Available online at www.pelagiaresearchlibrary.com

Pelagia Research Library

Der Chemica Sinica, 2012, 3(1):236-248

Library Library
ISSN: 0976-8505

CODEN (USA) CSHIA5

New non ionic polymeric surfactants as corrosion inibitors for the
C- Steel alloy in hydrochloric acid corrosive medim

R.S.Abdel Hameed*?; Omar.M.Ismail & Fayez M. Eissa”® and, Raed.Ghanent

Faculty of Science, Department of Chemistry, Al-Azhar University, Cairo, Eg%/pt é
Faculty of Science, Department of Chemistry, Hail University, Hail, KSA
Aswan Faculty of Science, Aswan 81528 Aswan, Egypt
Department of chemistry -Faculty of Science, Al-Al Bayte University, Mafrag, Jordan ¢
Jerash University, Science Faculty,Jerash ,Jordon ®

ABSTRACT

Ethoxylation of N-(2-hydroxyethyl) oleiamides,(HA) using Polyethylene Glycol (PEG) in the presence of linking
agent and catalyst to give the corresponding amido poly ethelene oxide (AP10000) which separated and
13

characterized by FT-IR, ‘tHNMR and CNMR the corrosion inhibition characteristics of amidopoly ethelene oxide
(AP10000) as nonionic polymeric surfactants has been evaluated as a corrosion inhibitor for stedl in aerated 2.0 M
HCl by weight loss, open circuit potential and potentiodynamic polarization. Effect of temperatures and
concentrations on the corrosion rate was also determined. It was found that the inhibition efficiency increased with
inhibitor concentration and decrease with temperature. Adsorption was found to follow the Langmuir isotherm.
Inhibition efficiency obtained from both polarization and weight loss measurements are in a good agreement. The
obtained polarization curves indicate that these compounds act as mixed-type inhibitors. In fact addition of
inhibitors molecules to the corrosive medium produces a negative shift in the open circuit potential due to the
retardation of the cathodic reaction. Thermodynamics activation parameters were computed.
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INTRODUCTION

The highly corrosive nature of aqueous acid suchuffshuric acid or hydrochloric acid on most metsults on
highly economical loose (i.e., it affects the opieraof equipment minim loss and results on highgk on the
safety condition), therefore the inhibition of tlo®rrosion of steel in aqueous solutions gains tretoas
technological importance due to the increased imdigpplications of this material. Use of inhihitis one of the
most practical methods for protection of steel agfagorrosion in acidic media.

Recently, the inhibition of the corrosion of iromda steel in acidic aqueous solutions by differergaaic
compounds (called adsorption inhibitors) (i.e.,rs@&s amines,[1-5] aminothiols [6-8] thiols [ 9-14¢etylenic
compounds [12-17] and azoles) [18-26] have beerlyidtudied [1-14]. On the other hand, ionic sudats [48,
49] (i.e., such as alkylbetaines [27] N-decylpymidm [27-30] 2-(alkyldimethylammonio)butanol brorejdwere
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also reported as good inhibitors for iron corrosiomcidic media. However, very few studies haverbéevoted to
nonionic surfactants as corrosion inhibitors fotae[31] .

Surface active agents have been also used as iooriokibitors of metals [15-22] in different codiog media.
Surfactant inhibitors show many advantages suchigts inhibition efficiency, low price, low toxicityand easy
production [23—-28]. Adsorption of the surfactanttbe metal surface can markedly change the comassisting
property of the metal [29-33], therefore the stoflyhe relationship between the adsorption andostwn inhibition
is of great importance. Surfactant adsorption colbdd attributed to electrostatic interaction, varr &éaals
interaction, hydrogen bonding and/or salvation desblvation of adsorbate and adsorbent specieSE31,

The aim of the present work is to evaluate thehiiibin action of amidopolyethyleneoxide on the osion rate of
mild steel in 2 M HCI corrosive media. in this resp monoethanol amine (EA) was used to convery! etleate
into water soluble hydroxyl amid, HA, followed Mlye reaction of the obtained amide with plolyethelglycol,
PEG, of molecular weight 10000 to gives amido piblyeene oxide non ionic polymeric surfactants Histwork,
weight loss and various electrochemical technicuesh as open circuit potential and potentiodyngpolarization
measurements were carried out to determine thesiorr rates and mechanism from an electrochemiuat pf
view. Also the effect of concentrations and tempeeawere studied.

