaldehyde p-hydroxycinnamaldehyde; p-methylcinnamaldehyde; p- ethylcinnamaldehyde; p-
methoxycinnamaldehyde;  p-dimethylaminocinnamaldehyde; p-  diethylaminocinnamaldehyde;  p-
nitrocinnamaldehyde;  o-nitrocinnamaldehyde; 4-(3- propenal)cinnamaldehyde; p-sodium

12
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sulfocinnamaldehyde p- trimethylammoniumcinnamaldehyde sulfate; p-trimethylammontumcmnamaldehyde
0- methylsulfate; p-thiocyanocinnamaldehyde; p-(S-acetyl)}thiocinnamaldehyde; p~{S-N,N-
dimethylcarbamoyithio)cinnamaldehyde;  p-chlorocinnamaldehyde; a-  methylcinnamaldehyde; -
methylcinnamaldehyde; a-chlorocinnamaidehyde a- bromocinnamaldehyde; a-butylcinnamaldehyde; a-
amylcinnamaldehyde; a- hexylcinnamaldehyde; a-bromo-p-cyanocinnamaldehyde; a-ethyl-p-

methylcinnamaldehyde and p-methyl-a-pentylcinnamaldehyde.

Preferably also, the corrosion inhibition package further comprises an anionic surfactant. Preferably,

the anionic surfactant is a carboxylic surfactant. More preferably, the carboxylic surfactant is a dicarboxylic

surfactant. Even more preferably, the dicarboxylic surfactant comprises a hydrophobic tail ranging from C8

to C16. Most preferably, the dicarboxylic surfactant is sodium lauriminodipropionate

A preferred embodiment can refer to a corrosion inhibition package comprising cocamidopropyl

betaine and B-Alanine, N-(2-carboxyethyl)-N-dodecyl-, sodium salt (1:1).

According to a preferred embodiment of the present invention, when preparing an acidic
composition comprising a corrosion inhibition package, metal iodides or 1odates such as potassium 10dide,
sodium iodide, cuprous iodide and lithium iodide can be added as corrosion inhibitor intensifier. The iodide
or iodate is preferably present in a weight/volume percentage ranging from 0.1 to 1.5%, more preterably
from 0.25 to 1.25%, yet even more preferably 1% by weight/iolume of the acidic composition. Most
preferably, the iodide used is potassium iodide. According to a preferred embodiment, chlorides such as
aluminum chloride, calcium chloride, bismuth chloride and magnesium chloride can be used instead of metal

10dides or 1odates as intensifiers.

According to a preferred embodiment of the present invention, the corrosion package comprises:

cocamidopropy! betaine in an amount of approximately 5% by volume of the total volume of the package:

Citral in an amount of approximately 10 % by volume of the total volume of the package; cinnamaldehyde in
an amount of approximately 10 % by volume of the total volume of the package; and methanol in an amount

of approximately 75% by volume of the total volume of the package.

According to a preferred method of use, the corrosion inhibitor package is mixed with an acid prior

to its transport to a job site. Alternatively, a corrosion inhibitor package according to the present invention

can be mixed with the acid prior to its use while using proper mixing equipment and mixing the combined

composition thoroughly to ensure homogenous mixing,
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Example 1 - Process to prepare an acidic _composition comprising a corrosion inhibition
package according to a preferred embodiment of the invention

Lysine mono-hydrochioride is used as starting reagent. To obtain a 1:2 molar ratio of lysine to HCI,
370 ml of 50 wit% lysine-HCI solution and 200 ml HCI aq. 36% (22 Baume) were combined. The corrosion
inhtbition package, and potassium iodide are added at this point. Circulation is maintained until all products

have been solubilized. Additional products can now be added as required.

The corrosion inhibiton package is prepared by dispersing a terpene component in methanol, and at

least one surfactant. Afterwards, the corrosion inhibition package thus prepared i1s mixed with an acidic

composition. Applying this procedure, allows for the formation of a surfactant complex as described below.

According to a preferred embodiment of the present invention, since the corrosion inhibition package
is intended for use at high temperatures, the combination of a betaine and a carboxylic surfactant is desirable.
The combination of a carboxylic surfactant and a betaine is known to form a 1:1 or 1:2 complex, which has
also a high molecular weight. Therefore, it is important to disperse the terpene component into isopropanol.

Otherwise, the resulting acidic composition may not meet the class | fluid (transparent, no phase separation).

The resulting composition of Example 1 is an amber-colored liquid with a fermentation-like odour
having an expected shelf-life of greater than a year. It has a freezing point temperature of approximately

minus 45°C and a boiling point temperature of approximately 100°C. It has a specific gravity of 1.15+0.02. It

is completely soluble in water and its pH is less than 1.

The composition is biodegradable and is classified as a mild irritant according to the classifications

for skin tests. The composition s substantially low fuming. Toxicity testing was calculated using surrogate

information and the L.Ds, was determined to be greater than 2000mg/kg.

With respect to the corrosion impact of the acidic composition on typical oilfield grade steel alloys, it
was established that it was clearly well below the acceptable corrosion limits set by industry making it highly
desirable as corrosion 1s the main challenge during acid applications causing substantial maintenance and

workover costs over time.

Corrosion inhibition package formulations

Various types of steel alloy coupons were subjected to corrosion testing in the presence of

conventional, synthetic and modified acid compositions using corrosion inhibitor components according to
14
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preferred embodiments of the present invention at various temperatures. The results of the corrosion tests are
reported in Tables 3 through 23. Coupons of various grades of steel alloys (indicated in each table) were

exposed to the various listed compositions for varying duration periods at varying temperatures.

According to preferred embodiment of the present invention, citral can be present in a concentration
ranging from 5 to 30%; cinnamaldehyde can be present in a concentration ranging from 5 to 30%; and
cocamido betaine can be present in a concentration ranging from 2.5 to 15%. Depending on various factors,
such as temperature, acid, metal, etc. preferred corrosion inhibitor package loadings within the acid
compositions can range between 0.1 to 7.5% vol/vol. Biodegradation, toxicity and bioaccumulation testing
carried out has indicated that most of the compositions listed below in Tables 1 and 2 have been identified as

satisfactorily meeting the requirements for listing under a classification of Yellow for offshore use in the

North Sea (Norway).

