[bookmark: _Hlk128559289][bookmark: _GoBack]An investigation on the removal of tramadol analgesic in deionized water and final wastewater effluent using a novel continuous flow dielectric barrier discharge reactor

Samuel O. Babalola, Michael O. Daramola, Samuel A. Iwarere[footnoteRef:1]*    [1: *Corresponding author: Tel: +27-79-911-3590. E-mail: samuel.iwarere@up.ac.za] 


Department of Chemical Engineering, Faculty of Engineering, Built Environment and Information Technology, University of Pretoria, Hatfield 0028, Pretoria, South Africa.

*Corresponding author: samuel.iwarere@up.ac.za






















Fig. S1. Molecular structure for tramadol hydrochloride



















Fig. S2. A typical voltage-current waveform at peak voltage 8 kV
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Fig. S3. First-order plots of tramadol degradation as a function of treatment time (a) at different applied voltage (b) at different initial concentration











Table S1
 Comparison of the pH, rate constant, and half-life values for tramadol degradation in different reaction solutions during an hour of plasma treatment 
	Reaction solution
	pH
	k (min-1)
	t1/2 (min)
	R2

	
	Initial
	Final
	
	
	

	Deionized water
	5.62
	3.24
	0.0560
	12
	0.970

	FWWE
	7.26
	8.13
	0.0056
	124
	0.996

	FeSO4.7H2O
	5.60
	3.20
	0.0610
	11
	0.927

	NaCl 
	5.86
	3.93
	0.0101
	69
	0.965

	NaHCO3 
	8.40
	8.77
	0.0053
	131
	0.990

	KCl
	5.53
	3.82
	0.0036
	192
	0.900



















Fig. S4. Relationship between pH and rate constants for tramadol degradation
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Voltage (kV)


Current (mA)





6 kV	0	5	10	15	20	25	30	35	40	45	50	55	60	0	5.1905261137912245E-2	0.12700115841531373	0.24648536829189172	0.36877421321455012	0.48360754424530905	0.59543826613671369	0.72805736647251729	0.89848610724064848	1.0753554265038423	1.1765262317161762	1.234612382951993	1.2419028162146724	7 kV	0	5	10	15	20	25	30	35	40	45	50	55	60	0	0.24764624149402939	0.60359115591837986	0.93491220533730635	1.155322981185434	1.3451580741479245	1.4157009156196871	1.4405389611420216	1.5209490338400566	1.5986296369738853	1.6047216448490689	1.6974991348355009	1.6991767061062952	8 kV	0	5	10	15	20	25	30	35	40	45	50	55	60	0	0.43574480740662674	0.82651979682064236	1.3142350995253798	1.6760781837426448	1.9591504357162641	2.1050855762234444	2.2319057764207226	2.4764210795945938	2.485277226038304	2.6115281855552781	2.723545703904112	2.730152617979853	Time (min)


In (Co/C)




5 ppm	0	5	10	15	20	25	30	35	40	45	50	55	60	0	0.43574480740662674	0.82651979682064236	1.3142350995253798	1.6760781837426448	1.9591504357162641	2.1050855762234444	2.2319057764207226	2.4764210795945938	2.485277226038304	2.6115281855552781	2.723545703904112	2.730152617979853	10 ppm	0	5	10	15	20	25	30	35	40	45	50	55	60	0	5.8371327868109175E-2	0.12148300101220449	0.17581308273138227	0.23495186996000628	0.27630557270768014	0.32750628217810873	0.36644972248883301	0.4130976628018499	0.42765093421188588	0.45642850908748817	0.48863556846900241	0.5041342218083571	20 ppm	0	5	10	15	20	25	30	35	40	45	50	55	60	0	1.7632322912732794E-2	3.5387625580976884E-2	4.0560691967696814E-2	5.8253033504829993E-2	6.4657848236637519E-2	7.1321207890326754E-2	8.2971629242863318E-2	8.4748745536201764E-2	8.8312480704352075E-2	9.8359038688987072E-2	0.11355095643947441	0.12004033998456855	Time (min)


In (Co/C)
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