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i nhi bitors useful in high density brines. &1 ds free. w%ﬁ@%(r}scc&zibs\u

for exanple, 5 those referred to as "clear brine fluids", are known to be
‘'suitable for use as well drilling, conpletion, packer or workover fluids in
oil and gas operations. The high density fluids, i.e., those fluids having
a density in excess of 1797 kg/[err] (15 pounds per gallon 10 (ppg)),
typically, are used in wells requiring higher hydrostatic heads such as in
hi gh-pressure wells. The high density brines generally are produced by
adding a zinc salt such as zinc bromde to a brine. These zinc- containing
bri nes have the di sadvantage of being nore 15 corrosive than brines which
are substantially free of zinc salts. The use of these zinc-containing
brines in oil field applications, therefore, is limted by their

corrosi veness on wel |l -servicing equi pnent especially at higher-tenperatures
typically found in the deeper wells 20 in which high density brines are
used. -2- Heretofore, various corrosion inhibitors have been devel oped
for adn1X|ng with brines to reduce the corrosion rates of the brines during
their use in well opGORROSACN INEIEITIOR: iROR iBIFH PENSITHoRRIHES have 5

been unsatisfactory in providing corrosion inhibition protection for brines
over the conplete tenperature -

\ This invention relates to corrosion inhibit-
ing compositions and more particularly to corrosion
inhibitors useful in high density brines.

Solids-free, high density brines, for example,
5 those referred to as "clear brine fluids", are known to
be suitable for use as well drilling, completion,
packer or workover fluids in oil and gas operations.
The high density fluids, i.e., those fluids having a
density in excess of 1797 kg/m3 (15 pounds per gallon
10 (ppg)), typically, are used in wells requiring higher
hydrostatic heads such as in high-pressure wells. The
o - high density brines generaliy are produced by adding a
zinc salt such as zinc bromide to a brine. These zinc-
containing brines have the disadvantage of being more
15 corrosive than brlnes which are substantially free of
zinc salts. The use of these zinc-containing brines in
oil field applications, therefore, is limited by their
corrosiveness on well-servicing equipment especially at
higher temperatures typically found in the deeper wells
20 in which high density brines are used.
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range associated with the well in which the brines are used. Tenperatures
#ound in a well bore can range fromf[err] near the surface of the bore up
to [err] - 10 [err] near the bottomof the bore with. i ncreasing
tenp&ratures fromthe surface to the bottom Among the corrosion inhibitors
known™%n the” ‘prior art are thiocyanate ang thiourea conpounds. For
exanple, British Patent 2,027,686 discloSéS the use of 15 a thiocyanate or
a thiourea, alone, or in conbination with a quaternary pyridinium

qui nol i nium or i soqui no- liniumsalt, as a corrosi.on-inhibitor for
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conpounds are also known_as - |hhibitors. FOr exa r|t| Pat.ent
2,121, 397 30 PXALRIEAQR fox hrines ‘AV?FNBBFyEGFH@-GteaFGWPerésF“d-'Q:orr05| on

i nhi bi t or f orréng@l dbs o dbed | WiLR ' e d@elmdlﬁabﬁwm Rhebdqned WHeer . -
Thi ogl ycol ate_ co unds used aulcf?‘?% re usef ultll;gs corrosion inl bltors

-3- for well “at i eratuzes t HRpdr Wear8Orangan range |
t enper at ure Fh@GPd r(X0QF ) |néar [ehe |surface of the bdre up to 260°C‘

10 (S500°F) near the bottom of the bore with increasing
W, temperatures from the surface to the bottom. -

Among the corrosion iphibitors known in the
prior art are thiocyanate and thiourea compounds. For
example, British Patent 2,027,686 discloses the use of

15 a thiocyanate or a thiourea, alone, or in combination
.with'a'Quaternary pyridinium, quinolinium,-or .isoquino-
linium salt, as a corrosion 1nh1b1tor for aqueous"
solutions of alkali metal halzdes such as calcium
chloride, calcium bromide, or calcium iodide,” zinc

20 chloride, zinc bromide, or zinc iodide or a mixture of
such salts. Thiocyanate and thiourea compounds used
alone are advantageously used as lnhzbztors in well
operat:ons at temperatures from 37.8°C to 149°C (100°F
to 300°F) but are unsatlsfhctory for corrosion inhibi-

25 tion above 300°F in certain zinc-containing brines,
especially those brines having a demsity above
2037 kg/m3 (17 pp9g)-.

' Thioglycolate compounds are also known as
~ "~ inhibitors. For example, British Patent 2,121,397

30 discloses the use of a thioglycolate, alone, as a
corrosion inhibitor for a solution of zinc bromide
and calcium bromide in water. Thioglycolate com-
pounds used alone are useful as corrosion inhibitors



to [err]) However, unlike thiocyanate conmpounds or any ot her known <
commercially avallable corrosion inhibitor, 5 thioglycolate compounds
actual |y accel erate cortosion in brines at |ower tenperatures such as:ferr]
to [err] (100 to [err]) since inhibitors, when used under® fiekd A
conditions, nust protect over a broad**Enperature range, the corrosive

nat ure of thlogly 10 colate conmpounds |imts their useful ness when used
al one. For exanple, in a packer fluid application even if the wellbore
bottomte erat e i S agove [err] %eég eafIU|d in the u ger portion of
the well ’é‘r’% |RB§§3 SORS: 1053 FPESHHT | ?%P?%?Fﬁrﬁl +15 [err]

near the suefactn aThempetraitagiey t@ingjee frum ALTEC VWFIZMSH (aiweycand
fiel.d casing an
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'”Vefb"”‘éf”éé9€$£££ nd. gsilmlts their usefulness when used
alone. For example, in a packer fluld appllcatlon, QJ
even if the wellbore bottom temperature is above 149°C
(300°F), the fluid in the upper: portlon of the wellbore
is always cooler, such as 37 8°c to 93. 3°C (100 to
15 200°F) near the surface. Thus, thloglycolate compound.
when used alone can accelerate corros1on of well equip-
ment such as oil field" casrng ‘and tubing 1n the upper
sections’ 6f the wellbore where temperatures are below.
about 121°C (2S0°F). Furthermore._ln some instances
20 thioglycolate 1nh1b1tors can lose effectlveness as the
zinc ion concentrat;on of a zxnc-contalnzng brrne
~decreases. ’ :

. Therefore, desp;te the advantages of us;ng
the thiocyanate, thiourea or thzoglycolate compounds as
25 corrosion inhibitors, separately and alone, these
compounds when used alone do not provxde sat;sfhctory
corrosion inhibition to high density brines over a wide
range of densities and temperatures associated with .
well drilling, completion, packer and workover opera-
30 - tions. -




a_corrosion inhibiting conmposition conprising a thio- glycolate conpound
ahd at | east one conpound selected froma thiocyanate, a thiourea, and

m xtures thereof. 5 The presenigd nvention also resides in a
conposyLtion canprising water, a zinc halide and a corrosion inhibitor
conprisi'ng a thioglycol ate conpound and at | east one conpound sel ected from
a thi ocyanate conpound, a thiourea conpound, and miXtures thereof. 10

The present invention fuTheepresentednventish particildrDy tregigesr pai on
of- metals conprising the steps,of .contacting.t.he netal_at.a tenperature
rangi ng fron1[%r??rg85288C1 Pﬁt989[gPHP Hon GAMRF ARG, R 9= zi nc
~conpound and cglycslatei cbmpound and dtlieast arieorcompound cseleopedsi ng a
t hi ogl ycol ate oung,. . | eagt er I Focyanat e
compound. o tHEEARCY SBi B8R Rtenq BLRHEER R A g d PEREr LS

t hi ocyanate, thiourea or thio- glycol ate conpounds have been used,

separ at el ygand 20 anneThQSB%%FQQiig&déﬂ#?g&(yfggcgsgya§§s%#s§d, for

“exanple, as well drilling, c .etion, packer or, work-_ over urds in oi
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2% pound and at Ieasi one of a thioc na%ﬁﬁ?ndtf hlourqaqco ounﬁ
"unexpect edl y pRBSi 8EslPASE0BE ESPPS?%gnS- qﬁﬁ:réf dhert+sY2R2HPgh
~density brinescompounady dethdogeeal compound;s andl niistmares utleereofipared to
.ei ther conpound al one. O her known commercially avail- 30 able corrosion

i nhi bi tors when bl ended with thiogly- colate, for exanple, do not provide
the sane Llfiproved corrosThe presenti dpvention ifuxrthen cesidés ntwian of

~ method of inhibiting corrosion of metals comprising the
steps of contacting the metal at a temperature ranging
from 37.8°C to 260°C (100°F to 500°F) with a brine
containing a zinc compound and corrosion inhibitor, said
15  corrosion inkibitor comprising a thioglycolate compound
~and at least one member selected from a thiocyanate
compound, a thioﬁrea compound, and mixtures thereof.