MATERIALS AND METHODS

2. Experimental

2.1. Materials

Mild steel specimens were used throughout expetisnenild steel specimens were composed from tHewviirig
metal, Table 1

Table 1. Composition of the mild steel specimens

Element C Mn P Mo Al Sn \Y Nb Ni Cu Fe
Weight (%) | 0.17] 0.057 0.011 0.022 0.001 0.005 0.004€07| 0.027] 0.043| Balance

2.1.1. Aggressive solution.
The aggressive solution (2 M HCI) was prepared fgyra@priate dilution of analytical grade 36% HCI kvilouble
distilled water.

2.1.2. Synthesis

Elemental and spectroscopic analyses were cartiethdhe Micro Analytical Center of Cairo Univetssi The fine
chemicals were purchased from Aldrich Co. and ttganic solvents were of spectroscopic grades. €hetions
were monitored using TLC and all the resultant coamuls were crystallized and then extra purifiech@isi column
chromatography technique.

Synthesis of N-(-2-hydroxyethyl)-octadec-10-enamide (3)

Ethyl-octadec-10-enoatel)( (0.01 mol) and an equimolar ratio of 2-aminoetia2) were refluxed in ethanolic
solution of sodium ethoxide for 2 hours at 100 The reaction mixture was cooled and ethanol wap@rated. The
residue was extracted via ethyl acetate and wasreg times with bi distilled water. The organiyda was

separated, dried over anhydrous sodium sulfateerdidl off to remove sodium sulfate and ethyl aeetats

evaporated to obtain oily viscous produBtsThis compound was extra purified using columnoat&tography,
silica gel, eluting with ethyl acetate/hexanes §20/

3: (Y: 69%); Mol. F.: C20H39NQ; Mol. Wt.: 325.53;m/z (FABMYS): 326.3;Elemental analysis: (Calculated %)
1

C: 73.79, H: 12.08, N: 4.30, O: 9.8Bound %) C: 73.83, H: 13.00, N: 4.25, O: 9.8HNMR (400 MHz, DMSO-
d6):0.89 (t, 3H-CH), 1.11-1.37 (m, 20H-10C#ji 1.54 (p, 2H-CH), 1.91 (q, 4H-2CH), 2.08 (t, 2H-CH-CO), 3.29
13

(t, 2H-CH-NH), 3.76 (t, 2H-CH.CO), 4.16 (s, OH), 5.42 (q, 2H-CH=), 6.93 (s, NHENMR (400 MHz, DMSO):
11.90 (CH), 22.19 (CH), 25.63 (CH), 28.40 (CH), 29.45 (CH), 30.14 (6CH), 31.80 (CH), 33.70 (2CHCH=),
36.44 (CH-CO), 41.32 (CHNH), 61.14 (CHOH), 130.50 (2CH=), 172.66 (C=0).
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Synthesis of N-(-2-hydroxyethyl)-octadec-10-enamido-polyethylene oxide (4)(AP10000)

In a 250 ml three neck round bottomed flask, fittdgth condenser, mechanical stirrer and thermom®&téid mole

of N-(-2-hydroxyethyl)-octadec-10-enamide 3, equimaéio of poly ethylene glycol 10000 (PEG10000)mbiar
ratio of 3, B'-dichlorodiethyl ether (DCDEE), and bimolar raté sodium hydroxide, in 30 mL xylene as solvent,
were agitated and heated at 170 &t this temperature, the reaction mixture wasntzaned for 5 hours and the
reaction course could be monitored by depositingaafium chloridd34]. The reaction mixture was cooled and
xylene was evaporated. The residue was extracteétiyl acetate and washed three times with billdtstwater.
The organic layer was separated, dried over anligdsodium sulfate, filtered off to remove sodiunifate and
ethyl acetate was evaporated to obtain oily visqoegluct4. This compound was extra purified using column
chromatography, silica gel, eluting with ethyl atethexanes (15/85).

