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ABSTRACT

Phenol-Formaldehyde resin (PFR)is used as a crisésnlg agent in blending of Sulphonated Citrus auif@lia
Carbon(SCAC).The ion exchangers were prepared byingathe amount of SCAC from 0 to 100%(w/w). The
prepared materials (PFR, composites and SCAC) whezacterised by FT-IR spectra, SEM and thermal ATG
studies. The low cost ion exchangers (IERs) igl ise the removal of some selective metal ionsh sae
Na" K" ca*,Cw*, Mg®*, zrf* and PB*. The composites are stable in water, organic esaty, and mineral acid
like 1M HCI and also in thermal treatment but sd&um some extent in 20%of (w/w) NaOH solution. Tat@nal
thermodynamic equilibrium constants (In)kare calculated for Mg- H" and ZA*- H' ion exchanges with the
composite resins having up to 20% (w/w) blendih§BER with SCAC. The cation exchange capacity (C&Ghe
composite was found to decrease with the increa#lieg%of SCAC in PFR matrix. It was observed tlnat t
composites up to 20%(w/w) blending of PFR with SC&t@in all the properties of original PFR. Theredo the
blended composites should be used as low cosidraagers when SCAC partially replaces the origlPE@R up to
20%(w/w) blending without affecting the physico+ofal, thermal, spectral properties and CEC valoéPFR.

Keywords: Phenol-formaldehyde resin, Sulphonat€itrus aurantifolia carbon, Cation exchange capacity,
Composite resin, low cost ion-exchangers.

INTRODUCTION

The world is taking about dynamic processes to robrthe environmental pollution caused by chemicéts

industrial wastewater treatments, the cation exgbas a suitable technique for the removal andvwegoof heavy
metal ions, as it is employed in the separationamtentration of ionic materials from liquids[1$ince the current
commercial ion-exchangers owe their origin to Hetrm products and there is a continual increasgeir cost.

Hence, there is a crucial need to find out the lmwcost lon-Exchange Resins (IERs) and reducetis¢ of IERS

by blending it with Sulphonated Carbons (SCs) pregpdrom plant materials. Activated carbon is galigiused for

the removal of various pollutants from wastewakéowever, the regeneration of the activated carisothé main

problem[2]. Therefore, it is urgent to develop als@bent of better regeneration capacity for theassion and
removal of heavy metal ions from the aqueous swiugind wastewater.

Now a day’s alkali-catalysed phenol-formaldehydsirre are used as composites or coating materiaisube of
their excellent thermal stability, dielectric propes, and mechanical and flexural strength[3-5¢.WMide use of
PFR has promoted extensive research aimed to iraghair final properties according to use. The plienmesin is
prepared by the reaction of phenol or substituteehpl with an aldehyde such as formaldehyde, imptkesence of
an acidic or basic catalyst. Phenolic resins aed s adhesives for binding wood-particleboardse fiboards,
plywood, nonwoven textiles and insulation materiatsatings, adhesives for papers and moulding cang and
water-based paints, as well as the manufacturégbftech high-temperature resistant ion exchangim ravith SC
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obtained from cheaper and freely available planten@ containing Phenolic groups in it. lon exchamay be
defined as the reversible interchange of ions betveesolid phase (resin) and a liquid phase.

In earlier studies Phenol-Formaldehyde Resins (HfeRE been altered with Sulphonated Carbon preffaoeu
natural products like Coal[6], Saw dust[7], Sperifee[8], Turmeric plant[9], Egyptian bagasse fifh] Spent tea,
gum tree bark[11]Accacia nilotica[12hnd Achyranthes asperkinn., Carbon[13].The present study deals with the
preparation of new composites ion exchangers oh@hermaldehyde resin blended with sulphonatittus
aurantifolia carbon and to characterization and estimationctit®n exchange capacity (CEC) or ion exchange
capacity of some selective metal ions. The effégianticle size is also found the chemically anerthal nature of
IERSs.

EXPERIMENTAL SECTION

Phenol and formaldehyde were used of AR grade [{Eiseagents, India). AR grade of concentratedhsuip acid
(Sp.gr. =1.82) was used. The Peel of Citrus autdiaiis locally available in all part of India, esgally in Tamil
Nadu. This material was locally collected, washdried and cut into small pieces of about 0.5cm tlenBeel of
Citrus aurantifoliawas carbonised and sulphated by con. Sulphurd @f0mL) and kept at room temperature
(30+-1°C) for 24h .Then it was heated af@0n a hot air-oven for 6 hours. It was then copledshed with distilled
water several times and finally with double distll(DD) water in order to remove excess of fred acid dried at
70°Cfor 12 h. It was labelled as SCAC.

