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ABSTRACT

Unpleasant odor of noni juice caused by organic acids has been a long standing problem. Adsorption using ion
exchange resin has been found to be effective for the removal of organic acids. The ability of Amberlite IRA 67 resin
to act as ion exchanger with the best adsorption efficiency were investigated by undergo characterization using
FTIR and surface morphology using SEM. Results indicate that Amberlite IRA 67 resin treated using hydrochloric
acid (HCI) has potential to be used in removing organic acids.
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INTRODUCTION

Organic acids such as octanoic and hexanoic acithiceed in noni fruit give undesirable odor whigntributed by
medium chain fatty acids [1]. Adsorption or ion Baage is a reliable technology to remove organidsa@]. He
also studied separation of organic acids from weetier stream by using amine extractant. Other studbone by
[3] recovered other carboxylic acids from fermeiotatbroth by weak base polymer adsorbents.

Previous study also reported recovery of carboxgtis from aqueous solution or fermentation bimthweakly
basic ion exchange resins [2]. According to [4gtlalso found out that DIAION WA30 was a good atsot for
recovery of organic acids from wine. Investigatioh sorption equilibrium of of nine organic acidsclnding
monocarboxylic and monosulfonic acids on 16 anichangers has been conducted by [5,6].

The aim of this study is to investigate the besirreondition which has highest potential in renmgvorganic acids.
MATERIALSAND METHODS

2.1 Resn

Anion exchange resin Amberlite IRA 67 used in ttisdy is a commercial product purchased from Sigdaaich

(St. Louis, MO,USA). Amberlite IRA 67 resin wasdted using different conditioning step as summadrineTable
2.
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Table1 Chemical and physical propertiesof resin used in this study

Resin Chemical matrix Functional group Total exden Physical form Particle size (mm)
capacity (eq/L)
Amberlite Tertiary amine >1.60 (FB form) >1.60 (FB form) Translucent white 0.50-0.75
IRA 67 spherical beads
Table 2 Different conditioning step of Amberlite IRA 67
Condition 1 Condition 2 Condition 3 Condition 4
Amberlite IRA 67 Amberlite IRA 67 Amberlite IRA 67 Amberlite IRA 67
(0.590) (0.5 g) + Deionized Water (15 ml) — (0.5 g) + 4% NaOH (5 ml) — 45 min (0.5 g) + 5% HCI
45 min (5 ml) — 45 min
Dry in dessicator l Filter l
(24 hr) Filter Filter
l Deionized Water
Dry in dessicator (15 ml) -2 hrs Deionized Water
(24 hr) ! (15 ml) =2 hrs
Filter l
! Filter
Dry in dessicator !
(24 hr) Dry in dessicator
(24 hr)

2.2 ATR-FTIR

FTIR spectroscopy technique was used to identiratteristic functional groups resin. The infrared spectra of
the resin were recorded on a spectrum 4000 — 650FHR spectrometer (Perkin Elmer, UK) using theitiated
total reflection (ATR) method for sample prepamttechnique. A mass of Omg of resin sample was used for all

tests.

23 SEM

The surface morphology of the resin was studiedguai Scanning Electron Microscope (SEM) with LEGQMP

model. The sample was sputter-coated with goldriedfte observation.
RESULTSAND DISCUSSION

3.1 FTIR Characterization

o see what actually happened on resin (Amberlitd &) during different conditioning step, Attenudt&otal
Reflection (ATR-FTIR) were used to characterize tbgin. The effect of modification should also Weserved in
FTIR spectra in differences in intensity, shiftsextra bands. Fig. 1-4 showed the spectra of ¢ésanrand the

wavenumbers of the band for each condition werepawed to the spectra library [7,8].

As noticed in the spectra, the bands correspontirtpe O-H groups (H-bonded alcohols or carboxglids) at
-1 -1
3287, 3286, 3282 and 3258 cnas in Fig.1 to 4, respectively. In Fig. 1, the bah@075 cm is CH2 symmetric
-1 -1
stretching of the alkanes. The bands at 2941 and 2863 cm are CI—; and CI-:|i asymmetric stretching of the

1

alkanes (also C-H tertiary). The band at 2776 atso C-H stretching from alkanes. The bands weleirs the
-1
same range if compared to the spectra in Fig. 2132940, 2813, 2774 cthand Fig. 3 (3071, 2930, 2861, 2766
-1

cm ), respectively.

