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OBJECTIVE

. @)
e MATERIALS AND Degradathn Of NPR Oe
METHODS \O @
pK,=4.15
~
* RESULTS AND 1. Group of non-steroidal anti-inflammatory drugs (NSAIDs)
DISCUSSION . . .
J 2. Reduces levels of prostaglandins (chemicals responsible
N for pain, fever, and inflammation)
e CONCLUSIONS 3. In 2016, 2"d NSAIDs after ibuprofen consumption in Spain
y (8.56 DHD/1000 inhabitants per day) according to the

Spanish Ministry of Health

4. Pharmaceutical product detected in hospital effluents and
surface waters because conventional WWTP does not
degrade

17th December 2020 SECTION |. ADVANCED OXIDATION PROCESSES FOR THE REMOVAL OF PRIORITY POLLUTANTS IN WASTEWATERS 3/20



RUTHENIUM AND PLATINUM SUPPORTED ON CARBON NANOSPHERES FOR THE DEGRADATION OF NAPROXEN BY

CWAO: KINETICS, MECHANISM AND APPLICATION IN REAL MATRICES

* 1 INTRODUCTION

WORK PLAN
1. Catalyst synthesis (Ru supported on carbon nanospheres)
) M‘I‘\TAEERT'QSD‘;ND 2. Catalyst characterization: SEM, TEM, TG, FT-IR, XRD
3. CWAO reaction: 3h — optimization conditions with Ru
o RESULTS AND | 4. Use of Pt at Ru optimal conditions
DISCUSSION 5. Reaction kinetic (Ea)
’ 6. Reaction mechanism LC-MS
. CONCLUSIONS ) 7. Application in real matrices
J
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e INTRODUCTION WAOQO /CWAOQO DISCONTINUOUS REACTOR
V =100 mL

Liquid sample

e 2 MATERIALS AND

METHODS | e @

|
|
Pressm:lre |
controller
e RESULTS AND @ :
DISCUSSION |
J Y |
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|
e CONCLUSIONS AR |
| _
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e INTRODUCTION

CATALYST SYNTHESIS
Modified method of Zhu et al., 2016

e 2 MATERIALS AND

METHODS Pluronic F 127

Resorcinol Formaldehyde . HNO; 6M . Ru _ N2 100mL/min
. N2 100mL/min 80°C | 7 impregnation -, 50mL/min
| 1h <t 2%w
/\ -
® RESULTS AND Pyrolyzed i Functionalized Activated
CNS ‘Ir:: CNS 350°c | RU-CNS
o ",
DlSCUSSION 430°C | n——) D=3p=q_§ EEe——)> 3h >
J \N s
[ 1
v n—"‘l=""—l v
: : o Activation
) Pyrolysis Functionalization
Synthesis
e CONCLUSIONS
J
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* INTRODUCTION J CWAO REACTION

1. Reaction time: 3h — optimization conditions (5 variables)
2. Loadings of Ru (1-10%) and catalyst reuse

3. Analysis by:
N
e RESULTS AND » HPLC
DISCUSSION > ICP
J
» Elemental analysis
) > TG
e CONCLUSIONS _ o
) > FT-IR Variables to optimize:
Operating conditions: 1. Temperature: 110 - 160 °C
2. Pressure: 20 - 50 bar
v =
OO o Volume = 100 mL 3. Meyeny: 50 - 150 Mg
~ OH v' Agitation speed = 700 r.p.m. 4. [NPR];:5-30mg /L

5. Initial pH: 4 - 9
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CHARACTERIZATION OF THE CATALYST
) 1. SEM and TEM