Heretofore, thiocyanate, thiourea or thio-
' ~glycolate compounds have been used, separately and
20 alone, as corrosion inhibitors for brines used, for
example, as well drilling, completion, packer or work-
o/ - over fluids in oil and gas operations. It has now been
- discovered that a novel corrosion inliibiting composi-
~tion comprising a combination of a thioglycolate com-
25 pound and at least one of a thiocyanate and a thiourea
- compound unexpectedly provides improved corrosion
inhibiting properties to high density brines over a
wide range of densities and temperatures compared to
‘either compound alone. Other known commercially avail-
30 . able corrosion inhibitors when blended with thiogly-
._colate, for example, do not provide.the same improved
corrosion inhibiting properties as the combination of



WO 86/ 04634 ) ' "PCT/ US86/ 00174 t he
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present invention as described bel ow. The conposition of the present:

i nvention may 5 conprise a conpound 0ft7ﬁ1myanate or thiourea and a &;:
conmpound of thioglycolate. Mxtures of the above conpounds may al so be”
used. The conpounds of thio- cyanate, suitable for use in the present
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exanple, X Q& an al kali metal such as Na or- K, or an ammoni um cati on.
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10 X-S-C=N

wherein X is any inorganic or organic cation which
provides the anion, SCN'l, in the solution in which the
compound is dissolved. For example, X can be an alkali
metal such as Na or K, or an ammonlum ‘cation. Prefer-

15 ably, water-soluble thiocyanate compounds are used to .
provide the SCN~ -1 in an aqueous solution.

Among the water-soluble thiocyanates are
thiocyanic acid and the inorganic salts of thiocyanic
acid, particularly the alkali metal or alkaline earth

20 metal thiocyanates, namely, sodium, potassium, lithium,

um

(RRBPOWRGSE P Es F°Fm0 or nore

o/

calcium and magnesium thiocyanates, as well as ammonium —/

thiocyanate. Other water-soluble thiocyanate compounds
which, in aqueous solution, ionize to produce thiocya-
nate ions can be utilized. Particularly preferred is
25 ammonium thiocyanate. Mixtures of two or more of such
thiocyanate compounds can, of course, be employed.

The organic thiocyanate compounds useful in
the present invention may be, for example, alkyl thio-
cyanates such as methyl thiocyanate, octyl thiocyanate,



-6- or dodecyl thiocyanate. M xtures of twd or nore of such organic
t hi ocyanat e conpounds nay be enpl oyed. The thi ourea conpounds useful in the
present invention may be, for exanpl e, of_%he type represented 5 by the
fornulg;, [err]. 10 :where [err] and [err] are each selected from hydro- gen
and al kyl radicals containing from1 to 4 carbon atons such as nethyl,
ethyl, propyl, isopropyl, butyl "and isobutyl. O the thiourea conpounds, it
s particularlyr lqoa@eg] cthtdcyanttbl | ZRixkuRbteds thiifidh ddreldt DE
understood that mxtures,of two or nore of said thiourea conmpounds can be
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U 10 where R, Rl' Rz, and R3 are each selected from hydro-
~.gen, and alkyl radicals containing from 1 to 4 carbon
atoms such as methyl, ethyl, propyl, isopropyl, butyl

- and isobutyl.

Of  the thiourea compounds, it is particularly
15 preferred to utilize thiourea. Again, it will be
understood that mixtures of two or more of said ‘thiourea
compounds can be employed, as well as mixtures of the
thiocyanate and thiourea compounds.

The compounds of thioglycolates, including
20 thioglycolic acid and salts thereof, suitable for use
in the present invention can be represented generally
.~ by the formula: :
o -HS#CHz-COO-X
wherein X is any inorganic or organic cation which
25 provides the thioglycolate anion in the solution in
which the thioglycolate compound is dissolved. For
example, X may be an alkali metal such as Na or K, ammonia
or hydrogen... Preferably, the thioglycolate compounds
employed-areowater-soluble compounds. -



Anmong the wat er-sol ubl e thioglycol ates are t hi ogl ycol ic aC|d and the
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t hi ogl ycol ates. Other water-sol ubl e thioglycol ate conpounds whith in
aqueous solution, ionize to produce thioglycolate ions can be utilized.
Particularly preferred is ammoni umthioglycolate. 10 M xtures of two or
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The organic thioglycolate compounds useful in
the present invention may be, for example, methyl thio-
glycolate, ethanolamine thioglycolate, glycerocl mono-
15 thioglycolate, stearyl thioglycolate and isococtyl
thioglycolate; Mixtures of two or more of such thio-

glycolate -compounds may be employed.

Other known additives which will not affect

the inhibiting effect of the corrosion inhibiting

20 composition may be added to the corrosion inhibiting
composition of the present invention. For example, in
oil well applications, viscosifiers such as hydroxy-
ethylcellulose; flocculants such as polyacrylamide;
fluid loss agents such as calcium carbonate; pH control

25 chemicals such as lime; and other drilling aids such as.
lubricants, oils, emulsifiers, and hydrogen sulfide
scavengers may be added to the composition.

The corrosion inhibiting composition of the

present invention, hérein referred to as "corrosion
30 inhibitor", comprises water, at least one metal halide
and a corrosion inhibiting amount of a thiocyanate, a



t hi ourea or ‘mxtures thereof and a thloglycolate com pound. In particular,
the corrosion: sinhibitor may be used to inhibit the corrosion effects of
aqueous bfine solutlons toward netals. The_ ?orr05|on inhibiting 5
conposifi on of. the: present invention i-s particularly useful in well
drilling, conpletlon wor kover, and packer fl.uids used in the oil and gas

I ndustry. However, the conposition of the present invention can be used in

ot her appl i cat itdiioushad %prmufeysaﬁt&é%ﬁoateﬁiomxg &Fw i nhibit
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metals such as iron and steel and alloys of such metals,
with steel being the most common, as it is widely used
15 " in the o0il and gas industry. '

Generally, the brines of the present inven-

- tion include those aqﬁeous solutions containing a zinc
compound such as zinc chloride, zinc bromide, and the
like, and mixtures thereof. The brine solution of the

20 ' present invention may also include a mixture of the
' zihc’compound and at least one other non-zinc compound,

- for example, a metal halide such as calcium chloride,
calcium bromide, calcium iodide, magnesiuﬁ chloride,
magnesium bromide, magnesium iodide or mixtures thereof.

25 Other alkali metal halides such as sodium chloride or
potassium chloride and seawater in combination with a
~zinc compound may be useful in the present invention.
Preferably, the zinc component is present in the form of
zinc chloride, zinc bromide, zinc iodide and mixtures
thereof.
30 -~ When used in combination with other metal
- halides such as calcium chloride, calcium bromide,
magnesium chloride, magnesium bromide and mixtures



nmagnesi um chl ori de, magnesi um br om de aﬁd m xt ur es "WO 86/04634
PCT/ WR860463U - 9- thereof, the zinc metal halides increaReliyRB600174

density prior to.the brine's use as a welg_ driIIing,.coanepionf packer_ or
wor kover fluid. Various blends of the above salts provide a brine Wit h_&
~density above 5 1078 [err] (9 ppg). The zinc-containing brines of the
present invention nmay have a density of at |east 1078 [err] (9 ppg) .~

Pref erably, Ene. edaka1t e Rind [ density of
from 1318 toﬁg%%égb ﬁl}frer?'}r"f&él?htaé_gglgpg) : r!"nl\c/ibﬁrqge/zﬁgr e?gé zgff?ét he brines
_have a densidsnsityrpFiaro®o; Shesbripe’'s) Usks asp @ ‘?)Ug.‘ér.l tRErably, the
hi gh densi t yedtip1@6i 6AP! peRerNokhoRkev@H fluidl | Grardops i steads
substantially_solids- free igueous S Iuti%p.of hal j.des @% Zéﬁﬁ ags cal ci um
.15  such aSfitRepaBAYASaLFR PEAVIASIE DTS (1T o e g8PYFum
chlorides Tig7@megsmd 06 ppgd.and cal ci um halides dissolved in the aqueous
sol ution can vary dependi ng upon the final density desired. The aqueous
zinc and cal cium halide solutions of the present inven- 20 tion may be
fornul ated by various Thehgincesontaiming thnines ob the presadtdesired

density. For; . et : : s a 3No.
4,292,183 delsrg‘??%giﬁgt #%gshg?éogtgi@%sr}%yz%g %Zgbr omgef??ga{‘g?ﬁm brom de
sol ution. As(repg)ust Paefenablyyh&hes brifeas snployedht1BntBed not to be

limted therghyseAtZiNGeRtSBhIRa%RT o€ FekidiBPIOfT ficor 13E8 By Pesesed in
the present 1 nvention wherein the zinc bromékeégf cah0|%?. '
10 kg/m3 (11 to 23 ppg). More preferably, e brines have

a density of from 1797 to 2397 kg/m3 (15 to 20 ppg).

