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ABSTRACT 

	The objective of this work is the valorisation of some of the waste streams that are generated post the production of bioethanol in sugar factories and distilleries. Boiler ash and process condensate are the two waste streams chosen for this study. This study reports a new approach on extraction of the important components from the boiler ash, containing, mainly potassium, by using another waste stream denoted as process condensate. The study shows that extraction of potassium with process condensate is possible with around 75% potassium extraction efficiency with 80 % potassium purity in a single extraction method. A chief advantage of the current extraction process is that it generates a good quality of distillate which can be safely recycled back to the fermentation process. This recycled distillate helps in savings of addition of equivalent amount of fresh process water required for bioethanol fermentation. Analysis of the process condensate reveals that it contains major volatile acidic inhibitors, like acetic, propionic, butyric, iso-butyric, valeric, iso-valeric acids. These are the major inhibitors for yeast and reduces the efficiency of bioethanol fermentation process. Following this potassium extraction process, ~90% of these volatile acids are separated and removed. In addition to all the benefits, the process employed in this works helps remove inhibitors that is microbial contamination, thereby providing the condensate which can be effectively and safely used as process water back to the fermentation stream to produce bioethanol.
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1. INTRODUCTION

[bookmark: _Hlk218691507][bookmark: _Hlk218691547]For advancing the modern civilization various chemical and energy industries worldwide need to address the challenges of the environmental pollution, good health and clean energy. The wastes emanating from various chemical, energy and pharma industries offsets the balance of the environment leading to air, water and land pollutions. The waste generated is very vast in chemistry and poses hazard in many ways to the human health, the flora and the environment in general. Therefore, there is a greater thrust now to mitigate the industrial waste streams and at the same time create an avenue for the valorisation of these waste streams.  
[bookmark: _Hlk218691580]Molasses based ethanol distilleries is a major chemical industry which contributes towards solid and liquid waste disposal in a large way. Sugar factories and ethanol distilleries is now witnessing a great surge because of the demand for the blending mandates of bioethanol with petrol (gasoline). Therefore, it is inevitable that huge amount of waste stream will be generated as a part of the growth of this industry. Regrettably, in many developing industrialized nations the proper channelization of waste stream, particularly, solid and liquid waste stream are yet to be implemented. Water consumption and streamline of process water is very crucial for the further development of waste management schemes. The scope for the valorisation of waste streams to extract valuable chemicals is therefore very high.  
[bookmark: _Hlk218691776][bookmark: _Hlk218691871]Sugar based ethanol distilleries produce around 12 litres of effluent “spent wash” per litre of ethanol (Sarayu Mohana et al. 2009, Shivarajkumar M. Kamble et al. 2017). Spent wash is highly coloured and can easily pollute water bodies and the land around. To overcome the problem, some distilleries adopt evaporation & incineration strategies for spent wash. After evaporation and concentration, the thickened spent wash called “concentrated molasses soluble” OR condensed molasses soluble (CMS) (K.N. Waliszewski et al. 1997, Shuang Li, Xinghai Zhao 2020), which is rich in organic matter, is generated. In the current scenario it is charged to the boilers and additional energy is recovered. Incineration of CMS generates energy as well as boiler ash. However, this process has some demerits. Evaporation of spent wash generates water vapours which are condensed to water and collected in tanks. Within the sugar-based ethanol industry this is usually referred as evaporation or process condensate. The disposal of this evaporation or process condensate is a major challenge now a days due to stringent environmental norms. 

The condensate is an effluent and needs to be treated as it contains different volatile organic matter, unpleasant, obnoxious odour & aroma. CMS production generates evaporation or process condensate, and CMS incineration generates ash; both these operations lead to formation of pollutants, condensate & the ash (Figure 1).
[image: ]
Figure 1. Schematic Diagram: Ash & Process Condensate Production in Sugars Factory


