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ABSRACT

The process of struvite precipitation and removalNH,"-N from industrial waste streams were studied by
laboratory experimental work. Struvite, the sloweese fertilizer was prepared by addition of magmasand
phosphate sources with calculated stoichiometrtorto optimize reagent dosage and makes the ptatign more
efficient. Liquid bittern (LB) was added as low ttasagnesium source, containing 73% magnesium. Three
industrial effluents from the fertilizer factoryrqved to be cost —effective forstruvite productidhe ammonia
removal ratio was 80% from the nitric acid streabt% from the ammonium nitrate stream, and 54.2%nftbe
ammonium sulfate stream. The yield of struvite Wa$s g/L, 1 g/L, 0.79 g/L and 0.5 g/L recoveredrframmonium
sulfate stream, nitric acid stream, ammonium nératream and mixed stream respectively. Struvitedton was
later verified by analyzing the morphology and cosifion employing scanning electron microscope (&M X-
ray Diffraction (XRD), respectively. A preliminatgchno — economic evaluation for struvite productaredicted
from both pilot scale and industrial scale was $ddand supported recoveredstruvite for potentiaé was a
renewable fertilizer.

Key words: slow release fertilizer, nutrients recovery, iattial effluent, liquid bittern, struvite.

INTRODUCTION

Struvite precipitation is one the innovative phgsahemical processes which can majorly contribute the
removal of NH'-N or phosphorous forming complex under requireddiions. It is also an ecologically sound
technology which is not only cost —effective, blgcasustainable in terms of possible recovery afyckable
constituents from industrial effluent rich in netnis.

NH,™-N has been identified as one of the major toxieamtmicroorganisms in the treatment system, suiggethat

pretreatment prior to the biological treatment sysis required to reduce the concentration of,N¥{1].Nitrogen

contamination is highly toxic and it would adveyseffect aquatic life if it is discharged above stinable limit
causes the death of fish [2]. The high contentrofr@nia nitrogen is the major factor that affects tbxicity of

wastewater. Majorly fertilizer and dye manufactgriimdustries have high NN content in their effluent [3].
Therefore the treatment of effluent for removatoery / recycle for ammonia nitrogen is essential.

Some industrial effluents are both characterizedrddgtively high concentrations of phosphorous aitdogen
(especially ammonia).The wastewater produced frairydndustry in cheese whey arise environmentéugon if
there is no recycling unit. Semiconductor wastewagenerally contains high levels of ammonia ¢WN)and
phosphate (P£)[4].

Around the world there is an augmentation on priédo®f fertilizers containing phosphate with ineseng demand

for phosphate rockby 1.5%ach year [5]. About 85% of the phosphate is used for proiuncof fertilizer and there
are 7 -billion tons of phosphate rocks g®©fPremaining in reserves. Considering 40 million tarfsP as BOs
consumption each year, the available resourcesawéRexpected to be exhausted in 100/250 yeatkaf@n use of
Fertilizer is 321 Kg/hectar, France 240 Kg/hectengland 283 Kg/hectar, Greece 115 Kg/hectar, Spain
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155Kg/hectar and the world average of fertilizeagesis 116 Kg/hectar. As soil lacks nitrogen andsphorous the
fertilizer usage is necessary in agricultural gtowt

Therefore, finding a cheap method to recover suelterials from waste streams can provide a breasugtr
solution. One of the recent innovations is productnd recovery of struvite (Mg. NHPQ,.6H,0) from the waste.
If the formation of struvite is controlled, thercian be beneficiary since its precipitation remaveg’™-N and PG*
-P from the water and the precipitate has the pielamse as a fertilizer [7].

Struvite (MAP) magnesium ammonium phosphate, yiald of the most nutritive fertilizers because ihgists of

Mg, N and P as micro and macro nutrients for saililities, in addition it is a concentrated, guar, non-sludgy,
non-odorous , and slow-release fertilizer and yamluable by-product. Struvite can be effectiveed as a slow-
release fertilizer at high application rate withautisk of damaging plants. Suggested uses aresgivand include
ornamental plants, young trees in forest, grasshasds and potted plants. If high recovery efficiecan be
achieved in wastewater treatment plants, then ereovproducts can be used as a substitute of rexifitilizer

products. There are also fertilizer companies usingvite as an additive and they mix it with otlsrganic and
organic materials to adjust the amount of nitroggmsphoric acid and potassium.

Struvite or MAP as shown in Fig (1) is a white ¢ayne solid substance consisting of magnesiunmanmium, and
phosphorus in equal molar concentrations.

