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Need of a direct analysis of the deposit

Development of a device to recover the deposits formed in the evaporator
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  fouling and the type of deposit formed might be different in an evaporator compared to an heat-exchanger Cleaning procedures have to be adapted to the evaporators

  of TN and ash in the evaporator linear evolution of TN and ash contents with the concentration factor TN: Total Nitrogen

16

  Fouling of the pilot-scale evaporator and formation of insolubles in the highly concentrated products Concentration of hydrochloric acid whey in a falling-film evaporator • Quantitative determination of the components: Presence of citrate and calcium + phosphate ion and TN • FTIR spectroscopy: lactose not detected direct method: analysis of the deposit formed  Determination of the nature of the deposit formed:
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•

  Few data on fouling of evaporators during processing of wheys

	• Most are from industrial case studies
	• Not controlled operating conditions

What are the compounds implied in the fouling deposit during vacuum concentration of wheys ? Objectives and strategy Use of a specific experimental procedure

  

	o at pilot scale				
	o applied to a fouling product: hydrochloric acid whey		
	o determination of the nature of the deposit according to 2 methods:
	indirect method		direct method	
	mass balance on the concentrates	analysis of the deposit	
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			 3 calandria in series (1 tube/calandria)
			 1 electrical heating/calandria
			 1 condenser
			constant evaporation T°C
	60°C	60°C	60°C
	tubular heat		
	exchanger		
	20°C		
	70 kg.h -1		concentrate
	liquid		
	140 liters		
	Several successive runs to produce concentrates at
	different concentration factors	(Silveira et al., 2015)
				5

single-effect evaporator Evaporation

  

rate of 27 kg.h -1 Context Objectives Strategy Results Indirect method Results direct method Conclusion Perspectives boiler calandria STLOpen Days 19-21 March 2019 6 Composition of hydrochloric acid whey lactose ash proteins dry matter (5.9 %) Dry matter (% w/w) calcium 2.5 % sodium 0.6 % potassium 2.5 % magnesium 0.2 %

chloride 5.2 % Inorganic phosphate 3.3 % citrate

  

2.4 % water (94.1 %) pH 4.57 Context Objectives Strategy

12 Deposit in the evaporator Insolubles in the concentrate

  

		Ion reactions in hydrochloric acid whey
			during vacuum concentration
	Concentrate at CF 7.6 : pH = 3.44			
	H 2 PO 4	-	+ Ca 2+	Ka=21	CaHPO 4	
	HCit 2-H 2 Cit -		+ Ca 2+ + Ca 2+	Ka=876 Ka=28	CaHCit	CaCit -	Saturation conditions	Ca 3 Cit 2
	Ka values from (Holt, Dalgleish and Jenness, 1981)			
	Molar ratio Ca/Cit	0.8	3.2		
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	Recovery device for fouling deposits	
			 BTCI			
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		Experimental procedure
					pilot-scale evaporator
	initial acid whey	concentration up to CF 6	rinsing with softened water	dismantling the device	deposit recovery and analysis
						Characterisation of the initial
					whey and the final concentrate
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  Compositions of the final concentrate and deposit

	initial acid whey	35.5 % DM CONCENTRATE	in the evaporator losses of calcium and citrate
		pH 3.93		DEPOSIT		
				TN  6.38 (g.kg -1 )	150.0
				calcium (g.kg -1 )	121.7
				citrate (g.kg -1 )		453.3
		Ca/Cit mole =1.3	phosphate (g.kg -1 )	64.1
		 1.5 (Ca 3 Cit 2 )	magnesium (g.kg -1 )	0.2
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	Conclusions & perspectives