In principle, these pollutants need to be treated to enhance the sustainability of the ethanol distilleries. Now there is greater thrust to utilize these effluents along with other effluents produced in the industry. 
The valorisation of residual boiler ash assumes great importance as it contains sizable amounts of potassium and its salts. The use of large amounts of fertilizers, rich in NPK are given to sugar cane crop while farming resulting in enriched potassium in the sugarcane and ultimately gets in the molasses. These NPK reach molasses in sugar making process ultimately end up in final ash following the fermentation, spent wash, and CMS cycle unit operations. Hence, the ash produced with incineration of CMS is rich in potassium content with approximately 6 to 15% by weight. Separation of potassium using process condensate with generation of organic acid & microbial free water, suitable for recycling back to fermentation is explored and addressed in the present paper. 
Prior to the presented work here, a large of number interesting approaches has been documented in literature, including patents regarding extraction of potassium from ash. Tapas Chatterjee 2021, Mohan Kerba Dongre 2020.  Sumit Yadav et al. 2021 have developed one or two stage processes in which ash is mixed with water. Dissolved potassium salts are extracted by evaporating the liquid. The use of strong sulphuric acid is also reported in some of these works. Kimura Tetsuo et al. 1997 from Kubota Corp separated potassium salts from fly ash, using elevated temperatures and chemical like NaSH for the removal of heavy metals. After the removal of the precipitate, the liquid stream rich in potassium, sodium and other salts are cooled to a suitable temperature. Through this methods and pathway, potassium chloride and sodium chloride are separated. Hamano Shuji, et al. 2021 from Hitachi group have used a reactor for separation & extraction of sodium and potassium. Ash containing potassium is allowed to react at elevated temperature of 60°C and then cooled at lower temperatures in a specialized crystallization and cooling section. With further chemical process they have separated potassium as potassium chloride.
To minimize effluents and to address the challenge of waste streams disposal, the presented work here attempts on the areas on valorisation of ash through the following methods and strategies: (1) Use of no chemicals in the process to make unit operations chemical free. (2) For extraction of potassium salts, the process explored in this work, uses other effluent of the sugar factory called process condensate, which otherwise, if not used in constructive way, is a big problem for the industry. (3) The use of process condensate for extraction potassium, also removes the chemical inhibitors, predominantly organic fatty acids present in the condensate. (4) Along with chemical inhibitors the process also strips off one more inhibitory component, that is microbial flora, generating clean & inhibitors free water, which is very safe to recycle back to the fermentation process, as fresh process water. Consequently, reuse of process condensate for fermentation, reduces the requirement of pure natural water. (5) This process generates potassium & magnesium salts as a product mainly to be used as fertilizer. This product may further be purified for other applications. Purification of this salt is not discussed in the paper as it has already been discussed by other researchers.
This work presents the experimental proof and concepts of extraction of potassium and reuse of process condensate, by removing the unwanted components. Thus, we believe, the presented work is a potential as an industrially practical pathway to address reducing sugar factory effluent. 


2. material and methods  

2.1 Materials and Reagents
Boiler ash & process condensate was received from Sharayu Industries Pvt Ltd, a sugar factory in Maharashtra, India, and it was used as such. The ash used for experimentation was produced by incineration of bagasse & concentrated spent wash. Process condensate was generated during concentration of spent wash. 

For ICP elemental quantification, Multi element standard from Sigma-Aldrich Supelco make was used. For silica and phosphorous quantification, US based Organic ‘Venture’ make standard was used. 1000 ppm yttrium standard from Sigma-Aldrich make was used as internal standard. 

Fischer make Supra grade 70% Nitric acid used for sample preparation. UHP (Ultra High Purity) grade argon & nitrogen were used for plasma generation & purging, in ICP-OES operation.

Gas chromatographic analysis was performed using Sigma-Aldrich make analytical grade organic acids with acetic acid 99%, propionic acid 99.5%, butyric acid 99%, iso-butyric acid 99%, valeric & iso-valeric acid 99% purity, were used. 

Qualigen make AR grade, sulphuric acid used for volatile acids by chemical titration method. 
Growth medium, nutrient agar, from Hi-Media, was used for enumeration of viable count. microbial analysis was performed using all necessary instruments like autoclave, laminar air flow, vortex mixer, autopipettes & incubator etc. 

Analytical grade chemicals were used for chloride, sulphates & carbonates (alkalinity) analysis.

HPLC grade pure water, generated from Milli-Q make reverse osmosis filtration unit was used for all sample preparation and dilutions of all estimations.

2.2 EXTRACTION EXPERIMENTS
Extraction process of boiler ash for recovering potassium was conducted using predetermined (a) 1:10 and (b) 1:20 ratios of ash to process condensate & (c) multiple extractions of the extracted residue. three extractions on the residue were carried out in multiple extraction method. Schematic diagram of the extraction process is outlined in the Figure 2.  

2.2.1 Experimental details for 1:10 & 1:20 ratios of ash to process condensate 
25g of ash was weighed and quantitatively transferred to 500mL Erlenmeyer flask. To the flask 250mL process condensate was added. This extraction was with 1:10 ratio of ash to process condensate. The slurry thus prepared, was agitated using rotary shaker at 150 rpm for 2 hours at 30°C. mainly potassium was extracted in the liquid. After extraction, solid-liquid separation was done by filtering the mixture through Whatman filter paper number 1. Clear Liquid obtained after filtration, is called “Extract” and wet solid insoluble part is called “Residue”. The extract contains solubilised metallic ions, in this work chiefly potassium.

The obtained wet residue was weighed, and the weight was noted. Its total solids & moisture content was estimated by oven drying method at 103°C. The volume & weight of the extract was also noted. 

Potassium content of extract as well as of the dried residue was estimated using ICP. The ratio in percentage, of potassium in the extract to the total potassium in the residue & in extract, gives the % extraction or extraction efficiency of Potassium. 

