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The behaviour of  some 3-methyl- l-butyne halo-derivatives towards Armco iron corrosion in 0.5 M 
H2NO 4 was examined by the analysis of  dissolved iron and electrochemical methods. Their inhibitive 
performance was determined in relation to the introduced halogen a tom with respect to the duration 
of  the tests and temperature. At  the same time, these effects were compared to those of  1-octyn-3-ol. In 
general, the results of  the electrochemical methods were found to be in good agreement with those of  
solution analysis. The possibility of  obtaining reliable corrosion data from electrochemical impedance 
spectroscopy measurements by simply applying the S te rn -Geary  equation is discussed. 

1. Introduction 

The influence exerted on the inhibitive performances 
of some 3-methyl-l-butyne (3M1B) derivatives by 
the substitution of the acetylenic hydrogen atom 
with halogen atoms (chlorine, bromine, iodine) was 
investigated. Their inhibition efficiencies are com- 
pared to that of 1-octyn-3-ol (OCT), a potential 
inhibitor for practical applications. 

The actual corrosion rate of Armco iron in 0.5M 
H2SO 4 in the presence of the various compounds 
was evaluated by an analytical determination of dis- 
solved iron as a function of time (solution analysis: 
SA). Subsequently, the corrosion process was studied 
by various electrochemical techniques (polarization 
curves: PC; electrochemical impedance spectroscopy: 
EIS). A comparison of the different results was car- 
ried out in order to verify the reliability of EIS 
measurements in the presence of inhibitors acting 
through the formation of a surface polymeric film 
[1-9]. 

In our laboratory EIS was applied to evaluate the 
inhibitive effects towards Armco iron corrosion in 
0.5 M H2SO4 at 25 ° C of various organic compounds, 
acting through a surface adsorption process, (qua- 
ternary ammonium derivatives [10], or S-containing 
additives [11, 12]). The inhibition performances and 
the mechanism of action of some acetylenic com- 
pounds, mainly propargyl alcohol (PA) have already 
been studied by EIS [13-18]. 

2. Experimental details 

The electrodes were Armco iron cylinders (,.~ 3 cm 2 of 
exposed lateral surface), which were mechanically pre- 
pared and then heat treated at 700°C x 14h in an 
argon atmosphere. Before testing, their surfaces 

were prepared using emery papers from 150 to 600 
grit. 

The test solution was nitrogen gas purged 0.5M 
H2SO 4 , usually at 70 ° C, owing to the increased film 
forming tendency of acetylenic derivatives at elevated 
temperatures. 

The following substances were tested as inhibitors. 
(i) 3-methyl-l-butyne (3M1B) derivatives: 

H O- (CH2)2 -OH 

I L 
H - C - C - C - - C - X  

I I 
H CH3 

where X = H (H1); C1 (C1); Br (B1); I (I1). 

H OH 

I I 
H - C - C - C = C - X  

I I  
H CH3 

where X = C1 (C2); Br (B2); I (I2). 
(ii) 1-octyn-3-ol (OCT), as a reference due to its use in 
industrial applications [19]. 

Potentiodynamic (0.5mVs -1) polarization curves 
were recorded by means of an AMEL Metalloscan, 
and EIS spectra by means of a Solartron apparatus 
(FRA 1250, EI 1286; five frequencies per decade 
from 104 to 10 2 Hz; 10% standard deviation). The 
latter tests were performed in the linear conditions 
of the electrochemical system, by applying a sinusoi- 
dal perturbation of ±5 mV r.m.s, amplitude. 

