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The loss of subsurface equipment due to corro- 
sion became fully appreciated as an economic fac- 
tor in the production of crude oil and gas about 
1944. Tip to that time, corrosion losses, while rec- 
ognized, were accepted as a necessary part of 
production costs. Some wells required replace- 
ment of sucker rods every two to three weeks. 
Tubing failures in as short a time as two to three 
months were not uncommon. The short life of 
these items obscured the recognition of casing 
corrosion as a serious problem. About this time. 
it was established that h)‘drogen sulfide D.;~s the 
principal agent causing rod breaks but as Iatc as 
1!)45 the causative agent of condensate well (‘or- 
rosion was generally unknown. 

In 1945, the introduction of formaldehyde as a 
specific inhibitor for hydrogen sulfide corrosion, 
spurred various companies to initiate ‘studies 
aimed at solving downhole oil and gas well cor- 
rosion problems. Many chemicals were offered as 
inhibitors, some of \frhich are still in use today. 
The results of the work on sulfidic c,orrosion 
problems served to stimulate work which has re- 
sulted in the generally successful use of inhibit- 
tors for most oil and gas production corrosion 
problems. 

MECHANISM OF INHIl3lTOR ACTION 

Inhibitors are materials which, when added in 
small am0unt.s to a corrosive environment of a 
netal or alloy. effecti\Tely decare:cse the corrosion 
#‘ate. This is accomplished by affecting the reac- 
ion at eit.her the anode or the cathode of the ror- 
‘osion cell. To better ivisualize the manner in 
Arhicll this is accomplished. a review of the sim- 
,plifietl equation’ describing the steady state cor- 
*osion rate may be helpful. 

l< ,’ = I!: A + E ll<i -t 1!: ,I(,’ 
#here E = Total reversible EMF of the couple 

E = Anodic polarization = sum of (1 ) 
concentration polarization at anode. 

(2)possible anodic overvoltage and 
(3) IR drop through films which 
may cover anodic areas. 

E (. = Cathodic polarization = sum of (1) 
concentration polarization, (2) ca- 
thodic overvoltage and (3) IR drop 
through films. 

E ,,li = Product of current flowing and re- 
sistance of electrolyte between ca- 
thode and anode. 

I? ,yI(, = Product of current flowing and re- 
sistance of metal between cathode 
and anode areas. Re is generally 
very small; hence, IRe may be ne- 
glected in most cases. 

The dissipative terms E.,, and E c and E ,Hi 
are functions of current density. If the major 
factor is E 4, the cell is considered to be under 
anodic control: if E,, it is under cathodic control. 
Inhibitors function by changing one or more of 
the factors, i.e., E .,, or Ec and have very little 
effect on E IHi . If the material alters EA it is 
said to be an anodic inhibitor; if E, it is a cath- 
odic inhibitor. 

Alkali metal hydroxides, chromates, phos- 
phates. silicates and carbonates are examples of 
anodica inhibitors. These materials form or main- 
tain films which increase anodic polarization. 
Since the mechanism is one of film formation 
substantially at the anode, incomplete coverage 
results in a decrease in anode area without a cor- 
responding change in the cathode area. Thus the 
cell \\rill continue to operate at nearly the same 
clrivinLg fo1.c.e anti intensity, but penetration at 
the anode \vill be increased due to higher current 
clcnsit!. ;lt local areas. Thus anodic inhibitors may 
incw?;~xe the penetration rate if their concentra- 
1 ion is inadequate. 

Those materials, i.e., calcium in water systems, 
which slow down the cathodic reaction are called 
cathodic inhibitors. These materials are believed 
to cbongregate at and shield the cathodic metal 
are&s. Since metal does not go in solution at the 
c.athode, incomplete coverage of this area does 
not increase the corrosion intensity; therefore, as 
a general rule, cathodic inhibitors are considered 
safe at any concentration. 
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Most inhibitors used in oil wells are organic 
materials. The compounds are not clearly anodic 
or cathodic based on selective adsorption It is 
postulated by Hackerman’ that the adsorption 
may be viewed as general in character in\.olving 
both physical and chemical forces. Regardless of 
the forces involved the inhibitors form barriers of 
varying effectiveness. It is further postulated 
that chemisorption of the compound inhibits cor- 
rosion bv an energy as well as a material barrier. 

Work by our laboratory using radioactive 
tagged amine-acid salt inhibitor has shown that 
the inhibitor film is not a static film like a pro- 
tective coating. Over a long period of time during 
which inhibition was maintained, the density 
(thickness of inhibitor film) changed. Some evi- 
dence showed that “active” areas on the metal 
surface shifted from site to site, causing a re- 
distribution of the inhibitor. 