Similar set of experiment was performed using 1:20 dilution ratio. For this, 12.5g of ash was mixed with 250mL process condensate in 250mL Erlenmeyer flask. Further experimentation and extraction were conducted in the similar way, using the same experimental conditions & parameters as explained above. Percentage Extraction of potassium and other metals were calculated using following formula

Percentage (%) Extraction 

Percentage Extraction = [(A) / (B + A)] x 100

Where A: Total Element in Extract.  B: Total Element in Residue.



[image: ]

Figure 2. Schematic Diagram: Process for extraction of boiler ash

2.2.2. Experimental Description for Multiple Extraction Method 
In this experiment, 3 repeat extractions of the ash and subsequent residues were carried out. For these experiments 1:10 ratio of ash to process condensate was used. 25 g of ash was mixed with 250mL of process condensate in 500mL Erlenmeyer flask. The mixed slurry was agitated for 2 hours at 30°C with 150 rpm using rotatory shaker. After extraction, solid-liquid separation was done by filtering the slurry through Whatman filter paper no.1. Separated wet residue, was weighed & the liquid, extract volume was measured. This is denoted as 1st extraction.

To the wet residue obtained after 1st extraction, fresh portion of 250mL process condensate was added & mixed well. This slurry was agitated for 15 minutes using rotary shaker at ambient temperature for 15 min at 150 rpm. Solid liquid separation of the slurry was done by filtration, with Whatman filter paper. This is denoted as 2nd Extraction. Quantity of 2nd wet residue & 2nd liquid extract was measured and noted. 

Same process for 3rd extraction was repeated with the residue obtained in 2nd extraction. Fresh 250mL process condensate was mixed with 2nd residue, and the extraction was carried out using same experimental conditions as above. From this extraction, 3rd residue & 3rd extract was obtained. 

Liquid extracts of all three extractions were mixed to get “Mixed Extract”. Residue left over after 3rd extraction is termed as “Final Residue”. Total solids & moisture content of mixed extract & final residue was estimated by drying at 103°C in hot air convection oven. 

Potassium content in dry residue and mixed extract was estimated. The obtained potassium values were used for potassium recovery calculation. The same formula, as noted above, was used to calculate percent recovery of potassium and other metallic soluble.

2.3 PRODUCT SEPARATION, PURITY MEASUREMENT & REMOVAL OF INHIBITORY COMPONENTS 
The liquid extract obtained in above experiments, was evaporated to dryness using ‘Rotavap’, a vacuum distillation unit at 95°C, and the salts of dissolved elements, were separated in dry form. This dried solid mass is called “Product”. 

Product was analysed using ICP for its total elemental contents including, potassium and other. Purity of the product in terms of potassium content was calculated by taking the ratio of potassium of the product to the sum of all elements including potassium in the product. This ratio in percentage is the percent purity of product in terms of potassium ions. This product rich in potash may be used as fertilizer or may be sent for further purification, any of the work described in above, be referred for purification. Thus, 

 % Potassium Purity of the product = (CP / S) x 100

Where CP is Concentration of elemental Potassium & S is the Sum of all cationic elements including potassium. Vapours generated during extract evaporation were condensed and collected. This condensed liquid is called “Distillate”. The distillate is important as it is further used for ethanol fermentation process as process water.

Distillate was analysed using Gas Chromatograph for its volatile acids content. The raw process condensate was also analysed for Volatile acid content. Using the values of acids in distillate & in the raw process condensate, the percentage of volatile acids removal was calculated. It was expected that volatile fatty acid content of distillate is very small so that it is safe to recycle to fermentation process saving equivalent amount of fresh water. Thus, ultimately reducing the effluent generated in the form of process condensate. 

% of Volatile acids removal = [100 – ((VAD / VAC) x100)]

Where VAD is Volatile acids in Distillate in ppm; VAC is Volatile acids in raw condensate in ppm


2.4 ANALYTICAL METHODS
2.4.1 Ash analysis by ICP
Ash analysis was carried out for major and minor metal content using Inductively Coupled Plasma Spectrometer-Optical Emission Spectroscopy technique (ICP-OES). Perking Elmer ICP-OES was used for this analysis. 

Ash samples were mixed with nitric acid, and the mixture was taken in specialized digester tubes, made of high-density polypropylene (HDPE). Acid digestion of samples was carried out in ‘Multiwave Go’ a digester from Anton Paar@GmbH. The data acquisition, integration and the reporting were done using Perking Elmer ‘Syngistix-ICP-Continuous software.

For elemental analysis, accurately about 0.1g of homogenised ash sample, was digested using 7.5mL nitric in a sealed digester tube. For digestion, samples were heated with the rate of 10°C min up to 150°C, and were held at 150°C, for 35 minutes. (Ramp1). Samples were further heated up to 180°C with the rate of 2°C/minute and were held at 180°C for 40minutes (Ramp 2). Ash samples thus digested were quantitatively transferred to 50mL volumetric flask. 1mL yttrium standard was added as internal standard and diluted to the mark with 2% nitric acid in water. Thus, prepared samples, were analysed by using ICP & the quantification of elements were reported in ppm units. Liquid samples were diluted suitably. Sample were digested and analysed in the same way as described above. 