Concentrated sulphuric acid(12.5mL) was slowly adaedrop wise to Phenol (10mL) with constant sigrby
placingit in an ice-bath at 0%. The reaction mixture was heated to abod€7@r 3h in a hot air-oven and then
cooled immediately in ice-cold water. It was kepemight. It was then polymerised with formaldehystgution
(11.5 mL) at 88C and the product was placed in a hot air-overBforA brown coloured chunky solid mass was
obtained. It was then ground, washed with distilleater and finally with double distilled (DD) watéy remove
free acid, dried, sieved (210-300 micron size)usiagant Sieves (India) and preserved for charaettgon. It was
labelled as PFR.A Known amount of PFR was mixedovar % (w/w) of sulphonate@itrus aurantifoliacarbon
(SCs). The compositions of SCAC were fixed as 1,30, 40 and 50 % (w/w). In the composites thifong
formula was used[14].

Required % = b/ (a + b)

Where,
a = mass of PFR (in g); b = mass of the SCAC requin g)

The percentage of SCAC in composites was usedltalate in terms of weight of materials and thaitual % in
the yields is presented in Table 1. The mixture pelymerised with formaldehyde solution (11.5mL3@&EC and
the product was cured in a hot air-oven for 3h.rAwmn chunky solid mass was obtained. It was theyum,
washed, dried and preserved for characterisatiba.product with 10, 20, 30, 40 and 50 % (w/w) ofA&Cin the
blend/composites, separately were labelled as SCACAC2, SCAC3, SCAC4 and SCACS.

TablelQuantity of reagent utilized and yield of PFR Condensates (SCAC1-SCACS5) prepared by blending &R with various % (w/w)

of SCAC
Quantity of Reagent used
Sample %60t S((iAa?:)ln IER Phenol| HCHO | Con.HSQ, | SCAC | Yield | %of SCAC in IER
' (mi) (mi) (ml) )] )] (abs)
PFR 0 10 115 12.5 0 19.90 0.00

SCAC1 10 10 115 12.5 2.11 21.00 10.05
SCAC2 20 10 115 12.5 4,75 23.94 19.84
SCAC3 30 10 115 12.5 8.14 27.42 29.69
SCAC4 40 10 115 12.5 12.3p  30.90 39.87
SCAC5 50 10 115 12.5 18.9 36.87 50.18
SCAC 100 - - - - 100.00

Physico-chemical factors like absolute densityyignatric swelling and attrition breaking of PFR, i@posites and
pure SCAC were determined as per the literaturdnoas{9,11] The solubility of the sample was tedigd/arious
organic solvents and inorganic reagents.

PFR,SCAC2and pure SCAC were converted into theiresponding Hform by washing the resin with 2M
Hydrochloric acid and then washed with DD watemmder to remove excess of free acid. The test colwas
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prepared by packing the graduated burette withlEfe samples using glass wool plug. In this colurdnmL of
0.1N of various metal ions (NaK*, C&*, CU*, Mg?*, Zré* and PB") were used as effluents. The rate of effluent
was adjusted to ImLmim The cation exchange capacity (CEC) values weteridned by using Standard titration
method as per literature[15,16].

The samples of PFR and composite SCAC2 were tresitaddOmL of 0.1M solution of Mg.Now, the H form of
the samples was converted to Méprm and then40mL of NaCl solutions of differemncentrations such as 0.05,
0.10, 0.15 and 0.20M were added. The effluents wellected at a rate of flow of 1mL minThe amount of Mg
ions of the effluent was determined and reported.

RESULTS AND DISCUSSION

The FT-IR spectral data are shown in the Table idicates the appearance of absorption band 28-1039 cm
%(S=0 str.),1118-1172 ¢SO, sym. str.), 1315-1364 chi{(SO, assy.) and 623-682 ¢hfC=S str.) in pure resin
(PFR), composites blended with 20% (w/w) SCAC2 apdre SCAC (100%) which confirm the presence of
sulphonic acid group (Fig.1a,1b and 1c). The agear of broad absorption band at 3194-3427 @@onded —OH
str.) indicates the presence of phenolic and sulgheOH group (due to S@ group). The appearance of
absorption band at 1467-1478 tCH, def.) shows the presence of —Qifioup in the samples. The absorption
band at 1519-1656 ch{-C-Cstr.) and at 760-858 ¢hiC-C def.)are confirms the presence of aromatig nPFR,
composites blended with 20% (w/w) (SCAC2)and pugAS (100%).The weak absorption bands at 642-887 cm-
(-C-H str.) indicate that the phenols are tetfastituted.

