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Effect of activation temperature on ability of actvated carbon on removal of
reactive yellow 145 dye from simulated industrial éxtile wastewaters
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ABSTRACT

The present work describes synthesis of new typctofated carbon (AC) from Iragi berhy date paleeds
(IPDPS). This type of AC was synthesized using idaéractivation method with using ZnChs a chemical
activator. The activation process was performedoair different temperatures, 400, 500, 600, and 700 The
synthesized AC was investigated using scanningrefecenicroscopy (SEM), and Fourier transform infedr
spectroscopy (FTIR). Different physical propertiwere undertaken such as ash content, adsorptiomkept
capacity, humidity, point zero charges of the ACenealculated. The activity of this material wasestigated via
following removal of reactive yellow dye 145 (RYB)JL#om simulated industrial textile wastewatergni®oval of
this dye in this study was conducted by applyifig@dint reaction conditions. These conditions weeamount of
the used AC, effect of pH on dye removal a, effetdmperature, and duration of time on the adsorpprocess.
Adsorption isotherm for dye adsorption was invedggd and from the obtained results it was followsundlich
model. The activity of the synthesized AC on dgeowal was compared with the non- activated caidohC) that
is synthesized from same date palm seeds (IPDRSofthined results showed that, the activity of dyroval was
effected by activation temperatures of as welh&sAC was more efficient in dye removal in compariazith NAC
under the same conditions. Also the activity of dgmoval was increased with increasing of activatio
temperatures as follows: AC600 > AC500>AC400>AC700
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INTRODUCTION

Recently, high levels of pollution was reportedotigh our environment this including pollution of,avater, and
soil. Pollution with dyes and pigments seems to hest reported one. Among different types of pgeliudyes,
textile dyes seem to be most studied dyes. Ovehalivord, textile industries use wide range osthdyes such as
natural and synthetic dyes, vast majority of textlyes that are used in dyeing processes havid adgnplex
structures with different chromophoric groups tlraparted deep colors for these dyes .Polluted &ffet these
dyes occurs after elution textile wastewaters fiyming processing units into the nearest amtgamironment.
These eluted textile wastewaters normally hawpdm®lors with potentially high concentrationspofluted dyes.
Most of these dyes are polluted and probably tésigards environment especially for soil and alzdg water
streams including rivers, lakes, and sometimebdmtpes of drinking waters.

Besides that, some of these can produce some ggertiit and toxic by-products under normal atmosphégt,2].

These textile dyes have complex structure, sothieste dyes can resist normal treatment procesaebakie a high
resistance for decomposition under normal ambiamirenmental conditions of air and sunlight. Theref it not
worth to used normal treatment methods such agsigdd , chemical and biological treatment methdbsese
methods can be used to do so but there are sombatrks for this approach such as [3,4],high caost, Femoval
efficiency, and sometimes these methods can peodslodge and/ or some toxic and carcinogenicpriogucts
[5,6]. Due to these above drawbacks of traditianathods of dye removal from industrial wastewatedsorption
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processes seem to be the most suitable candiddb®manehat can exhibit high removal efficiency,atelely low
cost , easily processing and reproducibility oftlked adsorbent for further usage [7].

Currently, many types of adsorbents are used tihidaim and among these types of adsorbentsaseti carbons
(ACs) can be used effectively in textile dye relowith high efficiency and low costly also thigpty of adsorbent
can be recycled using simple activation methodslwheans that it can be used for another times nedlonable
efficiency [8]. However, the current commercialiged AC has relatively high cost, which meansika of ACs
in dye removal is not suitable for mass applicatio®o that the key point here is the synthesigesétively low
cost types of ACs. These types of ACs can be sgitbeé from widely available raw materials [9]. this way,
synthesis of AC from available agricultural rawter@ls can be an promising alternative way towayhthesis of
low cost ACs which can be used for mass applinat[@0-15].

The present study, describes the synthesis ofré@ Iragi berhy date palm seeds, synthesis of W& conducted
using physiochemical activation method with us#mCl, as an chemical activator. The activation proceas w
performed at four different temperatures 400, B0M and 700 °C. The activity of this type of AC vilmgestigated
via following removal of RY145 from the simulatettustrial textile waste waters.

