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ABSTRACT

Reverse Osmosis (RO) plants discharge concenttatad to the environment which is detrimental te thceiving
water bodies flora and fauna. This research papersaat providing a cost effective solution by estireg calcium
salts as calcium oleate and magnesium salts as/iggrdrom reverse osmosis reject brine which cawseer
pollution. Calcium oleate was prepared by addingiolacid to reject brine in a batch reactor with chanical
agitation. Struvite was prepared by reaction witmraonium hydroxide and phosphoric acid. Calcium talea
exhibited amorphous nature and struvite exhibitetharhombic structure with average size of 75-80am
characterized by x-ray diffractometer and Fourieraiisformation Infra Red analyzer Calcium oleated§in
application in cosmetic and food industries. Siatrevite finds application as a slow release fezét it's potential
as a fertilizer was tested for in-house cultivatafiredbean plants. It was observed that therenignarease in plant
height and leaf area for plants grown with struvitean with plants grown without addition of strefiir a test
period of 30 days. Hence this paper proposes air@mwental friendly approach for reducing the waktad of
reverse osmosis plants and the recovery of mirsaiés.
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INTRODUCTION

Popular among several desalination methods, revess®sis (RO) has received great attention in watet

wastewater treatment because of its simplicitghhéfficiency, low operating cost, less energy ristee and
requires no or less pre-treatment procedures[1§pde its advantages, the method has major distalyes as the
rejects pose a major threat to environment as theyease the salinity, transition metal and heawstain
concentration to the receiving water bodies [2]e Tingent need to obtain potable water in many prtke world

made its associated environmental issues to bdoomked or an issue of secondary concern [3,4].Maegtment
techniques like electro- fenton have been impleetefb]. Hence, treating the reject becomes a pyaisiée in

achieving zero discharge limits in RO treatments.

The disadvantages of reverse osmosis is increasilirgty in ground water as it affects the coafital and fauna
,extensive land use and low productivity[6].Thésean increasing attention both in terms of envinental
approvals and public perception in developed céemtiue to water pollution[7]. Using technique®lévaporation,
precipitation, ion-exchange, solvent extractionsagtion, membrane separation, researchers havectd
valuable end products which have market value abttie overall desalination cost can be reduced].fBeveral
researchers have reported the extraction of sksNaCl, KCI, Mg and Bromide from sea water by gwaation
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[10-12]. Dirach et al. [13] have isolated eightreénts like Na, Mg, Rb, K,P, Indium, Cs and Ge frbrines of
nuclear desalination plants. Extraction of Rb arfdofh RO plant of 100,000 #uay of potable water capacity was
studied by Jepessan et al. [14]. Most of the studéported aimed on isolating or extracting thésfabm rejects or
brines and its potential application to industriess examined by few researchers like Reig et &l. §hd Eisaman
et al.[16]. Struvite can be effectively used adaavs release fertilizer at high application ratethwiut the risk of
damage to plants. In this work, the potential aggtion of struvite as a fertilizer was examinedtios growth of red
beans. Calcium oleate finds application in foodustdes as food grease and in cosmetic industsesangredient
for skin creams.

MATERIALSAND METHODS

2.1 Raw Materials

The reverse osmosis reject brine was collected fanninland desalination plant in Chennai, Tamilnalhdlia.
Triethylamine, ammonium hydroxide, phosphoric agidtassium hydroxide, sodium hydroxide, oleic agtich
was used for the experiments were of analyticadgra

2.2 Experimental method

All experiments were performed using a batch reaeith mechanical agitation. Reject brine had aattihardness
of 200 ppm and magnesium hardness of 30 ppm asitbgtTamilnadu water supply and drainage board.r€fect
brine was treated with oleic acid to extract thizioan hardness as calcium oleate wet scum at a fp8i50 1N
sodium hydroxide was added to maintain the pH efshlution. 25ml of oleic acid is added to 100 feject brine
sample at agitation speed of 1000 rpm. The formatfoscum (calcium oleate ) was observed accorttirggjuation
1.28 gm of wet scum formed was separated usingifteyg. Calcium oleate is unstable at room tempeeat
Calcium oleate was filtered and purified by washimgbsolute alcohol .Stabilization by lyophilizatiand vacuum
drying was carried out since calcium oleate carodgose to oleic acid at equilibrium conditions sintis a
reversible process.20 gm of dry calcium oleate stased in containers stoppered with parafilm ineorgb avoid
reaction with atmospheric carbon dioxide. As Magmeshydroxide (MgOH) is sparingly soluble in watéfg
present in the RO concentrate water can be easlyjiptated. The Magnesium from reject brine iscjpi¢ated as
magnesium hydroxide using potassium hydroxide goiuivhich is added drop by drop at a pH of 12,whigh
maintained by adding tri-ethylamine. 50 ml of séenpater was reacted with 20 ml of potassium hyutexTri-
ethylamine was added to ensure that pH was maedan 12.The magnesium hydroxide precipitate in dggtated
with ammonium hydroxide and ortho-phosphoric a@d the production of struvite. MgOH precipitates @s a
white precipitate by a centrifuge and thus sepdrafais is further was reacted with ammonia andsphoric acid
at a pH of 12 and struvite was obtained. Extractgdium oleate was analysed by powder x-ray diftrareter .
Struvite was analysed by Fourier TransformatiomarRed analyzer and Powder x-ray diffractometeun@e was
used for in house cultivation of red beans andytioevth was monitored to validate its effectivenass fertilizer.

