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ABSTRACT

(Z2)2-hydroxy5-((4-(N-pyridin-2-ylsulfamoyl) phenyl) diazenyl) benzoic acid (Salazopyrin), was
inspected as corrosion protective for copper inone molar nitric acid solutions utilized by (EIS),tafel
polarization,(EFM)and mass reductiorstudies Surfaceexaminationwas tested using (SEM). Thepact of
temperature on corrosion manner witlappendingvariousdoseon the range oftemperature of 2545 °C by
mass reductiontest. Curves ofPolarizationdetect that the drug compoundact asa mixedinhibitor. The
capability of inhibition riseswith improvementin the inspected drug compound dose and with rise the
temperature ofsolution. Theinhibitor adsorbedon surface ofcopper wadollowing the isotherm Temkin The
datagivenfrom electrochemical anghemical techniqueare inperfectagreement.
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INTRODUCTION

The Coppermetal is a good manner so it's utilized @ange of applications. It istilized in alloys ,
tubes, wires productionelectronics,and alsasheets Theutilized corrosion protectiveof Cuin acidmediumis
mainlyto lessthe corrosion ofCuat the time ofaciddescaling andleaning. Therobability of the corrosion
preventionfor Cuhasobtained many studiesuntil now reproduciblepossible imibitors have beerdiscussion
[1-3].

The mostimportant techniqueto preventcorrosion is inhibitors utilizedThe impact of inhibitor is to
block thesite of Cumetal from the medium of corrosiveand/or the electrode reactions changhat cause
metal liquefaction Most of theacid capabilityinhibitors are organic compouwis thatincludemostatomsN, S
or Oin their compound Heterocyclic compounds are well known for the@pabilitiesas protective corrosion
and those containing trogen.

The inspeted drug compounddisplayinteresting possibilitiesfor corrosionprotective and particular
important due to includng atoms with electronegative such as N, S, and O in their drug strychiseibility
high in water,safe utilize, and big molecular size such thesgrug compounds should b@erfect corrosion
protective

The target of this work is to determine the inhibition impact of somelrug inhibitors on the Cu
corrosion in 1 molaNitric acidutilized mass reductiorand Tafel methods The kind of adsorption and the
mechanism otorrosionprotectiveare alsallustrated

MATERIAL AND METHODS
Materials and Solutions

Experiments werelone by utilizedCu coins(99.98%) which were mounted in Teflon. An epoxy was
utilized to fill the areabetween Teflon andCuelectrode. Thesheet of Pt was utilized amuxiliary electrode
(SCE}paturated calomel electrode aalectrode reference wasrelated to a conventional electrolytic cell of
capacity 100 ml via bridge with a Luggin capillarfhe saltion aggressive utilizedasreadingby softeningof
70% HN®with water bi-distilled. Thestoragesolutionwas utilized in 1000 pprof Salazopyrirwasutilized to
readyingthe wanted dose by dilution with bidistilled water.The range ofSalazopyrirdose utilized was 50

300ppm
COOH

OH

N—/—N
(2)-2-hydroxy-5-((4-(N -pyridin-2-ylsulfamoyl)phenyl)diazenyl)benzoic acid
Chemical Formula: C;gH,N,O5S
Molecular Weight: 398.39

Preparation of pharmaceutical compound

Two tablets of Salazopyrirwere grindingto make smooth powder. The powderegroduct (1000 g)
were insoluble directly in waterafter heating all the powdebecomes solublegyy filtration the powder mixed
with 1 liter of distilled waterto prepare the stock

Massreduction measurements
Seven parallel copper sheets of 1x1x0.2 cm were abraded with emery paper (grags@BD0-
1200) and then washed with bistilled water.First weight accurately thethe coinswere putted in a 100 ml

beaker whichinclude6 ml ofdoseof Nitric acidwithout andwith appendingof variousSalazopyrirdoses. All
the Nitric acid solutions were opesystem to air conditionAfter 180 minutes, thecoins of Cuvere obtained,
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washed, dried, andccuratelyweighed. Themean mass reductionof seven coppeparallel coinscould be
given (s %) and’ ), of Salazopyrin for the corrosion of copper weneasure as equatiof#].