The iron corrosion rates were determined by analy- 
sis of dissolved iron as a function of time (SA), by the 
extrapolation of the Tafel lines and finally by 
impedance measurements (EIS) by applying the 
Stern-Geary (S-G) equation [20-22]. 
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Table 1. Comparison o f  the corrosion rates o f  Armco iron, electrochemical parameters and percentage i.e. 's o f  the various acetylenic compounds 
in 0.5 M HeSO 4 at 70 ° C, obtained with the different techniques 

SA PC E1S 

Additive Conc. icorr i.e. b~ b~ B icorr i.e. R t icorr i.e. 
/mM /#A cm -2 /% /mV (dec)-1 /mV (dec)-1 /mV /#A cm -2 /% /~ cm 2 /#Acm -2 /% 

none - 5500 - 40 190 14 5500 - 5 2800 - 
H1 1 3880 29.5 30 190 11 4000 27.3 6.8 1618 42.2 
C1 1 2600 52.7 40 180 14 3200 41.8 12 1170 58.2 
B1 1 1040 81.1 40 180 14 600 89.1 28 500 82.1 
I1 1 45 99.2 150 180 36 10 99.8 1740 21 99.3 
C2 1 2812 48.9 20 125 7.5 3000 45.5 5.2 1442 48.5 
B2 1 1580 71,3 30 125 10.5 1800 67.3 11 955 65.9 
I2 1 30 99.5 110 120 25 15 99,7 3360 7.4 99.7 
OCT 0.5 723 86.9 75 woe 33 32 99.4 1362 24 99.1 
OCT 1 256 95.3 65 ~c~ 28 29 99.5 1750 16 99.4 
OCT 10 245 95.5 30 ~ 13 25 99.6 1585 8 99.7 

3. Resu l t s  

3.1.  S o l u t i o n  a n a l y s i s  

In  the  inh ib i ted  solut ions,  the i ron  d isso lu t ion  rates  
d imin i shed  dur ing  the first hours  o f  immers ion ,  
p r o b a b l y  owing to the f o r m a t i o n  o f  the pro tec t ive  
po lymer i c  surface film. A n  evident  co loured  film for-  
m a t i o n  was, in fact,  op t ica l ly  observed  on i ron  
specimens af ter  some hours  fo l lowing their  immer-  
s ion in the  acid  so lu t ion  inhib i ted  by  the iodo-  
der ivat ives .  Af te r  a var iab le  t ime interval ,  depend ing  
on the type  and  concen t ra t ion  o f  the addi t ive  (for 
ins tance  4 - 6  h for  1 m g  3M1B der ivat ives ,  2 - 3  h for  
1 mM OCT),  an  a lmos t  cons t an t  value  o f  d i sso lu t ion  
rate  was a t ta ined.  

The  co r ros ion  ra te  values f rom SA, and  the corre-  
spond ing  inhib i t ing  efficiencies, shown in Tables  1 
and  2, refer to cond i t ions  o f  full inhibi t ive per for -  

mance .  
H 1 showed p o o r  inhibi t ive  effects, bu t  the subs t i tu-  

t ion o f  the acetylenic  hyd rogen  a t o m  wi th  chlorine,  
b romine  and,  par t icu la r ly ,  iodine,  in tha t  sequence, 
i m p r o v e d  the inhibi t ive  character is t ics  o f  the mol -  
ecules. In  fact,  the i ron  d i sso lu t ion  ra te  in the  un inh ib-  
i ted ac id  so lu t ion  (5500 # A  cm -2) was decreased  to  45 
(I1) or  30 ( I 2 ) # A c m  -2 at  l mM addi t ive  concen t ra -  
t ion,  and  the co r r e spond ing  inhib i t ing  efficiencies 

(i.e.) were h igher  than  99%.  

Table 2. Comparison o f  the % i.e. values at various temperatures from 
SA and EIS  measurements 

50 ° C ,25 ° C 

SA EIS SA EIS 

1 mM H1 - - 26.8 22.5 
1 m~ C2 35.4 31.3 57.4 47.5 
1 mM B2 70.4 50 60.4 53.5 
1 mM 12 86,7 97.4 73,6 70,8 
1 mra OCT 86.4 99.5 - - 
0.3 mM OCT - - 89.8 98.8 

* Iron corrosion rates/#A cm -2 in 0.5 M H2804: SA 1014; EIS: 1000 
at 50°C and SA: 235; EIS: 178, at 25°C. 