Preferably, the high density brines employed
in the present invention comprise a substantially solids-
free aqueous solution of halides of zinc and calcium

15 such as zinc bromide, zinc chloride, calcium bromide,
and calcium chloride. The amounts of zinc and calcium
halides dissolved in the aqueous solution can vary
dépending upon the final density desired. The aqueous
zinc and calcium halide solutions of the present inven-

20 tion may be formulated by various techniques known in
the art to obtain the desired density. For example,
U.S. Patent No. 4,304,677 and U.S. Patent No.

4,292,183 describe methods of obtaining a zinc bromide- o/
-calcium bromide solution. As an illustration of the .

25 present invention and not to be limited thereby, a zinc
bromide and calcium bromide brine may be used in the
present invention wherein the zinc bromide and calcium
bromide are present in the solution in sufficient
amounts to produce a brine having a density of from

30 1797 to 2397 kg/m3 (15 to 20 ppg). For example, a zinc
bromide-calcium bromide brine, having a density of 2301
kg/m3  (19.2 ppd),.may contain about 55 percent by



brom de are present in the solution in sufficient anbunts to produce a
btine having a density of from 30 1797 to 2397 [err] (15 to 20.ppg). For
exanpl e, YOAB6/634 orri de- cal ci um broni de brine, having a densi PETHUSE500174
[err] L;Q 2 ppg), may contain about 55 percel % by WO 86/ 04634

PCT/ US86/ 00174 -10- wei ght zinc bromi de, 20 percent by wei ght cal ci um

brom de, and the renmai nder conprising water. In preparing the corrosion

i nhi bited brine.conposition of the present invention t he thiocyanate 5

t he thiourea or e e nd 5N ‘ﬁ£ﬂ¥99 Eﬁﬁm

di ssol ved dlrect f HE %lhﬁ Bﬁegéﬁg th |nes ernatlvely, t conpounds
may be d|SSM\NHPIQM$@9aréné §B=v§ﬁm§lnﬁﬁﬂ1QﬂmnﬁﬂiﬁngeﬁﬁFQﬁen added to the-
hi gh density brine. In yet another alternative the 10 conpounds may be

di ssol ved together in one solvent, such as water, and then add to the

hi gh density brine. The |nﬁFbPF§EaEFPHét%§ 995F9§%Rﬁr¥£h{k&ﬁﬁ§ﬁBFEnﬁse. A

sufficient ?rmur&o@éosﬂhn.bnt of, thg pﬁéegntm ﬁ?zezimﬁb; I ttee tthi@dytanate,

corrosi on of _net contact wit e _brine fr t ccu

W th Uﬂlﬂhlb?te €%?|ﬁQLBFrFﬁeogaﬂ%x%Bﬁﬁgstﬁ%ﬁ$é¥ﬂmaQélﬁgiééhiﬁy#%ﬁg bltor

added may dependcompotrdapphichei dissodsiedd diremtily hin dehe ceiglhh densdtyon

protection desir I %&& L Of

t hi o- cyanate c&%%%un% ﬁltFﬁngﬁ%ggﬁ dnpo&%& iiguﬁﬁiit %rg%ggg;gggnt

in the brine rraylnaesepenaueosowemte,psuc@wtasowama@,htandw'@h%ma@d?e t Ge

concentration iSthe high density brine. In yet another alternative the
10 compounds may be dissolved together in one solvent,

— such as water, and then added to the high density
"~ brine. The inhibited brine is then ready for down-hole
use.

A sufficient. amount of inhibitor, is added to
15 the brine to reduce corrosion of metal in contact with
the brine from that which would occur with uninhibited
brine of the same composition. The quantity of inhi-
bitor added may depend on the application conditions
‘and the degree of corrosion protection desired. ‘

20 Generally, the concentration of the thio-

U cyanate compound, the thiourea compound or mixtures
thereof present in the brine may be from 0.01 to 1.0
percent by weight. Preferably, the concentration is
in the range of from 0.05 to 0.5 percent by weight.

25 The concentration of the thioglycolate compound present
in the brine may be from 0.1 to 5.0 percent by weight
and preferably from 0.1 to 2.0 percent by weight. More
preferably, a concentration Qf from 0.2 to 0.8 percent
by weight'is used. |



%

in the range of fromO0.05 to 0.5 percent by weight. 25 The concentration ,
of the thioglycolate conpound present in the brine may be from0.1 to 5.0
percent by weight and preferably from0.1 to 2.0 percent by wei ght.” Mor.e
preferably, a concentration of fromO0.2 to 0.8 percent by weight is used.
The ratio-of the thioglycol ate conpouniilto the thiocyanate and/or 'thiourea
conpound is from1:10 to 500:1 by weight. Preferably, the ratiois from1:5
to 40:1 Most preferably from1:2 to 15:1 by weight. 5 The

inhi bited brine conposition of the pre- _sent invention may be used at
various tenper at ur e 3 <of cthe { thiegdyspdates cempapndy tenpl oyed in

wel | Oper&_fueorﬁmdeytanfa&laﬁ]ﬁbﬁa@xw@yéar&ombeuhadsagefeeﬂ\r gshgn of metal
in contact with thé brine. ally, 1n orl as we operatlons

t he t enper® $O9 :d chhé'et}rg% i ﬁrﬁér@éﬂ@’es ‘?%rﬁ%tﬂ%esc 380 a :Pertd 4051

[err] The Mo @vidfedablly (fiomrLSENto D8Ny digd fective at these
tenperatures and are espeC|aIIy effective at tenperatures ranging from

[err] to [err] 15 [err] to [err] Neither the thiocyanate or thiourea al one
nor tige thioglycol athelimtibitedibsinet compositioheofothe pees tenperature

range nentione nate and/ aor
t hi our ea \fne?’%' %@%n%@?&&ﬁ ‘éé?)‘?Oﬁﬁggggihggo‘\ig%l’%g?%%% f‘iot ection
over the presssaresypdon exanplee as ¢onnoﬂ!y8€mp&026dC1pewellto [err] The
fol | ow ngg g@%‘%ﬁﬁn%o”r?%'éfftaﬂé aseitbastey!Sed taadegonstrate
experi nent
corros1on of metal in contact with the brine. Typl—
10 cally, in oil and gas well operations, the temperature g,
of the brine in use ranges from 37. 8°C to 260°C (100°F
to 500°F). The composition of the present invention is
effective at these temperatures and are especially
effective at temperatures ranglng from 65.6°C to 204°C

1S (150°F to 400°F). '

Neither the thiocyanate or thiourea alone nor

the thioglycolate alone is satisfactory over the comp-
 lete temperature range mentioned hereinabove, but the
combination of- thiocyanate and/or thiourea with thio-
20 glycolate provides improved corrosion protection over
the entire temperature range of from 37.8°C to 260°C

- (100°F to SO00°F).
) The following general corrosion test pro-
cedure is used to demonstrate experimentally the
25 effectiveness of the corrosion inhibitor of the present .

invention. | -

. A series of test solutions of uninhibited
brine is vigorously mixed at 23.9°C + 2.8°C (7S°F % S°F)
with a corrosion inhibitor.