In wastewater containing both soluble £& and NH'-N, struvite crystallizes if Mg and alkali are added [8].

HPO +NH," + Mg® + OH +5 H,0 — Mg NH, PQ, * 6H,0

Fig. (1) Struvite picture in powder and granulatedforms

MAP complex process is pH sensitive method. A cexpiecomes insoluble at pH above 8.5 and henceatecu
control of pH has to be shown in precipitation @eg conditions. Doses of Mg and P depend on the
stoichiometric calculations. The recovered strugit@tains hardly any toxic substance, and can leetedertilizer
companies as a fertilizer raw material [9].The fation of struvite crystals is a method which cotwehe
hazardous waste into non-hazardous useful nutsitiesource[10]. MAP process can stand tall for yregolution
[11].

In this study five different effluents of fertilizeompany will be used to recover ammonia deplédeding nitrogen
fertilizer production) as struvite.

MATERIALS AND METHODS

Five grape samples have been taken from Chemictlizier industry’s streams. Ammonium Nitrate strea
Ammonium Sulfate stream, Nitric actteam, Treatment unit stream and Mixed stream weeg as test samples.
The experiment is carried out in a beaker of cdapali with moderate agitation with speed (100 rpfor) each
experiment. NaOH solution (1N) is used to adjuBitieht streams pH to the required value. All samgeams are
nearly alkaline except the third stream sample whieeded treatment with more NaOH as shown in Tabla2].
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Table (1) Characteristics of waste effluents befor8truvite precipitation
pH | TDS | Cond. | SO;” | NHs | PO | COD | Ca™ | Mg’
Effluent type value | mg/L | mS/em | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L
Ammonium Nitrate | 9.27 | 23.6 | 4.72 108 | 0.033 | 45.77| 96 0.32 | 0.115
Ammonium Sulphate 8.07 | 6.80 | 13.77 | 448 | 0.120| 98.85| 104.5| 1.204 | 0.361
Nitric Acid 8.62 | 1.08 2.23 264 | 0.251| 69.62| 50.5 | 0.69 | 0.339
WW trmnt Unit* 202 | 742 | 1490 | 816 | 0.11 | 76.15| 305 | ---
Mixed effluents 9.26 | 4.89 9.78 888 | 0.106| 23.85| 33 0.42 | 0.988

*Trmnt = treatment

Effluent streams are subjected to full chemicalysis according to standard methods for examinatiowater and
wastewater for (ammonia, phosphorous, magnesiurdnhias, calcium, conductivity, pH value, dissolgetids and
others). Calculated quantities of precipitating ragecan be added. Liquid Bittern(LB) as low costirse of
magnesium was used and their characteristics argrsim Table (2).

Table (2) Characteristics of liquid bitten used asource of magnesium

Element Value(mg/L)
TDS 292
Calcium 1600
Magnesium 73.84
Sodium 21.76
Chlorides 218.63
Sulfate 3.2
Carbonate 0.5
Potassium 9.81
Bicarbonate 1.73
Bromine 12
Boron 70
lodine 5
Lithium 0.31
Conductivity | 583mS/cm

RESULTS AND DISCUSSION

After addition of the precipitating agents, pH ofstewater streams has to be maintained at abodb®tgher
yield of struvite precipitation. When we compare tata analyzed in Table(1) and Table(3), we ndtieesharp
decrease in ammonia concentration mainly in streafnagnmonium nitrate from 0.033 mg/L to 0.015 andhitric
acid stream from 0.25 to 0.05 which prove the &ffitrecovery percentage of more than 57.2% in annoitrate
stream and about 80% in nitric acid stream,witlinste yield of 0.79 and 1 g/l respectively. Strevitield from
ammonia sulphate was the highest of 1.1g/L as showrable (4).

Table (3) Analysis of waste Effluentsafter Struvitgrecipitation

Effluent type pH | TDS | Cond. | SO, | NH," | PQ,” | COD | Ca™ | Mg*
value | mg/L | mS/cm| mg/L | mg/L | mg/L | mg/L | mg/L | mg/L

Ammonium Nitrate 8.94 | 20.12 | 36.56 128 0.015| 11.0 | 405 | 0.24 | 0.089

Ammonium Sulphatg 9.13 | 6.39 12.47 260 0.055| 11.0 | 34.2 | 0.54 | 0.403

Nitric Acid 8.01 | 2.03 | 4.10 477 | 0.050| 8.77 | 42 H* 5.626

WW treatment Unit | 8.90 | 6.64 12.95 532 0.131 | 6.92 8.50 | 0.554 | 0.273

Mixed effluents 9.21 | 5.21 10.04 616 0.107 | 4.154 | 19 0.28 | 0.110

*H= very high

The same for phosphorous reduction percentage whiperformed with struvite precipitation techreégat their
optimum operating parameters of pH, precipitatiometand agitator speed to give highest reductiongrgage in
ammonium sulphate streams of about 89% followednityic acid stream of 87.4% reduction in phospharou
content which was crystallized as struvite .

