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Abstract

Using the polymerization of free radicals by the initiator bnzoyl perduoxide at a temperature (700C) and
a conversion rate of 10%, and then converting the resulting polymer to polyhydroxamic acid by treating
the polymer with hydroxylamine hydrochloride in an alkaline medium (pH = 13) with the use of potassium
hydroxide with thermal escalation at a temperature of (700C) for a period of (100) hours. The resulting
compound was diagnosed using IR-FT spectroscopy, Polyhydroxyamic acid was mixed with nanocarbons.
Polyhydroxamic acid was used to assess the retention capacity of chromium (Cr+3) and cadmium (Cd+2)
ions before and after adding the nanocarbon. The influence of time, temperature, and pH on the
retention capacity (Qe) of chromium and cadmium heavy metal ions was also investigated. The heat of
adsorption was determined, and through the values of the heat of adsorption for chromium and
cadmium ions, it was found that the adsorption is physical. The adsorption capacity was higher in the
presence of nanocarbons , the factors that affect the adsorption capacity such as time, acidity function
and temperature were studied , Where the adsorption capacity increases with increasing time, and the
highest adsorption capacity is at pH = 6, where the adsorption rate decreases when the acidity increases

and decreases from pH equal six.
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1. Introduction

With regard to being able to tackle a number of
environmental concerns by regulating the size and
structure of materials at the nanoscale, nanotechnology
is regarded one of the advanced technologies of the
21 century [1]. Carbon nanomaterials are distinct in that
they have a large surface area and are biodegradable. The
simplest and most beneficial treatment for the
environment [2].
The family of the hydroxamic acid is well-known due to
its propensity to form stable chelates with a variety of the
ions of the heavy metals [3, 4], it can form colorful
complexes with iron(lll) and copper(ll), and it can be
utilized in chromatography to detect the metal ion and
hydroxamic acid [5].
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Hydroxamic acid derivatives and polymers are commonly
employed in industrial, medicinal, textile, agricultural and
pharmaceutical areas, and are produced for a number of
reasons [6]. Despite its vital features, poly (hydroxamic
acid) is one of the few compounds whose properties have
been characterized, making it difficult to find the correct
chemical composition because it has three similar shapes
in chemical compositions, as indicated in the structural
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formulations below [7].

0 H OH
4 < 4
RN —_— R"c\\ — RN+ -
NHOH NOH N—o
H

The essential ideas of hydroxamic acid production,
reactions, and composition were studied for the first time
by researcher (H-Lossen) general (1986), Recent research
on hydroxamic acid has shown a method for separating
the natural chemicals present in algae and fungi that serve
as antibiotics and growth factors against cancer cell
proliferation [8-10] Hydroxamic acid also absorbs iron
during metabolic processes, and it plays a key role in iron
transport in bacteria, where iron is transferred via a base
molecule called Ferrioxamines [11]. Chelating resins with
a hydroxamic acid group can also be beneficial to the
environment Toxic trace metals are being monitored. It's
also possible to extract rare elements from seawater
using poly (Hydroxamic acid) resin [12, 13].

In  biological and sensitive solutions, the poly
(Hydroxamicacid) can be used to test numerous elements
quantified in chromatography and to separate various |
ions such as Copper(ll), Lead(ll), Cobalt(ll), and Iron(lll)
[14]. The poly Hydroxamic acid chelating resins' hydroxyl
and oxime groups enable them to chelate for a wide range
of metal ions and performance [15]. The aim of the
research preparation of polyhydroxyamic acid from the
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polymer methyl methacrylate, and study of the effect of
adding nano carbon to the prepared polyhydroxyamic
acid on the adsorption capacity of chromium and
cadmium ions and study of some factors affecting the
adsorption capacity

2. Experimental Materials

Hydroxyl —amine  hydrochloride (97%), methyl
methacrylate (99% HIMEDIA), potassium hydroxide GPR,
initiator utilized benzoyl peroxide (B.P), (solvent gasoline
99%), (ethanol99.8%), sodium sulfate anhydrous and
nitrogen gas, Cadmium Sulfate, Chromium (lll) Chloride,
nano carbon powder (>99).

Instruments

A water bath and delicate balance, Shaker water bath,
infrared, and centrifuge, ultra-violet, as well as visible
radiation device type device are utilized to complete the
investigation. GBC, thermometer, and pH meter, Atomic
Abdorption SpecTrophotometer (AAS)

Preparation of Poly (Methyl metha acrylate)

The Poly(MMA) has been synthesized with the use of the
polymerization of the free radicals, Using the initiator
benzoyl peroxide (B.P) at a temperature of (70°C), (30) ml
of methyl metha acrylate and (0.03) g of benzoyl peroxide
were placed in a dry spherical flask with a tight rubber
stopper and prepared for this purpose, a stream of
nitrogen gas was passed for a period (10) minutes to expel
the dissolved oxygen The flask has been immersed into
water bath at degree (70°C) for (15) minutes, then the
flask was lifted and suddenly cooled in a beaker
containing ice.Then the polymer formed was precipitated
using  slightly acidified ethanol.  Concentrated
hydrochloric acid was filtered using a Glass Contere Filter,
dried in a drying oven, and then weighed several times
until the weight was stable. Person using the FTIR [16, 17].
Hydroxamic Acid Preparation of Poly (Methyl

matha acrylate)