(%)Transmittance

M 1 M 1 M M 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm'l)

Fig.1. FT-IR spectra of (a) PFR, (b) condensate reswith 20 %(w/w) of SCAC2 and (c) pure SCAC (100%)

Table 2.FT-IRspectral data of PFR condensate with@as(w/w) SCAC2 and Pure SCAC(in cm?)

Group PFR | Composites with 20%(w/w) SCAC2| Pure SCAC|

S =0 str. 1039 1028 1037
SO, sym. str. 1118 1130 1172
C — S str. 623 671 682

Bonded OH str. | 3404 3427 3194
CH, — def. 1469 1467 1478
C—Cstr. 1629 1656 1519
C - H def. 887 895 642

C-C def. 858 760 781

SO.assy. 1338 1364 1315

The results of TGA curves are shown in Fig.2. Ftbem TG data profile, there is a1l6% weight lossR&R up to
90°C and for PFR blended with 20%(w/w) of (SCAC2rth is 15%weight loss for up to ‘@ It is clearly
observed that the loss of moisture absorbed byebi® and composite SCAC2. The temperature betd66iC-
300°C there is 27%weight loss in PFR and 29%weight fossSCAC2. Up to 361, approximately 43%loss of
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weightwas observed for both PFR and SCAC2. Thesnalies indicate that the IERs are thermally staipleo
100°C.

In Fig.2a DTA curve shows that there is two peasimed in PFR, approximately at%0and 278C. At 60°C the
presence of broad peak indicates the dehydratioreps of PFR. A peak at  2@indicates the chemical changes,
which occur due to thermal dehydration of PFR aftbcts approximately 43%weight loss in PFR. DT Avexs of
composite with 20%(w/w) of SCAC(Fig.2b) shows tha two exothermic peaks are obtained &C7and 286C
respectively, which is similar to PFR.The first paadicates the dehydration of SCAC2 and secondpshaak
indicates the chemical changes arising becaudeaial degradation of the condensate SCAC2.
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Fig.2.Thermal studies of (a) PFR and (b) condensateith 20%(w/w) of SCAC2

SEM photos of PFR (Fig.3a&3b), condensate SCAC2).8e& 3d) and pure SCAC (Fig.3e&3f) with the
magnification of 50 um and 500 um are given. SENMges reveals that all the samples are macro parmature.
The high macro porous carbon obtainedfromCitrusamtifolia, form the reservoir in which the phenol-
formaldehyde sulphonic acid particles are deposiada result the pore diameter decreases in ceatkeIiSCAC2
as compared to pure SCAC. Therefore, the condensata SCAC2 has great mechanical stability arike lit
attritional breaking (Table 3) compare to pure SCAC

Table 3. Physicochemical properties of PFR, SCAC ancondensates SCAC1-SCAC5

. Density (g/ mL?Y) %

Sample | %of SCAC in IER Wet Dry Gravimetric swelling | Attritional breaking

PFR 0 1.916 1.907 80.37 9.00
SCAC1 10 1.838 1.822 75.44 17.25
SCAC2 20 1.465 1.433 72.25 20.00
SCAC3 30 1.336 1.335 70.49 22.35
SCAC4 40 1.218 1.277 59.86 28.00
SCAC5 50 1.059 1.061 47.94 34.00
SCAC 100 1.092 1.015 37.31 46.44

The absolute density of both hydrated (wet) andydetied (dry) samples decreases steadily from P to
SCACcondensate resin and finally to 100%SCAC. tilésirly observed that PFR and condensate are chasely
packed[7,11,12] It is found that the values of &so density (100%of SCAC) posses only
56.99%and53.21%density of PFR in wet and dry statgsectively. This indicates both SCAC and condtngesin
has similar closely packed structure[14]. The altsotiensity of PFR and condensate in dry and wat¢stepends
upon the structure of resins[17]. Therefore, tlghhdensity values of resin shown in Table 2 iat#is, high degree
of cross linking structure which may be suitablerfking columns for polar and non-polar effluents.