1
4: HNMR (400 MHz, DMSO-d6):0.99 (t, 3H-CHi 1.29-1.41 (m, 20H-10CH, 1.59 (p, 2H-CH), 2.15 (q, 4H-
2CH,), 2.37 (t, 2H-CH-NH), 3.51-3.76 (m, 6H-3C), 4.37 (s, H-OH), 5.37 (q, 2H-2CH=), 7.02 (s, HH\

o)
CH, y OH
H3c/{ }g/\tcw g TOEt * HZN/\/
1) (2)
EtONa
0

CH, OH
H3C/{' }@/\tCHZ 8 NH/\/

PEG10000 (3)
DCDEE | ylene

NaOH
o)
CH, o
ch/{ ]E/\{CHZ 3 NH/\/ \V\O%H
4)
Scheme (1)

Fig. 1. Chemical structure of AP10000(4) inhibitorand Scheme of the synthesis

2.2. Weight loss technique
Coupons of steel of 2 x 2 x 0.1cm dimensions weetwas test specimens, the specimens were pobgh&t0 and

610 emery papers, respectively, degreased witltomeetvashed with distilled water and finally driesing two
filter papers. The described treatment was cawiggdmmediately before each measurement. The specohthe
given metal was immersed in 100 ml of the testtgmiu(i.e., 2 M HCI) with different inhibitor conogration (
AP10000) , samples maintained in test solution taudO hours. Experiments were carried out undéereint

temperature 25, 30, 35, 40 andf@5
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2.3. Open circuit potential

The potential of steel electrode was measured sfyaaturated calomel electrode (SCE) in 2 M HCutsmh in
absence and presence of different concentratiotiseoiihhibitor at 25 °C. All measurements were iedrout using
Multi-tester until the steady-state potentials @@ched. Temperature effect was also studied usingentration of
1000 ppm of inhibitor.

2. 4. Polarization measurements

Platinum electrode and a saturated calomel (SCégjtrelde were used as auxiliary and reference eldedr
respectively. The samples of steel, 1*cmere first immersed into the solution for 30 nigmito establish a steady
state open circuit potential. The effect of intobibn steel corrosion was determined by measurngsion rate in
different concentration of AP10000. For the evabratof inhibitor concentration effects on inhibitieefficiency
(the protection of corrosion) experiments were iedrout in 2 M HCI in the absence and presencgaoibus
concentrations of inhibitors. The cell was left oge air at room temperature (25 C). All potentialues were
reported in millivolt (SCE). The electrochemicallgmization was also done after 30 min immersiorinimibited
solution.

The effect of temperature on corrosion inhibitidriA® 10000 was investigated at five different tengperes.
RESULTS AND DISCUSSION

3.1. Weight loss measurements

Effects of inhibitor concentration on inhibition efficiency

Effects of the inhibitor concentrations (AP10000) the steel corrosion rate were summarizedlahle 1, and
graphically represented Figure 2.

6
<= Blank
4100 ppm
5 -{| ™300 ppm
-4-500 ppm
-o-700 ppm
4 -{|*1000 ppm

Weight loss (mg/crm?)
W
|

O ! T T T T
0) 2 4 6 8 10 12

Time (hr)

Fig. 2. Weight loss—time curves of steel in 2.0 MICI in absence and presence of different concentriains of
AP10000 inhibitor.
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Figure 2 shows the results of the Weight-loss tiuneves of steel in 2.0M HCI in presence of différemncentration
of AP10000 inhibitor

In general, a decrease in the weight loss of sieelirred in the presence of a different concewtnatif additive
compared to the blank was observed.

Data inTable 2 used to calculate the values of surface covereepy @), efficiency of inhibitor (P) were calculated
using equations land[25-39]

W° -W
g=——— 1
W @
W° -W
P(%)=—x100 2
(%) W (2)

WhereW’ andW are the weight loss in the absence and presenicibftor, respectivelyW is the loss of weight
after corrosion (mg) A the total area of the specimen @nt the corrosion time (hr)d the specimen density

(g/cn?).

Corrosion rates (CR) of steel ( equation 3 ) wemkeulated by considering the total affected sangrkea and
immersion times.

3445.1%
CR(mpy) = “Adt (3)

As we can see from table 2, the addition of AP10@8tbitors results in a remarkable decrease ottreosion rate
of steel. In fact these results support the iniibieffect of the added AP10000 on steel corrosiothe acidic

solution. Moreover, as we can see frdable 2, increasing the concentration surfactant increasgfsice coverage
area ¢ )and inhibition efficiencyR®%).