Table 1 — List of Component and Content in Corrosion Inhibition Packages FCI-XV to FCI-XP
(All figures are in vol %)

Compound | FCI-XV [FCI-XT FCI-XS ’F(;k_xn Ecl-xg | FCI-XO | FCI-XP
10 5 5

| Cocamidopropyl betaine | 10 o | 1o
B -Alanine, N-(2- |
carboxyethyl)-N-dodecyl-, ‘ 10
sodium salt (1:1)

*, — — | —— ——-4—-—-———-. = —re——a - ‘i-‘-

hCimﬂ ) | 10 20 25 25 25 25A | 25
Cinnamaldehyde . 25 | 10 [ 10 10

e ——— —t— +—— —
Carvone | o ] 0 A R S A
 Methanol | 8 | 0 | 4 4 S | 6 | 6 | 43

| Total vol. % ] 1 100 IO(j 100 100] 10| 100 19_0_1

Table 2 — List of Component and Content in Corrosion Inhibition Packages FCI-XN to FCI-XK
(All figures are n vol %)

- A - — | o

Name B | FCI-XN [ FCI-XM ]:F‘CI-XLL FCI-XI 1vF‘CI--)(J | FCI-XK |

. — — |- | - ]

~Cocamidopropyl betaine —j 10 ,,._T 5 I 5 :, o1 5 | 5 |
3.-Alanine, N-(2- ]

| carboxyethyl)}-N-dodecyl-, 10 | 5 10 5
sodium salt (1:1) ’ | B | B o

| Citral 0 | 10 0 | 15 | 13 15

I L T — T T o ‘—‘4‘“‘—_1
Cinnamaldehyde EEEL N D\ A T 10 L

- Carvone - l o ,:l - 1 —_—he
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Methanol 60 75

Total vol. % | m 100

100

Corrosion testing

The following corrosion testing outlined in the tables below for a number of different corrosion
inhibition packages according to the present invention in the presence of a synthetic or modified acid
composition was carried out diluted with saline water at various temperatures for various durations of

exposure. A desirable result was one where the Ib/ft’ corrosion number is at or below 0.05. More desirable is

that the corrosion (in 1b/ft*) is at or below 0.02.

The following abbreviations are used in the corrosion results tables: CI-1A - 10% KI solution; ZA —
Cinnamaldehyde; and CA — Citral. HCR-2000N 1is a proprietary blend synthetic acid comprising HCl. HCR-

3000N is a proprietary blend synthetic acid comprising methanesulfonic acid. HCR-6000N is a proprietary
blend synthetic acid comprising HCI.

Table #3 — Corrosion test results from tests conducted at 90°C for a period ranging for 6 hours

with a coupon density of 7.86 g/cc having a surface area of 41.4 cm’ (coupons used were
1018 steel)

. - -ﬁ" na -y W't N T
L TR £ OV SRR R S el £

' T ; i = o : i"'\ H ,f;* L 73 ‘.-.. e .

! y A : T Al =9 S 1
% s L oy £ R ihe w p it h

1 > ey H -3 H D H L -

R ) .-_fri. (BT A 3% T

o =S e e mq oy ' e
by 3 T P P % ett F Pt
- e T 2 Pty iR Y vk A i

Diluted in
_ 0 |
HCR-2000N | 50% seawater | /20" 0.168 | 296053 | 7.52. | 0.008
-; Diluted in . _ TI . ) T q - l
| HCR-2000N | 50%seawater | 0FCIXT \gsa | 9545765 | 24246 | 0.027
| 1%CLIA | _
| pimedin 1T o | T T ]
| HCR-2000N 30% seawater ']%(: Cl-l- A 0.439 775.1076 19.688 0.022

Diluted in (9 FCIXS [

{

HCR-2000N | 50% seawater ; | 0.18 | 318.6632 | 8.094 0.009
| 1% CI-1A -
i—_—-‘ ) DR o —— - —--v-_n—l-——-—-—_. - 4

Diluted in .
_ . 1% FCI-XS

HCR-2000N 50% seawater l 0.5% CL I A 0.238 4203.7626 10.687 0.012
[ Ditedin 15; FClﬁxq T T ]
| HCR-2000N | 50% seawater 70 AT A 0.151 | 2669069 | 6.779 0.007

1% CI-1A |
-— —s N — —e—— N & - —r—— . E—
. . 1.5% FCI-XS F

i HC}E?OOON Diluted in | 0.5%CI1A !“0;1*85 32?.49?3; 8.318 0.009 |

16
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! | "50% seawater | T ""‘I
— Niaed e T 1 I D D
Diluted in 5 5% FCL-XS F
HCR-2000N | 50% seawater 12 CLIA b 0.124 | 218.6835 5.555 0.006 |
— R — . —_— i — -
Diluted in N m |
HCR-2000N | 50% seawater | 26552::&1:1)}18 | 0.149 | 263.904 | 6.703 0.007
v — ———e e —
i Diluted in (% FCI-XR |
HCR-2000N | 50% seawater 1% CL-1A 0.235 | 415.2867 | 10.548 0.012
A N ] —

' E)lluted In | 80 FCL.XR , J
| HCR-2000N | 50% seawater 19 CL1A 0.153 | 270.6164 { 6.874 0.008 |
,_— | Diluted IH_J“WCI—XQ - T ]

HCR-2000N | 50% seawater J 9% CL1A 0.274 | 484.3539 | 12303 | 0.014
B | S DS R
= o ]
Diluted in 110 vy v I
HCR-2000N | 50% seawater 0.5% CL-1A 0.341 | 602.5278 | 15.304 0.017
- _ S S S -
Diluted in .
HCR-2000N | 50% seawater ‘ Pt | 0as 3181333 | 8081 | 0.009
'SR S A —
; Diluted in | 0 o . !
R-2000N | 50% seawater | 5% CI-1A 0.255 | 450.0853 | 11.432 0.013
! . - . .
- i _ - - | o ‘ . - ]
Diluted n {
1% FCI-XR
- ¢ ‘
| HCR-2000N | 50% seawater 1%CI-1A | 0 i 0 0 | 0 ‘
I T . . m— —— — e — s .-—--J
HOR2000N | Sovbsemwater | IBFCLRR | oo oo s | raons | oons
0.5%CI-1A | ’ ' |
| B | Diluted in | o) T o S
| HCR-2000N | 50%seawater | ') "0 | 082 | 3216661 | 817 | 0009
SR . . 5 d__ 1. e ; — ) . t . ]
i [ated in
1.5% FCI-XR |
- 0
HCR-2000N | 50% seawater | 0.5%CL-1A 0.213 375.7188 | 9.543 0.011
, S S, — — PR SV E— omsrem— S I
Table #4 — Corrosion test results from tests conducted at 110°C for a perlod ranging for 6 hours
with a coupon density of 7.86 g/cc having a surface area of 41.4 cm” (coupons used were
1018 steel)

....(

5 _ ~ S R
] . = T e Ha :'." -k s!‘f- j.ﬁ
) : « B N e B ) : [ LT PR ; h
ARER by DA I S S Vi Y
oty s o R e N DI N '? )
2 - ' : B e Lot M
i X K, px~ --...
] ' Y w74 o $
& e ' .