EXPERIMENTAL SECTION

Used textile dye model:-Simulated model of textile that was used in this study was reactive yetlga/-145, its
molecular formula (MF: gH,0CINgNa;0,6S5), molecular weight of this dye MW: 1026.26g/mitnax for this dye
in aqueous solution was 416 nm. This dye wasigeavby Fluka Company 98% and it was used as peovid
without further purification processes.

Synthesis of the activated carbdn:this study ACs was derived from Iraqi berhy dap@alm seeds, these materials
are agricultural raw materials and are availabldelyi in Irag. Iraqi berhy date palm seeds (IBDR@)e firstly
collected, washed with hot distilled water for seddimes to remove dust and any other wastes thighe seeds.
The obtained samples were dried at 110 °C for taurdrand mixed with the desired activator in appete ratio
with ZnCl,. Then these samples were filtered off and drteddl@ °C for two hours. Then these samples wertetiea
at 400, 500, 600 and 700 °C under nitrogen flusta graphite furnace for one hour for each casen these
samples were cooled to room temperature under aerospheric conditions. The obtained samples weaished
with distilled water to reduce pH values for theaaibed samples at around 7. The final products weesl at 110
°C for two hours to give final activated carbon.orNactivated carbon was synthesized using same $BDih
following the same method that was used in theh®gis of AC without using a chemical activator. Tieained
ACs that were activated at different temperaturiéisr@fer to as follows: AC400, AC500, AC600, ancCA00.

Uptake adsorption capacity of the synthesized awd/ carbon:-Adsorption ability of the synthesiZ€tls samples
was investigated using a suspension of 0.1 gaith &C type in aqueous solution of methylene §MB), (100
mL, 20 ppm). The obtained mixture was shackedleumormal atmospheric conditions for overnightadm
temperature. Then this mixture was centrifugedsfumetimes to separate particles of AC finetigdas . The
absorbance of the obtained supernatant liquid waasared at 665 nm using UV-visible spectrophotomédtiee
uptake adsorption capacity of AC was investigatisihg a suitable calibration curve of standardtsmhs of MB to
find the amount of the MB dye that was adsorbed tlee AC. Then the uptake adsorption capacityhef t
synthesized ACs types was calculated by compdhege concentrations with the initial concentratéB (20

ppm) [16].

Ash contents of the synthesized activated carlmorganic materials (ash content)of ACs types imasstigated
using a precise weighting of a required amountapéfully dried AC in a finely dried crucible. Thémmple burned
under air conditions in a furnace at 1000 °C fog bour under. The weight percentage of thesgamic materials
for ACs types was estimated by comparing the neimg amount of material in the crucible was thigidhweight
of the AC. Ash content can be calculated via caimpa this weigh and the initial weight of the iaity taken
ACs[17].Humidity of the synthesized activated carh®he percentage of the humidity of synthesized sa@ples
was investigated via subjecting (0.10 g) of dried énder normal air conditions at the lab for a @etiof overnight.
Then the obtained samples are weighted carefuthytlae percentage of humidity for each sample wzutzded by
comparing the weights for each sample at thesaltfferent state[18].

Fourier transform infrared spectroscopy:-The sugfaf AC samples was studied with FTIR spectrogaoging

Perkin Elminer Spectrophotometer. FTIR analysis ve@®rded in the range of 450 to 4000 with a resolution
power of 1 crit for each scan for all measured samples.
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The point zero charge of activated carbons:-P@nd zharges of the synthesized ACs samples weestigated by
applying potentiometric titration method[19]. i¥method involves using 100 mL of 0.03 M Kh@&s a blank
solution and to this solution (ImL of 1M) of NaOkhs added. The obtained mixture then was titratginst
standard solution of nitric acid (0.10M). Aldwete was another mixture of 100 mL of KN®@ith 0.10 g of ACs
samples were stirred under ambient air condition®vernight. For these two mixtures, 1.0 mL NBOH was
added and it was then titrated carefully with HNI@e resulting titration results were plottedaagolume of the
acid against pH of the mixture and the record@eérsection point was taken to be equal to the BZiie AC. The
obtained results are presented in Table 4.

Adsorption studies:-In the present study, All agsion studies were undertaken under normal atrersph
conditions at 15- 30 C under shaking in shaker mia@th. Adsorption processes were carried euguan initial

dye concentration of equal to (30 ppm, 100 mL)he Tised AC was loaded at different masses inlume of 100

mL of the dye and these masses were as folloWw§; 0.05, 0.10, 0.15g. For each experiment, 2 frth@reaction

mixture were withdrawn periodically at each temutes and for duration of adsorption of one haurdil runs.