2.4.2 Gas Chromatograph analysis of Volatile acids
Raw process condensate and the distillate was analysed for volatile organic components, specifically volatile acids or volatile fatty acids (VA/VFA).  Agilent make gas chromatograph 8890 series was used for this analysis. 

The gas chromatograph was equipped with split/split less mode of autoinjector, capillary wax column with 1 micron thickness of polyethylene glycol (PEG) as stationary phase, 0.53mm ID, 60m length and an FID detector. Ultra-high purity (UHP) grade nitrogen, hydrogen & oxygen were used for gas chromatograph. Nitrogen gas was used as carrier gas while other gases were used for FID detector.

Suitable sample size (1mL) was diluted in 10mL volumetric flask using acetonitrile. 100µL of 1% v/v n-amyl alcohol was added to it as internal standard and mixed well.  Thus, 1µL of prepared sample was injected into the injector.

Gas chromatograph setting for analysis was as follows: injector temperature 220°C, capillary column flow of 5mL /min, temperature program of, initial temperature holding at 80°C for 5min, then ramp rate with 25°C/minute up to 240°C & final hold was at 240°C for 10 minutes. Separated components were detected by FID, held at 230°C. The data acquisition, integration and calculations were done using Agilent Open Lab, CDS 2.7 software. (Analytical Methods, 7th Revision C-14, E-4, G-2,). 

2.4.3 Volatile acids determination: distillation method
Estimation of volatile acidity of the raw condensate & the distillate was carried out using classical, empirical steam distillation method as well. (Analytical Methods, 7th Revision 2014, C-14, E-4, G-2, APHA-AWWA, 18th, 22nd 1992. 2012, VA: 5560:5-61, Cl-: 4500:5 -72, SO4: 4500: 4 -189). Purpose of this analysis was, to verify & reconfirm volatile acids of the liquid samples generated in the process. 

50mL sample was taken in steam distillation flask and 1mL concentrated sulphuric acid was added to it. Sulphuric acid dissociates the salts of organic acids to its respective free acids. Sample distillation was carried out by directly passing live steam into the sample. 100mL distillate was collected and titrated against 0,1N NaOH. 

Volatile acidity of the sample was calculated using following formula. 
V = (T.R x N X 60000) / (m x RF (0.65))

Where, V is VA as acetic acid, in ppm is TR is the titre reading in mL, N is the normality of NaOH used for titration (0.1N), 60000 is the molecular weight of acetic acid in mg, m is sample amount in mL, RF is the recovery factor of distillation assembly used (it was 0.65). 

2.4.4 Microbial analysis of process condensate
Microbiological analysis was performed by pour plate technique. Raw process condensate and final distillate were analysed for microbial count. The growth medium used for plating was suitable for common microbes found in the distillery. Mainly including maltose, glucose, yeast extract, peptone and agar. The intention of microbial analysis is to check the changes, mainly, the reduction in microbial count after extraction process, if any. Suitable Serial dilutions of the sample were prepared. 1mL of diluted sample was taken in sterile petri plate and medium of around 40-45°C, was poured on to it with proper mixing. Plates were incubated at 37°C for 48 hours and colonies developed were counted.

2.4.5 Carbon, Hydrogen, Nitrogen & Sulphur (CHNS) Analyser
Elementar make Unicube, model of CHNS analyser was use for CHNS analysis. The instrument is equipped with furnace, suitable GC columns and thermal conductivity detector. Few milligrams of samples were weighed using Mettler Toledo microbalance in a small, tiny, crucibles made of tin, supplied by the instrument manufacturer. These were then sealed by twisting and crumpling and placed in the autosampler with proper electronic labelling in the software and data management system. Samples are then analysed, and reports were auto generated by the instrument. 


2.4.6 Anion Estimation Methods
2.4.6.1 Sulphates

For sulphates estimation, 2.5g of ash was mixed with 20ml concentrated HCl and heated on Bunsen flame to dryness. This dissolution process of ash was repeated 3 times with concentrated hydrochloric acid. Finally, the dry contents of the beaker were quantitatively transferred to 250mL volumetric flask and diluted to the volume with distilled water. The solution was properly mixed and filtered through Whatman filter paper number 1. Filtrate was retained and residue was discarded.

Filtrate was used for sulphate estimation. To the 50ml of boiling filtrated excess of 10% barium chloride solution was added slowly with stirring. After complete addition of BaSO4 the solution was incubated at 65°C for about 4 hours. Precipitate of barium sulphated formed, was separated by filtration using Whatman filter paper number 1 and ignited in the muffle at 850°C. Thus, BaSO4 obtained after incineration was weighed and used for quantification of Sulphates (Analytical Methods, 7th Revision 2014, C-14, E-4, G-2, APHA-AWWA, 18th, 22nd edition 1992. 2012, VA: 5560: 5-61, Cl-: 4500:5 -72, SO4: 4500: 4 -189). 
2.4.6.2 Chlorides

About 2.5 g of ash was weighed accurately and transferred to 250mL volumetric flask, small portion of about 150mL distilled water added and mixed well on orbital shaker for 30 min to dissolve the chloride contents. Finally, it was diluted to volume with distilled water and filtered. Insoluble part on the filter paper was discarded.
To the 10mL of the filtrate 5 drops of potassium chromate indicator was added, its pH was adjusted within 7 to 10 using predetermined quantity of dilute sulphuric acid. Filtrate was titrated using 0.014N silver nitrate and chloride was quantified. 
2.4.6.3 Carbonates

Carbonate was tested qualitatively. To the small portion of sample, concentrated hydrochloric acid was added and the mixture was tested for effervescence.