The sequential addition of required reagents shbaldLB) as magnesium source followed by phospaatkthen
allowing the mixture to agitate for about 30 tor6hutes at moderate speed (100 rpm) and then reébercesults.
After one hour of continuous stirring, precipitégeallowed to settle down the container over-nighallow product
to agglomerate and give high crystal growth [13].

Table (4) illustrates the changes of ammonia, phaiep sulfate and chemical oxygen demand in the streams
after struvite precipitation. The percentage of C@oval showed trends within range (16 — 58%)[Bhd[15].
No significant increase in the pH wasmaintainedctrafteatment. Residual phosphate was determinesbiine
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streams. This phosphate may be formed at lowerfyither crystallization and precipitation of strteviwas then
inhibited, thus residual concentration of phospleds maintained.

Table (4) Results of percentage reduction of ammaaj phosphate, sulfate and chemical oxygen demand

SO, | COD | POy | NH;-N | Yield
(%) | () | (%) (%) (g/t)
Ammonium Nitrate - 58.33 | 76.08 57.5 0.7913
Ammonium Sulphate 4196 | 67.3 | 88.87 54.2 1.1466

Effluent type

Nitric Acid 16 87.4 80.1 1.0003
Waste Water treatment Unjt  --- --- --- --
Mixed effluents 30.63 | 42.4 | 82.58 -- 0.5053

3.1. SEM and XRD Analysis precipitation of struvitefrom ammonium nitrate stream
To assess the quality of struvite created througitipitation, the four streams were analyzed by X&id SEM
analysis Fig (2) to Fig (5). The XRD pattern geteddrom these samples matched the database nuodgtdvite.

Struvite is precipated from ammonium nitrate stréamure elongated needle crystalsshape as showmmaige (2).
The needle —shaped crystals precipitated with eggike of radius 4.7nm -7.6 nm, andof length a7 26n — 54.1
nm. The XRD of this struvite is shown in Fig(2) whiillustrates the main five indicative peaks otisite.

100um 500X

Image (2)SEM view of struvite crystals precipitatedrom Ammonium Nitrate stream
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Fig (2) XRD of struvite precipitated from Ammonium Nitrate stream
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3.2. SEM and XRD Analysis ofStruvite precipitated fom ammonium sulphate stream

From image(3) it is clear that struvite precipithttom ammonium sulfate stream is elongated priemat
orthorhombic crystals in aggregations. The cigstaorphology showed raduius of 5nm — 7nm and kgt 8.9
nm — 23.6nm.Fig(3) shows the XRD of this struviiéwthe main five indicative peaks for efficienegipitation.

10ogm 200K

Image (3)ESM view of struvite crystals precipitatedrom Ammonium Sulphate stream

3.3. Use of nitric acid stream for struvite precipiation

Struvitepecipiated from nitric acid stream is afredated shape crystals with different sizes as shavimage(4).
Fig(4) illustrates XRD of produced struvite wittetmain five peaks as indicator for its precipitatio
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Fig (3) XRD of struvite precipitated from Ammonium sulphate stream

3.4. Exploration of mixed stream for struvite precpitation.
The struvite precipitated from the mixed strearafislongated prismatic crystals as illustrated fben microscopic
view, image(5). The crystal radius varies from ifmd — 8.4nm and its length varies from 15.3nm — haB8 XRD

pattern is shown in Fig(5)with five peaks of lovimtensity and much noise indicating some impurittest affected
rate of precipitation and crystal morphology.

117
Pelagia Research Library



Sh. El Rafieet al Adv. Appl. Sci. Res., 2013, 4(1):113-123
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Image (4)ESM view of struvite crystals precipitatedrom Nitric Acid stream
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Fig (4) XRD of struvite precipitated from Nitric Acid stream
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Image (5)ESM view of struvite crystals precipitatedrom Mixed stream
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4.Instrumentation and product Quality Control:

Struvite, produced from different effluents comeg of fertilizer industry was subjected to X-rayffdiction to
confirm that the produced crystals have the saneenddal pure structure of struvite as published iterature [ ].
This was proved for all streams as shown in FigKkR)(3), Fig(4) and Fig(5) for all streams yieldistruvite.