Then these samples were centrifuged for severastito ensure separation of all fine particles of &l the

absorbance of the obtained supernatant liquidmeassured at a wavelength of 416 nm. The obtaibedrbance
was recorded using Spectrophotometer Shimadzu RE50V-visible. The percentage of dye removal (R¥gs

calculated using the following relationship [20-22]

G _C
R%=—=""x100 @
C

Whereas, Ci is the initial dye concentration whieds 30 ppm, and:@s the final concentration after one hour of
adsorption, and the term g, refers to the camnaton of the dye that were adsorbed on AC ig/h The
capacity of adsorption at a given time (qt) carob&ined as follows:

_G_GQ)xv
4= m

@

From above relation, @presents the concentration of the dye as aimof adsorption time, the term (v) refers
to the volume of solution and (m) is the mass @f tised AC in each case. Effect of contact time adwbrbent
loading dosage:-Study the effects of duration attien time and adsorbent masses loading omaiyeval under
same applied conditions was investigated in thig.pro do that, a series of experiment were uad#fert using
RY145 (30 ppm, 100 mL). These experiments were goted using different contact times ranged fromo ze
sixty minute of reaction time. The effect of magsading of the used AC was performed via usidifferent
masses of AC. In each mass loading same expewrimennhditions were applied for all set of adsonptio
experiment.

Effect of pH of mixture on dye removal:-The effauft pHs of the reaction mixture on the efficiencly dye

removal from industrial wastewaters was inveséidaand to do that, a series of experiments wengucted.
Different pHs values of reaction mixture were perfed , these pHs values were as follows 3, 79anthese pHs
values of mixture was obtained by genteelly agdihsmall droplets of 0.1N HCI for acidic medamd NaOH
for basic media to the initial mixture of simuldtendustrial wastewaters of dye solutions. Thedds palues of
reaction mixture were recorded using pH meter .

RESULTS AND DISCUSSION

Uptake adsorption capacity of the synthesized atdiy carbon:-Adsorption capacity of the prepared W&s

performed by the following of adsorption of md#mne blue dye from the aqueous solution. The obthiesults of
this study are presented in Table 1 as (mg/g).s@heessults showed that, the synthesized AC raigeshowed
high external surface areas due to high adsorgapacity which confirms that these materials rebégh porosity
in their structures[23,24]. Also it can be seert Husorption capacity was increased with increaswerature of the
activating process from 400 to 600 °C. This prdypdhe to formation of more porous within structafeAC due to

evolve some of gases and other inorganic matenigfselevation in temperature. At higher temperat(r 00 °C),

there is reduction in adsorption capacity this phip due to occur of sintering process with eleatof

temperature which leads to reduce surface areaaFamymparison adsorption uptake capacity for ndivaed

carbon (NAC) was also undertaken besides AC utidesame conditions. These results are summainz€dble

1.

160



Abbas J. Lafta J. Chem. Pharm. Res., 2015, 7(11): 158-169

Table 1
Sample of AC MAC  ACA00 ACS00 ACB00 ACT00
Uptake capacity (mg/g) 178.4 184.2 152.2 199.4 180.5

Ash contents of the synthesized activated cardsih: content of the synthesized AC for both actidaté four
different temperatures and non-activated carbonpea®rmed. The presence of ash content in AC te&dm the
existence of non-carbon materials (inorganic malk&yiin porous structure of these materials. & Hasrganic
materials can be found as constituents' mateinalse matrix composition of AC. It was found thaesence of
these residual materials in the porous structfik@® can affect negatively on the adsorption cafyacf AC and
therefore presence of these residual materialscA@ reduce its total activity as adsorbents.elmegal ash content
for NAC was higher than that of AC, and the ratiwin ash content was decreased with increase ofagictn
temperature. This probably due to remove of inoiganaterials from AC matrix with increase of actiea
temperature [25]. The results of ash contents édin BC and NAC are summarized in Table 2.