%;? f‘m -.i é!
- ".‘ 5 "o

s

Dlluted m 50% ; - ;
HCR-3000N seawater ]'50/" FCL-XQ 0.125 | 220.8032 5.608 0.006
L 1% CI-1A i
__J.____ r—— } —_ — — -
Diluted in 50% | $% FCL-XR |
| HCR-3000N seawater 79 0.1 176.4659 | 4.482 0.005 |
1% Cl-1A
. — - - , 1 — —_— |
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i ~*1 2 %S e 1 T T ' S -
Diluted in 50%
1.5% FCI-XS |
HCR-3000N | seawater ﬁ 1% CL-1A | 0.081 143.6104 3.648 | 0.004
T TS RN T YR T — — - 1 1
| Diluted in 50% | 5% FCLXT |
HCR-3000N | seawater oo CLia | 1073 | 1895022 | 48134 | 0053
- — —rn —_———————— — - T ISR VR —
- | Diluted in 50% 1 5% FCLXP | ., ’{ i
HCR-3000N seawater '10/0 - 0.048 | 8549501 | 2.172 0.002
o ClI-1A ‘ ﬂ )
L - _L - — L 1 |
Table #5 — Corrosion test results from tests conducted at 90°C for a period ranging for 6 hours

with a coupon density of 7.86 g/cc having a surface area of 41.4 cm” (coupons used were
5 1018 steel)

R e e s
e b R
Diluted in 50% 5 |
HCR-2000N |  seawater | L oFCFAS 19490 2013522 | 7654 | o008 |
| 1% CI-1A i
B +D‘ilute:d in 15(}%7 1o/, F‘C[-XS | ) T ] -
F HCR-2000N | seawater 0.5% CL-1A 0.226 399.9188 10.158 | (0.011
—_ -~ ; _ - - ~ : 1 —
Diluted in 50% o
- r F n
| HCR-2000N |  seawater 1‘50A’ FCLXS 1 0,127 | 224.6894 5.707 0.006 |
| F 1% CI-1A ﬂ
- | Dilutedin50% | | .., cor v ) 1 -]
| HCR-2000N |  seawater | ‘o0 FCIRS 9447 | 2603712 | 6613 | 0007
: 0.5% CI-1A
L - — i t _ ]

10 Table #6 — Corrosion test results from tests conducted at 130°C for a period ranging for 6 hours

with a coupon density of 7.86 g/cc having a surface area of 41.4 cm® (coupons used were
1018 steel)

HCR-3000N | scawater o PR | 2049 | 3971808 | 100884 | 011
H # { J i
L I S i I . I S——— —
| Diluted in 50%
HCR-3000N | seawater | 19FCHXR ey 1 3114032 | 79.096 | 0.087
1% CI-IA | | |

L . | _ ]

Diluted in 50% ] 50 FCLXS | )
| HCR-3000N | seawater | 70/ 0.237 | 418.8195 | 10638 | 0.012
' Diluted in 50% | oy corr | T |
| HCR-3000N | seawater *| [0 "0 | 2849 | 503237 | 127822 | Q.14

-
0

|
lHCR-«BOOOl;—] Diluted in 50% 1 {.5% FCI-XP 0.114 ' 201.9025 ¢ 5.128 -‘ 0.006
18
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seawater |  1%CI-1A o ] ]
5 ' .

Table #7 — Corrosion test results from tests conducted at 90°C for a period ranging for 4 or 6
hours with a coupon density of 7.86 g/cc having a surface area of 26.01 cm’ (coupons
used were CR-~13-110 polished) |

‘ HCR-2000N seawater 50 CLIA
I _‘\ - . —— s
Diluted in 50% |
HCR-2000N |  seawater o SR 0459 |4 | 1934008 | 49126 | 0.3
. S . S
10

Table #8 — Corrosion test results from tests conducted at 70°C for a period ranging for 6 hours
with a coupon density of 7.86 g/cc having a surface area of 41.4 em® (coupons used were
1018 steel)

15

] | 1% FCI'XQ . |
.
HCR-2000N seawater 19% CL-] A 0.076 133.3651 | 3.387 0.004 |
- — — - i A -l | : — — ]
Diluted in 50% « ‘
| | 1% FC1-XQ | 5|
HCR-2000N seawater 0.5% CT-1A 0.09 1582717 |  4.02 0.004 |
P B N R I SN |
, Diluted in 50% | 5% FCLXQ |
HCR-2000N |  seawater =70 0076 | 133.5418 3392 | 0.004
- 1%CL-IA
| Diluted in 50% | 504 FCI:)_(Q T ) | ) T ]
HCR-2000N | seawater 0.5% CI1 A 0.087 | 153.679 3.903 0.004
| | Dilutedin50% | o porxr - -7 ]
HCR-2000N seawater '* 0 0.081 142.3739 3616 0.004
] ! 1% CI-1A |
Dilted in 50% | . FCI_XR | e
- [
| HCR 2000N. | seawater 0.5% CL.1 A | 0.097 171.1667 4.348 0.005
S _— ] — ~ S - - S S
Diluted in 50% | $80 FCLXR | |
HCR-2000N seawater -7 FLL- 0076 | 1335418 | 3.392 0.004
1% CI-1 A t |
~ | Ditedin50% | | o rerxr | T
X i »’ 70 i :
HCR-2000N seawater B 0.5% CL-1A 0.091 160.7447 | 4.083 {.005
- — o

19
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| HCR-2000N 'Dvﬂgifﬁe?% 1:121:;1_-1');3' 0.077 | 1360148 | 3.5 | 0.004’7
HCR200ON | scawater e eiaa | 0097 | 1708134 ' 4.335;‘ | 0.005

. PP L & e SIS S — - —
| HCR2000N | soawater e | 0065 | 1149943 | 2921 | 0.003
HCR-2000N D“Z‘iiiﬁfrm 'ﬂﬁf gl'])f J 0.07 124.0031 315 1 0.003 ‘

