Intensification of breaking of water-in -oil emulsions by membranes, treated in the area of corona discharge or in the plasma flow
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Water-in-oil emulsions (WOE) are formed as a result of petroleum processing and utilizing of oil products in the enterprises of chemical and petrochemical profile all over the world at the rate of more millions t/year. WOE form the aggressive stable multicomponent structure which contains surfactant species (SS) and different emulsifiers such as salts, asphaltens, gums, oil-soluble organic acids and minute impurities such as slime and clay. 
In recent times ultrafiltration method is used for the breaking process of WOE. The main advantages of this method are: high efficiency, deficiency of existing reagents, small floor space for equipment, energy efficiency, and so the opportunity of close water cycle organizing. Disadvantage of membrane methods is the pollution of membrane surface by the dispersion phase of pollutant. As a result the slowdown of separating process occurs.
In view of the forgoing, high-powered membranes treatment is perspective for the purpose of ultrafiltration intensification of WOE with engineering and ecological side, particularly, in the field of corona discharge or in the flow of low temperature high frequency plasma of low pressure.
Research results of breaking of model WOE by polyacrylonitrile (PAN) membranes with the molecular weight cut-off (MWCO) 25 kDa are introduced in this work. These leaked particles were treated in the field of corona discharge or in the plasma flow. The treatment by the corona discharge was held under the next conditions: productive time (τ) was 0.5, 1, 1.5 min, electrode voltage (U) was 5, 10, 15 kV; plasma treatment was done in gas environments of argon and nitrogen, argon and air during (τ) – 1.5, 4, 7 min for anode voltage (U) ‑ 1.5, 3.5, 5.5 and 7.5 кV.
Productivity and effectiveness are considered as the main parameters of membrane division of emulsion. The first factor is the ratio of quantity of passed flow though membrane of separating environment to production of the process life and area of the filter element, which is 1,73·10-3 м2  in this case. Effectiveness is determined by change of values of chemical oxygen demand (COD) before and after the process of emulsion division. This process was measured on the autotitrator «T70» of «Mettler Toledo» producer company . Results are introduced on the figures 1-3 and  in the Table 1, 2.
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b) 
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Figure 1 –Productivity of emulsion breaking by PAN membranes with the MWCO 25 kDa, which are electret under the next conditions: a) U = 5 kV; b) U = 10 kV; c) U = 15 kV.

Curves analysis presented on the figure 1 shows the increase in productivity of modified PAN membranes with MWCO 25 kDa till 2 times. These leaked particles were treated in the field of corona discharge in all regimes of electro treatment (Figure 1a-c). In addition of the above the great value of the present parameter for each value U is observed when τ = 1,5 min, and the greatest value was registered when U = 5 кV. 
Table 1 – received COD filtrates under division by electret PAN membranes with the MWCO 25 kDa.
	U, kV
	COD, мg О2/l