Table 2-Ash content percentages for the synthesized ACTable Adsorption uptake capacity for the synthesized AC

Sample of AC NAC AC400  AC500 ACE00 ACT00

Ash (%) 0.321 0.18 0.12 0.08 0.05

Humidity of the synthesized activated carbon:-Hutgith AC is related to the ability of AC to adfoavailable
humidity into the inner porous of the AC. The obh&l results are summarized in Table 3,from thaiobtl results
in this study it was found humidity of AC was madhan that for NAC under the same ambient humidityditions.
This probably due to the presence of high porosityAC in comparison with that of NAC due to remowé
inorganic and other volatile materials from AC wlhiprovide high porosity which enable AC to uptakere
humidity. This probably arise from differencethre porous structure for AC and NAC and due to heytel of
residual inorganic materials that may present withie porous structure of NAC sample[26,27].Alsis fhrocess
increase with elevation of activation temperatypea 600 °C. At higher temperature (700 °C), thera reduction
in humidity of AC, this probably arises from siriter processes at higher activation temperature.

Table 3-Percentage of moister content for the synthesized@\

Sample NAC AC400 AC500 ACe600 AC700

Humidity% 24 36 40 44 32

FTIR spectroscopies of AC samples:-Functional gsogb the ACs and NAC were studied using FTIR
spectroscopy. Generally, FTIR spectra for botrs/ABGd NAC samples are similar to large extentRFBpectra

of both ACs and NAC samples showed three main pé&akn 1380 to 1690 chiThe broad peak that appears
around 1690-1715 cican be assigned to the stretching vibration méate<C=0 bonds that are present of the both
AC and NAC surfaces. The other band that appearedind 1430 cthcan be related to the vibration mode of C-
C bonds of the ACs surfaces [28]. The broad baatiahpears around 1590 ¢wan be related tothe vibrations
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modes of aromatic rings of the surface of bottsA@d NAC samples[29]. In addition to that, bath AC and

NAC showed absorption band around 3000 evhich confirms peak confirms the presence of thsaturated
alkynes C=C bond on the AC surface. The broad $amdund 3300- 3650 ctis related to vibration of OH
groups[29]. The FTIR spectra of both AC and Ng&inples are summarized in Figure 1.

MAC

AC

wavenumber (1/cm)

Figure 1- FTIR spectra for ACs and NAC samples thsynthesized from IPDPS

The point zero charges of the activated carbone{idint zero charges of the activated carbon (RZ®pth ACs
and NAC were investigated using potentiometrithod. The obtained results are shown in Tablerdm the
obtained results, the PZCs values of both ACMAE showed in almost basic value (8.10- 8.75). Tinicates

that these materials are showed an alkaline ptkegal The PZC values of both AC and NAC are preskint Table
4.

Table 4 The point zero charges for the synthesized AC armdAC

Sample NAC AC400 AC500 AC600 AC700

pH of AC 8.208.30 8.40 8.60 8.75

Effect of AC loading and contact time on dye renmiovahe effect of reaction time and loaded massha used
ACs and NAC samples on the removal of RY145 fromutated industrial wastewaters were investigateid
following dye removal under using different masséthe used AC under other constant reaction itiond. Also
the effect of contact time on dye removal was utaden under applying the same conditions . Thaionéd results
are summarized in Figure 2. From these resuttani be seen that, there is a increment in thaeafcy of dye
removal upon adsorption on AC and NAC. For allakpent batches, a shaking process for a timetidaraf one
hour at 25 °C under normal air conditions wadieggo achieve a adsorption equilibration fordkes of the used
AC [30,31]. The obtained results showed a progasssgelopment in dye removal over AC and NAC with
development of adsorption time. This enhancemerdyie removal with time for this case is probabiye to
increase of uptake adsorption capacities of thd A€&s as a function of time. Comparing the abitifyeach type of
AC in dye removal under the same applied conditidnsan be seen that, AC was more efficient th&CNin dye
removal as it shown in Figures 2 and 3. This ibphly arises from difference in porous structureAGf which
makes it has high humidity percentage and low astienits in comparison with NAC. In addition totth&C has
higher uptake adsorption capacity in comparisoh wiat for NAC. These results are summarizedreg@ and 3.
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Figure 2- Effect of contact time and dosage of AGDO on the removal of RY145 dye from simulated astewaters

1.2

—— NAC
—— AC

O T T T T T T
0 10 20 30 40 50 60 70

Time(min.)