Table #9—-  Corrosion test results from tests conducted at 110°C for a period ranging for 6 hours

with a conpon density of 7.86 g/cc having a surface area of 41.4 cm* (coupons used were
1018 stcel)

AR Ll 1 $o

' __ '1‘ .-' l,‘ 0
HCR-6000N | seawater L% FCLRQ b 463 | 8175018 | 20765 | 0.023
 1%CL-1A j
| ' Diluted in 50% | s FCLxR | | | |
) - O -
HCR-6000N | seawater e L ‘ 0.176 | 3114209 | 7.9 0.009
Diluted in 50% | o |
1.5% FCI-XS
HCR-6000N | seawater ‘ 1% CL1A 0.157 2766223 | 7.026 | 0.008 l
| | Diluted in 50% |
1.5% FCI-XP |
HCR-6G00N | seawater 1% CI-1A ‘ 0.238 421.1159 10.696 0.012
Diluted in 50% . |
HCR-6000N | seawater LOAFCEXT 10 1 1978927 | 50265 | 0.0
1% CI-1A ‘ .

Table #10 -~  Corrosion test results from tests conducted at 90°C for a period ranging for 6 hours

with a coupon density of 7.86 g/cc having a surface area of 28.922 cm”® (coupons used
were J5S steel)

- b YRR At a 3
l- 3 { /i A5 4 ..: L AL
Pkl iy, ' b [htine \ 3K 4 D]

4 . ;
v
- =a. O W
RIS e AU T
R o YR A v
o "I i; o i
R A b - LA

o N7 L n a0 P, ¢ m

? H F3

MR T
7.5% HCl
15% HCl None 2475 | 55003023 | 139708 | 0.154
™ » — - |
| Dilwted i |y s ey xp | ]
HCR-2000N | 50% seawater o 0.119 300.3889 7.63 0.008 no pits
1% CI-1A
| Dilted  in| 1.5% FCL 1 T
HCR-2000N |~ M| 0 Cl-lﬁQ 0.218 | 5514715 | 14.007 | 0.015 o pits

20
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T — gt it

I
| HCR-2000N

50% seawater ‘

in

Diluted
S0% seawater

1% CI-1A

HCR-2000N

]

Diluted
50% seawater

Table #11 —

n

1.5% FCI-XR

—4 ————

1% CI-1A

1.5% FCI-XS

—t . I _]
0216 | 546.6673 | 13.885 | 0015 | nopits |

I R | |
0.186 470.8115 11.9359 0.013 no pits

Corrosion test results from tests conducted at 90°C for a period ranging for 6 hours

with a coupon density of 7.86 g/cc having a surface area of 30.199 cm® (coupons used
were N80 steel)

(control) none 0.117 304.9971 7.747 0.009
'r — 4———— — — 1 _— b — *_'- S R—
Diluted t | ’ |
HCl-Urea m. 50% none | 0.370 063.1762 24 .465 0.027
seawater | |
I Dl A O O N S
‘ Diluted | » I
in 50% 1.5% FCI-XP | ' few pits on
HCR-2000N ccawater 10 CLTA | 0.128 310.2075 7.879 0.009 side/back
| | Diluted | T ; - - i_ '
in 50% 1.5% FCI-XQ .
HCR-2000N seawater 19 CI-1 A | 0.278 672.479‘5 17.081 0019 no pits
— o ——— ——I——-—
‘ Diluted 7 T |
in 50% 1.5% FCI-XR ' .
HCR-2000N | = ° " %G CLIA | 0247 | 5983784 | 15199 | 0017 nopits |
L_“‘% Diluted " B ‘[ ) o
in30% | 1.5% FCI-XS | :
HCR-2000N seawater 1% CL-1A 0.206 5.00.0613 12.702 0.014 no pits
- ] —_ L eee— — L
Table #12 —

| HCR-2000N

|

Corrosion test results from tests conducted at 90°C for a period ranging for 6 hours

with a coupon density of 7.86 g/cc having a surface area of 30.199 cm’ {coupons used
were L80 steel)

50% seawater

1.5% FCI-XP
1% Cl-1A

R TR A P .
TR E £ 27 e
Vil e U s PR - o
s, A3 20t SN e A
4

369.779

———

few pits on
0.01 side/back
1 S S

Y \db—
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| " Diluted in 0 i
| HCR-2000N | 50% seawater l'? 0//2 l::([:_l; iQ 0.289 693.875 17.751% 0.02 no pits
| Diluted in | 5% FOLXR '— ] R B
HCR-2000N | 50% seawater | "o. " /'y 0.296 | 716.0684 | 18.188 0.02 no pits
Diluted in | T ] N I ——
lluted 1n 0 )
| HCR-2000N | 50% seawater ’fo/’f: (F:ﬂ jfs 0232 | 562.5387 | 14288 | 0.016 |  nopits
- — | — —r—— 1 E— ———ae )

Table #13 —  Corrosion test results from tests conducted at 90°C for a period ranging for 6 hours

with a coupon density of 7.86 g/cc having a surface areéa of 28.922 cm’ (coupons used
> were P110 steel) | |

5 “ H “ : "“ , ' Q«s\% R T BC M R R e R e AR T
Diluted in 50% ]
HCR-2000N seawater LoARCEXP 1 595 | 3083.187 | 101173 | 0.078 10 pits
1% CI-1A
Diluted in 50% | . o) cov v | o ’ N ’
HCR-2000N | seawater LSWFCIXQ | o cus | ig30.041 | 4rdos | o046 | YESSome |
1% CI-1A pits on sides |
| Dilutedin50% | . ., 1 ]
HCR-2000N | seawater DATCEAR 1 077 | 1945954 | 49427 | o00ss | 1% some
L 1% CI-1A pits on sides
e ——— — —
: Diluted 1n 50% | 5% FCLXS |
| HCR-2000N | seawater 1 '10/: CL1A 0.387 | 978.5395 | 24.855 | -0.027 no pits ‘
L- A - i — . —_—

Table #14 —  Corrosion test results from tests conducted at 130°C for a period ranging for 6 hours