The percentage of gravimetric swelling also deasdiom PFR (80.37%) to SCAC (37.31%) indicating thalues
of pure resins and condensate are not as highrapare to IERs. This due to the rigidity in the ma8CAC has
gravimetric swelling of only 46.42%as that of PHARe low values may be due to rigidity in their matiWhen
20%(w/w) SCAC?2 was blended with PFR the resultambgosite has the gravimetric swelling values89.88%kv
is nearlyabout of PFR. The decrease in % of grawimswelling is due to the loss of polarity andr@sity in the
condensate. Therefore, the condensate may useéubwheir required to resist large osmotic shock[18
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The percentage values of attritional breaking desme from PFR, condensate to pure SCAC. The magthani
stability is good up to the condensate of PFR endith 20%(w/w) SCAC2 which shows the possibilitythe
formation of resins in the capillaries of the sulphted carbon (SCAC) particles[9].

Figure 3. SEM images of PFR (a & b), condensate rieswith 20%(w/w) of SCAC2 (c & d) and pure L00%SCAC (e &f)

Cation/Column exchange capacity (CEC) or lon exgbatapacity (IEC) data shown in Table 4 indicatt the
CEC value decreases as the%(w/w) of SCAC in coradenscreases. The relative IEC of separate metea i
depends upon the atomic radius or atomic number§].7At the similar time the CEC value also depeunpsn the
valance of the ions, the concentration of metaliiothe solution which is transferred into the neand also the
anionic part of the metal salt, i.e., inter iondedes of attraction between anions and cations;iwiso plays a vital
role in CEC values of metal ion in a given metét salution[20,21].

From the CEC values as shown in Table 4, the cati@hange capacity of the samples is found to dserén the
following order:

PE*> CU'> Zrt* >Cd" > Mg®™> N&*™> K*

Table 4: Cation exchange capacities of PFR, Condeates (SCAC1-SCACS5) and SCAC for various metal ion®.1M) at 303K

%of Cation exchange capacity, in mol. §0.1M solution
Sample fﬁélg Na* K* Ca' Mg? | Ccu* Pb* zn*

PFR 0 1.4864| 1.621 1.687p 1.8111 1.69834 1.7052 1.8345
SCAC1 10 0.9652| 1.0989 1.6783 1.6984 15175 1.6934 1.7989
SCAC2 20 0.9405| 1.0642 1.2864 1.2411 14271 1.4572 1.3316
SCAC3 30 0.9306| 1.0197 1.226 1.00p 1.2813 1.4p7 1.2663
SCAC4 40 0.9157| 0.841§ 1.185p 0.9698 1.2462 1.2y63 1.177
SCACS 50 0.792 | 0.7425 0.8994 0.9045 1.1658 1.206 1.1055
SCAC 100 0.3564| 0.396] 0.758F7 0.804 1.1266 1.1004 0.8693
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The CEC values of PFR, condensates and pure SCAGhawn in Fig.4. In order to the blending of PFRhw
20%(w/w) of SCAC has the CEC values 63.27 - 85.45%ie exchange of Hons with the N K*, C&*, Cu",
Mg?*, P and ZA"ions compared to that of PFR. Then, 30%(w/w) blegdif PFR with SCAC2 in the polymeric
resin leads to 55.4-77.66%o0f CEC of PFR. The mawinand minimum values of percentage of ion exchange
capacity of condensates are’Rimd Néfor ions respectively. This is due to that the bieg of PFR with SCACup

to 20%(w/w) does not affect the CEC values forrttedal ions. It results the PFR could be blendetbug0%(w/w)

of SCAC2 and condensates thus be new and cheap V#fRsh should be used for waste water treatmentHie

removal of metal ions from the industrial effluent.
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Fig. 4Cation Exchange Capacities of Hform of PFR, condensates and pure SCAC

The data are shown in Table4.The results indidaa¢ the resin samplesare almost in soluble inhall golvents
except 20%NaOH.Therefore, resins can be used a&tter ion exchanger for treating non aqueous efflaside

from in alkaline condition (PH>7)

Table 5: Chemical and thermal effect on CEC of PFRind SCAC Condensates for exchange with 0.1M Mbions at 303K