-1 -1
The two strong bands at 1642 crand 1541 cm are due to C=0 and N-H bending of amide that ptedurom
-1
carboxylic acids and esters. The Pands also appetire spectra as in Fig. 2 (1642, 1537 ¢nFig. 3 (1642,
1542cm) and Fig. 4 (1639, 1542 cn respectively. The bands at 1443 g(]jending) and 1383 (Csl-bending) of
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-1 -1
alkanes group.lThe similar bands with same rargeradticed in Fig. 2 (1445, 1378 cjnFig. 3 (1439, 1383 cn),
Fig. 4 (1473 cm, (no data, but the band appear in spectra), résphc

-1

The C-N bending of tertiary amine can be found 2611 1233, 1181, 1158 and 1098 c(fig. 1). The similar
bands also appear in Fig. 2 (1261, 1232, 1181, Ah6i71100 cr_rl1) and Fig. 3 (1261, 1233, 1183, 1157 and 1098
cm ) Contrary to the bands in Fig. 4, the C-N bendlh@rtlary amine were showed at 2635 2480, MZOSZ
cm . However, there were N H merging at 1241 c(from 1261 and 1233/1232 cm and 1173 cm (from

1181/1183 and 1158/1157 ch This resulted in modification of the resin sture when using HCI during
conditioning step. It might due to the free ami@eN) changed to the charged ammonium (N-H groups).

In Fig. 1, the bands at 1038 én(lstrong) and 989 c_rlnare due to the C-O from esters or carboxylic acide
similar bands also shown in Fig. 2 (1038, 99il):rAs can be seen in Fig. 3, only a strong barfbDag crr_1l (less
intense) appeared and the second band was disedpkanight be because of CG@teract with Nafrom NaOH.
In Fig. 4, only a broad band at 1017 cubserved

Overall, spectra in Fig.1 and 2 only gave minornges. It indicated that the washing step for unitmmed resin
did not give significant impact on the resin.
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Fig. 1 TheFTIR spectra of untreated Amberlite IRA 67 resin (Condition 1)
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Table 3 IR vibration wavenumber and functional groups observed on untreated Amberlite IRA 67

Wavenumber (ciY)  Bond Type Compound Typ Freguency Range (%)
O-H H-bonded alcohols
3287 O-H Carboxylic acids 3550-3200 (broad)
3075 CHZ Alkanes (C-H symmetric stretching) 3000
2941 CH,, CH,  Alkanes (C-H asymmetric stretching) 2926
2863 CH,,CH,  Alkanes (C-H symmetric stretching) 2853
CH C-H tertiary 2890 (w)
2776 CH, Alkanes (C-H)
1642 c=0 Amides (Carboxylic acids) 1800-1650 (s)
1541 N-H Amide (N-H bending 164(-155(C
1460 CH, Alkanes (C-H bending)
1443 CH, Alkanes (C-H bending)
1261 C-N Tertiary aliphatic amine (C-N stretching) 1342-1266
1233 C-N Tertiary aromatic amine (C-N stretching) 1250-1000
1181 C-N Tertiary aromatic amine (C-N stretching) 1250-1000
115¢ C-N Tertiary aromatic amine N stretching 125(-100(
1098 C-N Tertiary aromatic amine (C-N stretching) 1250-1000
1038 C-0 Esters or Carboxylic acids (C-O stretching
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Fig.2 The FTIR spectra of untreated Amberlite IRA 67 resin (washed) (Condition 2)
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Table4 IR vibration wavenumber and functional groups observed on untreated Amberlite |RA 67 (washed)