10 with a coupon density of 7.86 g/cc having a surface area of 28.922 cm” (coupons used
were 1018 steel)
Diluted in 50% 0
HCR-6000N |  seawater o LAl 1399 | 28922 | 3537913 | 89.863 0.099
Diluted in 50% | . .. T ] o | |
HCR-6000N seawater LSAFCIXR |4 | 414 | 1966915 | 49.96 0.055
1% CL-1A |
Diluted in 50% ' | ] T |
11 <oz et
HCR-6000N |  seawater L% RCEXS 356 | 414 | s928125 | 15057 | 0.017
1% CI-1A *
| Dilutedin50% | . oo, e | || ]
HCR-6000N |  seawater Lo7o FCLXT 1 3830 | 414 | 6780955 | 172236 | 0.9
1% CI-1A | .
HCR-6000N | Diluted in50% | 1.5%FCI-XP | 0315 | 414 | 5564241 | 14133 | 0.016




CA 02956939 2017-02-03

i l seawater [ 1% ClalA _1 o |

Table #15—~  Corrosion test results from tests conducted at 90°C for a period ranging for 6 hours

5 with a coupon density of 7.86 g/cc having a surface area of 41.4 cm”® (coupons used were
1018 steel)

|_1%CL1A ,
(5% HCl | 227 FCI-XP | 006; 'F119“587 1038 | 0.003
Y ] 1%CI-1A AR I I o
(5% FCI-XO
0
IS%HCI | Y00 ofie 121 | 1980693 | 5031 | 0055 |
| 15% HCl | A7 FCEXQR T g 091 | 1400.069 | 35562 | 0.039
b l 1% C.['LA J . . IR -
15% Hel | 1P FCEXR g e 1 310.8900 | 7.897 | 0.009
B l 1% CI-1A 1761310, ' 0
0 -
15% HCI 2?2 gf_‘lffR 0215 | 3804881 | 9664 | 0011
1.5%FCI-XS | - t“
0
| IS%HCL | 1) 02 | 3532851 | 897 0.01
7.5% FCLXS
0
I s%HCL | PG | 0228 4022151 | 10216 | 0011

10 Table#16 - Corrosion test results from tests conducted at 90°C for a period ranging for 6 hours

with a coupon density of 7.86 g/cc having a surface area of 30.199 cm” (coupons used
were L.80 steel)

3 TN A e e
- BN ‘. H - e L) - . AP . ,‘;L <3 H b
{0 Ny SRR UND ALY H s s R A P B P n . .
% RRHIRR A0 o=k S avtiane s, o Lty LIr: x LR < Wy x h
H . -'Z) R ,: e T ’ 3 1 ,\- {-{‘ P I "‘ G z . , |.- - Ve Rt . ’)- ¥y 3 LYy -
e n T . VRS s Piet. SN 3 . o I * . ? O NS S 15 Y T A iy ! A T it 3’» A
R € ’gj{ﬁ;}‘r S 2 T W l". % \ W AL TFS 3 s Y " ‘5 - T A P A b
™G L,Lk_ r&R A N i § A 35 R f 4 ;
LSRN T f S R e VAR P Sk st o b A A, ; '
b V- RE -] VISR g s QR AT gr FOEY A e L A s

; JO00N | 50% scawater | e crLia | 018 | 4356466 | 1 1.065_1_0.0 12 :;’éef’,gjc‘l’(“
2000N so[gff,lz:iger LS%FCLXQ 4 6305 | 738.8314 | 18766 | 0.021 |  no pits l
0.5% Cl-1A | = ' ‘ ‘ *
. . N [ — T 1 -t
2000N solcﬁlﬁiiiﬁer ot | 0305 | 7388314 | 18766 | 0.021 10 pits
Diluted in |} o0 £oy w | ] J 4.._ N
2000N 50% seawater 0.50% CL1A 0.317 | 766.4377 19.468 0.021 no pits
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Table #17 -  Corrosion test results from tests conducted at 90°C for a period rangmg for 6 hours

with a coupon density of 7.86 g/cc having a surface area of 28.922 cm’® (coupons used
were P110 steel)

" ¢ o B ) - . .. - e . . . . 1 A - AL - .
3 ~ W g 4 . - ” LT Sl b 4 - . - . . ] [ MY H™S b B - . N D * ssm P . . . - gt ) AT et N - s mmes -
- % iR 4 ar s i-l = I _::. s re IR TR A S-SR PR S B e S T a“ 1= RERESL DY A Hodh B 1 4y P = &7 ‘. - a o LA
A " 4 T , -'_ L 'O L Y & - (,(. - S ‘v a . . PP S N L Segete e @ T e et « o oese " ey ‘fb.' g g PO . - -ty . @ - & LI |
5 s o e S -‘ -da.. -p b H L, TR A -l L B el — o . . - L T ‘-—-;__' .s O - e mw ¥ A e e O H » 2 : . Py - Pabd BN IR A N
g H o ik cam @ " IE S o F A - ~ A~ . . IS " [ -s N4 - P TR AL P s T e § M N . . ekt v 14- . " Vi 4
" oo rr N H : . . - A . e ma ! ar A me T A DR s BE - AN ) - v\ .
a8 . el . - . . = AD ' ogte W .u pu At A P T . : e e Aoop’e £'< £ - . epemee
) oy . o gt MY 'S I .p . < = ot <:l A y -1

: f<' '~J : P -
C it 2l ‘f%im SR u". '
g ““: I R
A7 Ca ] :

2'5}i ?5,,1,*; %
i"'«& *’if"“‘%F

Dlluted In 50% o .
2000N |  seawater 055@0 Fg"])f 0.388 | 981.3209 | 24926 | 0.026 f:ﬁe%ﬁci“
ﬁ—— Diluted in 50% o - | few pits on
2000N seawater | oo oY | 0589 | 1489555 | 37.835 | 0042 | side/back
i 1 0.5% CI-1A |_
DR R — . e — | — __
| Diluted in 50% | 5% FCLXR fe}»v pits on
2000N | seawater 0.5% Cl-1A 0.662 | 1674896 | 42.542 0.047 |  side/back
. | l | .
| | Diluted in 50% | 1.5% FCL-XS | | ~ few pits on N
2000N ’ seawater sonclia | 0376 l 951.2314 | 24.161 | 0027 |  side/back
I I S I IS S I N

Table #18 — Corrosion test results from tests conducted at 90°C for a period rangmg for 6 hours

with a coupon density of 7.86 g/cc having a surface area of 41.4 cm’ (coupons used were
10 1018 steel)