	
	Productive time, τ, min

	
	0,5
	1
	1,5

	5
	10002
	7803
	7639

	10
	6578
	5642
	6810

	15
	6812
	6339
	7462

	Unmodified membrane
	8520

	Emulsion
	166550


Presented values in the table 1 show improving effectiveness of emulsion breaking of modified PAN membranes with the MWCO 25 kDa in 8 cases from 9. The value of COD filtrate received by the use of unmodified membrane is 8520 мg О2/l, properly, efficiency factor is 95,0 %. The bottom value of COD filtrate is 5642 мg О2/l when using membrane electreted under U = 10 kV and τ = 1 min, the efficiency factor is 96,5 %.
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Figure 2 – Productivity of emulsion breaking  by PAN membranes with the MWCO of leaked particles 25 kDa, treated in the plasma flow in gaseous medium of argon and nitrogen when the value of anode voltage is: a) Ua = 1,5 kV; b) Ua = 3,5 kV; c) Ua = 5,5 kV; d) Ua = 7,5 kV.
The previous revealed effect of increase in productivity of modified membranes in comparison with unmodified membrane as high as 2 times is registered (Figure 2) as a result of plasma treatment in argon and nitrogen medium of PАN membranes with the MWCO 25 kDa. In addition to above the immense increase of the present parameter was registered when U = 1,5 кV and τ = 4 and 7 min, Ua = 7,5 кV and τ = 7 min, in other cases  the increase was feebly marked.
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Figure 3 – Productivity of emulsion breaking by PAN membranes with the MWCO 25 kDa, treated in the plasma flow in gaseous medium of argon  and air when the value of anode voltage is: a) Ua = 1,5 kV; b) Ua = 3,5 kV; c) Ua = 5,5 кV; d) Ua = 7,5 кV.
Plasma treatment in the argon and air medium of PАN membranes with the MWCO 25 kDa promotes the great increase in productivity by a factor of three in comparison with unmodified membrane. At that on all occassions the largest values of the present parameter are registered when treatment time τ = 4 min, and maximum is registered when U = 5,5 kV.
As follows from the analysis of facts presented in the table 2, it was found that plasma treatment of PАN membranes with the MWCO 25 kDa promoted values decrease of COD filtrates of modified filter elements, in this example in 58,3 % cases. Decrease of present parameter occured with increase of values U and τ in the case of plasma influence in argon with air medium. Analogous dependance was not determined for membranes subjected to plasma treatment in argon and nitrogen medium.
The least value COD = 4610 мg О2/l  was obtained when membrane using, treated in argon and air medium under Ua = 7,5 кV, τ = 7 min; values of COD filtrate, after division of unmodified membrane are 7050 mg О2/l, properly, the efficiency factor is 97 and 95 %.
Table 2 – received COD filtrates under breaking of emulsion by plasma treated PAN membranes with the MWCO 25 kDa
	Gaseous medium
	Ua, кV
	COD, мg О2/l

	
	
	Plasma treatment time, min

	
	
	1.5
	4
	7

	Argon+nitrogen
70 : 30
	1.5
	7717
	6130
	5530

	
	3.5
	5240
	6630
	7835

	
	5.5
	5660
	6450
	7290

	
	7.5
	6680
	7330
	10030

	Argon air
70 : 30
	1.5
	7340
	6500
	5730

	
	3.5
	8430
	7710
	7540

	
	5.5
	8290
	6250
	5740

	
	7.5
	5820
	5130
	4610

	Unmodified membrane
	7050

	Emulsion
	166550



This is the way how positive effect of corona discharge influence and plasma on PАN membranes for the purpose of increase in productivity and selectivity of WOE division was determined based on the results of the research conducted. 

Unmodified membrane	0	12	22	33	45.5	62	90	0	14.409682489080613	17.291618986896733	15.719653624451576	13.833295189517385	10.479769082967717	1.2351156419211953	 τ = 1,5 min	0	9.5	20.5	33	48.5	68	90	0	18.201704196733402	15.719653624451576	13.833295189517385	11.155883217352731	8.8674969163572985	4.7158960873354729	τ = 4 min	0	11.5	21	31	43	60	90	0	15.036190423388463	18.201704196733402	17.291618986896733	14.409682489080613	10.171540580527491	4.6110983965057954	τ = 7 min	0	5.5	11	18.5	28	40	60	90	0	31.439307248903152	31.439307248903152	23.055491982528977	18.201704196733402	14.409682489080613	8.6458094934483665	2.3055491982528977	Time process, min

Productivity, l/m²·h


Unmodified membrane	0	9.5	18.5	31	47	68	90	0	18.201704196733402	19.212909985440813	13.833295189517385	10.807261866810459	8.2341042794746357	3.143930724890315	 τ = 1,5 min	0	7	12	18	25.5	34	90	0	24.702312838423904	34.583237973793466	28.819364978161225	23.055491982528977	20.343081161054982	3.087789104802988	 τ = 4 min	0	3	7.5	13	19.5	27	78	90	0	57.63872995632245	38.425819970881626	31.439307248903152	26.602490749071897	23.055491982528977	3.3905135268424971	2.8819364978161222	 τ = 7 min	0	7.5	14	21.5	31	55	90	0	23.055491982528977	26.602490749071897	23.055491982528977	18.201704196733402	7.2048412445403063	1.9761850270739123	Time process, min