The organic inhibitors may be affixed to the 
metal in a multi-iaver or monolayer and conceiv- 
ably might increase the corrosion under certain 
conditions. Evidence from both laboratory and 
field use has shown that in certain cases ex- 
cessive inhibitor can produce a relative ineffec- 
tive harrier. Work with a specific amine type 
material has shown that overtreatment can re- 
sult in the formation of film capable of holding 
considerable water in a tight emulsion. Such a 
film offers little or no protection to the metal 
substrate. 

From the above it becomes apparent that in- 
hibitors function through their ability to form 
films on metal. Whether these films prevent cor- 
rosion by simple mechanical barriers or through 
energy redistribution is still open to question. 
The controlling mechanism probablv depends. at 
least in part, on the chemical nature of the inhib- 
tor, i.e.. its ability to chemisorb to metal surfac,es. 

Since a film forming mechanism is in\~ol\~etI, i( 
is ob\yious that for most efficient treatment i’ol,- 
sideration should be given to the metal to be NIX)- 

tected. Since most of the metal in oi] fieI(l use I?; 
carbon steel. this discussion will be (<onfined to 
that metal. hlan.v of the inhibitors in use for oil 
and gas well protection are amine salts. These 
materials have the ability to readi1.v adsorb to 
most solid surfaces. Thus they will “coat” 01 
adsorb onto corrosion products, metal surfaces 01 
suspended solid particles in the flow stream. Jt is 
therefore apparent that for an inhibitor to func- 
tion it must be able to “see” clean metal. Forrun- 
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ateI). most of the amine salt compounds exhibit 
cletergent properties and (*an, with time, remove 
such wrrosion or loose mill scales as might be ’ 
presenl on the metal. Ob\~iously, maximum ob- ” 
tainable inhibition will not be achieved during 
this descaling period. 1 

An inhibitor film can be described in terms of , 
degree of protection and film life. The degree of .; 
protection obtained by the use of a specific corn- 
pound is, to a large extent, determined by its mo- : 
lec.ular structure. This is basically a problem of 
the formulators and little can be done by field ‘. 
te;*hniclues to nffecd this property. 

Film lif(A is affected b.v se\.eral factors, which j 
are to some extent under field control: fluid velo- 
c.itj’. \~olumc and c*oncentration of inhibitor used 
1x1. treatment. temperature of the system, type of ‘< 
substrate a\.ailable for adsorbtion of the inhibitor ‘, 
and lcng:th of time the inhibitor is in contact with ; 
the metal and composition of the fluid system. i 

J’re\~ious 1v0i.k~ has shown that film life is in- i 
\.ersely relalcd to fluid \relocity. In accelerated $ 
. . 
1at)orntor.v tests using the same corrosive system i 
it17fi inliihitor.. at a \‘elocit.v of 1.0 ft’sec. film life 
14.2~ 3) lirs: tloublin g the \.elocity. the film life 
\\.Ps only 3.5 hrs. Per cent inhibition during film 
life ~‘as the same in both cases. It was also shown 
that changing the water-oil ratio from 100/O to 
50 /50 increased film if by a factor of 7 for an oil 
sc;lllble material. 
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Othel. work in this laborator,v has shown that 
fol. c’ertain amine t,vpe inhibitors a 5-7 per cent 
c~onc~entration of material in oil is the optimum 
for estnhlishment of ef’fecti\ve films. 

It has been observed that the amine-acid sa1t.s 

adsorb strongly to an iron sulfide substrate, This 

is not to infer that the materials will not function 

efficientlv in other svstems such as sweet con- 

clensatc wells. Jt ma,y, however. explain why 

some of t hew inhibitors provide relati\relv less 

cJffec,t I\‘c inhibition in ox,vgen c*orrosion systems 

than where H’S is the corroding agent. 

Field lose has shown that these same amine- 

nc.itl salts \4,iIl Iw‘otec~t against oxygen corrosion 

when the>, are continuously present in the sys- 

tern. Thus the method of treatment may vary de- 

pcdinq on the wntrollinq mechanism of the cor- 

wsion attack. 



\~FTHODS OF IJSE 

~h(, treating methods that ha\re Hun dc\.ised 
for field use are generally dict:ItCd h!. tll? me- 
i.h;anics of well completion rather than good 

,.,,.rosion control techniques. This situation has 
tO some extent been responsible for the dc\,elop- 
“,ent of the various treating methods now in USC’. 

A basic change has taken place in inhibitor 
[reatment over the last few years. 0riginall.v the 
J>l,rpose was to treat the fluids in a system; that 
is, maintain a supply of inhibitor in the fluids at 
aJl times sufficient to control corrosion. It will be 
Seen that an equally effective method is to treat 
the metal. This procedure uses infrequent slugs 
or hatches of inhibitor to coat the metal with 
little regard for carrying inhibitor in the fluid. 
Combinations of the two methods are also used. 
The best treating method to use is obviously the 
one which gives maximum protection with the 

least cost. 