S% =x100 =100x(b &2/ 6 °) 1)

Where,W° =the dataof the meanmass reductiorwithout the druginhibitor, W are the data of the mean mass
reductionwith inhibitor of drug

Electrochemicatestes
Potentiodynamic polarization

Electrochemical technique were done in three electrodes thermostatic cell conventional assembly
utiized a Gamry Galvanostat/ZRA/Potentios{aiodel PCl 300/4),a sheet of platinum is a counter and
saturated calomel electrode (SCE) were utilized as reference electrodes, the Cu electrode was in the form of a
cut square from Cu electrode of size (1 x1 cm) and was welded by one side to a competiizied for
connection electrical, the Cu electrode was abraded successively with different emery papers grades , rinsed
with bi-distilled water and then degreased with (CKH3D, washed with Hiistilled water and dried finally.
Electrochemical testewere done at 25C. The diagrams for potentiostatic were occurred frénto 5 V at a
scan with rate 0.5 mVfsafter reached to the steady state (30 minu}¢s], utilized for the measure of current
corrosion is done by extrapolation of cathodic and anothdel lines of charge transfer corrosion controlled
reactions to a point which yield logyt. and the corresponding potential of corrosiond«E) for solution blank
and for each inhibitor concentration. The current corrosion densitywas utilizd to measure the efficiency
of inhibition (%s0 | Yy Requation 2: | &

€Esl mnn E (klicdnn E M 2)
Where iorr is the current of corrosion in drug solutions, angrifs the current of corrosion in HNO
Electrochemical impedance spectroscopy (EIS) technique

The equivalent electrical circuit model utilized for this system is shown below (Fig. 1) where R
charge transfer resistance, R = resistor andrégistance of solution, andaGepresents the double layer
capacitance. Gamry applications contain software EIS300 for EIS measurement; computer was utilized for
summation of data. Echem Analysis 5.5 waite was utilized for fitting plotting, and graphing data. The
LINE(GSOiA2Yy STFAOASYyOe &>» 'O YR 6°0 2F (GKS adzNFI OGl y
data utilized the followingquation 3:

%sesl ' Emn n[(RI¢RMAR] E ©)
Where Rq are the charge transfer resistance in the HCI, agdaRe the charge transfer resistances in

surfactants. The interfacial double layer capacitancg (@lues wereomputed from the impedance value by
the following equatior:

Gl M Rg&naH - (4)
2 K S N&= ndaximum frequency (Hz).
Electrochemical frequency modulation (EFM) technique
Electrochemical frequency modulation, EFM, EFM can be utilized as a fast and nondestructive
experimental for rate of corrosion technique without prior knowledge of Tafelstants. EFM performed by
utilized 2 frequencies (2.0 to 5.0 HZhe time in this work which given steady state of the specimens was
found halfhour, the Intermodulation spectranclude current responses form corrosion densityof) and

harmonical mtermodulation peaks of current. The larger peaks were utilized to measure the current, the Tafel
af 2 Ld$ ¥ R)iid the causality factors (CF2 & CBR)AIl the experiments were conducted at 25+1°C.
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Surfaceexamination

For Surface examinatiomorphologicalresult, surfacecoupons(l cm x 1 cm x 0.2cm) &fuwere
tested after and before incurrence ofone molar nitric acidor twelve hours without and with Salazopyrin.
Scanning electron microscogdEOL JSBB00)wasutilized for this experimentl

RESULT AND DISCUSSION
Massreduction measurements
Massreduction measurements werechievedfor copper in 1 molaNitric acidin the presence and
absence of various Salazopydaseand aregivenin Figure (1)(s %)data measuredare written in Tables 1&

2. From these tables, it @bservedthat the s%improvementwith raisingthe doseof Salazopyrin anthcrease
with raising the temperatureange25-45°C (8 %) Y R 0 ‘measurégbyBquation (1).
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Figurel:time -mass reductiordiagramsfor the corrosion ofCuin 1 Molar Nitric acidin the presenceand absencef
different doses of Salazopyrirat 25°C

Table 1; Corrosion rate (C.R.) afi& %yata given from mass reduction tedor Cuin 1 molarNitric acidsolutions with
and without different doses of Salazopyrin at 25°C

Conc Massloss CR,, %

ppm mg cm? mg cm? min?t 0

1M HNGQ 0.90868 0.008 -
50 0.5873 0.005 0.3537 35.37
100 0.5112 0.004 0.4374 43.74
150 0.4874 0.004 0.4636 46.36
200 0.4075 0.003 0.5515 55.15
250 0.3906 0.003 0.5701 57.01
300 0.3666 0.003 0.5966 59.66
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Table 2:Valueof mass reductiorresultsfor Cuin 1 molarNitric acidsolution in the presencend absencef various
doseof Salazopyrin at 2545°C