Table 2. Effect of AP10000 concentrations on steebrrosion in 2.0 M HCI at 25°C

WL. loss polarization
Conc (ppm)| W (mglenf) | 8 | P(%) CR | (mAlen?) | 6 | P(%) CR
(mpy) | *" (mpy)
Blank 0.4681 — --- 185.35 0.374 --- --- 175.54
100 0.1652 | 0.58| 58 75.75 0.1025 0.71] 71 52.86
300 0.1372 | 0.66| 66 63.57 0.0835 0.75| 75 40.84
500 0.1263 | 0.68| 68 56.68 0.0794 0.81| 81 30.45
700 0.0998 | 0.75| 75 47.46 0.0632 0.86| 86 21.81
1000 0.0673 0.84| 84 31.92 0.0428 0.90| 90 17.31

Temperature effects on inhibition efficiency walso investigatedTable 3 summarize the results of surface
coverage ared), inhibition efficiencies (P%), and corrosion mCR) of AP10000 for the corrosion of steel at
different temperature. Results of the effect of 8800 surfactant on the corrosion behavior of se&.0M HCI
solution at different temperatures using weighsltechnique are shown Figure 3. It has been found that the
weight loss of steel increased with increasing terapire.Table 3 gives the values. Surface coverage area and
inhibition efficiency were decreased with increaseemperature, and the corrosion rate of stealeases with
increasing temperature.
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Table 3. Effect of temperature on steel corrosiomiabsence and presence of 1000 ppm of AP10000

W. loss Polarization
Temp. (°C)| W (mglcn®) | @ | P (%) CR icor (MA/CTT) | 8 | P (%) CR
(mpy) (mpy)
25 0.468: 185.3¢ 0.37¢ 175.5¢
x 30 0.4823 --- | 189.45 0.468 --- | 208.64
o 35 0.497: --- | 203.3¢ 0.527 --- | 240.2¢
@ 40 0.504: 209.8¢ 0.59: 262.2:
45 0.5234 --- | 218.67 0.665 --- | 293.64
o 25 0.067: 0.84| 84 31.92 0.042¢ 0.9C| 90 17.31
S 30 0.105¢ 0.7t 75 48.8¢ 0.050: 0.8¢ 89 24.2¢
S 35 0.1282 | 0.69| 69 61.75 0.0589 0.87| 87 25.83
% 40 0.163¢ 0.65 | 65 77.4¢ 0.064¢ 0.8¢| 86 32.2]
45 0.218. 0.5¢ 63 99.5¢ 0.079:¢ 0.84 85 38.1:
3
.- 25°C
= 30°C
2 5 - - 35°C
-~ 40°C
- 45°C
2 —]
1.5 -
1 —
0.5
O T T T T T
O 2 g 6 8 10 12
Time (hr)

Fig. 3. Weight loss—time curves of steel in 2.0 ME in presence of 1000 ppm of AP10000 inhibitor at
different temperatures.

3.2. Open circuit measurements

Open Circuit Corrosion Potential (OCP) measuremamse carried out in a separate cell with steelpoouas a
working electrode and saturated calomel (SCE) #&sreece electrode. OCP of steel were recorded @M 2.
hydrochloric acid in the absence and presenceftdrent concentration of AP10000 inhibitor at 25%gure 4.
Show the potential-time curves of steel in 2.0 MIHT absence and presence of different concentraitiof
AP10000 inhibitor at 25 °C. The corrosion potentélsteel electrode in 2.0M hydrochloric acid swintfor the
blank sample (blank curve) tends towards more megatalue firstly, giving rise to short step. THighavior
represents the breakdown of the pre-immersiorfpained oxide film present on the surface. Thiitofved by the
growth of a new oxide film inside the solution, that the potential was shifted again to more nalilection until
steady state potential is established. Additiothefinhibitor molecules produce a positive shifthe potential and
as the concentration of the inhibitor increases,dbrrosion potential was shifted to more nobledion. In fact, it
is important to mention that the addition of inldlos molecules to the corrosive medium producesgative shift
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in the open circuit potential due to the retardatod the cathodic reaction. Moreover the steadiestalues are
always more negative than the immersion potentidlich suggests that, before the steady state dondis,
achieved the steel oxide film has to dissolve.