Figure 3- Comparison of activity of AC600 and NAC a RY145 removal under the same conditions

Effect of activation temperature on dye removaloider to investigate the effect of activation temgture on dye
removal, a series of experiments were performedgusame masses of activated carbon samples (AGATENO,
AC600 and AC700) under the same reaction conditidhe obtained results are summarized in FigurErdm
these results it was found that there was enhanueimehe efficiency of dye removal with increaseaictivation
temperature of the used ACs in the order ( AC60@5@0>AC400 >AC700). It is believed that increasing
activation energy from 400 to 600 °C can leadnréase porosity of AC materials due to removetiteland
inorganic residual constituents that may presett tie matrix of AC. As a consequence of that enbarent in
ability of adsorption would be expected to occurhigher activation temperature (700 °C), sintegngcesses can
occur which results in reduction in effective sagarea of AC which leads to reduce its abilitydods adsorption
of dye at this activation temperatét&emoval efficiency of RY 145 over ACs at diffetactivation temperature
are summarized in Figure 5.
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-8 AC600
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Figure 4- Effect of activation temperature of AC ondye removal

Effect of pH of reaction mixture on efficiency ofelremoval-The pH value of reaction mixture can effect om th
charge of the surface and this consequently this eHect on adsorption/desorption processes orsthface. This
depends on the net charge of adsorbed speciesutface and at the same on the charge of thacsudf the
adsorbent. Variation of pH of reaction mixture veamducted by adding controlled amount of acid bhase into
the reaction mixture and the reaction was perforatetiree pHs values 5,7, and 9. The results ofefiétt on dye
removal over ACs are summarized in Figure 5.

1.2
-8 pH7

—8—-pH5
—A— pH9

Ct/Co

0 T T T T T T

0 10 20 30 40 50 60 70
Time(min.)

Figure 5- The effect of pH of reaction mixture orthe removal of RY145dye over AC600

From above results, efficiency of RY145 dye renmiameer AC was varied according to pH value of teac
mixture when applying same other reaction condg#icsuch as amount of the used ACs materials, dye
concentration, volume of the solution, rate ofrstg, and reaction temperature . From these t®sitiiwas found
that the best removal efficiency for RY145 dyesvabserved at neutral media at around pH=7 wjichs
removal efficiency (around 85%). The lowest remoe#ficiency of this dye over the used AC wasselved at
basic media around (pH=9). This probably arisesifthe low adsorption ability of this dye on theface at acidic
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and basic pH values as this dye has both acidicdbasit groups in its structure. The presence cfetlggroups can
lead to generate arepulsion between adsorbed splgie molecules) and the surface which reducesfti@ency
of dye removal under these conditions [32,33].

Adsorption isotherms:-Adsorption isotherms foragsion of RY145 over AC600 at 20 °C were investégl via

applying Langmuir and Freundlich isotherm modelndgmuir adsorption isotherm model is based on dtion of

homogeneous monolayer of the adsorbed dye mokecier this type of isotherm, all the adsorpimsitions on
the surface of AC are considered to be energBtieguivalent to each other and there isn't angratdtion between
any adsorbed adjacent molecules. Freundlich atisormodel is applied for physical adsorptiontins case
multilayers adsorption is supposed to be occurmBdth of Langmuir and Freundlich adsorption isothercan be
explained mathematically the following relatid8g-37]:

Vq.=Vq, +1/K.q, C (Langmuiy €)
logg, =logK ¢ +1/nlogC, (Freundlich) (4)

In this context, grefers to amount of adsorbed dye molecules on A&l in (mg/g); g is refers to capacity of
monolayer adsorption of the used dye in (mg/g)iKrefers Langmuir adsorption constant in (L/nm@)is refers
to dye concentration at equilibrium case in (mghgth K and 1/n are referred to the constants of tharfetich
adsorption isotherm. Generally, maximum adsorpt@pacity for AC can be estimated using Langmuiraion as
mentioned above. This was performed by applyiagtien conditions which include reaction tempertir temp.
20 °C, pH 7.0, and the initial concentration ofpgised dye 30 ppm. The doses of the used AC ranged0.01,
0.05, 0.10 and 0.15 g. The results of adsorptiothem constants and’Rre summarized in Table 1 and these
results are presented in Figures 6 and 7 asabyginst 1/¢ From the obtained results it clear that thessulte
were more fitted with Freundlich isotherm, whiatisas from high value correlation coefficients fthese results.
This means that the adsorption process is agrdephigsical adsorption and this is very promisingeas towards
use AC as adsorbent to remove textile dyes froinn sodution. This because the used AC can be redyehsily by
simple methods such as washing and thermal adivati remove adsorbed dye molecules. Then usedah(e
used for further applications.