Conc., ppm Temp., °C C.R., mgm?2 min? ' %
25 0.005 0.354 35.4
30 0.005 0.410 41.0
50 35 0.007 0.520 52.0
40 0.011 0.553 55.3
45 0.017 0.585 58.5
25 0.004 0.4374 43.7
30 0.005 0.493 49.3
100 35 0.006 0.580 58.0
40 0.009 0.617 61.7
45 0.015 0.645 64.5
25 0.004 0.464 46.4
30 0.004 0.526 52.6
150 35 0.005 0.618 61.8
40 0.008 0.650 65.0
45 0.013 0.677 67.7
25 0.003 0.552 55.2
30 0.004 0.577 57.7
200 35 0.005 0.639 63.9
40 0.008 0.680 68.0
45 0.012 0.713 71.3
25 0.003 0.570 57.0
30 0.004 0.590 59.0
250 35 0.005 0.662 66.2
40 0.007 0.705 70.5
45 0.011 0.741 74.1
25 0.003 0.597 59.7
30 0.004 0.603 60.3
300 35 0.004 0.677 67.7
40 0.007 0.729 72.9
45 0.010 0.767 76.7

The resultedof actioninhibition of the Salazopyridue tothe adsorption of itextractson surface of
copper. Thelayer given by theadsorbedSalazopyrinseparationthe one malar nitric acid fronthe surface
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coppermetal which limits thdiquefactionof the final by corrosion siteblockingand hencdoweringthe rate
of corrosion, withhigherefficiency as theidose risd7].

Polarization measurements

Figure Zgiventhe curves opotentiodynamic polarizatiofior copper inone molar Nitric acidsolutions
in the presenceand absenceof different doses of Salazopyrinat room temperature The presence of
Salazopyrin shifts both anodic and cathodic branches to the lower valies ahd thus causes a remarkable
decrease in the corrosion ratehe parameters derived from the polarization curves in Figuaregiva in
Table 3,in one molar Nitric acidsolution, the presence o$alazopyrircauses a remarkable decrease in the
corrosion rate i.e., shiftenodic and cathodic curves to lower current densities, both cathodic and anodic
reactions of copper electe are retarded bysalazopyririn 1 molar Nitric acidsolution and he Tafel slopes of
ial ¥ Rati25°C changebviouslyupon addition ofSalazopyrinwhichsay thatthe presence ofSalazopyrin
change the mechanism cfthodicand the metal dissolutiomprocess [8-10]. In the attendanceof Salazopyrin
Ecorr changeto lower qve databut this shift is veryittle (about 60 mV), whichlead tothat Salazopyrircan be
classifiedastype YA ES R A Y K AcH) A, Bald¥apyrifs tlas<ifiScisimixed type inhibitor but the anode
lesspolarized tharthe cathodewhen anoutcomecurrent wasfound.
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Figure 2:diagram of tafelfor the copper corrosiorin one molar Nitric acidwith and without different doseof
Salazopyrirat room temperature.

Table 3; Effect ofloses of Salazopyrin on thgparameters ofelectrochemicaimeasuredutilized by potentiodynamic
polarizationmethod for the carosion of Cuin 1 molar Nitricacicat 2 5° C