O C T  d id  no t  af ford  a pro tec t ive  ac t ion  as high as 
iodo-der iva t ives ,  a l t hough  it was h ighly  efficient and  
its ac t ion  persistent .  I ts  efficiency d id  no t  great ly  
improve  by  increas ing the concen t ra t ion  f rom 1 to 
10mM. 

By decreas ing the t empera tu re ,  s imilar  t rends  were 
observed  (Table  2), a l t hough  lower  efficiencies were 
ob ta ined .  In  these condi t ions ,  longer  induc t ion  t imes 
were experienced,  in the case o f  the mos t  efficient com-  

p o u n d s  also. 

3.2. P o l a r i z a t i o n  curves  

The  po l a r i za t i on  curves showed tha t  the inhib i t ing  
ac t ion  o f  the tested acetylenic  c o m p o u n d s  i m p r o v e d  
as a func t ion  o f  t ime ( f rom 2 to 24 h). The  da t a  in 
Table  1 and  Figs  l and  2 refer to 24 h testing. 

A m o n g  3M1B derivat ives,  only  the iodo-  
c o m p o u n d s  m a r k e d l y  inhibi ted the ca thodic  hydrogen  
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Fig. 1. Polarization curves of Armco iron in 0.5 M H2SO 4 at 70 ° C, in 
the presence of: ([]) 1 mM HI; (A) 1 mM C1; (~)  1 mM B1; (O) 
1 mM I1, after 24h immersion. Blank test after 3 h ( . . . .  ). 
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Fig. 2. Polarization curves of Armco iron in 0.5 M H 2 S O  4 at 70 ° C, in 
the presence of OCT. OCT concentration: (O) 0.SmM; ([5]) 1 mM; 
( i )  10mM. 

evolution reaction (h.e.r.), and the calculated values 
of  the cathodic Tafel slopes (be) were similar, or close 
to, that of  the blank test (180-120 mV (dec) -1, Fig. 1). 
Moreover, with these derivatives, the anodic reaction 
was inhibited according to the following sequence of 
increasing efficiency. H < C < B << I. The corre- 
sponding anodic Tafel slopes were usually close to 
that of the uninhibited solution (~ 40mV(dec) -1) 
but the most efficient compounds (I1 and I2), gave 
150 and 110 mV (dec) -1, respectively. 

OCT also considerably inhibited the HER, and, at 
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Fig. 3. Impedance diagrams of  Armco iron in 0.5 M H2SO 4 at 70 ° C: 
(a) blank test after 1 h, (b) +1 mM H1, after 24h  and (c) +1 mM B2, 
after 24h. Frequency: (1) 1 kHz; (2) 1 Hz; (3) 10mHz. 
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Fig. 4. Examples of impedance diagrams of Armco iron in 0.5 M 
H z S O  4 at 70°C, in the presence of lmM H1. Test time: (a) 6h 
and (b) 23h. Frequency: (1) 100Hz; (2) 1Hz; (3) 10mHz. 

70°C, after 24h, cathodic current density values 
almost independent of concentration were recorded 
(Fig. 2), with slopes of  the cathodic Tafel lines 
tending to infinity. This additive also inhibited the 
anodic reaction, although not as efficiently as 
the iodo-compounds did, and ba values of about 
70 mV (dec) -] were calculated. 

It must be emphasized that all the tested acetylenic 
derivatives inhibited the anodic reaction within a 
narrow potential range, beyond which a region of 
unpolarizability (due to the inhibitor desorption pro- 
cess) followed, depending on the type and concentra- 
tion of the additives. 

3.3. Electrochemical impedance spectroscopy 

Some examples of complex plane impedance dia- 
grams, obtained at 70 ° C, are reported in Fig. 3 
(uninhibited solution, and H1 or B2 inhibited sol- 
utions), Fig. 4 (I1 inhibited) and Fig. 5 (OCT inhib- 
ited). Small differences were found between the 
blank and H1, C1, C2, B1 or B2 spectra, whereas 
much higher differences were displayed in the case of 
• •do-compounds or OCT. 