“ Dl!uted in 50% 4 |

0 N ,
15%HC] | seawater Dol ShRT 0435 | 2393507 | 608 | 0.007
N Diluted in 50% S . ‘ ‘
| IS%HCL | seawater | el | 0206 | 3640603 | 9247 | 001
- — o —_— ]
Diluted in 50% 0.75% FCL-XP 1
15% HCI seawater | e 0094 | 1667506 | 4235 | 0.005
Diluted in 50% | o, porxp | ‘ | |
15% HCl seawater 0.5% CL1A 0.242 427.1217 7 10.843 |} 0.012
| Diluted in 50% " v T o -
| 1% FCI-XQ )
’ 15% HCI seawater 0.5% CliA | 173 2072.901-1 52652 | 0.058
~ | Diluted in 50% ) T i )
| 1S%HCI | seawater ey 1204 | 212607 | 54002 | 0.06
— — i
] _ —t—
| | Diluted in S0% ) 00 poy x ’
15% HCI seawater 0.5% Cl-1A 1.022 13035.11 45.85 0.05]
- S U S C——. U U—
: : 0 0 _ »
15% HCL | Diluted in 50% 0'3_550//1 E?_I]iR 0801 | 1415084 | 35943 | 004
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w e —— s vV STEEEE—— ’—--—-w‘——-ﬂ . . P — — PP——-ah- Y — T R . g — iy

Seawater |

Table #19 —  Corrosion test results from tests conducted at 90°C for a period ranging for 6 hours

with a coupon density of 7.86 g/cc having a surface area of 41.4 cm® (coupons used were
5 - 4140 steel)

15% HCI S 2.553 | 4510215 | 114.559 0.126
| Diluted in 50% l T
1% FCI-XR | |
15% HCI seawater 0.5% Cl-1A 1.502 2653.171 67.391 0.074
Diluted in 50% X I T

0.75% FCI-XQ

O '
| 15% HCl seawater 0.5% CI-1A 5.411 0558.483 242.785 0.268

‘ " Diluted in 50% I ] T 4"‘
| Liluted m 0 N ..

| 1s%HCl | seawater 0.75% FCEXR | 5 120 | 3837.03 | 97461 | 0.107

0.5% CI-1A

Tﬂ‘ v " - Al T A bbb ’ am o : 1 e —t]
Diluted in 50%
1% FCI-XQ
¢ <
15% HCIi seawater 19% CI-1A 0.95 | 1677221 1 42 601 0.047
B | Diluted in 50% | ooyt 0 ] " -
15% HCI seawater 1270 1.836 | 3242628 | 82.363 0.091
1% CI-1A |
| Diluted in 50% o | o T
o | 1% FCI1-XP |
15% HCI 1 seawater 1% CL1A 0316 . 557.6606 14.165 0016 J
" | Diluted in 50% 0 750;0 f‘Cl-XP | B 1
o . 2
15% HCI seawater 1% CL1A 0.874 t 1543.856 39.214 (0.043
Diluted in 50% 1 -
196 FCI1-XS
0
, 15% HCI | seawater 1% CL-1 A 0.154 272.3828 65919 0.008
Dilutea-fn 50% ! _0 B [
15% HCl seawater 067'?5/00/ Fg'ﬁs 0.196 | 346.0428 | 8.789 0.01
. 0 -

10 Table#20—  Corrosion test results from tests conducted at 90°C for a period ranging for 6 hours

with a coupon density of 7.86 g/cc having a surface area of 28.922 cm’ (coupons used
were J55 steel) |

0.135 340.3396 8.645 0.0

S Al e g SR SV VPV

- HCR-2000N
.

0.5% CI-1A
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o seawater | T | l ' T
) DR 0% | | oo rcixg | .. T T

1 . 0 -

HCR-2000N seawater | "y~ 0.296 | 748.1908 | 19.004 0.021
. 0 7 S

| HCR-2000N seawater o 5o LA 0269 | 680.932 | 17.296 0.019

| Diluted in 50% _"]‘ 50, FC]';S I R

. 59 FCI-

l HCR-2000N scawater 0500 OTAA 0.25; 638.1999 | 1621 0.018

Table #21 —

Corrosion test results from tests conducted at 90°C for a period ranging for 6 hours

with a coupon density of 7.86 g/cc having a surface area of 30.199 em’ (coupons used
were N80 steel) |

HCR-2000N | seawater 0.5% CI-1A 0.1838 | 455.7459 [1.576 0.013
L — 4 » -
Diluted in 50%
1.5% FCI-XQ
HCR-2000N seawater 0.5% CI-1A 0.331 802.5196 20.384 9.022
| Diluted in 50% | mive 1 R
1.5% FCI-XR :
HCR-2000N seawater 0.5% CL-1A 0.351 851.1939 21.62 0.024
S ——— | S——— S | — } S I
Diluted in 50%
1.5% FCI-XS
HCR-2000N seawater 0.5% CI-1A __j_ (0,298 721.3959 18.323 ' [ 0.02
Table #22 ~  Corrosion test results from tests conducted at 90°C for a period ranging for 6 hours

with a coupon density of 7.86 g/cc having a surface area of 30.199 cm’ (various steel
coupons were used)

{ “ FY L Ak
,‘[L N _, Jaf e e i«.‘b"%‘:i: 5= ' i ¥ O oML
- Diluted |
HCR- | in50% | 2.5% FCI-XP ’ _»
[L.80-13CR 2000N —— 50, CL-1A 0.028 8.47 244.3424 6.206 ¢ 0.007
- S S — i I I | I
Diluted
HCR- in 50% 3% FCI-XP -
1.80-13CR 000N seawater 59, CLIA 0.022 8.47 185.6311 4.713 (.003
- S — . S—— i e———ia - S—
HCR- Diluted 5% FCI-XR
L8-I3CR | oo | insov | sCiaa | 019 | 847 | 1614559 | 4101 | 0005
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. —re—— e - — . S
‘ | seawater | I ] I !
I__. .._{._._...._ e, - b . - | - —_— —— ' v —

Diluted
L80-13CR | ot | anater | eo CLIA 002 | 847 | 1718167 | 4364 | 0003
"“‘"_ Diluted I N R —— - |
LBO-I3CR | 5000t | sonwater | s00Clia | OOIS | 847 | 1277833 | 3246 | 0.004°

4 |
—— .-——1 -—"—4""-"""4-'-' . e . e — _* y— — —J_-—v_—t_-* it -—!
Diluted ! | , ;