Productivity, l/m²·h



Unmodified membrane	0	9.5	18.5	31	47	68	90	0	18.201704196733402	19.212909985440813	13.833295189517385	10.807261866810459	8.2341042794746357	3.143930724890315	 τ = 1,5 min	0	5.5	10	15.5	22.5	31	90	0	31.439307248903152	38.425819970881626	31.439307248903152	24.702312838423904	20.343081161054982	1.1723131516540157	 τ = 4 min	0	5.5	9.5	15	22	30.5	90	0	31.439307248903152	43.229047467241834	31.439307248903152	24.702312838423904	20.343081161054982	2.3249235612634265	 τ = 7 min	0	7	11.5	18	26	35.5	90	0	24.702312838423904	38.425819970881626	26.602490749071897	21.614523733620917	18.201704196733402	1.9036644756216585	Time process, min

Productivity, l/m²·h



Unmodified membrane	0	9.5	18.5	31	47	68	90	0	18.201704196733402	19.212909985440813	13.833295189517385	10.807261866810459	8.2341042794746357	3.143930724890315	 τ = 1,5 min	0	6	10.5	16	23.5	34	90	0	28.819364978161225	38.425819970881626	31.439307248903152	23.055491982528977	16.468208558949271	3.087789104802988	 τ = 4 min	0	3	6	9.5	14.5	21	29	90	0	57.63872995632245	57.63872995632245	49.404625676847807	34.583237973793466	26.602490749071897	21.614523733620917	1.1338766548784742	 τ = 7 min	0	6	10.5	15.5	22	31	42.5	90	0	28.819364978161225	38.425819970881626	34.583237973793466	26.602490749071897	19.212909985440813	15.036190423388463	0.72806816786933615	Time process, min

Productivity, l/m²·h



Unmodified membrane	0	9.5	18.5	31	47	68	90	0	18.201704196733402	19.212909985440813	13.833295189517385	10.807261866810459	8.2341042794746357	3.143930724890315	 τ = 1,5 min	0	5	10	15.5	22	30.5	43.5	90	0	34.583237973793466	34.583237973793466	31.439307248903152	26.602490749071897	20.343081161054982	13.301245374535949	2.2311766434705462	 τ = 4 min	0	4	8	12.5	18	26	39	90	0	43.229047467241834	43.229047467241834	38.425819970881626	31.439307248903152	21.614523733620917	13.301245374535949	2.7124108214739975	 τ = 7 min	0	4.5	8.8000000000000007	13.5	19.5	28	43.5	90	0	38.425819970881626	40.21306741138774	36.790678695524974	28.819364978161225	20.343081161054982	11.155883217352731	1.4874510956470308	Time process, min

Productivity, l/m²·h



Unmodified membrane	0	15.5	24.5	36	50.5	71.5	90	0	11.155883217352731	19.212909985440813	15.036190423388463	11.925254473721886	8.2341042794746357	1.8693642147996465	τ = 0,5 min	0	13	22	32	43.5	90	0	13.301245374535949	19.212909985440813	17.291618986896733	15.036190423388463	2.9749021912940616	τ = 1 min	0	13	21	30	41	90	0	13.301245374535949	21.614523733620917	19.212909985440813	15.719653624451576	3.5289018340605578	τ = 1,5 min	0	12.5	17.5	26	37.5	51.5	90	0	13.833295189517385	34.583237973793466	20.343081161054982	15.036190423388463	12.351156419211952	3.5930636855889317	Process time, min