(14) grams of hydroxylamine hydrochloride was dissolved
in (70) ml in a ratio of (5:1) water: ethanol and (11) grams
of potassium hydroxide dissolved in a little distilled water
by cooling the mixture, taking into account not to allow
the temperature to rise more than (10°C) by placing the
mixture in an ice bath to precipitate potassium chloride,
which is removed by filtration. The filtrate, which is
hydroxylamine, was mixed with (20) grams of the polymer
prepared in the previous step, polymethyl acrylate,
potassium hydroxide solution was added until the PH was
equal to (13-12). The final product was collected by
sedimentation and washed with acidified distilled water
[18-20] The poly (MMA) HA has been identified with the
use of an (FTIR).
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Figure 1. FTIR spectra pol (MMA) hydroxamic acid

Addition of nanocarbons to poly (Methyl metha
acrylate) hydroxamic acid

(5g) of poly (MMA) HA acid prepared from the polymer
methyl methacrylate hydroxamic acid was dissolved in
(5ml) of chloroform, then (5g) of nanocarbon was added
to the contents of the previous beaker, mixed well and left
to dry.

Studying of Applications of poly (MMA) HA

Determining chromium (lll) ion’s Sorption Capacity by the
Poly (MMA)HA

The chromium (lll) ions adsorption capacity was studied
by mixing (50 ml) of a chromium ion solution at a
concentration of (400 ppm) with (0.5 g) of poly
hydroxyamic acid with continuous shaking for 5 hours, at
25°C, the precipitate is separated using a centrifuge and
then the residual concentration of adsorption in the
filtrate was determined by the absorber Atomic and
ultraviolet visible, The equilibrium concentration of the
ion was determined. Similarly, we study the capacity of
the adsorption of cadmium (Il) ions. As for the adsorption
capacity, it can be calculated from the following equation:
Sorption capacity:

= ViCo—Ce)

Q. M
In which Qe(mg/g) represent the metal ion amount that
had been sorbed; Co and C. represent the initial and
equilibrium concentration regarding metal ion in solution
(mg/L); V(L) represent the volume of the solution and M
(g) represent PMMAHA weight.
The impact of temperature has been investigated by
making a series of the solutions with similar proportions
through combining 1 g of the poly (MMAHA) with 50mL of
the chromium (Ill) ions at a concentration of (400 ppm).
Each one of the solutions was placed in a thermocouple
at temperatures of 10, 30, 50, and 70 degrees Celsius. At
each temperature, the adsorption capacity was
calculated. The adsorption capacity of ions (Cd*) was
specified in the same way. The influence of solution pH
and time on poly (MMAHA) adsorption capacity for ions
(Cr*3, cd*?) was also studied.

3. Results and Discussion

Poly (hydroxamic acid) Characterization

In this research, (poly Methyl methacrylate) Hydroxamic
acid was prepared using free radical polymerization by
the initiator benzoyl peroxide (B.P) and at a temperature
of (700C).
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The (PMMAHA) was identified via FT -IR spectroscopy.
FT-IR spectrum Fig1 of the (PMMAHA) graph shows a
new absorption bond of the hydroxamic (O-H), carbonyl
(C=0) and amide (N-H) groups at (3558, 1734, 3437).

The Study of Poly Hydroxamic Acid (PHA)
Sorption Capacity to the Elements of the Heavy
Metals:

With a single negative charge, compounds of the
hydroxamic acid have been classified as binary Bi-dental
chelating ligands. In the case when an acid hydroxyl
proton is lost, each one of the ligands is joined to metallic
ion (M) by carbonyl and hydroxyl groups’ oxygen of
hydroxamic acid. In addition, the ion of the metal has
been contained within a pentagonal loop, which results in
a very stable pentagonal loop. The capacity of the PHA
adsorption regarding heavy metal ions can be assessed by
measuring the metallic ion’s remaining concentration (Ce)
in separation filter after the treatment with the PHA,
which reflects the equilibrium concentration [21].

Impact of Time on PHA’s Sorption Capacity before and
when adding nanocarbon:

Tablel,2, depicts impact of time on total capacity of
sorption regarding cadmium ion Cd*? and chromium ion
Cr*3 via PHA prior to and following adding nano carbon, as
measured by the values of (Q), which rise with time. After
five hours, the value (Q) is noticeably greater. The
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Figure 2. The initial time’s impact on the sorption
related to Cr+3 ions by (PHA) before and when adding
nano carbon
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Figure 3. The initial time’s impact on the sorption
related to Cd+2 ions by (PHA) before and when adding
nano carbon