HCR- in 50% 3% FC1-XO

| |
| L8O-13CR | oot | eawater | 5% CL1A 0.044 | 847 | 3764426 | 9.562 0.011

. 1
pr— b —— 1S o L——— —e—— v — v e ——— P, it - EE— - en—

['Diluted |
HCR- | in50% | 1.5% FCI-XM |
I 55 1 S000N | seawater 00 CT.1A 0.294 ’ 28922 | 743.8923 | 18.895 0.021 ‘
| |
_ I R _ | - S R |
| Diluted | .
HCR- | in50% | 1.5% FCI-XM
{ N8O | 000N | seawater | 194 CL1A 0.363 | 30.199 | 878.0737 | 22.303 0.025
' 0.75% FCI-XM IR |
Q {
+355 15% HC1 | Toswciia ‘l 0.395 '35;.922 | 7::7.774: 19.7i5 l p.o%z
0 - .
N80 | 15% HCI ' PN 098 | 30199 | 2373414 | 60285 | 0.066
S e — '5__0Cl-_é - — — : — — —]
Diluted
HCR- | in50% | 1.5% FCI-XL | '
ss | 2000 | sexmmter S Ch 1A 0.117 | 28.922 | 295.079 | 7.495 ' 0.008 |
J 1 Dilutedﬂ I -
HCR- | in50% | 1.5% FCI-XL |
| N80 | LoooN | seawater 15 CLAA 0.156 | 30.199 | 377.5281 | 9.589 | oou 1
S - 5% FCI-X ] L ————
N80 | 15% HCI f b ] 0238 | 30.199 | 5773104 | 14.664 r0.0lﬁ

*no pits{, but checkered surface

Table #23 —  Corrosion test results from tests conducted at 90°C for a period ranging for 6 hours
with a coupon density of 7.86 g/cc

:( ﬁg,}”m” - "‘*/
Diluted in o
1018 | HER 1 so0q seawater | 1O FCIXM g a5g 1 414 | 5975818 | 15079 | 0.017
2000N 1% CI-1A '
S T T 1 —
u l
HCR- | oo 2% FCI-XM
N80 | zuon 50% seawater | 27o' S | 0.196 | 30199 475.6031_[ 12080 | 0.013
- _ - "_ . . ———— - - N —
HCR. | Dilutedin | 2% FCI-XM :l
155 | Jooon | ‘ sauia | 019! ! 28922 | 429484 | 12267 | 0014

27
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I SOji'» Sean:Itt;:? - W:— i_ B ‘ ﬁl' | __l
180 [;%gﬁ 30% seaveater | 2‘;’/‘;/0%;:?;“1‘[ 0305 | 30.199 | 738.8314 | 18766 | 0.021
— - - _— : — — —_— e} ~
NBo | oo | S0% scovater J—Tf"//:: Al | 0148 30199 | 357.9131 | 9.091 - 0.010
5| ooon | 5096 scavater | AN I RTE | 28.922 ; 290.0219 s | oo |

' L30 I ;‘55& ! 509/5,]?§vai'ler1 'f;/: EEI&(L ’ 0.115 | 30.199 | 278.2423 ' - 7.067 0.008

Additionally, corrosion inhibition packages according to preferred embodiments of the present
invention will allow the end user to utilize synthetic and modified acids that have down-hole performance
advantages, transportation and storage advantages as well as the health, safety and environmental

advantages.. The person skilled in the art will also understand that the corrosion package according to the

present invention is useful when as also utilized with conventional acid systems.

In addition to stability at high temperatures and desirable corrosion rates as discussed above, the use
of synthetic and modified acids along with a corrosion package according to a preferred embodiment of the
present invention, allows for reduction in skin corrosiveness, a more controlled or methodical spending or

reacting property, minimizing near well bore damage typically caused by an ulira-aggressive reaction with
the formation typically caused by HCI and increasing formation penetration providing superior production

over time.

USES OF CORROSION INHIBITION PACKAGES ACCORDING TO PREFERRED
EMBODIMENTS OF THE PRESENT INVENTION

The uses (or applications) of the corrosion inhibition packages according to the present invention
when combined (or mixed) with acidic compositions upon dilution of the latter ran ging from approximately 1
to 90% dilution, include, but are not limited to: injection/disposal well treatments; matrix acid squeezes,
soaks or bullheads; acid fracturing, acid washes; fracturing spearheads (breakdowns); pipeline scale
treatments, cement breakdowns or perforation cleaning; pH control; and de-scaling applications. As would be
understood by the person skilled in the art, the methods of use generally comprise the following steps:
providing a composition comprising a corrosion inhibitor package according to a preferred embodiment of

the present; mixing said package with an acid composition; exposing a surface (such as a metal surface) to
28
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the acid composition comprising the package; allowing the acid composttion a sufficient period of time to act
upon satd surface; and optionally, removing the acid composition when the exposure time has been

determined to be sufficient for the operation to be complete or sufficiently complete. Another method of use
comprises: injecting the acid composition comprising the package into a well and allowing sufficient time for
the acid composition to perform its desired function. Yet another method of use comprises: exposing the

acid composition comprising the package to a body of fluid (typically water) requiring a decrease in the pH

and allowing sufficient exposure time for the acid composition to lower the pH to the desired level.

One of the advantages of the use of a synthetic acid composition using a corrosion inhibition
package according to a preferred embodiment of the present invention includes: the reduction of the total
loads of acid, and the required number of tanks by delivering concentrated product to location and diluting

with fluids available on location (with low to high salinity production water). -

While the foregoing invention has been described in some detail for purposes of clarity and
understanding, it will be appreciated by those skilled in the relevant arts, once they have been made familiar
with this disclosure that various changes in form and detail can be made without departing from the true

scope of the invention in the appended claims.
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CLAIMS

1. A corrosion inhibition package for use with an aqueous acid composition, said package comprising:

a terpene; a cinnamaldehyde or a derivative thereof; at least one amphoteric surfactant; and a solvent.

2. The corrosion inhibition package as claimed in claim 1, wherein the terpene is selected from the

group consisting of: citral; carvone; ionone; ocimene; cymene; and combinations thereof.

3. The corrosion inhibition package as claimed in claim 1 or 2, wherein the at least one amphoteric

surfactant is selected from the group consisting of: a sultaine surfactant; a betaine surfactant; and

combinations thereof.

4. The corrosion inhibition package as claimed in claim 3, wherein the sultaine surfactant and betaine
surfactant are selected from the group consisting of: an amido betaine surfactant; an amido sultaine

surfactant; and combinations thereof.