25 effectiveness of the corrosion inhibitor of the present invention. A
.;series of test solutions of uninhibited brine is vigorously mxed at [err]
with a corrosion inhibitor. -12- Coupons of N-80 steel are prepared by
soni%z- cating in -acetone (coupons are stored with an oil coating) and then
rinsﬁng wi thel ean acetone.. The coupons ?%e dried and then wei ghed. 5
The corrosion tests on the coupons are carfied out in a stainless steel
aging cell, lined with a quartz container, using the various test
solutions. The coupons are placed in each of the solutions. Wth the test
sol ution and coupons i I cehl ] 0 eal an itrogen [err]
padded with 1.036 MPa ??g % ﬁﬁ%€q$3$6sﬁt§?% ?ﬁ%hgﬁggaﬁegsg§)sﬁalﬁressure.
The agi ng celdatiindein cacetone t fstupems are astoredhwithcansoilutes the
start of theckﬁ@ﬁ- t t | l..d S D ' est riod, the 15
~heater is turne cl)’ﬁb)T aﬁ{ddtﬁ_gexgg#ir}gs%? |"i,-§haﬁ??%%d‘;‘?%t§%%r; tgﬂ romf[err] to
[efr] to [efOMPONs akg rdried |and them weighedand opened. The coupons are
trans- ferred to inhibited 10 percent hydrochloric acid solu- tion and
cl eaned trasonically for about two mnutes. 20 The coupons are then
rinsed with water and (¥R GOFEQsianLests (9n the goppONghareoupons are

wei ghed af t ecatriied oulth6in & &€IiMUdPE e Dl agisd S&ID) eliﬁeaahn?ul at ed
usi ng the foIIawgggzg uation: Corrosion.rate in [err er ear-Lgrr (and

corr espondj n ontainer, using the various test so utio
The coupons are placed in edch of the solutions. With
the test solution and coupons in place, the cell is
10 sealed and nitrogen (N,) padded with 1.036 MPa (156G

pounds per square inch gauge psig) Né pressure.

_ The aging cell is heated to a test tem-
perature which constitutes the start of the test.
After the aging cell is heated for a test period, the

15 heater is turned off and the aging cell is allowed to:
cool to from 26.7°C to 37.8°C (80° to 100°F). The aging -
cell is then vented and opened. The coupons are trans-
ferred to inhibited 10 percent hydrochloric acid solu-
‘tion and cleaned ultrasonically for about two minutes.

20 The coupons are then rinsed with water and then rinsed
again with.acetone. The coupons are weighed after

N~ drying. The rate of corrosion of each sample is cal-
culated using the following equation:
Corrosion rate in pm per year-ppy (and corresponding

25 corrosion rate in mils/year-mpy)

= A x Weight:loss (g)
Test length (days)

- where A is a constant for a given coupon surface area.
The percent protection is calculated using the follow-

ing equation:



25 corrosion rate in mls/year-npy) = A x Wi ght:loss (g) Test length .
(days) where Ais a constant for a given coupon surface area. The percent

protection is calculated-using the follow ing equation: -13- [err],
"wherein CB = corrosion rate of blanks and CTC = corro- sioh rate of twest
coupons. The exanpl es which follow are~}8ven to illus- 5 trate the

I nvention and should not be construed as limting its scope. Al parts and
percentages are by weight unless otherw se indicated. Exanple 1 The general
procedure for corrosion testing 10  coupo Ba@gé wagggsed to corrosion
test N-80 steel coupons wi¥ PERERFEEIGAs=0 C 4 cmx 0.476 cm (1
9/16 inch x 1 inch:x 3/16 inch) with a O. 635 cm(1/4 |nch) hol e and an
exposed surface area of about 25.8 [err] (4 [err]). The test solutions

used were wheeldigs cqi Slxordddidh | tatétef sblahks sahdt cees =0fcogiree broni de
and cal ci um,brom ture havi n %ba.den5|ty of 2301 [err] (19.2 ppg)
(apprOX|na§éPF!§§> ]tgﬁﬁ%qgﬂﬁ Sind 25% water). The sol ution was heated

to a tenperature of 65.6C [err] for seven days. The corrosion inhibi- 20
tars used and their rgspe a [ L,n.T col ums
(a)and (b) bel ow. Asig’rfg\ﬁ%‘t e%%‘%%’&)f&rﬂéé ﬁ#gbg%d{?" g’%bs'&é‘?‘ﬁon of
ammoni $m t kregley dm_eatimmm_:mmnd: nshénubd yaotit be gcons txuedwas
N limiting its scope. All parts and. percentages are by

weight unless otherwise indicated.

Example 1 . :
o _Ihg general procedure for corrosion testing
10 coupons above ﬁas used to corrosion test N-80 steel

coupons with dimensions of 3.97 cm x 2.54 cm x 0.476 cm
(1 9/16 inch x 1 inch x 3/16 inch) with a 0.635 cm (1/4
-inch) hole and an exposed surface area of about 25.8
cm? (4 in2). The test solutions used were a series of
15 150 milliliters (ml) solutions of zinc bromzde and

'calcium bromide mixture having a density of: 2301 kg/m3
(19.2 ppg) (approx;nately 55% ZnBrz, 20% CaBr2 and 25%
water). The solution was heated to a temperature of
65.6°C (150°F) for seven days. The corrosion inhibi-

- 20 tors ‘used and thcxr xespect;ve amounts are described in o/
Table I, colunns (a) and (b) below. As shown in
column (c), thc inh;bito: combination of ammonium
thioglycolate and ammonium thiocyanate gives a lower
corrosion rate than an uninhibited br:ne and brine

25 inhibited with ammonium thioglycolate alone. In fact,
the ammonium thioglycolate alone actually increases the
corrosivity of the brine. The rate of corrosion of
each sample was calculated using the following egquation:

Corrosion rate in pm 'pér year-ppy(ahd corresponding
30 corrosion rate in mils/year-mpy)

= 709 x Weight loss (9)
Test length (days) 9




4

corrosion rate than an uni nhi bited brihe and brine 25 inhibited with

ahmoni um t hi ogl ycol ate alone. In fact, the anpnium thioglycolate al one
actuall.y Wfo,sqam the corrosivity of the brine. The rate of {bo?fm '
each sagpl e was catcul ated using the follomnngﬁequation: Cbrr03| nrate in

pm per year-[err](and correspondi ng 30 osion rate in mls/year-npy)
= 709 x Weight | oss Test |length (days) (Q) WO 86/ 04634

PCT/ US86/ 00174 -14- TABLE I (c) (b) Cor r osi on % (a)

Concentration Rate npy Pro- 5 Sample I nhi bitor (Wt 99
[err] tection Cbnparatlve None 24. 3 -
Sanmple A ——-E§-£617) Conpar ati ve Ammoni um
t hi o- 1.0 44.9 [err] Sanple B glycolat? )

(1140) 10 Sanple 1 Ammoni um t hi o- 05105119 2/°

gl ycol ate and 1) anﬁD a -
[err] Accel er & es- cay; igon of b%gf [ e°5§ ﬁi{l = Treed tzﬁglon
corrosion test pFUté%%ﬁt'abb

coupons havi ng acempRirEtdvredNdhe76 cm x 2. 54 cmx 0.159 cm (3/21463| nch x L

inch x 1/16 inch) samghian aexposed surface area of (617)
Comparative Ammonium thio- 1.0 44.9 ot
_'-Sample B ° glycolate (1140)
10 Sample 1 ~ Ammonium thio- 1.0/0.1 9.9  59.2
. glycolate and (251)
S - ammonium thio- _
: Cyanate
1,.