RESULTSAND DISCUSSION

The stabilized calcium oleate was subjected to XRalysis to investigate the crystalline natur¢hef compound
using Powder x-ray diffractometer, scanned fronio380 degree in continuous mode using Qu4tadiation

(0.154°A). Extracted struvite was subjected to X&1ol Fourier Transformation Infra Red analyzer ugiaotassium

bromide (KBr) pellets. The absorbance spectra wasred from 400 to 4000¢mX-ray diffraction was used for
characterization and assessing the size of theaprdrompounds, calcium oleate and magnesium tramd are
shown in Figure 1 and 2. The XRD patterns for magma struvite is a series of sharp peaks indigatinystalline

nature. The crystal structure of magnesium steugitorthorhombic with prominent peaks indexed Bk 210,212.

The lattice dimensions for magnesium struvite #6.86, b=6.84 and ¢=11.49. Magnesium struvite #irec
matched well with standard Magnesium struvite JCRIDS/1-2089. The average crystalline size of mdgnes
struvite obtained by Debye-Scheerer formula wasidoto be 75-80nm. The XRD pattern for Calcium adeiat

broad indicating its amorphous nature with peak® atalues of 19.3, 21.3 and 25.9.
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Fig. 1: X-ray diffraction image of calcium oleate
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Fig. 2: X-ray diffraction image of struvite

FTIR spectrum of magnesium struvite is presentditjire 3. It has characteristic bands due toatibns of NH",
tetrahedral PgFand Mg-oxygen bonds. The peak at 2919 @urresponds to symmetric stretching vibration ef N
H bond in NH" unit while peak at 1432 chrindicates the asymmetric bending vibration of Nbé&hd in NH* unit.
The absorption peaks at 982 tiis due to symmetric stretching frequency of,P@hile the peak at 474 and 519
cm® corresponds to symmetric and asymmetric bendieguiencies of P§) unit. The metal-oxygen vibration
frequency is seen at 640 ¢m

3.1 Plant growth analysis

Leaf area is an important physiological componérarop yield[17]Leaf area (LA) plays an important role in plant
growth analysis. McKee [18], Pearce et al.[19] ddayer and Stewart[20] cited Montgomery’s[21] gealer
equation to estimate individual leaf area of maiteaf area(LA) = L x W x A where LA, L, W, and Aealeaf
area, leaf length, leaf maximum width and a condiar= 0.75), respectively for non-destructive detmation. The
plants were raised in pots of diameter 10 cm witiraving medium of 1:1 mixture by volume of soildasand.
Two seeds were planted in each pot manually amhéioi out to one plant at the 2-leaf stage for umifplanting
density. The plants were watered twice a day. Tlepgred struvite was added to five plants and thatlp) was
measured as GS and the other five plants were gwathiout adding struvite and their growth was daaigd as G.
Biometric measurements like mean plant height ardrmleaf area were determined for a period ofé8&.dViean
plant height was noted for a period of 30 days witkrvals of 5 days. Leaf area was determined bytiglomery’s
non destructive formula for a period of 30 dayshwittervals of 10 days. Leaves from five plantsevesed for the
research each with G and SG. Length(base to tighwadth (broadest point at the base) were measgarigdlividual
lobes for each plant using LI 300 portable metre.
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Fig. 3 Fourier transform infrared spectroscopy of prepared struvite
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Figure4 (a) Mean plant height vs Age (b) Mean Leaf areavsAge

From the graphs shown in figure 4 (a) and (b)cait be inferred that there is an increase in glaight and leaf
area for plants grown with struvite (GS) than witlant grown without addition of struvite(G).Onlygliminary
work was done and future experiments will be cdrdat for other growth measurements.From the ssudiean be
inferred that struvite extracted from reverse odmesject has potential application as a fertilizéhich is
environment friendly.

CONCLUSION

Calcium oleate and struvite was extraced from v@smosis reject brine.RO rejects are usually @édnip water
bodies which increases the chemical load on watelies and thus leads to pollution. This researchsain
producing valuable end products and thus decrgadRition of water bodies. Calcium oleate finds leggdion in
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cosmetic and food industries.Struvite was validaasda fertilizer by the experiments and finds aggion in
agricultural sectors. There are more value add#d sareverse osmosis brine which will be furtlestimated in
future studies.
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