2.5 -

1.5 -
1_"/_"/*/‘

O T T T T 1
0 0.2 0.4 0.6 0.8 1
log C,

log q,

Figure 6- The linear Freundlich adsorption isotherns for RY145 (30 ppm) adsorption over AC600 at 20 °C

Table 5-The Langmuir and Freundlich isotherm constats

R2 Om KL
Langmuir
0.9790 8.976 0.145%
. RE KF n
Freundlich
0.9810 3.884 2.915
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Figure 7- The linear Langmuir adsorption isothermsfor RY145 (30 ppm)adsorption over AC600 at 20 °C

Adsorption thermodynamic§:hermodynamic parameters for adsorption of RY14&r AC600 were investigated
in this study. This involves calculation of eadh Gibbs free energy changaAG), enthalpy changeAH’), and
entropy change\S' for the adsorption processes. These parameterse esimated by applying the following
relationships [38-41] :

AG® = —RTInK (6)
k., = A0 A5 7)
aa = =0 T R

From above equations, R is the general gas aun@®814J motk™) and T is the absolute temperature in Kelvin.
The thermodynamic parameters are summarized ireTabl

Table 6- The thermodynamic parameters for adsornpon of RY1450n AC600

TK AG/ k T mol™
288.15 2210
29315 395
29815 572
303.15 -H.95
AH" / kI mol? 58.14
ASY Kl mol-1 K1 0.23

The negative values of Gibbs free energy means ddsorption of RY145 dye on the used AC was a
spontaneously occurs. Generally, it can be seénttieae is a decrease in the values®@fwith increase in reaction
temperature which indicates that adsorption pmeEsSecome more efficient with elevation in terapees” The
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positive values oAH" confirm that the adsorption of RY145 dye on AC&©@n endothermic process in its nature.
Figure 8 shows plot of Ln eﬁ against 1/T for the estimation of thermodynamiargmeters for adsorption of this

dye over AC600.

3.5
2.5 -
Im kg >
1.5 -
1 -
0.5 -
[ T T T T T T
00032 00033 00034 00035
1/T (K)

Figure8- The plot of Ln Kadversus 1/T for the estimation of thermodynamic pareneters

Recycle of the used activated carboriReuse of the AC that was previously used imiaeal of RY145 dye
from e simulated textile wastewater was conductasing solvents to wash AC for several times wittthermal

treatment. The pre-used AC600 was washed witlildistwater and heated at28Q to remove the sticking
molecules of dye. Then the obtained material wisiccarefully in oven for overnight. The resutt#®C was used
in removal of RY145 using the same reaction comalét that were used initially and the obtained Itesare

summarized in Figure 9. From these results it feaad that the efficiency of dye removal wasl stfficient after

three times in spite it was reduced gradually afesh successive use. Generally, decrease inftoerdy of dye

removal for the re-cyclized AC600 can be attributedhe reduction in the active sites on the serfatthe used
AC after each use. Besides that, in spite of wagshind thermal activation processes that were eghgliter each
use there is a probability of remaining of somekstg species that may remain adsorbed on thespafrthe AC

surface. These observations can lead to reducabiligy of adsorption and consequently reduce dffigiency of

dye removal for further usages [42-44]. The oladimesults for recycle of the used activated carhom

summarized in Figure 9.

12

Ct/Co

O T T T T T T
0 10 20 30 40 50 60 70

Time(min.)

Figure9-Effect of recycling usages of the used AD0on the efficiency of RY145 dye removal
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CONCLUSION

In this study activated carbon was synthesized fi@mi berhy date palm seeds using chemical aativanethod
and the activation processes were performed a¢ tihiféerent temperatures 400, 500, 600 and 700AgSorption
activity of the synthesized AC was investigatedfddjowing the removal of RY145 dye from simulatedlustrial
wastewaters. The synthesized ACs showed hightkemdsorption capacity which makes this materisd @ood
candidate adsorbent in comparison with NAC. Initiald to that, the activity of AC was increasedwihcrease in
activation temperature.
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