3 Results and Discussions
3.1 Extraction of potassium with 1:10, 1:20 and with multiple extraction
The obtained experimental results, clearly prove that waste product like process condensate can productively be used for picking up the valuable metal like potassium from another waste that is boiler ash from sugar factory.
Potassium recovery as K+, obtained in all the experiments averages out to be around 80%, which is appreciable.  The observation is, potassium recovery goes on increasing with ash to condensate ratio used and number of extractions followed. 
As far as potassium recovery is concerned, in principle, it should be 100% or nearing this. This is because potassium and its salts are 100% soluble in water and hence can be easily recovered by simple dissolution process. However, experiments performed, show that potassium recovery could not reach 100%, irrespective of using higher ash-condensate ratio or following multiple extraction. 
The reason being wet, insoluble residue separated from the slurry after extraction, contains major amount of liquid. The wet residue has around 65% water and contains dissolved potassium. This part of potassium left in the wet residue lowers the extraction. 
To improvise potassium extraction, it was necessary to reduce potassium losses from the wet residue, and to attain this, slightly higher dilution ratios of ash, that is, 1: 20, were tried.  However, on performing experiments, it was observed that potassium recovery has marginally improved compared to 1:10 ratio. Again, the reason being the same, even with 1:20 ratio, some potassium remains dissolved in the liquid part of wet residue, lowering the extraction. The obtained extraction of potassium with 1:10 & 1:20 ratios, is as shown in Tables 1 and 2.
Table 1. Potassium Extraction with 1: 10 Ash: PC Ratio

	
Elements
	
Quantity 
in Original Ash
(ppm)

	
Quantity 
in Dry Residue 
(ppm)

	
Quantity 
in Extract 
(ppm)

	
Extraction 
(%)

	
	
	
	
	

	Calcium 
	136450
	183600 
	896 
	5.84

	Chromium
	44
	49 
	1.5 
	28

	Copper
	37
	42
	6.4 
	64.5

	Iron
	20706
	21840 
	10.5 
	< 1

	Potassium
	123383
	32820 
	11600 
	81.5

	Magnesium
	39700
	39210
	438 
	12.6

	Manganese
	1241
	1207
	1
	1

	Sodium
	2882
	1459
	152
	57.4

	Nickel
	57
	76
	6 
	50.1

	Phosphorous
	22210
	30960 
	18
	0.8



Table 2. Potassium Extraction with 1: 20 Ash: PC Ratio

	
Elements
	
Quantity 
in Original Ash
(ppm)
	
Quantity 
in Dry Residue 
 (ppm)
	
Quantity in Extract 
ppm

	
Extraction 
%

	Calcium 
	136450
	19700
	1337
	15.2

	Chromium
	44
	64
	ND
	< 1

	Copper
	37
	38
	ND
	< 1

	Iron
	20706
	32560
	3
	< 1

	Potassium
	123383
	31910
	5919
	83

	Magnesium
	39700
	51660
	487
	19.9

	Manganese
	1241
	1763
	ND
	< 1

	Sodium
	2882
	2406
	271
	74.8

	Nickel
	57
	104
	ND
	< 1

	Phosphorous
	22210
	38740
	35
	2.3



One more way of improving potassium recovery was to rewash the residue with fresh condensate and recover potassium left in the residue. The experiments performed with multiple extractions or rewashing process show that potassium extraction has improved and reached around 90% (Table 3). 
Table 3. Potassium Extraction with Multiple Extraction Method using 1: 10 Ash to Process condensate ratio. 
	

	Elements
	Quantity
Original Ash
ppm

	Quantity 
Dry Residue 
ppm
	Quantity 
Extract 
ppm
	Extraction 
%

	
	
	
	
	

	Calcium 
	136450
	199700
	803
	15.2

	Chromium
	44
	66
	ND
	< 1

	Copper
	37
	38
	ND
	< 1

	Iron
	20706
	31800
	ND
	< 1

	Potassium
	123383
	19800
	4381
	90.8

	Magnesium
	39700
	36150
	511
	38.6

	Manganese
	1241
	1940
	ND
	< 1

	Sodium
	2882
	1598
	300
	89.3

	Nickel
	57
	109
	1.4
	36.4

	Phosphorous
	22210
	43430
	ND
	< 1


ND: Not Detected
However, rewashing or multiple extraction method has limitations. It increases the volumetric liquid load on extract evaporation and product separation process. It also adds one more unit operation of second solid-liquid extraction, making it expensive and less energy effective operation. In addition to this, there is a possibility that final product of multiple extraction process may have lower purity as other components also may get extracted with repeat extractions. Similar phenomenon can take place with higher dilution ratios as well. 
Considering all these traits, multiple extraction process, and higher dilutions ratios of ash, are less preferred and hence less experimented in the work. General comparison of three extraction process is shown in graphical form in Figure 3.