The impedance spectra of 3M1B derivatives were 
characterized by one capacitive semicircle, although, 
in the case of ••do-derivatives, particularly at long 
testing times, very depressed capacitive arcs were 
recorded. The following sequence of increasing 
additive efficiency was found valid for both series of 
3M1B derivatives: H < C < B << I. 

In the presence of OCT two capacitive loops are 
observed, even though poorly resolved at short 
immersion times. 

The evolution of the protective characteristics of 
the most efficient inhibitors was clearly shown by 
the noticeable increase in the intercept of their capaci- 
tive loops with the real axis as a function of time (Figs 
4 and 5). For  instance, in the case of I1, this intercept 
increased from ~ 500 (6 h) to ~ 1800 gt cm 2 (23 h). In 
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Fig. 5. Example of impedance diagrams of Armco iron in 0.5 M 
H2SO 4 at 70 ° C, in the presence of 1 mM OCT. Test time: (a) 3 h 
and (b) 24h. Frequency: (1) 1 kHz; (2) 1 Hz; (3) 10mHz. 

the case of  OCT, its concentration (0.5; 1; 10 mM) did 
not markedly affect this steady-state (24 h) value. 

The above trends were confirmed by tests performed 
at lower temperatures. In fact, iodo-compounds again 
presented much wider capacitive loops than the blank 
test or H1, C2, B2 ones, and their dimensions 
increased as a function of  immersion time; with 
OCT, two well defined capacitive loops were still 
observed at 25 ° C, at a concentration as low as 
0.3 mM, after 24 h immersion. 

Moreover, the obtained impedance spectra showed 
a low frequency pseudo-inductive loop. This loop, also 
mentioned in the literature, was poorly reproducible 
in our case; as a rule, its extension tended to decrease 
by using the most efficient inhibitors, or by increasing 
the additive concentration or testing time. 

Epelboin et al. have attributed the inductive loops 
found for PA [14] and for 2-butyne-l,4-diol [13] in 
H2SO 4 solutions to the relaxation of the inhibitor cov- 
erage, whereas Growcock et al. [16] have ascribed the 
loop found in concentrated HC1 solutions inhibited 
by OCT mainly to the amplitude of the applied poten- 
tial perturbation. 

4. Discuss ion  

The efficiency of  the tested 3M 1B derivatives towards 
iron acid corrosion is improved by the substitution of  
the acetylenic hydrogen atom with chlorine, bromine 
or iodine, in that sequence, or by increasing the test- 
ing temperature. At 1 m~ concentration, the iodo- 
compounds are more efficient than OCT. The chain 
length in position 3 plays a minor role. 

Like other acetylenic compounds, the inhibitive 
performances of  these derivatives have to be related 
to the formation of a polymeric surface film on iron, 
and this is particularly evident with I1, I2 or OCT. 
In the case of  3MIB derivatives this polymeric film 
acts through a blocking effect of the active metal sur- 
face, whereas, in the case of  OCT, it acts as a physical 
barrier to H + discharge. 

For  the evaluation of the iron corrosion rates from 

EIS data, the S - G  equation was applied 
(icorr = (ba .bc) / ( (ba  + bc)2.3 R). R, considering the 
poor  reproducibility of  the pseudo-inductive loop, 
was taken as the intercept of  the capacitive loop 
with the real axis (defined as Rt, the charge trans- 
fer resistance). This procedure was introduced by 
Epelboin et al. to evaluate the inhibition efficiency 
of PA in sulphuric solutions [14]. However, with 
certain inhibitors, Lorenz and Mansfeld found an 
empirical correlation between the iron corrosion 
rate and Rt, whereas, with an onium compound 
(TPBP+: triphenylbenzylphosphonium-chloride) the 
S - G  equation was satisfied by Rp [15]. 