Wavenumber (ciY)  Bond Type Compound Typ Freguency Range (¢%)
O-H H-bonded alcohols
3286 O-H Carboxylic acids 3650-3200 (broad)
3071 CHZ Alkanes (C-H symmetric stretch) 3000
2940 CH,, CH,  Alkanes (C-H asymmetric stretch) 2926
2865 CH,, CH,  Alkanes (C-H symmetric stretch) 2853
CH C-H tertiary 2890
2774 CH, Alkanes (C-H)
1642 c=0 Amides (Carboxylic acids) 1800-1650 (s)
1537 N-H Amide (N-H bending 164(-155(
1445 CH, Alkanes (C-H bending)
1378 CH, Alkanes (C-H bending)
1261 C-N Tertiary aliphatic amine (C-N stretching) 1342-1266
1232 C-N Tertiary aromatic amine (C-N stretching) 1250-1000
1181 C-N Tertiary aromatic amine (C-N stretching) 1250-1000
1157 C-N Tertiary aromatic amine ~N stretching 125(-100¢
1100 C-N Tertiary aromatic amine (C-N stretching) 1250-1000
1038 C-0 Esters or Carboxylic acids
3071.42
281349
32818 26111
276587
2774
293033
18335 1008 m
115248 84030
1383 48
123281
1260.57
103885

164178 154180 143873
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Fig.3 The FTIR spectra of treated Amberlite |RA 67 resin with NaOH (Condition 3)
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Table5 IR vibration wavenumber and functional groups observed on treated Amberlite IRA 67 with NaOH

Wavenumber (ciY)  Bond Type Compound Typ Freguency Range (¢%)
O-H H-bonded alcohols

3286 O-H Carboxylic acids 3650-3200 (broad)
3071 CHZ Alkanes (C-H symmetric stretching) 3000
2930 CH, CH_ Alkanes (C-H asymmetric stretching) 2926
2861 CH, CH_ Alkanes (C-H symmetric stretching) 2853

CH C-H tertiary 2890
2766 CH, Alkanes (C-H)
1642 c=0 Amides (Carboxylic acids) 1800-1650 (s)
1542 N-H Amide (N-H bending) 1640-1550
1439 CH, Alkanes (C-H bending)
1383 CH, Alkanes (C-H bending)
1261 C-N Tertiary aliphatic amine (C-N stretching) 1342-1266
1233 C-N Tertiary aromatic amine (C-N stretching) 1250-1000
1183 C-N Tertiary aromatic amine (C-N stretching) 1250-1000
1157 C-N Tertiary aromatic amine (C-N stretching) 1250-1000
1098 C-N Tertiary aromatic amine (C-N stretching) 1250-1000
1039 C-0 Esters or Carboxylic acids

2051.58
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325793

1016.74
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Fig. 4 TheFTIR spectraof treated Amberlite |IRA 67 resin with HCI (Condition 4)
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Table6 IR vibration wavenumber and functional groups observed on treated Amberlite IRA 67 with HCI

Wavenumber (ci')  Bond Type  Compound Typ Frequency Range (%)

3258 O-H H-bonded alcohols 3650-3200 (broad)
O-H Carboxylic acids

2635 C-N Tertiary amine 2700-2250

2480 C-N Tertiary amine 2700-2250

2286 C-N Tertiary amine 2700-2250

1639 C=0 Amide (N-H bending) 1680-1640

1542 N-H Amide (N-H bending) 1640-1550

1473 CI-; Alkanes (C-H bending)

1241 N-H Amines

1173 N-H Amines

3.2 Surface Morphology

The untreated and treated Amberlite IRA 67 resirsfaswn in Fig. 5 (a) and (b) were analysed usind1SE
According to [9], SEM has been primarily used f@tatmining the particle shape, and is particuladgful for
characterizing fundamental physical propertiesudiclg surface morphology of an adsorbent. Diffeesnia surface
morphology indicated that there was a chemicaltr@adn the ion exchange resin when the resin éckatith HCI.
Treated sample as shows in Fig. 5 (b) are maintypmse of irregular and porous particles. It migig tb changes
of free amine (C-N) the charged ammonium (N-H g)ugs described in characterization of the resimusSTIR.

@ S' ” (b)

Fig.5 SEM micrographsof untreated and treated weak base anion exchange Amberlite |RA 67 resin

CONCLUSION

Results indicate that Amberlite IRA resin treatethg hydrochloric acid (HCI) has potential to bedisn removing
organic acids.
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