Temperature Effects on PHA’s Sorption Capacity before
and when adding nanocarbon

The impact of the degree of the temperature on total
sorption capacity related to chromium ion Cr+3 and
cadmium ion Cd+2 via PHA prior to and following adding
nano carbon is shown in Table (3, 4) via values of (Q) that
is decreased as the degree of the temperature rises. The
existence of nano carbons increases the adsorption ability
of PHA.

inclusion of nano carbon increases the adsorption ability
of PHA. Metal lons 10°C 30°C 50°C 70°C
Cr 30.28 25.56 19.41 15.90
Cd*? 25.41 21.55 16.39 10.67
Qe (mg/g)
Metal lons Q: (mg/g)
lhr | 2hr | 3hr | 4hr | S5hr Metal lons 10°C 30°C 50°C 70°C
Cr+3 15.77 | 19.44 | 22.25 | 25.93 | 30.28 Ccr 35.16 30.64 24.01 18.85
Cd+2 13.11 | 15.01 | 18.50 | 22.23 | 25.41 Cd” ot ot Lol Lo
50
40
Q. (me/e) ’
mg/g (e}
Metal |
etallons ™ Thr [ 2hr | 3hr | ahr | Shr 20 \
Cr+3 21.43 | 25.63 | 28.71 | 31.17 | 34.22 10
Cd+2 19.44 | 21.27 | 23.88 | 26.42 | 30.04
0 t !
30 90
Temperature
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Figure 4. The initial temperature’s impact on the
sorption related to Cr+3 ions by (PHA) before and when
adding nano carbon
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Figure 5. The initial temperature’s impact on the
sorption related to Cd+2 ions by (PHA) before and
when adding nano carbon

Acid Function Effects on PHA’s Sorption
Capacity before and when adding nanocarbon:

Table (5, 6) exhibits impact of the values of PH on
adsorption ion Cr+3 and Cd+2 via PHA prior to and
following adding  nano  carbon, as  measured
via concentration of equilibrium (Ce), initial concentration
values (C°), and capacity of adsorption. We might see that
the values of (Q) are higher at (pH=6, pH=8), and that (Q)
values fall when (pH) value increases and decreases below
(pH=6, pH=8). Which occurs since metallic ion generates
gelatinous compound in the basal medium, which then
deposits as hydroxides. In an acidic medium, on the other
hand, there will be a competition between (H+) ions and
those on binding sites in hydroxamic acid groups, linked
to polymer, resulting in the reduction in the capacity of
the adsorption (Q). The inclusion of nano carbon increases
adsorption ability of the PHA.

Metal Qe (mg/g)
lons | (pH)=2|(PH)=4 | (pH)=6 | (pH)=8 |(pH)= 10
cr® | 11.79 | 17.12 | 31.09 | 25.80 | 21.59
cd® 852 | 14.78 | 25.99 | 20.11 | 17.45

Q. (mg/g)

Metallons - 2 [ pH=4 | pH=6 | pH=8 | pH=10
cre 15.73 | 20.42 | 34.02 | 29.82 | 25.19
Cd*2 13.45 | 17.33 | 29.48 | 24.17 | 20.78
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Figure 6. The initial pH’s impact on the sorption related
to Cr+3 ions by (PHA) before and when adding nano
carbon
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Figure 7. The initial pH’s impact on the sorption related
to Cd+2 ions by (PHA) before and when adding nano
carbon

Measuring temperature of adsorption of Metal
lons’ PHA

By using the Clausius-Clapeyron equation on the chemical
adsorption, the temperature of adsorption (He) is
determined. It is feasible to measure the adsorption
temperature as an equilibrium process through obtaining
the value of the capacity of adsorption regarding metallic
ions at various temperature degrees, for example, (T 1
and T2), to obtain the (C el, C e2) for achieving same
breakage that is related to covered surface through
applying equation below [22]:

Encﬂ = ﬂ(_Tz’Tl)
Ce1 R "T3. Ty

The adsorption temperature is represented by (He). Cel,
Ce2 are the equilibrium concentrations. General constant
for the gases is R, and it equals 2cal/mol. The adsorption
temperature  regarding chemical reactioncan be
calculated using the above equation, as can be seen in
(Table 7)

Metal lons Adsorption Temperature Cal/mol
Crt3 6106.79cal/mol
Cd*? 3613.89cal/mol

4. Conclusion

The polymer (methyl methacrylate MMA)can be
converted into poly hydroxamic acid. Due to the fact that
the polymers include binary bi-age ligands including
transition metals like the Cadmium and Chromium, they
have poly hydroxamic acid groups. The adsorption
capacity is increased by the presence of nano carbon. The
examined metallic ions' sorption capability increases over
time, peaking after 5 hrs. Furthermore, in the case
when the metallic ions' temperature is low, then there
will be an increase in the adsorption capacity; but, in the
case when there is high temperature, then there will be a
decrease in  the adsorption capacity since high
temperatures cause separation in metallic ions at
adsorptive material's surface. The function of the acid
boosts the metallic ions’ capacity for sorption,
yet just within a limited range (i.e. 6-8). As a result of the
sorption temperature data, it may be concluded that
physical adsorption is taking place.
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