Accelerates corrosion of base brine

15 Example 2
The general corrosion test procedure above

was used to corrosion test N-80 steel coupons having a
dimension of 0.476 cm x 2.54 cm x 0.159 .cm (3/16 inch x
1 inch x 1/16 inch) and an exposed surface area of

20 about 3.23 cm2 (0.5 in2). The test solutions used were
a series of 15 ml test solutions of a zinc’bromide and
calcium bromide brine mixture (approximately 39.8

N percent ZnBrz, 29.1 percent CaBr2 and 31.1 percent

water) having a density of 2097 kg/m3 (17.5 ppg) mixed

25 with a corrosion inhibitor in amounts as described in
Table II, columns (a) and (b) below. The aging cell
was heated to a temperature of 121.1°C (250°F) for 7
-days. As shown in column (c), the inhibitor combina-
tion of ammonium thzoglycolate and ammonium thiocyanate

30 gives a lower corrosion rate than an unlnhlblted brine
and brine inhibited with ammonium thioglycolate ‘alone.
The rate of corrosion of each sample was calculated
using the following equation:



20 about 3.23 cnR2 (0.5 [err] ThHe test solutions used were a series of 15,
m test solutions of a zinc brom de and cal ci umbrom de brine m xture
(approxi mately 39.8 pergent ZnBr2, 29.1 percent CaBr 2 and 31 1 percent-,

wat er) having a density of 2097 [err] .5 ppg) mxed 25 with a corebsi on
I nhibitor "in anmounts as described in 'e 1, colums (a) and (b) bel ow
The aging cell was heated to a tenperature of 121.1C [err] for 7 days. As
shown in colum. (c), the inhibitor combina- tion of ammonium thioglycol ate
and anmoni um t hi ocyanate 30 gives a |lower corrosion rate than an
uninhibitgg brine and grlne inhibited with annDnlu thio }¥c§$a1$.alone.
The rate of°EEPFHRFAEE 8ch Hhpl ep\ﬁ&'syt%rcﬂlpé”te si‘ﬁ% FEPTO i ng
equati on: corf&dicsinite alre nils/year-mey) year-[err] (and correspondi ng
corrosion r | s y 5672 x Weight loss (g) Test length (days)
TABLE || ;ﬁ"e"i erﬁetéﬂfe%g@? (c) (b)

Corr osi on 3%% 3 9 '_-Q§%mentration Rate-nmpy Pro- Sanpl e

I nhi bitor (Wt 99 [err] tection Conparative None
12.2 - 10 Sanpl FABLE II = L
(310) Conpar ati ve -Ammoni um t hi o- 1.0 12. : 0 Sanple B
- glycol@te (317) Sanple 1 Anﬁsﬁrunlthlo-
1.0/0.1 3.2 73.8 glycolate and  (b) Corrosion (81)% 15
annnniunrthlo- (a) ~Concentration Rate-mpy Pro- -
ample Inhibitor ' (wt Z (upy) tect1on
Comparatxve None 12.2
10 Sample A (310) '
o/
Comparative Ammonium thio- 1.0 12.5 0
Sample B glycolate ' (317)
Sample 1 Ammonium thio- 1.0/0.1 3.2 73.8
glycolate and (81)
15 ammonium thio-
cyanate
Example 3

] _The-general p:oce&nre above was used to
corrosion test N-80 steel coupons with the same
20 dimensions as in Example 2. . The test solutions used
* ~~""  were a series of 15 ml test solutions of a zinc bromide - NS
and calcium bronide brine (approximately 55% ZnBr,, 20% :

Casré and 25% water) having a density of 2301 kg/m3

(19.2 ppg) mixed with a corrosion inhibitor in amounts
25 described in Table III, columns (a) and (b) below.

The solutions were heated in the aging cell to a tem-

perature of 204°C (400°F) for seven days.

- As.shown in column- (c), the inhibitor com-
. bination of ammonium thioglycolate and ammonium thio-
30 cyanate gives a lower corrosion rate than ammonium



cyanate Exanple 3 The general procedure above was used to corrosion test
.N-80 steel coupons with the same 20 dinensions as in Exanple 2.. The test
solutions used were a series of 15 m test solutions of a zinc bron de and
cal ei-um brom de *brine (approximately 55% [err] 20% [err] and 25% wat er)
havi}*rg' a densiity of 2301 [err] (19.2 ppgyigixed with a corrosion inhibitor
I n amounts 25 described in Table |11, -colums (a) and (b) below The
solutions were heated in the aging cell to a tem perature of [err] for
seven days. As shown in colum (c), the inhibitor com bination of ammonium
tEi ogl ycol at ethaistymate gl drie 0- ﬁ@dlﬁﬂ&ﬂ@% gi viee @oxhﬁﬂﬁ&tiahr osion rate
t han anmoni um (o]} anat ona t he i nation
prevents pi ttq:rﬁ’%]ﬁferp’{#] A%Esé\/n ?%éiaﬁ%ﬂﬁuﬁﬁ%ﬂgocyanat e

al one does n(atmmdmmdchhmn}{aximaa&mlnbééllmtycointsddﬂdlaﬁlmiﬂhum

t hi ocyanat e binat i evat t enper at Jur roVi es |_nproved
corrosion pro%@%i%n %oé%%%l (F }%Iél ?r%ﬁ@n? an:f’g'?m ng

i nhi bi t orS " Kbig@tion tada(himd)ftmp:ﬂ'amm i provhdesnimpTovedat e of
corrosion of Lgch N ation:
Corrosion rate | ns?'err er ytg'gdr %ﬁf%%#@f %ﬂl ossg?a'?ﬂ%and

cor r espondi n@mdger &S "' a trade name of “Test

~length (days)th?@‘z‘ceﬁdl'ltfec)(:ompany. 'l‘he rate of corrosion of each
sample was calculated using~the following equation:

Corrosion rate in Pm per year —ppy _ 5672 x Weight loss (g)
(and corresponding corrosion rate = :
(N in mils/year-mpy) Test length (days)
TABLE III
_ (c) |
o . {(b) Corrosion %
15 - . (a) Concentration Rate mpy Pro-
Sample Inhibitor (wt %) “(ppy)  tection
Comparative .  None - T 202 -
Sample A _ ' (S131)
" Comparative KI1-86% 0.15 144 28.7
20 Sample B : (3658)
Comparative Ammonium thio- . 0.1 1812 10.4
U Sample C - cyanate T (4597) ...
Sample 1 Ammonium thio- 1.0/0.1 80 60.4
.. glycolate and (2032)
25 . . ammonium thio-
-« . Cyanate

1K1-86 is a film-forming amine inhibitor which is a member
of a class of inhibitors vhich contain salts of acetylated
polyamines, quaternized amines and organic quaternanes in-
30 solvents such as methanol, isépropanol and water. KI-86 is
.commercially available from the Tretohte Company, a division
- of Petrolite Corporation. .

2pitting occurred on this sample.



(b) Corrosion % 15 ' (a)’ " Concentration Rate ,

npy Pro- Sanple I nhi bi tor (wt % [err] tection
conparative None - - 202 - Sanple A -~
(5131) Conparative [err] 0]3%5 144 - 287 20 Sanpl e
B ' . 186%8) Conparative Amoni um t hi o-

0.1 [err] 10.4 Sanple C cyanate Sanple 1 Aunoni um t'hi o-
1.0/0.1 80 60. 4 glycol ate and . (2032) 25

anmoni um t gﬂgigaaate [err] is a filmform ng am ne inhibitor which is a

menber of i nhi bitors which contain salts of acetyl at ed
- pol yani nes, quat er ni The¢ generalapragedure a;fmﬂeermessedl 89 solvents such

th | abte f
as met han éorfgg%ap%aglc 80" Ulel dlugithd S rponga‘féiahé[vg' e

the Tretoll division o 1'on itting
occurred oﬁxméeséﬁpl dhe test;sclutinns ased wRreralserigedf e above was

used tg cqsosmnsbﬁh%%ooﬁrt 29101° KRS (V!é 2 %ﬂ?ﬁg H, A o‘$2 Exanpl e 1.