(i)(:)r:r? p,:o(r:rr’n2 m\;E\C/g.nSCE 'a mvdec | 1., mvded m(r;Ry}l %
1M HNQ 506.0 20.6 82 451 249.60 - -
50 28.0 80.0 280 479 14.34 0.945 94.5
100 26.3 80.9 253 469 13.50 0.948 94.8
150 18.0 79.0 187 289 9.20 0.964 96.4
200 16.0 80.7 147 252 8.20 0.968 96.8
250 15.90 68.0 127 253 8.10 0.970 96.9
300 13.7 68.8 118 197 7.02 0.973 97.3
(EISYests
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Electrochemical impedance spectroscopy given a new technique for characterizes the coverage film
on the metal electrode which is lead to charge resistamaasfer (R;). The interface capacitance can also be
utilized to calculate the filngquality [11-15]. Form observed result given that the organic substance wrap on
the surface of metately not only on the metal nature and the organic substance structure, but also on the
conditions of experimental such as concentration of adsorbent and immersion[li6jeFigure 3 andrigure 4
given a similar kind of Nyquisthd Bode draws for copper with different doses of the Salazopyrin The
presence of half sentircle single lead to the charge transfer single process due to liquefaction of Cu metal
surface which is unimpressed wialazopyrininhibitor. All the impedance spectra were measured at the
consentient opencircuit potentials. The NyquiSalazopyrirdiagramsfrom different half semicircles are draw
as expected from the EIS theory which due to disappear of frequency. Inspections of the resulted reveal that
each impedance diagrams content of a higher capacitive loop with one time capacitive constant in the Bode
phase plots Figure 4. The diameter of the capacitive loop improves with rise dose and lead to the inhibition
percent of the process corrosion.
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Figure3. Nyquist plots showing effect of increments concentration 8alazopyriron corrosion ofcopper in 1 molar
Nitric acid
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Fig. 4 Bode plot for corrosion otopper in 1 molar Nitric acigvithout and with various dose oSalazopyrinat 25°C
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Figure 5Equivalent circuit model utilized tdit the spectra of impedance

The equivalent electrical circuit model shown in Figurevds utilized to measure the obtained
impedance data. The model contains of the resistance chregesfer of the corrosion interfacial reactionpjR
or (Ry), the resistance solution @Rand the double layer capacitanceqsfCExcellent fit with this model was
obtained with our experimentaiesult[17].

EIS data in Table 5 show that the: ata rise and the & data lower with raise the inhibitor
concentration. This is due to the gradual water molecules replacement by the adsorption of the molecules
inhibitor on the surface of metal, lowering the extent of dissolution reaction. The higlaR, are generally,
associated with slower corroding systgiB, 19]. The lower in the @ can result from the low of the local
dielectric constant and/or from the rise of electrical double layer thickri28223]. s % is measured from the
chargegtransfer resistance data aswi@wn in equation 3 [24]The 9% obtained from EIS resulted are close to
those deduced from polarization technique.

Table 4 Resultedfrom electrochemical impedance measurements for corrosioncopper in Imolar Nitric acidolutions
at variousdose ofSalazopyrinat 25°C

Conc. ppm Rum OY Cui, UF crr? ‘ ' %

1molar HNQ 273.60 179 --- ---
50 1397.00 164 0.804 80.4
100 1674.00 143 0.837 83.7
150 1741.00 136 0.843 84.3
200 2033.00 129 0.865 86.5
250 2071.00 110 0.868 86.8
300 2238.00 107 0.878 87.8

(EFM)test

EFM is a nondestructive and linear corrosion test metlioat can directly calculated the current
value of corrosion with only a small polarizing signal and without earlier Tafel slopes kno2&digiese
EFM technique advantages given it as ideal technique for corrosion monitoring online. Intermodulation spectra
given from EFMalculationare obtain in Figure 6 are copper examples on solution of acid devoid of and
containing 250 ppmdose of Salazopsin at 25C. Each spectrum is a current response as a function of
frequency. The two large peaks are the response to the 2 Hz and 5Hz excitation frequencies. These peaks are
utilized by the EFM 140 software package to measure the current corrosion ant cbafstants. The
calculated corrosion kinetic parameters at different dose of the investig&aidzopyririn one malar nitric
acid at 25° CirZ a2ic, CF2, CF3 and % IE) are obtained in Table 5 which contain corrosion current densities
lower and he inhibition efficiencies rise by increment the dose of Bedazopyrinvery close causality factors
in Table 5 to theoretical value, which according to EFM thg¢d6y should guarantee the validity of Tafel
slopes and corrosion current densities, indiog that the measured data are of good quality. The standard
values for GB and CR are 2.0 and 3.0, respectivgdB6].