On the other hand, yield was subjected to SEM (stactron microscope) to notice the differenceriystal shape
of agglomerated or non-agglomerated samples ofistttAs shown in image(2), image (3), image(4) andge(5)

it is clear that struvite crystals give differettapes from pure elongated shape in ammonium selgiegam to
high agglomeration in nitric acid stream and misg@ams.
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Fig (5) XRD of struvite precipitated from Mixed stream

5-Preliminary Techno — Economic Evaluation for Strwite Production from Industrial Wastewater
Simulation and basic engineering of struvite praiduc for proposed capacity 600tons/year (2 tons/dayl
ton/shift) has been developed. The simulation ietu the followings: reaction, settling, filtrationrying,
granulation and packing.

The process flowsheets are depicted in Figuresfé&iilot and industrial scales.

355.8L Ma OH (1N)

0r14.232 kg Na OH . 13;'29 . 05';2‘5_’
139m? .036m*
T 1nn g 1.497m?
Ln® LW.W ™ Reaction Stirring I Dryingin open
Settling N )
[ 10 min 25°C+2 15 mir Filtration - > air 5 hours
(2.65kg NH; NO; pP.=9 5% Slurry 80% Solid
- (1.423 E‘g‘;ﬂ:?
Bittern** [} m® H;0 5
0.112 m? 5 00'232:3'"“1
(Mg™ s2g/L) rs‘c.rl..l'.,'i‘ce-mS
Packin -
KHzPO, g [ Granulation
5.39 kg
Fig (6) Block Flow Sheet for Struvite Production atPilot Scale (383 kg/shift)
*Ammonium Nitrate from Industrial Effluent
**Bjttern from Edible Salt Factory at El Mex (Alexdria)
119

Pelagia Research Library



Sh. El Rafieet al Adv. Appl. Sci. Res., 2013, 4(1):113-123
Na OH [1N]
575.1L Hzc: Hz?
(39Kg Na OH) 2.8m 0.105m
274 m° LWW Reaction Stirring 4.2 m? I Dryingin open
Settling : ; ; an°
[ 10 min 25°C£2 . LS min Filtration > air or at40°C
_ . 0.7 M® fors hours
7.27 Ka NH;Nos Py=9 3.5m’ : .
(5%D.R) (85% D.R
Bittern 7 _ )
0.31 m? Struvite 0.535m
(19.65 kg Mg?'] 1000 kg
1ton
KH:PO. Packing . Granulation
17.52 kg -

Fig (7) Block Flow Sheet for Struvite Production atindustrial Scale (1 ton/shift)

5.1.Total capital investment costs
Equipment sizes based on the mass production astcestimation of the process equipment has beénatstl as
presented in Table(5) [16].

Table (5) Total Capital Investment (TCI)

Item No Unit Cost
L.E

A. Direct Cost (DC)
« Purchased Equipment (PE
' Wastewater storage tank concrete lined 2m 1 5000

Brine storage tank concrete lined 5m 1 7500

Reactor, Reinforced concrete, Lined & beapacity with Mechanical Stirrer 1 15000
* Settler, Reinforced concrete, Lined provided wittidm skimer& 5m capacity 1 8500
« Filer press (2.5M 1 30000
+ Drying beds (1% i igggg
» Granulator 1 6000
« Packing Unit (500 kg/hr) 132000
Total purchased Equipment
» Purchased equipments installation (35% of P.E) 46200
* Instrumentation control  (10% of P.E) 13200
* Piping (15% of P.E) 19800
* Electrical (10% of P.E) 13200
« Buildings (15% of P.E) 19800
¢ Yard Improvement (4% of P.E) 5280
* Land & Service Facilities (10% of P.E) 13200
Total Direct Cost 130680

2626800

B. Indirect Cost — (IC) (15% of FCI)
» Engineering & Supervisor (5% DC) 13134
« Contractor fee 's (2% of DC) 5254
« Contingency (6% of FCI) 17941
Total Indirect Cost (IC) 36329
C. Fixed Capital Investment (FCI)

FCI=DC +IC 299009
D. Working Capital (10% of FCI) 29901

328910

Total Capital Investment = DC +IC+WC

*All equipments are locally made in Egypt.