Figure 3. Graphical Representation of Potassium Extraction. Compares extracted metals where 1) Exp-1 is with extraction E-10 ratio 2) Exp-2 is with 1:20 ration 3) Exp -3 is with multiple extraction. In E-3 concentration of K is nearly equal to Exp-1, however, it is appearing less due to volume of extract is more due to multiple extraction. Refer Result Table 2 

However, to overcome issues of multiple extraction, and have benefit in terms of maximum potassium recovery on industrial scale, an alternative practical way would be to use the counter current extraction process. Counter current, or similar extraction can be a good solution and recommended for industrial scale extraction process (Tjokorde W. Samadhi et al 2018). 
3.2 Product formation, its cationic purity & other organic content

As stated earlier, purity of the product is the ratio of cationic potassium to the sum of all the cations present in the product. It is expressed in percentage. Purity of product obtained in the experimental studies here, is around 75 to 87% as shown in Table 4 and in Figure 4.
Table 4. Product Purity Measurement

	[bookmark: _Hlk218853406]

	Elements
	Product with
1:10 Ratio
	Product with
1:20 Ratio
	Product with Re-Washing or Multiple Extractions

	Calcium
	30270
	51670
	46540

	Chromium
	2.1
	13.14
	ND

	Copper
	2.9
	ND
	ND

	Iron
	59.6
	65.1
	100.4

	Magnesium
	13290
	21520
	29170

	Manganese
	3.5
	ND
	0.9

	Sodium
	7905
	4688
	4705

	Nickel
	7.4
	ND
	1.1

	Phosphorous
	82.3
	2.8
	198

	Sum of all other Cations (Excluding K+)
	           51622.8
	77959.04
	80715.4

	Potassium as K+
	368300
	264300
	309700

	
Sum of All other Cations + Potassium
	
419923
	
342259
	
390415

	Purity in terms of Potassium as K+
	87.7
	77.2
	79.3

	ND. Not Determined



When purity of product is concerned, co-extracted metals, non-metals other than potassium play a major role. There are major and minor co-extracted components which reduce the product purity. Major components are calcium, magnesium, sodium, which are quantitatively more than others. These major components contribute to around 20 to 25% of the total cationic weight of the product. 
Further important observation, amongst major co-extracted metals, sodium is the completely soluble metal in aqueous medium hence extraction of sodium should be almost 100%. However, sodium recovery is not observed to be 100% as mentioned Tables 1, 2 and 3.  The reason is the same as discussed earlier, the distribution or partitioning of sodium between liquid extract & wet residue takes place reducing the extraction. 


Figure 4. Comparison of contents in the final product & explains product purity in terms of potassium

While metals like chromium, copper, manganese. nickel, are present in comparatively smaller quantities, less than 1000ppm, these are minor metals contributing to less than 0.5% of the total cations of the product and does not affect significantly on purity.  Hence, these may be considered as non-significant for purity as well as for this study. However, as expected, and as per the experimental data, product purity is comparatively reduced with higher dilution ratios and with multiple extractions process (Table 4). 
The process used for extraction experimentation involves mixing of ash with process condensate. Organic acids in the condensate react with cations from ash forming non-volatile organic salts which gets amalgamated with the product. For example, acetic acid in condensate reacts with potassium oxide from ash, forming potassium acetate, which, being non-volatile organic salt, would remain in the product. These organic acid salts contribute to organic carbon. Thus, the amount of organic carbon formed, depends on the number of organic acids present in process condensate. These organic salts get concentrated in the evaporation process and ultimately get into the product with larger amounts. In the present study it observed that around 50 to 75 thousand ppm organic salts are present in the product. This contributes clearly to about 5 to 7.5 percent of the product by weight. 
Further, it is interesting to know that organic acid levels of about 1700ppm in raw process condensate and about 60000ppm in final product are comparable as tabulated in further tables. The extract produced after ash extraction process, contains around 3% dissolved product which gest concentrated for about 33 time and becomes final 100% dry product. Using this simple math, the higher quantities of organic salts, in the final product can be justified.
As far as organic acid salts of the product are concerned, it is less worrisome, though this lowers the product purity. As the product is intended to be used as fertilizer grade potassium, on application of product as fertilizer, the acid salts get degenerated by the microbial flora of the soil (Ichiro Yamane & Kazuo Sato 1963,  R. Adeleke et al. 2017, U.S. Lundstorm et al. 1995,  Sandra Macias-Benitez, et al. (2020), Satyavir S. Sindhu et al. (2022).  Further, if desired, to get rid of the organic content completely, the product may be re-incinerated to about 550°C. Incineration can de-toxify the product from organic matter. 
In addition to, different methods discussed in the reference literature. the work on enhancing product purity is continued further, although the objective of the work is to produce fertilizer grade product.
3.3 Product Isolation & Inhibitors Removal from Process Condensate
Spent wash contains volatile fatty acids, originated from ethanol fermentation process (T.K. Vanitha,  et al. 2022, Ehsan Reyhanitash, et al. 2017). Hence vapours generated during concentration of spent wash, would also, obviously, contains amounts of organic volatile fatty acids. These vapours on condensation form process condensate.