The test sol utlons usi were_a seri.es of 150 2301 [err]
(19. 2 ppg)2f e+R] EXamp eE}arrp@el aging %ﬁjﬂnd‘%l heaked Hatemr a tem
perature gbefatute b€r 350°gayq 7ar‘?d:)22£dtouros dayEhandor2ly 6@ives.i nithei tars

used and Uhelf ol SRREREYS A" RMN BF (JRY RS dTA Sadues® VTS (2
and (b) bet
are descrzbed in Table IV, columns (a) and (b) below.
10 As shown in Table IV, the inhibitor combination of a
mmonium thioglycolate and thiourea has a'higbg: corro- W
sion rate than the inhibitor combination of ammonium
thioglycolate and ammonium thiocyanate, however, the
combination of ammonium thioglycolate and thiourea
1S performs well as a corrosion inhibitor under the above
_described conditions. The rate of corrosion of each

sample was calculated _using the follov_:ing equation:

Corrosion rate in pm per year-ppy (and corresponding
corrosion rate in mils/year-mpy) -

20 = 709 x Weight loss (9)
Test length (days)

TABLE IV N N

' (c) =
(b) Corrosion
= (a) Concentration = Rate-mpy
25 Sample _Inhibitor (vt %) {(ppY)
Sample 1  Ammonium thio- 1.0/0.075 «+  34.1
o glycolate and ' : (866)
ammonium thio- . o
_ Cyanate _ .
30 Sample 2  Ammonium thio- 1.0/0.075 50.6
glycolate and (1285) |

thiourea



10 As shown in Table IV, the inhibitor combination of a monium
thioglycolate and thiourea has a higher corro- sion rate than the inhibitor
conbi nation of ammoni um thioglycol ate and ammoni um t hi ocyanate, however,

t he gonbi nati on 6f amoni um t hi ogl ycol ate and thiourea 15 perforns well as
a cor®osion I'nhibitor under the above desgglbed conditions. The rate of
corrosion of ‘each sanple was cal cul ated using the foll owi ng equation:
Corrosion rate in [err] per year-[err] (and correspondi ng corrosion
rate in mls/year-npy) 20 = 709 x Weight loss (g) Test length (days) TABLE
IV (c) (b) Ex ggpﬁeo Sion (a) Cbncentration Rat e- npy 25 Sampl e

th}g!ggg. 34 1 glyc%Pﬁtgééé%ll dure aégg%nhyn%thlgnﬁﬂhlun1th|o-
cyanate 30 Szomtesion tésthoN+80n steel coupohsOthh?ﬁlmen515&56aglﬁ@plate
above was useﬁmopcorroéfﬂ?)ﬁ?%%é?*%égﬁsfsa?@%%so Seh B SRR, oA a5
Exanpl e 23 ThHel teetutions i ofis230kdkgend élSeElPPQ@onBri/CRBraohstnnns of
32%43{ ' ]re( J&a?mmhlefﬂeaégwg%ﬁ'sag h&li2ed'tld] aC telmplFatiizal €d to a
of 300°F (149 C) for 7 days. The corrosion inhibitors used and

their respective amounts are described in Table V,

coinmns (2) and (b) below. “As shown in column (c).
‘10 the inhibitor combination of ammonium thioglycolate and

ammonium thiocyanate gives a lower. corrosion rate than

either compound alone at a relatively higher temperature.

The rate of corrosion of each sample was calculated

using the following equation: '

1S Corrosion rate in pm per yeér-ppy (and corresponding
corrosion rate in mils/year mpy)

= 5672 x Weight loss (g)
Test length (days)

(2]



of 300F [err] for 7 days. The corrosion inhibitors used and their :
respesd unts are described in Table V, colums (a) w. As *
shovvn |n colum (c); 10 the inhibitor conbination of amggqédﬁslm%

t hi ogl ycol ate and ammoni um t hi ocyanate @lges a | ower corrosion rate th@ﬂ
ei ther conpound alone at a relatively higher tenperature. The rate of
corrosi on of each sanple was cal cul ated using the follow ng equation: 15
Corrosion rate in pm per year-[err] (and correspondi ng corrosion rate
in mls/year npy) = 5672 x Weight loss (g) Test |ength (days) WO

86/ 04634 TABLE V PCT/ US86/ 00174 -19- .
TABLE V (c) (b) Corrosi on @6(a) _ Concentrati bf) Rate npy, Pro-
5 Sanpl e 1 nhi bi t or (wt Q (b)  [er$PrrosioRect én
Conpar ati ve None (a) - oncentration atSaHBYe Rro-
- (6426) GBnparaianple rp.;nhlbltor Q1 (Wt %) ogumu tecsion o
Comparative None  (5690) 1D Conparati ég §§nple C
Annonlun1th|osample Ao [err] 48. 2 cyanate
(3327) Cbnparatlve Sanple D @nnn 0.8 -~
Comparative, . gf—% 0.1 11.5
86.2 15 Ppl 5 hi ogl yc6+ _ géégb)late
10 Comparative - ' ' ' ' - 2
Sample ¢ Ammonium thio- 0.1 . 131° 48.2
' ¢cyanate - (3327)
Comparative : _ : -
Sample D Ammonium 0.8 . 35 86.2 \@
15 . thioglyco- (889)
late - : -
Sample 1 Ammonium thio- 0.1/0.8 - 31 87.7
cyanate and (787)
- Ammonium thio- :
20 : glycolate

1X1-86 is a film-forming amine inhibitor whlch is a member
of a class of inhibitors which contain salts of acetylated
polyamines, quaternized amines and organic quaternanes in
solvents such as methanol, isopropanol and water. KI-86 is

25 commercially available from the Tretolite Company, a division
of Petrolite Corporation.

2pPitting occurred on this sample.



Sanple 1 Amoni um t hi o- 0.1/0.8° 31 87.7 cyanate and
(+787) Ammoni um t hiro- 20 glycolate [err] is a filmformng
am ne inhibitor which is a nenber of a class of inhibitors which contain
sal t s“0of acetyl ated pol yanm nes, quaternized anines and organi ¢ quaternanes

I n soPVbnts such as net hanol, isopropanol -®@0 water. Ki-86 is 25
comercially avail abl e fronlthe Tretolite Conpany, a division of Petrolite
Corporation. [err]pitting occurred on this sanple. -20- Exanple 6 The

corrosion rate of a 1020 carbon steel coupon having a surface area of 11.6
cnm2 (1.8 in2) Examp2e06 [err] (19.2 ppg) zinc bronide and.cal ci um bronide 5

sol ution, conparative Sagpl 8r3o3/on’¢dte ol 8 o4o t]_.eil%&gfg@ Le) VAS

det er mi ned by a standard el ectrical resistance corrosion probe Focedur e
known to thoseCeRrPPReBavingha surfatiee aremiofi Ad -Sarmmds Jde%cm bdin na Tabl e

VI ere cor 053901 {Re@Y Yusl he pheh! 9YnROPRGRIRe M UHR:ibE gﬁj@?ns of
br

1020 carbog stee] haVving surf area o approximately 11.6
o]

in2) were Corr¥T Eﬁﬁ?@stﬁﬂmpﬂrét§¥Fl§§m8ﬂet@sﬂﬁﬁﬂﬁhHQQuiqﬁ ap oni de
and cal ci um brmdfnbftaf: rrwxbuaetbﬁuaadab Asigtandard eledtdricdy] (19.2

299); | 1S COURRIE MELSCL! Lol tasiadp il Bdel At e gL Re W I

and wei ghed tosktkleéalnsthé armi.| | Thearemaining samples described in
Table VI were corrosion testfed by the following proce-

10 dure: '
Test coupons of 1020 carbon steel having a surface area
of approximately 11.6 cm (1 8 in2) were corrosion
tested in a series of test solutions of a zinc bromide
and calcium bromide brine mixture having a density of

15 2301 kg/m3 (19.2 ppg). The coupons were first washed
with a detergent, then rinsed with distilled water and
then rinsed with acetone. The coupons were then dried
and weighed to the nearéest 0.1 milligram (mg).

An amount of 230 to 240 ml of 2301 kg/m3

20 (19.2 ppg) zinc bromide/calcium bromide solution was
placed in a three-neck 250 ml round bottomed flask
equipped with thermometer, heating mantle, and stir

o bar. An amount of inhibitor was measured out and added

to the flask and stirred until the inhibitor was dis-

25 solved or uniformly suspended in the solution. The
corrosion. inhibitors used and their respective amounts
are described in Table VI, columns (a). and (b) below.