In the present case the trends of  iron corrosion rates 
from EIS measurements agree with those from SA 
determinations, although the values from the former 
method tend to be lower than those of  the latter 
with 3M1B derivatives, and strikingly lower with 
OCT. Such a trend was also observed at an OCT con- 
centration as low as 0.3 raM, at 25 ° C. 

With the former compounds, the S - G  equation 
may be used to evaluate the iron corrosion rates 
with an acceptable approximation [23], although 
some uncertainty exists about the correct B value 
introduced into the S - G  equation, since the evalua- 
tion of  ba can be very approximate owing to the ten- 
dency of the inhibitor to desorption, even at low 
anodic overpotentials, as experienced also with other 
organic compounds [12, 15]. Nevertheless, in the 
case of OCT the marked differences found between 
the EIS and SA corrosion rates cannot be attributed 
only to the adopted B value. It must be taken into con- 
sideration that OCT forms a more compact barrier 
film than 3M1B derivatives do, as shown by its catho- 
dic curve, where h.e.r, is diffusion controlled. If, in this 
case, impedance spectra characterize the reaction tak- 
ing place only in the fraction of the surface where the 
film protectivity fails, then the differences in the corro- 
sion rate values can be, at least partially, attributed to 
the fact that R t values were calculated considering the 
total exposed area and not its less protective fraction. 

If  Rp(Rp---= lim/_~0(Z/- Ru)) had been used, the 
differences between SA and EIS corrosion rates 
would have been much lower in the case of less 
efficient inhibitors, but not in the case of the most 
efficient ones, generally with OCT, owing to the 
limited extension of  the above-described pseudo- 
inductive loops. 

However, percentage inhibiting efficiencies values 
from electrochemical techniques are in good agree- 
ment with those from analytical measurements, as 
previously verified for some acetylenic compounds 
[14] and for other types of  organic inhibitors of iron 
acid corrosion [10-12, 24-29]. 

Work is in progress to develop the equivalent 
circuit model for the corrosion process. Impedance 
spectra of  some 3M1B derivatives may be suitably 
fitted by a Rt--Cdl network with a R a - C  a combina- 
tion in parallel, similarly to that experienced by [18] 
for PA. Nevertheless, to simulate impedance spectra 
in the presence of OCT, some other effects (dif- 
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fus ion ,  n o n  u n i f o r m  co r ros ion ,  etc.) m u s t  be  t a k e n  

in to  accoun t .  

5. Conclusions 

The  s u b s t i t u t i o n  o f  the  ace ty lenic  h y d r o g e n  a t o m  wi th  
h a l o g e n  a toms ,  m a i n l y  iodine ,  f avour s  the fi lm fo rm-  
ing  t e n d e n c y  o f  3 M 1 B  der ivat ives ,  t hus  i m p r o v i n g  

their  i nh ib i t ive  p e r fo rma n ces .  I .e . ' s  over  9 9 %  m a y  

be o b t a i n e d  wi th  the  c o r r e s p o n d i n g  i o d o - c o m p o u n d s  

a t  70 ° C. 
I n  the  presence  o f  these der ivat ives ,  re l iable  co r ro -  

s ion  rates  m a y  be e v a l u a t ed  by  EIS  m e a s u r e m e n t s  
by  a p p l y i n g  the  S - G  e q u a t i o n ,  whereas  this  fails 

wi th  O C T ,  w h e n  d i f fus ion  o f  r eac t ing  species t h r o u g h  
a m o r e  or  less u n i f o r m  a n d  th ick  f i lm con t ro l s  the glo- 

ba l  c o r r o s i o n  process ,  as f o u n d  b y  o the r  a u t h o r s  in  

di f ferent  sys tems [24, 30]. 
Howeve r ,  EIS  can  be used  for  sc reen ing  the  inh ib i -  

t ive p e r f o r m a n c e s  o f  different  ace ty len ic  der iva t ives  
a n d  for  m o n i t o r i n g  their  e v o l u t i o n  as a f u n c t i o n  o f  

t ime.  
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