The primary objective of this work is to remove organic acids from the condensate and make it recyclable for fermentation. Organic acids are major inhibitors (K.C Thomas et al. 2002, Qing-Yang Ji et al. 2023, Chengming ZHANG et al 2012) and adversely affect ethanol fermentation process and consequently need to be removed.
Here, a successful attempt of organic acid removal is made and the same is the novelty of the work. The sizable, 85% or more acid removal is achieved making the condensate recyclable.  As the ash is mixed with condensate (Figure2), organic acids get converted to their salt form. These salts, being non-volatile, remain in the product during extract evaporation and product formation step generating acid free, recyclable distillate. (Table 5, 6) (Figure 5).
Table 5:  Removal of Inhibitory Components: Removal of volatile Acidity, from Raw Process Condensate 

	
Acids
	Raw Process Condensate
ppm
	Generated Distillate for recycle back to fermentation process
ppm
	
% Reduction in Acids



	
	
                       Experiment 1

	

	Acetic Acid
	599
	130
	78

	Propionic Acid
	307
	10
	97

	Iso-Butyric Acid
	27
	2.2
	93

	Butyric Acid
	449
	35
	92

	Iso-valeric Acid
	61
	5.6
	91

	Valeric Acid
	303
	29.7
	90

	Total VA
	1746
	212.5
	541

	
Average % VA Reduction
	
	
	90

	                                                        Experiment 2


	Acetic Acid
	599
	52
	91

	Propionic Acid
	307
	19
	94

	Iso-Butyric Acid
	27
	0.9
	97

	Butyric Acid
	449 
	15.9
	96

	Iso-valeric Acid
	61
	4.5
	93

	Valeric Acid
	303
	13.5
	96

	Total VA
	1746
	105.8
	567

	
Ave % Reduction
	
	
	
94

	                                                           Experiment 3


	Acetic Acid
	599
	47
	92

	Propionic Acid
	307
	33
	89

	Iso-Butyric Acid
	27
	3
	89

	Butyric Acid
	449 
	43
	90

	Iso-valeric Acid
	61
	8.7
	86

	Valeric Acid
	303
	30.1
	90

	Total VA
	1746
	164.8
	536

	
Average % Reduction
	
	
	
89



	







Table 6: Removal of inhibitors and volatiles acids from distillates

	[bookmark: _Hlk218855187]Experiment No
	VA in condensate
	VA in Distillate
	% Reduction in Acids

	1
	2585
	147
	94

	2
	2215
	203
	91

	3
	2215
	276
	87





Figure 5. Reduction in volatile acidity level in distillate after separation of the extract by distillation. 
Taller 3 bars represent acids in process condensate while adjacent 3 smaller bares represent acids in the distillate.

Distillate, being devoid of organic acids, is very safe to recycle back to fermentation process. Distillate recycling experiments carried out with clarified distillate, have shown absence of any adverse effect on ethanol fermentation and the recycle is safe and hassles free.

In addition to volatile acids, micro-organisms as well, can grow in process condensate using organic matter as carbon source, if stored for longer time or few days. The additional benefit of presented process is, the condensate after product separation is not only, with reduced volatile acidity but is almost free from bacterial presence, making the recyclability safest & without difficulties.
The raw process condensate used for studies, has considerable microbial count. When it passes through potassium extraction process, sizable reduction in microbial flora is observed yielding the distillate with the least bacterial count. The observed reduction in bacterial count is, from initial average of nearly 1 x 106 cfu/mL to final average 101cfu /mL. This is almost 100% reduction. (Table7). The reduction in microbial flora is due to distillation used for product isolation. 



Table 7. Reduction of microbial count from process condensate 


	
Experiment Number

	
Raw
 Process condensate
	Generated Distillate for recycle to fermenter
	% Reduction

	1
	1.6 x106 CFU/mL
	Not detected
	100

	2
	2.6 x 106 CFU/mL
	1.1 x 101 CFU/mL
	≈ 100

	3
	4.1 x 106 CFU/mL
	0.5 x 101 CFU/mL
	≈ 100

	4
	0.9 x 106 CFU/mL
	Not detected 
	100

	

Reduction in volatile acid in distillate, is further confirmed by analysing dry product obtained in the process.  Product analysis is conducted by gas chromatography as well as by CHNS analyser, gas chromatograph clearly & specifically reveals the presence of organic acids in the product, in their salt form (Table 8).