Cation exchange capacity, in mol. §0.1M solution

Reagents PFR | SCACL | SCAC2| SCAC3| SCAC4] SCACH
CEC (of untreated) | 1.855| 1722 | 1523| 1404 1345 1264
20%(WN) NaOH | 1.745] 1605 | 1512| 1312 1286  1.20p
Benzene 1696| 1644 | 1534 1324 1286 1234
IM HCI 1768| 1.654 | 1.556| 1.324 1293 1.145

CEC values shown in Table 6 indicate that the IBRk a particle size of <210 micron are fine; 30085nicron
and >500 micron are rigid, as to cause very low @B@pared to that of IERs of 210-300 micron patiize.
Therefore, forthe effective CEC, the particle sit¢he IER should be maintained in the range 210-+8&ron. The
CEC of metal ions like Zii and N& shows maximum and minimum values. ltmay be dutadoblending of PFR
with SCACUp to 20%(W/W) of SCAC2 does not affeadb CEC values for the metal ions to a more extent.

From the Table 6,the CEC of the samples theigffof metal ions decreases in the order"Mg?*,C&*and N4.

Table6: Effect of particle size on CEC of PFR andandensate obtained by blending PFR with 20%(w/w) ofSCAC?2) at 30°C

. . Cation exchange capacity ( m.mol. g-1
Sample Particle size N Ca" Mg? 70

<210 14170 1.6228 1.7698 1.7816
PFR 210-300 1.4864 1.6875 1.833B 1.8345
300-500 1.3288| 1.5934 1.752p  1.7934
>500 1.2936 1.4994 1.6346 1.4935
<210 0.9375| 1.2700 1.2322  1.2978
200-300 0.9405 1.2864 1.2411 1.3316
20%SCAC2 300-500 0.9324 1.2759 1.22211 1.2625
>500 0.9220| 1.2524 1.2019 1.2302
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A known volume of 0.2 M NaCl (brine solution) isaasfor the regenerationof all the composites, umndxeresin
(PFR) and SCAC after exchange with the?Mipns (Fig. 5). Most of the commercial IERs areNa" form and
0.2MNacCl solutioncould be used as a regeneratoevery 2g of the resin.

100
]
E 80
S
= 60 m0.05
s
o mo.
2 40 0.1
8o 0.15
& 20
°\o mo0.2

0

PFR SCAC1 SCAC2 SCAC3 SCAC4 SCAC5 SCAC
Sample

Fig.5: Regeneration level for PFR, Condensates ar®CAC by using NaCl after exchange with Mg ions

In order to determine the effect of temperaturetf@removal ofZfiand PB'by SCAC2, experimentswere carried
out between 298 K and 323 K. The thermodynamicmaters for the removal of Zrand PB'by IER (SCAC2)
were calculated using the following basic thermayit equations.

TR =y N — 1)
InKe =ASYR ~AHYRT  wmememeeee )

Where R is the universal gas constant, 8.314 Jinahd T, the absolute temperature (K); dxid’ AG°&AS’ are

the changes in enthalpy (J/mol.), Gibb’s free epgdgmol.) and entropy (J/K/mol.) respectively. Thradues ofAH®
andAS’ could be determined from the slope and intercéphe linear plot of logKeersusl/T. where R is the gas
constant, Kis the equilibrium constant and T is the solutiemperature in Kelvin. The thermodynamic parameters
can be calculated from Van't Hoff plot (Figure.&he positive value oAH® (75.248KJ/mol., 54.416KJ/mol.)for the
adsorption of Zfiand PB'by SCAC2 showed endothermic nature of the overaltgss.

O T T T T 1
0.0029 0.003 0.0031 0.0032 0.0033 0.0034

-0.5 ~

®Zn2+
-1.5 A Pb2+

logKc

1/T

Figure 6.Van't Hoff plotfor the removal of Zn2andPb*'bySCAC2
CONCLUSION

From the present study, it is concluded that the B&uld be blended with 20%(w/w) of SCAC,withouteating its
spectral, thermal and physicochemical propertiesadso retain the CEC values of PFR. The effeqiasficle size
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and initial concentration of Zhions on CEC, its regeneration level by NaClsohutieas studied. CEC values of
various metal ions of blends up to 20%(w/w) SCACGZevfound to be very close to the PFR. Equilibristodies
for the removal of PBion and ZA%ion reveal that the process is spontaneous, entoithand occur with increased
randomness. SEM images have well defined micrometriuctures. Hence, blending of PFR with 20%(w/w)
SCAC2 to get composites will definitely lower thest of IER.
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