The inhibition efficiencieserm% improvements by raise the concentration of Salazopgmieh measured from
equation 5 as follow:
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‘O@oof 0 @H Rr®)*x100 (5)
Where, fcorr and torr = corrosion current densities with andthout Salazopyrin, respectively

The obtained data showed are in good agreement of kinetic parameters corrosion obtained from the
EIS and Tafel extrapolation methods.
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Figure 6 EFM plotsor the Cucorrosion inone molar Nitric acidwith 250 ppmand withoutdosesof Sal azopyr i n at

Table 5 parametersgivenby EFMmethod for Cu in1 molamitric acid solutionsincludeinconsistentdoses of Salazopyrin

at 25°C
Conc., ppm icorr, LMACI? m\/j aecl m\;dcecl ripF;/ CF2 CF3 ‘ faa
1 molar HN@ 71.55 59.250 126.8 35.31 1.90 3.30 - -
50 14.72 62.140 147.6 7.50 1.80 3.00 0.794 79.4
100 14.67 59.800 135.7 7.50 1.80 2.80 0.795 79.5
150 13.8 57.500 106.8 7.07 1.80 2.70 0.807 80.7
200 10.99 52.700 100.5 5.60 1.80 2.60 0.846 84.6
250 10.13 63.300 100.8 5.20 1.80 2.60 0.858 85.8
300 9.9 56.040 101.6 5.07 1.70 3.90 0.862 86.2
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Temperature effect

The mode and interaction degree betwearbalazopyrininhibitor and aCusurface have been broadly
obtain with the adsorption isothermsapplied The Salazopyrin molecule adsorbedue to the energy
interaction betweenSalazopyririnhibitor and a metalliccopper surface isbiggestthan that between water
molecules andurface ofcopper[28].¢ 2 206 GF Ay (KS | R Z®eiddin ndsy reducti@iésk S N a = ¢
was readingas a function ofSalazopyririnhibitor dose Thedata2 ¥ * ¢ Solingi 8 SY G G KS Y24
probability model of adsorptiorf29].! G G SY LJi a ¢ S N&ue oféxpedmertao indansistent kind of
isothermscontain LangmuirFrumkin Freundlich and Temkiisotherms. By far thelatag SNB o6 Said UGG SR
isothermTemkinin Figure 7

A—In0 6 (6)
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Figure 7: Temkin isotherraurvefor Cu inone molar Nitric acidwith inconsistent dose of Salazopyrin at 25°C

Kineticthermodynamic corrosion parameters

Mass reductiormethod wasachievedat varioustemperatures(25°@&45°C) in the presence of various
doses of SalazopyrinGiventhe corrosion rate increases with themperatureraisefor Salazopyrin (Table 2).
Therate of Cu corrosion without Salazopyrin ridesm 25 to 45°C whereasyith Salazopyrirthe corrosion
rate limits decrease (s %) was givenimprovementwith temperature. The corrosion paramete&rithout and
with drug in the temperature range 2515°C has beeillustrated in Table 2. Thepparent activation energy
(Ea) for liquefaction of copper inone molar nitric acid was measuredrom the slope ofdraw by utilized
Arrhenius equation:

C.R =A expl'/ R7) (7

Where T = the absolute temperature, A = the Arrhenius constant, k = the rate of corasib®R = the
universal gas constanBy drawinglog k against 1/T theataof (Ea) has beerestimated(Ea = (slope) 2.303 x
R) (Figure 8)dActivation energyfor the reaction ofCuin 1molar Nitric acidincreases in the presence of
Salazopyrin(Table 6)this increasing irE a indicates the fomation of energy barrierthe extent of the rate
increment inthe inhibited solution is higher than that in the free acid soluti(g?6) of Salazopyririncrease
directly with raidng temperature this result agree with the fact which statethe adsorption ofdrug
components on tk copper surface may be chemidal nature as the temperatureraisedthe number of
adsorbed moleculeslso increasdeading toan increasen the (s%)and the obtained results suggest that
Salazopyrininhibits the corrosion reaction by increasing its activation enérdhis could bellustrated by
adsorption on theCusurfacegivena barrier for mass and charge transfer. Moreover, the relatidelgrease of
datafor activation energywith Salazopyridead toa chemicahdsorption process. Theata2 ¥ “® n{ Yy R 6 n |
can bemeasuredby equation8, as follow
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k = (RT/Nh$ E LI /R) expo n'/RT) (8)

where K Tt f I y Ol Qathe@thalpylof agtiliakiorks fate of corrosion, N= Avogadro number and
n {=the entropy of activationdA plot of log (k/T) againdt/T (Figure 9) should give a straight line, with a slope
2F Wp®onowd YR Fy AY KSHNIDSLIWEZF FTNR2YT oKmyOKKopibkesS DI f dzS
estimated (Table 6)the negative val§ 2 ¥for ghé inhibitor indicates that activated complex in the rate
determining stefRDSYepresents an association rather than a dissociation step, meaning that a decrease in
disorderoccurduring the course of transition from reactant to the activdteomplextK S y S3F G A @S ai 3y
indicates that the adsorption of inhibitor molecules is an exothermic pracessnerally, exothermic process
lead toeither chemisorption physisorption or d&oth of combination
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Figure 8:log k (corrosion rate) vsl/T curves forCuin 1 molarNitric acidin the presenceand absencef inconsistent
doses of Salazopyrin
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Table 6; Activation parameters for dissolution @uwith and without inconsistent doseof Salazopyrin irone molar
Nitric acidin the range of 2545°C