5.2.0perating Cost
In addition to raw materials cost as estimated @ting to actual consumption from pilot experimemedults and
prevailing costs, other components of operatingscae presented in Table (6, 7, 8&9)
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Table (6) Annual Raw Materials Cost

Name of Material Price / Ton | Annual amount | Annual rat material cost
L.E 1 kgly L.Elyear
* Sodium hydroxide 200 40 8
« Potassium di hydrogen phosphdte 70500 35 2467.5
« Waste water (NENOs) 500 150000 150000

 Bittern* (Mg)* -
Mg) 152476
Annual raw materials cost

Table (7) Annual Direct Production Cost

Item Cost
L.Elyear
¢ Annual raw materials cost 152476

 Operating labors (20% of TPC) 304951
« Direct supervision (0.05% of OL) | 76238

. Utiliies (0.2% of TPC) | 304956
+ Maintenance (10% of FCI) 22%%%1

« Operating supplies (1% of FCI)

¢ Laboratory charges (0.05% of OL) g?ggg
« Patents & Royalties (0.06% of TPQ)
Direct production cost 1023988

*Transportation cost of bittern considering no aaftaost for waste bittern

Table (8) Fixed Charges Cost

Item Cost
L.Elyear
« Depreciation (10% of FCI) 29901
* Local Taxes (4% of FCI) 11960
« Insurance (1% of FCI) 2990

Total fixed charges 44851
Plant overhead (10% of TPC)| 152476

Manufacturing cost = Direct cost + Fixed charges Plant overhead = 147252 L.E

Table (9) General Expenses

Item Cost
L.Elyear
* Administration Cost (4% of TPC) 60990

+ Distribution & Selling Cost (10% of TPC) 152476
+ Research & Development (5% of TPC) | 76238

+ Financing (1% of FCI) 2990
Total General Expenses 292694

Total production cost = Manufacturing cost + GenerbExpenses =
1514009L.E / 600 tons
= 2523 L.E/ton = 2.5 L.E/ kg = 31.25 NR$ kg

The struvite market value is between 25 and 57 K@Rwith a best estimate of 41 Ny [17]
Our struvite is Mg NH PQ,. 6H,0
1.6: 0.6 :1.6 by mole, so nitrogen conterun struvite is 5.54%.

Produced struvite is considered as mixed fertiliér.4% Mg, 4.3% NEand 35.6% P¢) with production cost
2523 L.E/ton.

The calculation of the product cost as prices eheamponent in local market according to Tablg.(10
*| Euro =100 NRs =8 L.E
INR =0.08 L.E
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Table (10) Calculation of Struvite Price

Fertilizer Effective element (%) Cost of(ﬁffsﬁgvne) element
» Magnesite (MgS@10 HO) 8%Mg 2000
* Ammonium Nitrate (NH.NO;, 22.5% NH 1400
» Superphosphate CafPiO,).H,0 75.4% PQ 700

The estimated total price of the mixed fertilizetrgvite) produced will be calculated as the additdof each
component as shown in Table (11).

Table (11) Estimation of produced struvite price

Component | % price (L.E/ton)
Mg 154 3850
NH,4 4.3 267.5
PO, 75.4 330.5
Total 4448 L.E/ tonConsidered as selling price

So total selling price = 4000 x 600 = 2400000 L.E

Total production cost = 2523x 600 = 1514003 L.E

Profit = 2400000 - 1514B6885991L.E
SRR % = Profit = 88598100 =269 %
TClI 328910

Payback Period = TCI x 12 =4.45 montfsmonths
Profit
CONCLUSION

In this study struvite was recovered fromwasteuefits of chemical fertilizer industry. The stoiahietric molar
ratio of M¢f": NH,"-N: PQ;* was 1:1:1 which was sufficient for ammonia remadwal80% and produced yield of
about 1g/L from the Nitric Acid effluent in the stiite precipitation. The crystal phase of struvites obtained by
XRD and morphologies were analyzed by SEM. Thetatyaorphologies indicated high purity in all siagitreams
(ammonium nitrate, ammonium sulphate and Nitridgddut the recovered crystals from the mixed streaowed
contamination which slightly inhibited the rate ofystal growth. The preliminary economic study pecest,
indicated significant mass production of struvited goroved that struvite technology is an econonfficient
technique to avoid harmful effects of eutroficatiaith successful production of slow-release femtiti rich in
ammonia and phosphorous..
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