-350

& blank -©- 100 ppm -+ 300 ppm
=500 ppm >< 700 ppm-e 1000 pp

]
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Fig. 4. Potential-time curves of steel in 2.0 M HOh absence and presence of different concentratigrof
AP10000 inhibitor at 25 C.
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Fig . 5. Potential-time curves of steel in 2.0 M HGn presence of 1000 ppm of AP10000 inhibitor atitferent
temperatures.
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Figure 5 show typical potential time versus open circuitgmtial plots for steel in 2.0M HCI and presence 000
ppm AP10000 inhibitor at different temperaturesiagfa(SCE). The steady state potentials of steifieshto more
noble values with decreasing in temperature, tieisalior may be due to the decreasing amount ofrledo
inhibitor on the surface of steel when the tempeestincreased.

3.3. Polarization measurements

Figure 6. Shows the anodic and cathodic polarization cumesteel in 2.0 M HCI solutions in presence and
absence of AP10000. Values of the surface coeesegn (1), efficiency of inhibitor (P%) and corrosion rdteR)
were calculated according equations (4-6), respegt40,41]

9 - ICOI'I'. O_ICOI'I' (4)
ICOTT
P% = M %100 (5)
ICOI’I’
0.1288  Egwt
CR(mpy) = o d (6)

Wherei, is the corrosion current densityA/cm?), d the specimen density (g/én

The corrosion currentd ;) at different concentration of AP10000 were tatadain Table 2, as it could be
expected the inhibition. Results of the inhibitiefficiencies revealed the good inhibiting actionA#¥10000 at high

concentration.
1000
500 - /
i 1000ppm/// lank
0.

EnV(&D
3

1000ppm

i

o
3
2

3

Log !l (mA/cm2)

Fig.6. Polarization curves of steel in 2.0 M HCl ipresence of different concentration of AP10000.
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Also Figure 7 Shows the Anodic and cathodic polarization cufeeslectrodes in 2.0 M HCI acid in the presence
1000 ppm of AP10000 inhibitor at various temperasur Results of the corrosion current, corrosice knd
inhibition efficiencies at different temperatura® disted inTable 3 The values of corrosion current density and
corrosion rate were found to increases with tentpega Moreover, the inhibition efficiency decreaseish an
increase in experimental temperature, this ishatteid to the dissolution of the metal surface amcrebsing of the
inhibitors layer on the surface, the highest iitluh efficiency obtained at 25 °C.

1000
500__ -
] ///45°
g~
m - 500
4 450
- 1000
- 250
_1500- """"" TrrTTTTTTY [T [T [T T
-25 -2 -15 -1 -05 0] 0.5
Log !l (mA/cm2)

Figure7. Polarization curves of steel (in 2.0 M Hg in presence of 1000 ppm of AP10000 at diffeme
temperatures.

3.4. Adsorption isotherms

Corrosion inhibition could be attributed to the agidion of the AP10000 inhibitor on the surfacestdel, results of
surface coverage at different concentration of ARXDOobtained from the two different techniques @haeiloss and
polarization measurements) were used to study ythe bf adsorption isotherm, Adsorption isothermshsas
Langmuir, Frumkin, Freundlich, Temkin, Florry-Huggi and El-awardy could be used to elucidate thiition
mechanism of the inhibitors. The correlation caidiint was used to choose the adsorption isotheatrbést fits the
experimental datd42-44]. Results here were completely fit with Lagmuirtimrm (i.e., data fit straight line
(r*>0.98) with a slope nearly equal unity, this resitorresponds to Langmuir equatifigure 8.
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Fig. 8. Curves fitting of the corrosion data of stel in 2.0 M HCI in the presence of AP10000 to Languir
isotherm.
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Fig. 9. Variation of the prediction efficiency withtemperature
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3.5. Activation Energy of corrosion

Corrosion is an electrochemical phenomenon andecuantly follows the laws in chemical kinetics. Tdwrosion
rate increases with temperature as a result ofedstrg the apparent activation energy, Ea, of liaege transfer
reactions. The increase of temperature enhancesatheof H ion diffusion to the metal surface beside the doni
mobility, which increases the conductivity of tHeatrolyte. The effect of temperature on the intidni efficiency
of corrosion inhibitors is important in elucidatiohthe mechanism and kinetics of their acti@®]. Analysis of the
effect of temperature on the protection efficiesgjB%)Figure9 andTable2) shows that the inhibition efficiency
decreases with an increase in temperature.