Table 8. Presence of organic acid in product and reaffirmation of acid removal along with potassium salts

	Number

	Acid
	Product 1
ppm 
	Product 2
ppm 
	

	

	1
	Acetic acid
	32218
	23277
	

	2
	Propionic acid
	9678
	6903
	

	3
	Iso-Butyric acid
	773
	401
	

	4
	Butyric acid
	16788
	12069
	

	5
	Iso valeric acid
	1657
	1379
	

	6
	Valeric acid
	11240
	7669
	

	
	Total Acids
	72354
	51698
	

	




While CHNS analyser shows the presence of organic carbon. These acids or organic carbon in the product is derived from condensate.  CHNS analysis also reveals following points about nitrogen, sulphur & hydrogen, Process condensate has small amount of nitrogen. This nitrogen straight away enters the distillate during product formation & concentration step. This confirms that, condensate has some volatile nitrogen may be like ammoniacal nitrogen. Absence of nitrogen in the product support the statemen.
Original ash has sulphur content in it, which is found in the product as well, means the sulphur passes through the extraction process without any major change. Hydrogen is also present in raw ash as well as in the product (Table 9). This hydrogen is derived from water which is equivalent to about 10% moisture present in ash. Moisture level of about 10% in dry powder is normal (Report, Publication Number: FHWA-RD-97-148). 



Table 9.  CHNS analysis of product depicting presence of organic carbon in product and removal from distillate

	Number

	Sample Name
	 Carbon
%w/w
	Hydrogen
%w/w
	 Nitrogen
%w/w
	Sulphur
%w/w

	
	
	
	
	
	

	1
	Raw Process Condensate
	ND
	11.08
	1.23
	ND

	2
	Raw Ash
	ND
	0.4
	ND
	5.3

	3
	Extract after extraction
	ND
	9.7
	1.23
	0.67

	4
	Distillate after extraction
	ND
	10.25
	2.56
	ND

	5
	Product1 
	3.52
	0.9
	ND
	9.3

	6
	Product 2
	3.46
	0.87
	ND
	8.5

	7
	Solid Residue after extraction 
	1
	0.8
	ND
	5.0


ND. Not Determined
3.4 Major Anions in ash
In continuation with metals & other cations, a small efforts of estimation major anions present in the ash is done.  The anionic part of ash includes Chlorides & Sulphates. Carbonates are not detected (Table 10).  
Table 10: Anionic content of ash

	Number

	Anions
	Unit
	Test Value

	
1
	                      Sulphate
	
%w/w
	
13.4


	2
	Chlorides
	%w/w
	8.5


	











4 Conclusions

With experimental studies & the data presented here, it is evident that waste products of sugar factory & ethanol distillery can be valorised and utilized effectively. Alkaline ash & acidic process condensate needs to be treated before releasing into atmosphere. Else, a severe threat of damage to the fertile soil, water bodies, aquatic, terrestrial life and in totality the entire ecosystem is inevitable.  Extraction of ash with process condensate & recovering important constituents, would be a smarter way of remedying these waste products. The studies presented here, show that, sizable extraction of components like potassium is possible up to 85% or more, accompanying generation of 100% reusable process water. It is also revealed that removal of about 90% harmful volatile acids makes the process condensate, reusable as process water. 
Further, it is reflected from the work, that extraction process of ash is simple and includes effortless operational steps like mixing, stirring, solid Liquid separation and evaporation. Mere single washing of ash would extract considerable quantities of important component.
 Indeed, it’s clear that on implementation of the ideologies presented in the paper, sugar-ethanol industry, society and the ecosystem can be made bit sustainable, cleaner & healthier.  
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Concentration ppm
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Extract 1	Acetic acid	Propionic Aid	Iso-butyirc acid	Butyric acid	Iso-Valeric acid	Valeric Acid	763	343	25	520	58	362	Extract 2	Acetic acid	Propionic Aid	Iso-butyirc acid	Butyric acid	Iso-Valeric acid	Valeric Acid	611	188	17	453	38	303	Extract 3	Acetic acid	Propionic Aid	Iso-butyirc acid	Butyric acid	Iso-Valeric acid	Valeric Acid	725	336	25	503	55.9	338	Distillate1	Acetic acid	Propionic Aid	Iso-butyirc acid	Butyric acid	Iso-Valeric acid	Valeric Acid	52	19	0.9	15.9	4.5	13.5	Distillate2	Acetic acid	Propionic Aid	Iso-butyirc acid	Butyric acid	Iso-Valeric acid	Valeric Acid	130	10	2.2000000000000002	35	5.6	29.7	Distillate3	Acetic acid	Propionic Aid	Iso-butyirc acid	Butyric acid	Iso-Valeric acid	Valeric Acid	47	33	3	43	8.6999999999999993	30.1	Organic Acids


Concentration ppm
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