The coupons were suspended in the solutions
. from a glass hook mounted on a stopper. The stirrer
30 and heater were then started. The flask and its con-
tents were vacuum degassed and padded with nitrogen.
The flask was heated to a temperature of 250°F (121°C). After



T until the inhibitor was dis- 25 solve

An anount of 230 to 240 ml of 2301 [err] 20 (19.2 ppg) zinc
br om de/ cal ci um broni de sol uti on was placed in a-three-neck 250 m round
pbottoned flask equi pped with thernoneter, beating mantle, and stir "bar.. An
amount of 4 nhibitor was nmeasured out ag added to the flask and sterew

or uniformy suspended in the
solution. The corrosion inhibitors used and their respective anounts are
described in Table VI, colums (a). and (b) below. The coupons were

ded | ' | t Th
st frer ach ShAE,BEFLbAVEE HipTuayE BAY WIAGII e S RATe | 11T
wer e vacuurnemeyveds fbgonntheafiiagkwand #ﬂe@@gdhulanSGH;gal&as heated to a
temperat urg; phe[ gh! hatdh! Cthen 1A1acdtlftl. PahedCobdntl B dhiuh el apsed,

t he coupons were renoved fromt |'ask and cl eane y, first
in water, drbediandceetgbedThe Ebﬁpaﬁér\ﬁélteot Hefddr | dhearf@ GRS to the

near esg 0. 1Eﬁew£§l uSs8iingoScalealiate Whe ¥ate OF E¥rzdsilon e rate of
corrosion of each inp e coupon: Corrosion rate in [err] per year - ppy
(and corr 2}OAIFATPLE FOWPBR: rate in nils per year-npy) = 2833 x Wi ght

loss (g) Area (in2 = 6.45 cm x Test 10 | engt h (days) The results of

h d d in_Tabl VIbI Table VI,
EofuﬁﬁrEﬁféqﬁﬂégiéﬁ}?% cton B orBetyweaX-ya%) Paha, SorERRBRTindy o

osien ra er year mP
= 2833 x welght loss (g)

Area'(in2 = 6.45 cm) x Test

10 length (days) ;;
The results of the corrosion tests are described in
Table VI below. '

As shown in Table VI, column (c), the com-.
bination of ammonium thioglycolate, ammonium thio-
15 cyanate and a commercially known inhibitor, such as
KI1-86, provides'greatei corrosion protection to a metal
coupon than ammonium thioglycolate, alone, or the
combination of ammonium thioglycolate and KI-86.
Furthermore, although KI-86, alone, has a lower cor-
20 rosion rate than the combination of KI-86, ammonium ‘
thioglycolate and ammonium thiocyanate at 121°C - -,
(250°F), there is a clear advantage in corrosion pro- .
tection using a thioglycolate and thiocyanate com~
bination over KIi-86, alone, at higher temperatures than
25 121°C (250‘?) as showvn in Table V of Example 5.



15 cyanate and a commercially known inhibitor, such as Kl-86, provides
.greater corrosion protection te a netal coupon than amoni um t hi ogl ycol at e,
al one, or the conbination of ammonium thioglycolate and KI-86. Furthernore,
al t hgugh Ki-86, alone, has a lower cor- 29, rosion rate than the
combitfati on of Kl - 86, anmoni um t hi ogl ycol-ate and ammoni um t hi ocyanate at
[err] [err] there is a clear advantage in corrosion pro- tection using a

t hi ogl ycol ate and thi ocyanate com bination over KI-86, alone, at higher

tenperatures than 25 J[err] as showpaprHaPre V of Exanple S. -22-
TABLE VI (c) (b) Corrosi on Ta)y (aj— Concentration Rat e- nmpy
% 5 Sanmpl e I nhi bi tor (wt @@ Protection
(nupy) Conparative None _ Sample A
( 339) (2184) Conparative Anroni um t hi o- ‘
[err] Sample B gl ycol ate 366) (2 ciO Cbnp tive
Ammoni um t hi o- 1.1/ H? gI y Qa’at e
and 5 0_08anf374) (24%%9 !ié AL i |<|- ng“PY
0. 08
203) 15 Congahghfggl thlo- : (nuPyi75 [err]
Sampl e E e an 0.1 689 4445 tr| h | pro-
np BRXpedln ( ) ( ) id @rgy of
Comparatlve Ammonium thio- _ 1.1 0?
Sample B glycolate ( 366) (2362)
10 Comparative Ammonium thio- 1.1/ 95 02
U Sample C glycolate and 0.08 ( 374) (2413)
a K1-863 .
Comparative KI-863 ' 0.08 J 8 90.7
Sample D ( 31) ( 203)
15 Comparative Ammonium thio~ 1.1/ 175 02
Sample E glycolate and 0.1 ( 689) (4445)
: . triphenyl pro-
pargyl
| phosphonium bromide
20 Sample 1 Ammonium thio- 1.1/ 16 . 1.4
- glycolate and 0.1/ ( 63) ( 406)
Ammonium thio- 0.08 '
cyanate and -
KI-86

- ne

. 25 1Determ:.n.ed by electrical resistance corrosidn probe.’
N 2Accelerates corrosion of base brine.
3K1I-86 is a film-forming amine inhibitor which is a member
"of a class of inhibitors wh;ch contain salts of acetylated
polyamines, quaternized amines and organic quaternanes in
30 solvents such as methanol, isopropanol and water. KI-86 is

commercially available from the Tretolite Company, a division

of Petrq}xte Corporation.

nﬁpy is an equlvélent Corrosion Rate cglculated as defined
above for upy but with an area of 1 cm



par gyl phosphoni um brom de 20 Sanple | Ammoni um t hi o- 1.1/
16 1.4 glycol ate and 0.1/ ( 63) ¢ 406) Ammoni umt hia-
0. 08 cyanate and KI-86 25 [err]Determ ned by ctrical resistance’ _ .

corrosi on probe- 2Accel erates corrosi on28f ~bas ' I mu“E a s
filmformng amine inhibitor which is arrenbereH‘“ﬂﬂ“ “l ilfihi bitors’
whi ch contain salts of acetyl ated pol yan nes, quaternitze# afi nes and "

organi c quaternanes in 30 sol vent s égégggz]nethanOI, i sopropanol and
water. KI-86 is commercially avail ab Bmthe Tretolite Conpany, a

division of Petrolite Corporation. [err] is an equival ent Corrosion Rate
cal cul ated as defined above for upy but with an area of 1 [err]. -23-

CLAI M5 1. The us ) CQLT QSi l.ahihi tag :af: c S ko ;
conprising a ?hiog??goyg?egéo%pgggﬁbgﬁshaégréggfggngﬁggngggﬁgsggﬁggked from

a thiocyggate hi9HLed tRdg T ¥bihed tbRbRAhd 4nd aR U®Rsas obleai Med in
d ain11,aaherg?ﬁp%2§95 igc§ggg?g&gndlqr a tEioureancoﬁpoundg are 10

wat er - sol ubl ecoppound Heeedte@! Erohdal ’h@oaly@natepher ahlocure d, hiamdyanat e
conpound is an alkali nmetal salt of thiocyanic acid. 4. A use as cl ai ned
in Claim2, wh¢keukekhehereof. -
2. A use as claimed in Claim 1, wherein the
thiocyanate and/or a thioufea.cohpbuﬁds are
10 water-soiuble.
3. A use as claimed in Claim 2, wherein the
thiocyanate compound is an alkali metal salt of
thiocyanic acid. |
4. A use as claimed in Claim 2, wherein the .
15 thiocyanate compound is ammonium thiééyanate.
S. A use as claimed in any one of the preceaing
claims, wherein the thiourea compound is thiourea.
6. ' A use as claimed in any one of the preceding
claims, wherein the thioglycolate is water-soluble.
20 7. A use as claimed in Claim 6, wherein the N
- thioglycolate is én alkali metal salt of thioglycolic
8. A use as ciaimed in Claim 6 wherein the
thioglycolate is ammonium thioglycolate.

25 9, A use as claimed in any one of the preceding:"

claims, wherein the ratio of the



15 t hi ocyanate compound is ammoni um t hi ocyanate. 5. © A use as clained in

any one of the preceding clains, wherein the thiourea ' ea.
6. ., Ause as clained in any one of the preceding clai mm"m"mgm[

t hi ogl ycol ate -is'water-soluble. 20 7. _/% se as clairmed¢ntCl®mimbo,=
whererh the thioglycolate is an alkali netal salt of thioglycolic acid. 8.

A use as cl ai med éﬂlogl%ida&gt‘@h%roﬁip%u%m%‘!t‘?@ %540l %éfa%teﬁreymna/jeoc%rendi ng

t hi ogl ycol ate. 2 use as clal in any on

claims, wherein g difld0 Hmpdifhds is From NI FREQ .0 the
t hi ocyanate and/or thiourea conmpounds is from1:10 to 500:1 by weight. 10.

