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ABSTRACT

Novel organic cation - exchangers based on biomass and furfural suitable for processing into
ion exchangers was prepared. The polymer has been processed chemically into different types of
cation exchange resins. The role of various parameters such as catalyst concentration, the
effects in the different particle sizes in exchange capacity, etc., for preparing the polymer is
systematically studied and presented. Smilarly, the conditions for preparing the various cation
exchange resins (Sulphonated, Furfuraldehyde, and unmodified type from the polymer) are also
described. The overall best particle size in exchange of ions is the 500um size.

Keywords. Cation - exchange resins; Polymer, exchange dgp&omass.

INTRODUCTION

A perusal of literature reveals that besides divipgnzene co-polymers, a large number of
materials (biomass) can be converted into ion exgbaresins by chemical treatments [7].
Synthesis of polymer based on Biomass and furfamdl preparation of cation- exchange resins
therefore were reported for the first time by tlhar, [3]. The actual chemistry involved in the
production of phenolic resins using vegetable tarfidm orange mesocarp as a source of phenol
is based on the fact that since tannin has a pleemalure, it thus will undergo the well known
reactions of phenol with aldehyde [9]. Phenol reaeith formaldehyde (aldehyde) in the
presence of catalyst to produce the phenol alcpliblsse products (phenol alcohols) may
condense with more phenol to yield compounds ofltheenylomethane type [8].

Oil palm tree Elaeis guinansis) is a member of small genus of only two speciepadins, one
species occurring in Africa and the other in Cdrdradl South America. The tropical oil palm is
native to numerous countries in tropical Africa amébund in Southern Nigeria. A by-product of
oil palm fruit refining is the oil palm fruit fibrevhich is used in some localities as source of fuel
for heating in the absence of firewood [9].The tireeaabundance of these agricultural wastes in
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Nigeria provides available source of tannin anduial which stimulates our interest on the
possible use of these materials for the producifaesin.

MATERIALSAND METHODS

Collection of Materials

Orange mesocarps for this research were obtaied lvcal sellers along the streets of Choba
market in Port Harcourt. Palm fruit fibres were abed from palm oil mills at Elele Town in
Rivers State of Nigeria. All chemicals and solvewesre of technical grade unless otherwise
specified.

Furfural Extraction (Acid Hydrolysis)

15g of the washed and dried palm fruit fibres wefeuxed with 750mls of a 4.5M Hydrochloric
acid in a reflux condenser for one hour. Theredftercontent was filtered and the filtrate stored
in a brown reagent bottle for further work. Eaclirdite was used within 24hours of its
production [6,8].

The equation for the hydrolysis is

H+

CsH100s Acid hydrolysis

Pentosan CHC
Furfural

Fig. 1: Hydrolysis of Pentosan

Preparation of Cation Exchange Resins
The Biomass was chemically modified through sul@timm and condensation reaction. Particle
sizes of 150, 300 and 50® were used for the reaction.

Sulphonated Biomass Cation Exchange Resin (SB)

One part of orange mesocarp (150, 300 andus)@vas sulphonated with fifteen parts (1:15
ratio) of 2MH,SQ, by heating the mixture at 85 for 3 % hours. Thereafter the product was
filtered and the residue was washed free of adgrtgusater.

OH OH

2MHSSOq

—>

55°C

Fig. 2: Sulphonation of Phenol
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Formaldelyde modified sulphonated Biomass Resin (FM B)

Five parts of the sulphonated product was treati¢hl 2vparts of formaldehyde (37% w/v) and
the mixture was heated at 60°C for 4 hours in aocmwdition. The product was filtered, and the
residue was washed free of formaldehyde using water

The equation of reaction

OH OH

| |

HCHO -

Condensation

\SQ:.H \SOSH

Fig. 3: Condensation reaction

The sulphonated product undergoes condensationawitither molecule of sulphonated phenol.
The process continues until all the aromatic riagssubstituted in the 2, 4 and 6 position.

Finally a molecular network of resin (polymer) Mgl up, called formaldehyde modified
sulphonated Biomass (FMB) as shown in Fig. 4.

OH
OH OH
CHo0H

CH20H

_

o
H \503 H \so M \%3 y

Fig. 4: Cation exchange Resin or For maldehyde modified Sulphonated Biomass (FM B)

Furfuraldehyde Modified sulphonated Biomass (Fur.MB)

The particles sizes of 150, 300 and @@Owere sulphonated as in the (FMB) products under
similar reaction condition. Then these sulphongtediucts were treated thus: Five parts of these
sulphonated products was treated with 10 partbefktracted furfural dehyde filtrate; and the
mixture was heated at 8D for 4 hours. Thereafter the product was filtet@ut] the residue was
washed free of furfural-dehyde using water. Thelpod was dried at 8C in an oven.
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Table 1: Effect of Variation of Furfural and Aldehyde Ratio on the Quality of Product

. Sulphonated Product
Exchanger | Particle | 2MH»S0, Biomass Aldehyde yidd FMB Remarks
150um HCHO Hand brown black shinin
Py (1?5Jg) 240m| 139 5.3ml 6g material ’
P, 3(3%3;1 600ml 93.4g 37.4ml 16.1g | Hand br%"gt‘e?::fk shining
P, %2%? 360ml 45.5g 18.2ml 18.1g | Hand br%"gt‘e?::fk shining
Furfural-dehyde Fur. MB Less hard black materia
150um .
Py (16.4m) 246ml 42.69 85.2ml 7.99 Less hard black materig
Ps 3(2%3;1 300ml 37.4¢g 74.8ml 9.29 Less hard black materig
Ps (5101%3) 178ml 14.19g 28.2ml 3.03 Less hard black materig