This is due to decreasing surfactant adsorptidnghter temperatures. This suggests that physicration may be
the type of adsorption of the inhibitor on the nhstaface Figure10shows the relation between corrosion rate (CR)
of mild steel and temperature in both acid soligiadded with surfactants. According to Arrheniw pl

Log CR = (E/2.303RT) +A

Where E is the apparent activation energy and A is a emstable 4 shows the apparent activation energie$ (E
of steel in HCI are 32.41 and 29.87 for weightsl@nd polarization respectively in the presenc&B10000
molecules higher activation energies is obseriathle 4 shows that the apparent activation energigsi(Erease
by increasing the concentrations of the used itdvibi

3.05
& BlLANK wt.loss

2.55 4
n:_ 505 4 B BLANK polarization
(&
X 155 - N A AP10000 wt. loss

& .,

-

1.05 ~1 > AP10000polarization

0.55 T T T T

0.019 0.024 0.029 0.034 0.039 0.044
(1/1), K?

Fig .10. Arrhenius plots of the corrosion of C-stddn 2M HCI in absence and presence of 1000 ppm tfe
used inhibitor.

An alternative form of Arrhenius equation is thansition state equation.
Corrosion rate = (RT/Nh) exp8”/R) exp(A H/RT)

Where R is the ideal gas constant, h the Plankistemt, N the Avogadro’s numb&S® and A H° are respectively
the entropy and the enthalpy of activation.

The plots of logCR/T versus 1/T for different contrations of the used inhibitor shows linear vamiatigure 11
with a slope of (A H%2.303R) and the intersection of (log R/NhAS{/2.303R)). The values ofA H° andAS’
were calculated and tabulatedTiable 4. This table indicates that the addition of AP10@®the corrosive medium
leads to an increase in theH° values; so these molecules increase the heigahefgy barrier for the corrosion
process.
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In addition, the values of entropy of activatia®® are large and negative. This implies that thevatgd complex
in the rate determining step represent associadithrer than dissociation meaning that the decrieaaalisordering
takes place on going from reactants to activatedpbex| 46,47 ].

0.1
0.09 - ¢ Blank-Wt.loss

0.08
0.07 -1 B Blank-Polarization
0.06 A1
0.05 o
0.04 +
0.03 A1
0.02 A1
0.01 T

0.01 0.02 0.03 0.04 0.05

(1/7), K+

AP1C000-Wt. oss

> AP1C00-Polarization

Log (C.R.)/T

R

Fig.11. Transition state plots of the corrosion o€-steel in 2M HCI in the absence and presence of @@ ppm
of the used inhibitor

Table 4. The values of activation parameters EAS®, A HO for mild steel in 2 M HCI in the absence and
presence of different concentrations of Amido polgthylene oxide )(AP10000)

Techniques Concentration E., ., AHO_1 AS .,
(ppm) (KImol™) | (KImol™) | (KIJmol™)
blank 32.41 26.53 -213.54
100 48.23 29.42 -196.54
300 51.47 33.74 -182.43
Weight loss 500 56.86 37.42 -175.86
700 62.14 39.84 -162.46
1000 68.75 41.31 -153.42
blank 29.87 24.73 -198.24
100 46.75 27.46 -175.42
300 49.84 31.54 -163.24
Polarization 500 53.93 34.32 -154.63
700 58.21 34.86 -146.75
1000 61.78 37.64 -142.86
CONCLUSION

In this paper we studied the inhibition of the bteerrosion by AP10000 in 2.0M hydrochloric acidrasive

medium. Three techniques were used (i.e. opentcipalarization and f weight loss measurements#)ibiition

efficiency obtained from both of them is in a gaamgreement. In fact, the polarization curves indidaiat these
compounds act as mixed-type inhibitors.

Results obtained from the experimental data shbasAP10000 acts as inhibitor for the corrosibisteel in 2.0
M HCI. Its inhibition efficiency directly dependeah the concentration of AP10000 inhibitor, on diieer hand it is
inversely temperature dependent. Corrosion inlibitbehavior of AP10000 is attributed to the adsorptof
AP10000 on steel surface from 2.0 M HCI, the apison isotherm mechanism was found to obeys thegirarir
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adsorption isotherm. the apparent activation eesrdk) increase by increasing the concentrations ofubed
inhibitor.
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