A use as clai med 10l Cativse9.asMtaagine 65 dird d1atin0 9,5 @ik Bi@ 4@tk Py

wei ght. 05 11. A use as clained in Claim10, wherein said ratio is from
1:2 to 15:1 by wdisglfiroml2.: 5At@s@0cAMby selighwat er, a zinc halide and a
corrosion inhibitor conprising a thioglycolate conpound and at | east one
conmpound seldéct ed Xf.r oy aise0 as tclliadmeandine Cdampourdd, wkeldeiiousad dc aprdend,
and m xtures thereof. 13. A conposition as clained in daim 12, wherein
the zinc halide iis Salopctls@ toodSzilndycMedghds, zi nc broni de, zinc iodide,
and m xtures thereof. 15 - 14. A conposition as clainmed in Claim 12 or

Cl aim 13, includildy a?mitsg cRBRPrds 18| weted .f eomiagl dialidenia®di de, cal ci um

brom de, cal cium i odi de, magnesium L. .
corrosion inhibitor comprising a thlqglycolate
compound and at least one compound selected from a

10l thiocyanate compound, a thiourea compound, and
mixtures thereof.

13. A composition as claimed in Claim 12, wherein the
zinc halide is selected from zinc chloride, zinc
bromide, iinc iédide, and mixtures thereof.

15 14, A composition as claimed in Claim 12 or Claim 13,
including a metal halide selected from calcium
chloride, calcium bromide, calcium iodide, magnesium
chloride, magnesium bromide, magnesium iodiae and
mixtures thereof.

v 20 15. A composition as claimed in Claim iS, wherein the
zinc halide is zinc bromide and the metal hélide is
calcium bfomide.
l6. A cémposition as claimed in any one of Claims 12
to 15, wherein the thioglycolate compound is an alkali

25 metal salt of thioglycolic acid.
17. A composition as claimed in any one of Claims 12

to 15, wherein the thioglycolate compound is



chl ori de, magnesi um brom de, magnesi um i odi de and m xtures thereof. 20
15. A conposition as clainmed in Claim15, wherein the zinc halide is zinc
bronmi de and the metal halide is calcium Qpide.Ju"uuﬂﬂ ﬂﬂ'ﬂ' n as .
claimed in any one of Clainms 12 to 15, erein t i Bm Iilm
25 metal salt of thioglycolic aci d.* 17.
%c)%B, wherein the thioglycol ate conpound

hi ogl . 18, St [ i 0. any; pne of
28\ R E i o B LA i JE L1 QA
conposi tion as &l g Machd kb {7 AHS thii d@rdd. cOfpoundier£i thiderddi ocyanat e
conpound is an alkali netal salt of thiocyanic acid. 20. A conposition as
iR o 145 181a et eim ¢ Teiddi DZyiewal®, i s ammoni um
10 21. conposition as clainmed in any one of Clains 12 to
20, wher @31 t hehgwdin tHe ttiriddy e tee ot atpowmdpie neh talkdki tie el anat e

is an al kal

clainmed in ameﬂﬂ?%ﬁm(5QﬁQﬁ}¥ﬁ?

is anmoni u
Clains 12 to

claimed in anyyone pfcdHl

t hi ocyanat e.

conpouyid
A torfpogition as

and/ or thiourea conpounds is from1:10 to 500:1 by weight. 22. A

conposi tion asalwiofedhivdania Z¢idwherein 15
40:1 by weight. 23. A conposition as clainmed in Caim?22, wherein said
ratio is from202 th cawpositien fa chaired tpnpaisi el Wigret?in any

one of Clains 12 to 23, wherein the thioglycolate is present in an 20

amount of frorh®. i8¢ oRIEFerthimitbioGRaRAte oty FROnIUR

10

15

20

25

thiocyanate.

21. A composiﬁioh as claimed in any.one of Claims 12
to 20, wherein thé'fatio of the thioglycolate compound
to the thiocyanate and/or thiourea compounds is from

1:10 to 500:1 by weight.

22. A composition as claimed in Claim 21, wherein

said ratio is from 1:5 to 40:1 by weight.

23. A composition és ciaimed in Claim 22, wherein
said ratio is from 1:2 to 15:1 by weight.

24. A composition as claimed in any one of Claims 12
to 23, wherein the thioglycolate is present in an
amount of from 0.1 to 5.0 percent by weight aqd the
thiocyanate, thiourea or mixture thereof is present in
an amount of from 0;01 to i.O percent by weight.

25. A composition as claimed in Claim 24, whe;ein the
thioglycolate concentration is from 0.1 to 2.0 percent
by weight.

26. A corposition as claimed in Claim 25, wherein

said ratiois from1l:5 to

4



L 3

thi ocyanate, thiourea or mxture thereof is present in an ampunt of from

0.01 to 1.0 percent by weight. 25. A conposition as clai ned—in—€a-m24;

wherein the thioglycolate concentration is from0.1 to 2.0 t 25 b
wei ght,_,26. A.conposition as clainmed in Caim25, wherein Uﬂﬁ!ﬂw"uﬁﬂmm
concentration is fromO0.2 to 0.8 percent by weight. 27. A L .
claimed in any one of Clains 24, 25 and 26, wherein the concentration of

t hi ocyanate, 05 thiourea or m xture thereof is from0.05 to 0.5 percent by
wei ght. 28. A conposition as claimed in any6rme of Cainms 12 to 27 having a
density of at |east 9 pounds per gallon (1078 [err]) 10 29. A conposition
as clainmed in C aaid2eponcentrationi dsdénomt 0 .Rstdr OnBlperoced® pgunds per
gallon (1318 to 2756'Lerr]. 30. A conposition as clained in Caim 29,
wherein said den¥eights from 15 to 20 pounds per gallon (1797 15 to 2397
[err]. 31. A nethgd of inhibiting corrosion of netals conprising the steps
of contacting the’eetf compasition, asurtaimegi A5 pREnPREOPEr Flaiws[fn] to
[err] with a briﬂﬁ coptajpning a zinc conBound and,20 corrosion inhibitor,
sai d corrosion ififi BPfofCeokprFeingthe BS?QEBFEFQ“cngBﬁhﬂcﬁﬂBaEF'Ieast

one compound 05e! i 8rba OBk i R 38 LR Fe 88 DS Bfon 0 L Bk 055G SOMPOUN and

- percent by weight.
28. A composition as claimed in any one of Claims 12
to 27 having a density of at least 9 pounds per gallon
(1078 kg/m3).
10 29, 2 composition as claimed in Claim 28, wherein
said density is from 11 to 23 pounds per gallon (1318
to 2756 kg/m3).
30. A composition as claimed in Claim 29, wherein
said density is from 15 to 20 pounds per gallon (1797
15 to 2397 kg/m3).
31. A method of inhibiting cofrosion of metals
comprising the steps of contacting the metal at a
~ temperature ranging from 100°F to 500°F (37.8°C to
260°C) with a brine containing a zinc compound and
20 corrosion inhibitor, said corrosion inhibitor
comprising a thioglycolate compound and at least one
compound selected from a thiocyanate compound, a
thiourea compound and mixtures thereof.
32. A method as claimed in Claim 31, where the brine
25 js a composition as defined in any one of Claims 12 to-

30.
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32. A nethod as claimed in daim31, where the brine 25 is a conposition as®.
defined in any one of Clains 12 to 30. 33. Anethod as clained in daim

31 or Claim32, Mmmﬂnthesmdtemmmuwe|&JLM#H%ﬁ*ﬁrﬁﬁﬂ [err]

to [err] 34. A conposition as clained in Claln11 and 0 aIIyﬁfEf
her ei nbef ore described in any of the Exanpl es. as cl armed
in Claim12 and substantially as herei nbefore d y of the

Exanpl es. 10 36. A method as clainmed in Caim31 and substantially as
herei nbefore described in any of the Bxafples. 15 20 25

33. A method as claimed in Claim 31 or Claim 32,
vwherein the soid temperature is from 150°F to 400°F
(65.6°C to 204°C). |
34, A composition as claimed in Claim 1 and
05 substantially as hereinbefore described in any of the
Examples.
- 35. A composition as claimed in Claim 12 and

substantially as hereinbefore described in any of the T

\/
Examples.
10 36. A method as claimed . in Claim 31 and substantially
as hereinbefore described in any of the Examples.
15
-/
20

25