Productivity,  l/m²∙h

Unmodified membrane	0	15.5	24.5	36	50.5	71.5	90	0	11.155883217352731	19.212909985440813	15.036190423388463	11.925254473721886	8.2341042794746357	1.8693642147996465	τ = 0,5 min	0	14	20.5	29	40.25	58	90	0	12.351156419211952	26.602490749071897	20.343081161054982	15.370327988352649	9.7417571757164687	5.4036309334052293	τ = 1 min	0	15.5	24	34.5	48	67	90	0	11.155883217352731	20.343081161054982	16.468208558949271	12.808606656960542	9.1008520983667012	6.014476169355385	τ = 1,5 min	0	12	20	25.5	36.5	53	90	0	14.409682489080613	21.614523733620917	31.439307248903152	15.719653624451576	10.479769082967717	4.6734105369991168	Process time, min

Productivity,  l/m²∙h

Unmodified membrane	0	15.5	24.5	36	50.5	71.5	90	0	11.155883217352731	19.212909985440813	15.036190423388463	11.925254473721886	8.2341042794746357	1.8693642147996465	 τ = 0,5 min	0	12	20.5	30	42.5	58	90	0	14.409682489080613	20.343081161054982	18.201704196733402	13.833295189517385	11.155883217352731	5.4036309334052293	τ = 1 min	0	11	19.5	29	41.5	59.5	90	0	15.719653624451576	20.343081161054982	18.201704196733402	13.833295189517385	9.6064549927204066	5.6693832743923718	τ = 1,5  min	0	11	18.5	27.5	39	55	90	0	15.719653624451576	23.055491982528977	19.212909985440813	15.036190423388463	10.807261866810459	1.9761850270739123	Process time, min

Productivity,  l/m²∙h

Unmodified membrane	0	12	22	33	45.5	62	90	0	14.409682489080613	17.291618986896733	15.719653624451576	13.833295189517385	10.479769082967717	1.2351156419211953	τ = 1,5 min	0	11.5	18.5	27	38	55	90	0	15.036190423388463	24.702312838423904	20.343081161054982	15.719653624451576	10.171540580527491	1.9761850270739123	τ = 4 min	0	8	13.5	23	34	48	90	0	21.614523733620917	31.439307248903152	18.201704196733402	15.719653624451576	12.351156419211952	3.2936417117898542	τ = 7 min	0	8	14	22	33	47	90	0	21.614523733620917	28.819364978161225	21.614523733620917	15.719653624451576	12.351156419211952	3.2170453929110199	Time process, min

Productivity, l/m²·h


Unmodified membrane	0	12	22	33	45.5	62	90	0	14.409682489080613	17.291618986896733	15.719653624451576	13.833295189517385	10.479769082967717	1.2351156419211953	 τ = 1,5 min	0	8.5	16	25	37	51.5	90	0	20.343081161054982	23.055491982528977	19.212909985440813	14.409682489080613	11.925254473721886	3.5930636855889317	τ = 4 min	0	10	18.5	30	45	64	90	0	17.291618986896733	20.343081161054982	15.036190423388463	11.527745991264489	9.1008520983667012	0.66506226872679741	 τ = 7 min	0	8.5	16.5	26.5	39	55	90	0	20.343081161054982	21.614523733620917	17.291618986896733	13.833295189517385	10.807261866810459	2.9642775406108681	Time process, min

Productivity, l/m²·h


Unmodified membrane	0	12	22	33	45.5	62	90	0	14.409682489080613	17.291618986896733	15.719653624451576	13.833295189517385	10.479769082967717	1.2351156419211953	 τ = 1,5 min	0	9	17	27	39	54	90	0	19.212909985440813	21.614523733620917	17.291618986896733	14.409682489080613	11.527745991264489	3.8425819970881632	τ = 4 min	0	7.5	14.5	23	34	47.5	77	90	0	23.055491982528977	24.702312838423904	20.343081161054982	15.719653624451576	12.808606656960542	5.8615657582700784	2.6602490749071896	 τ = 7 min	0	9.5	18	27.5	38.5	54	90	0	18.201704196733402	20.343081161054982	18.201704196733402	15.719653624451576	11.155883217352731	4.8032274963602033	Time process, min

Productivity, l/m²·h