5. The corrosion inhibition package as claimed in claim 4, wherein the amido betaine surfactant and 1s

selected from the group consisting of: an amido betaine comprising a hydrophobic tail from C8 to C16.

6. The corrosion inhibition package as claimed in claim 5, wherein the amido betaine surfactant

comprising a hydrophobic tail from C8 to C16 is cocamidobetaine
7. The corrosion inhibition package as claimed in claim 1 to 6, further comprising an anionic surfactant.

8. The corrosion inhibition package as claimed in claim 7, wherein the anionic surfactant is a

carboxylic surfactant.

9. The corrosion inhibition package as claimed in claim 8, wherein the carboxylic surfactant is a

dicarboxylic surfactant.

10.  The corrosion inhibition package as claimed in claim 9, wherein the dicarboxylic surfactant

comprises a hydrophobic tail ranging from C8 to C16.

11, The corrosion inhibition package as claimed in claim 10, wherein the dicarboxylic surfactant
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1s sodium lauriminodipropionate

12. The corrosion 1inhibition package as claimed in any one of claims 1 to 1 I, wherein the surfactant is
selected from the group consisting of: cocamidopropyl betaine; B-Alanine, N-(2-carboxyethyl)-N-dodecyl-,

sodium salt (1:1); and a combination thereof.

13. The corrosion inhibition package as claimed in any one of claims 1 to 12, wherein the solvent is

selected from the group consisting of: isopropanol; methanol; ethanol; 2-butoxyethanol; diethylene glycol;;

and combinations thereof.

14. The corrosion inhibition package as claimed in any one of claims 1 to 13, wherein the terpene is
present in an amount ranging from 5% to 30% by volume of the total volume of the corrosion inhibition

package.

15. The corrosion inhibition package as claimed in any one of claims | to 14, wherein the
cinnamaldehyde or derivative thereof is present in an amount ranging from 5% to 30% by volume of the total

volume of the corrosion inhibition package.

16. The corrosion inhibition package as claimed in any one of claims 1 to 15, wherein the at least one

surfactant is present in an amount ranging from 2% to 20% by volume of the total volume of the corrosion

inhibition package.

17. The corrosion inhibition package as claimed in any one of claims 1 to 16, wherein the solvent is
present in an amount ranging from 25% to 80% by volume of the total volume of the corrosion inhibition

package.

18. The corrosion inhibition according to claim 17, wherein the solvent is present in an amount ranging

from 25% to 75% by volume of the total volume of the corrosion inhibition package.

19.. A liquid acidic composition comprising;
- an acidic solution;
- a corrosion package comprising:
- a terpene;
- a cinnamaldehyde or a derivative thereof;
31
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- at least one amphoteric surfactant; and

- a solvent;

wherein the volume % of the corrosion package in the acidic composition ranges from 0.1 to 10%.
20. The liquid acidic composition according to claim 19, further comprising a metal iodide or jodate.

21, The liquid acidic composition according to ¢laim 20, wherein the volume % of the metal iodide or

1odate in the acidic composition ranges from 0.1 to 1.5%.

22. The liquid acidic composition according to any one of claims 18 to 21, wherein the acid is selected

from the group consisting of: mineral acids; organic acids, synthetic acids; modified acids; complexed acids

and combinations thereof.

23. The liquid acidic composition according to any one of claims 18 to 22, wherein the acid solution is

~selected from the group consisting of: HCI, Lysine-HCl, Urea-HCI, hydrofluoric acid, sulfuric acid,

methanesulfonic acid, methanesulfonic acid-Urea; phosphoric acid; phosphoric acid-urea; and p-toluene

sulfonic acid.

24, The liquid acidic composition according to any one of claims 18 to 23, wherein the metal iodide or
1odate selected from the group consisting of: cuprous iodide; potassium iodide; sodium iodide; lithium iodide

and combinations thereof.

23. The liquid acidic composition according to claim 24, wherein the metal iodide is potassium iodide.

26. The liquid acidic composition according to claim 25, wherein the potassium iodide is present in an

amount ranging from 0.1 to 1.5% vol./vol. of the acidic composition.

27, The hquid acidic composition according to claim 26, wherein the potassium iodide is present in an

amount ranging from 0.25 to 1.25 % vol./vol. of the acidic composition.

28. The liquid acidic composition according to claim 26, wherein the potassium iodide is present in an

amount of 1% by vol./vol. of the acidic composition.
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29, An aqueous synthetic or modified acid composition for use in offshore oil and gas operations, said
composition comprising;

- lysine and hydrochloric acid in a molar ratio of not less than 1:12;

- a surfactant; |

- a corrosion inhibition package; and

- an intensifier.

30. An aqueous synthetic or modified acid composition for use in offshore oil and gas operations, said
composition comprising:

- lysine and hydrochloric acid in a molar ratio of not less than 1:12;

- & corrosion inhibition package; and

- an intensifier.

31. The composition according to claim 29 or 30, wherein said corrosion inhibitor comprises:
- a terpene; '
- a cinnamaldehyde or a derivative thereof;
- at least one amphoteric surfactant; and

- a solvent.

32. The use of a corrosion inhibitor package with an acidic composition where the acidic composition

comprises an acid selected from the group consisting of: a mineral acid; an organic acid; a modified acid; a
complexed acid or a synthetic acid, said corrosion inhibitor package comprising:

- aterpene;

- a cinnamaldehyde or a derivative thereof;

- at least one amphoteric surfactant; and

- a solvent.

33. The use according to claim 32, where the at least one amphoteric surfactant is selected from the

group consisting of: a sultaine surfactant and a betaine surfactant; and combinations thereof.
34. The use according to any one of claims 32 and 33, further comprising an anionic surfactant.

33. The use of a liqumd acidic composition according to any one of claims 18 to 28 in the oil industry to
perform an activity selected from the group consisting of: stimulating formations; assisting in reducing
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breakdown pressures during downhole pumping operations; treating wellbore filter cake post drilling
operations;; assisting in freeing stuck pipe; descaling pipelines and/or production wells; increasing
injectivity of injection wells; lowering the pH of a fluid; fracturing wells; performing matrix stimulations;
conducting annular and bullhead squeezes & soaks; pickling tubing, pipe and/or coiled tubing; increasing
effective permeability of formations; reducing or removing wellbore damage; cleaning perforations;

solubilizing limestone, dolomite, and calcite; and scale removal from a surface selected from the group

“consisting of: equipment, wells and related equipment and facilities.

34
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