Table 2: Exchanger compaosition showing effect of variation of Furfural and Aldehyde Ratio on the quality of

product
. Sulphonated Product yield
Exchanger Particle 2M H,S0, Biomass Aldehyde EMB Remarks
15Qum HCHO Hand brown black
Py (169) 240m| 139 5.3ml 6g shining material
300um Hand brown black
P, (400) 600ml 93.4¢g 37.4ml 16.1g shining material
150um Hand brown black
P; (249) 360ml 45.5g 18.2ml 18.1g shining material
Furfural- Fur. MB Less hard black
dehyde ' material
150um Less hard black
P, (16.4m) 246ml 42.69 85.2ml 7.99 material
300um Less hard black
Ps (20g) 300ml 37.4¢g 74.8ml 9.2g material
500um Less hard black
Ps (11.99) 178ml 14.1g 28.2ml 3.03 material
Table 3: Exchange capacity of F.M.B, Fur.MB and S.B compared
150pum F.M.B 300um F.M.B 500um F.M.B SB 500um
Na’ 0.38 Na’ 1.36 Na’ 0.49 Na" 0.33
ca* 0.30 ca* 0.27 ca* 0.22
Fur. MB Fur. MB Fur. MB
Na’ 0.45 Na’ 0.81 Na’ 1.03
ca* 0.20 ca* 0.28 ca* 0.22
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1.5 —@— Fur. MB (CaC}) solution

1 - —- Fur. MB (NaC}) solution

Volume of 0.1M NaOH/Ca(OH) (cB)

10.1 20.2 30 60.2
Time (Sec)

Fig 6: Rate of exchange of 500um resin in 0.025M NaCl solution

DISCUSSION

The ion exchange capacity of the resin was detexthby taking the exchanger in" Fbrm by
titrating with 0.1M NaOH and Ca(Ohkiyolutions. Metal ion capacity was determined txynig
M?* with the exchanger and titrating with a solutioh@alcium hydroxide. The results are
presented in table 3 below with least value in M&r.for the mere fact that it resisted easy
release of Fifor C&" ions.

It is therefore desirable that the exchanger shoatdbe allowed frequent contact with solutions
containing C& ion. Sodium ion has the highest exchange capasfty0.45meg/g for
formaldehyde modified biomass, however the exchaagacity for other ions are encouraging.
Sodium ion has the highest exchange capacity @&nieg/g for F.M.B. However the exchange
capacity for calcium was encouraging in 860 particle size. Sodium ion has the highest
exchange capacity of 1.03 meg/g in both aldehydédifired Biomass in the 5Q0n particle size.
Therefore 300m particle size F.M.B with sodium ion capacity oB@meg/g is the overall best
exchanger. Hence it is recommended for any excliaegetion.

Harvey,[2,5 ] has reported condensatiornopinene and formaldehyde in the ratio of 1:1.7 in
the presence of water and acid catalyst. The ptazhtained was a liquid.

Isagulant [4,7] have also reported condensatian pinene and formaldehyde in the presence of
a strongly acidic cation exchanger resin. Sinceptiogluct obtained was a liquid, an attempt was
made in this investigation to cross link the sametieating separately with Phenol and
Formaldehyde. It was observed that cross linkedymts could be obtained, and for comparison
of exchange capacity and Rates of exchange, tisisrefition prompted the use of furfural in the
place of formaldehyde to obtain cross linked prasitr further testing [1].
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It is clear from the capacity table in table 3 tidtenol formaldehyde and Phenol furfural
polymers can be sulphonated successfully into iarcaxchange resin. Literature reports that an
increase in temperature has resulted in an incrieasgpacity. However sulphonation at a range
of 55°C - 60°C for 3 %2 hours is ideal but an insea hours to 6 hours will be more ideal. It is
interesting to note that with this mild reactiomé& and temperature, at least, an average
exchange capacity was realized.

Factors that positively or negatively affected éixehange capacity of an ion exchanger in cause
of the research are:

» Number of sulphonation and sulphonation time ireirgrease number either in sulphonation
and time increases capacity.

> Ratio of sieves i.e. Furfural and Formaldehyde, ¢lperimental observation reveals that
equal ratio gives maximum yield and promotes cdpadhnich is in line with literature.

» Number of condensation with Formaldehyde and Falfuncreases capacity, as even revealed
by the capacity table. Increase in temperature catdlyst e.g. is found to increase exchange
capacity.

CONCLUSION

Furfuraldenyde modified sulphonated Biomass in @00particle size for Naion test is
observed to be the overall best ion exchange naatditis is because of the fact that it has an
initial volume exchange rate time of 9 seconddalgh formaldehyde modified sulphonated
Biomass of 500m particle size had 2.5 seconds initial time, bautihg a final volume exchange
rate of 24 minutes, whereas Fur. MB had a finalina exchange rate time of 60 seconds.

Therefore the best particle size for rate of exgeatietermination between this two products is
Fur.MB of 50um particle size in Naand C&" ion tests as shown in the graphs, therefore it is
recommend for use.
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