Conc. E k H Kk {
ppm kJ mot kJ mott J moitk?
1 molarHNQ 34.63 27.42 74.36
50 58.46 19.97 135.42
100 68.58 19.75 138.28
150 76.91 19.00 144.74
200 80.75 18.65 148.43
250 82.79 18.39 151.53
300 86.88 18.25 153.21

Adsorption Isotherm

Thermodynamic adsorption parameters suchk&assandkH %gdscan beestimatedfrom combineform of the
equationoft  yG QG | 2 FF

LN Kaas= 0 K/ R) +(-K 1%aas/ RT)}+In(1/ 55.5) )

Figure 9givenNB a dzf (sl ¥ R °adkufilizedthe equation(9)[30] are arrangedin Table7.

log K,
5]
hi

1 | —— R-square=.98
2.4 -

22 , . , . , . , . , .
315 3.20 3.25 330 3.35

(1000m)K™"

Fig 10: Log KusVvs. (1/T) curves for the corrosion @uin one molar Nitric acidin the presenceand absencef various
doses of Salazopyrin at various temperatures

GPositived A 3y aRréferrkditocthe adsorption ofSalazopyriron Cusurface is aendothermicLINE OS&da ® k| ¢
ads is abou0.14 kJ moll which ismore than the common physical adsorptioheat (40 kJ mel), but less

than the common chemical adsption heat (100 kJ md) [31], probably neaning that both physical and

chemical adsorptionoccur (i.e. complex adsorption), he positive n { °ass values are accompanied with
endathermic adsorption processhis is agrees with the expected, when the adsorption issadathermic

process, it must be accompanied &y increasen the entropy change and vice veeda2].
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Table7. Thermodynamigarameters for the adsorption of Salazopyrin d@uin one molar Nitric acidat various

temperatures

Temp., Kadsx104 n {afd Nl ai N Dafy
K M1 Jmol! K1 kJ mott kJ mott
298 0.02 79.46 23.54
303 0.09 90.05 27.14
308 0.78 108.34 0.14 33.23
313 0.69 107.37 33.47
318 0.72 107.67 34.11

SEM/EDX examination

To verify if the used drug compousdre adsorbed onsurface ofCu, experiments of SEM and EDX
were performed. The SEM micrographs for Cu surface alone andoaitedayputting in one molar nitric acid
with and without the pendingof 300 ppm of the Salazopyrin is shown in Figures (bhlLaAs expected,
Figurella shws metallicCusurface is cleasmooth, while inwithout the used drug compound, the copper
surface is damaged by Nitric acid corrosion (Figurellb). In contvdhtof the Salazopyrin (Figure (),
the metallic surface seems to be almost not affecbgdcorrosion. The corresponding EDX data are presented
in Table 8. It is obvious from the EDX spectra of Cu in the presence of Salazopyrin, the appeara@cél of C,
peaks which suggest the Salazopyrin adsorption on the Cu surface and corroboratentliehtbitor film
formed andgivenin SEM micrograph.
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Figure 11SEMfigure of copper surface (a) beforputting in 1m0|ar N|tr|caC|d (b) after 24 h of immersion
in 1 molar Nitricacid, (GG) afterone day of putting in 1 molarNitric acid+300ppm of Salazopyrin at Z& in

different magnification power.

Table 8:Surface composition (weight %) of copper after immersion in 1 M Nitric acid with 300 ppm Of Salazopyrin at
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[5]
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[10]
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[12]
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[15]
[16]
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[18]
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[22]
[23]
[24]
[25]
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November - December

25°C
element Weight% Atomic%
C 4.32 8.38
N 7.27 12.10
(©) 42.94 62.60
Al 0.45 0.39
Cu 45.03 16.53
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