Substantially, continuous treatment is oh- 
tained, in the case of wells, by dailv injection of 
inhibitor solution after an initial hta1.y trent- 
ment. The initial heavy treatment scr\res to 
penetrate scales which are generally present on 
the metal surface and initiate film formation. 
The subsequent smaller daily injections continue 
to remove foreign material from the metal sur- 
faces and replace the film that has been lost by 
soluhility effects and abrasion. Due to the volume 
of fluids contained in the annulus, inhibitor is 
continuously produced in the annulus, inhibitor is 
treatment is involved, this technique is useable 
only where the necessary manipulation of well- 
head equipment is extremely simple. Thus the 
technique is generally used on low pressure shal- 
10~ pumping wells or where automatic injection 
equipment can be justified. 

Ratch or S3 treatment of wells has in many 
cases proved more economical and efficient than 
cnntinuous treatment. Jn this technique, the 
N’eekly or monthly requirement of inhibitor, 
based on continuous treatment, is injected in the 
Well in one batch. The success of this treatment 
is dependent upon obtaining the optimum a- 
mount of inhibitor for best film formation, The 
inhibitor film life must be at least equal to the 
time between treatments. Generally, after the 
Wtem is brought under control, the total volume 
>f inhibitor will be less than the total that would 
he required for continuous treatment. Labor cost 

for injection is also reduced. Time between treat- 
ments can be determined by corrosion test cou- 
J)on techniques or in some cases by analysis of 
the ~~t~~tlu~d fIllids for soluble iron. In some 
(‘;Iscs the time hetiveen treatments has been as 
long as sis to eight weeks. In terms of both man- 
powei and chemical cost this method often 
J,ro\*es to he a 1’er.v economical treating proce- 
dure. 

TIw sq!leeze trentmcnt is a relatively new tech- 
nique. Tn this method a large volume of inhibitor 
solution. 10 - 30 hhl, is J?umJIed down the tubing 
an(J in some cases disJ)laced into the formation. 
%ttisfactory protection for periods as long as 12 
months has been reported. The interval between 
trt~rtment is determined by corrosion coupon da- 
fn or analysis of the produced fluids for corrosion 
nroducts. 

Jnhibitors in solid forms have been success- 
frlll>p used in many cases. The advantage of this 
technique is the relati\Te ease with which the 
cahcmical can hc transported to the bottom of the 
\\cll throu,~h a long fltlid column. The melting 
point ;IP~ solubilit!~ of the solid binder can be 
formulated to allow (*ontrolled release of the in- 
hihitor under hot tom hole pressure. 

Tt is apJ)arent that the successful use of inhibi- 
tors depends upon transporting the chemical to 
the metal surface in amounts sufficient to form 
a tough film. Once formed, this film must be kept 
in repair h,v periodic additions of chemical. Gen- 
crall,v. ihe most attractive wav to use inhibitors 
is based on the premise of treating the metal sur- 
face instead of the fluids in the system. 

Costs of inhibitor treatments vary with the sys- 
tem to he protected. Tn T-J?S wells it has been re- 
J>orted4 that the cost of such a program averages 
$13.50 J)er ~~11 per month. Cost of corrosion in 
the same wells has been shown4 to he an average 
of .%0.00 JICI- well per month. For condensate 
well ceorroxion the cell \f’i~s cstimatcd to be $4.27 
MMcf: (*ost of inhihition is less than $1.00/MMcf. 

There are man,v good inhibitors available fol 
field use for primary production. Most inhibitor 
failures in the field can he traced to some form of 
misapJ?licantion. Typical csamples would be lack 
of sllfficbicnt inhibitor used. failure to allow time 
for the system t.o ‘clean up and for an inhibitor 
film to deposit. Another failure would be selec- 
tion of the wrong material, that is, water soluble 
or oil dispersible, for the s,vstem under treatment. 
Failures in the field, then, could be summed up 
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to being due to unsufficient inhibitor or failure 
to transport the inhibitor to the metal surface. 

An important factor to consider in field use of 
inhibitor is the presence of active ingredients in 
the material. While most inhibitors are of the 
same general type, active ingredient content ma\ 
vary from 15 to 40 per cent. Obviously, economics 
dictate that the customer obtain the most active 
material for dollars spent. 

It should not be construed that inhibitors are 
necessarily the most economic method of corro- 
sion prevention. In many systems, while the use 
of inhibitors will give adequate corrosion control 
the use of the material may be more expensi\Te i? 
the life of the project than coatings or more re- 
sistant materials. This is a problem that should 

be thoroughly investigated by t,he field engine 
whenever an inhibitor program is planned. 
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