B

® INTRODUCTION

e MATERIALS AND
METHODS

e 3 RESULTS AND 4. XRD
DISCUSSION 5000
CNS
= 4000 -
> —~
S o
8 >
c — 3000 -
* CONCLUSIONS g =)
'E S Ru
2 % 2000 1
5 £
= 1000-
O 0 T T T T T T T T T T T 0 T T T T T T T
0 200 400 600 800 1000 4000 3500 3000 2500 2000 1500 1000 500 0O 10 20 30 40 50 60 70 80
~o OH T (°C) Wavenumber (cm™) Angle (20)
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N
CWAOQO REACTION: OPTIMIZATION VARIABLES
e [NTRODUCTION
J
- P influence
) - LO 4=
e MATERIALS AND AS 13000 g (b)
METHODS WAO 130 °C 0.8 B
WAO 140 °C o " -
- wao1soec | S b\
_, WAO 160 °C o 067 % o WAO 20 bar
|4 Support 130°C O H = CWAO 20 bar
e 3 RESULTS AND gWAg 1;8 Og s 0.4 e CWAO 30 bar
: LR WAO 120 ° S >
DISCUSSION Le a0 ;o
CWAO 140 °C e,
CWAO 150 °C 0.2 - ®s
CWAO 160 °C ;
_ : 3 — e e o 0.0 —— e R ——t
* CONCLUSIONS 0 30 60 90 120 150 180 0 30 60 90 120 150 180
t (min) o t (min)
Conditions: ) Toxicidad _ Conditions:
P =20 bar 1100C 4,0 UuT (5m!n) T=130°C
OO (@) mCNS-Ru — 100 mg 160 C 2,1 UT (5m|n) mCNS-Ru — 100 mg
~o OH [NPR], =20 mg/L [NPR], =20 mg/L
pH, = neutral pH, = neutral
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N
® INTRODUCTION
Y,
N
e [VIATERIALS AND
METHODS
Y,

e 3 RESULTS AND
DISCUSSION

e CONCLUSIONS

CWAO REACTION: OPTIMIZATION VARIABLES

Toxicity (TU)

353
77 3.38
N 7
221 54
24 192 1.82 ?
1_
0 T T T T T T T
& < < Y < e L
F s
QQQ‘ Samples
Conditions:
o
P =20 bar 110°C
160°C

- T influence

4.00

Mcysry = 100 Mg
[NPR],=20 mg/L
pH, = neutral

- P influence

1.0 4—% ~~~~~ T
1 g (b)
08" S
o
o %
o 0.6 1 Ve o WAO 20 bar
O 1% = CWAO 20 bar
o e CWAO 30 bar
> 0.4 » CWAO 40 bar
@) : ; v CWAO 50bar
00 . | . f§"’4=r;‘;::§§(# ........ — —r I . '
0 30 60 90 120 150 180
t (min)
Toxicidad Conditions:
4,0 UT (Smin) T=130°C

2,1UT (5m|n) Mens.py = 100 mg

[NPR],=20 mg/L
pH, = neutral
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® INTRODUCTION

e MATERIALS AND
METHODS

e 3 RESULTS AND
DISCUSSION

e CONCLUSIONS

CNPR/CO NPR

CWAO REACTION: OPTIMIZATION VARIABLES

- Mcps.ry INfluence

1.0 4
084 5

| : e 0.75g.L*

i » 1.00g.L*
0.4- S v 150gL?
OO . : ; f- * ...... "".;"":"":%" ..... — I\ e '

0 30 60 90 120 150 180

t (min)
Conditions:
T=130°C
P=20 bar

[NPR], =20 mg/L

pH, = neutral

- [NPR], influence

1.0 -5
084"
A
5 0.6 1 ? = Conpr=5mg.L™?
Q E \;\:\"\:\"‘L ® Co NPR — 10 mg.L'1
T ooad = > Conpr=20mg.L?
OZ | ] ! A 4 Cyppr=30mgL™
0.2 + = e
1 \""'-.‘--‘. e
T
0.0 T T T T —_ # SER *_ . | : ?
0 30 60 90 120 150 180
t (min)
Conditions:
T=130°C
P =20 bar

Mens.ry = 75 MB
pH, = neutral
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N
® INTRODUCTION
Y,
N
e [VIATERIALS AND
METHODS
Y,

e 3 RESULTS AND
DISCUSSION

e CONCLUSIONS
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CWAO REACTION: OPTIMIZATION VARIABLES

lonized fraction

S

1.0

O

oKa = 4.15

0.8 1

0.6 4

0.4 1

0.2 4

0.0

Neutral form

Anionic form

10

12

14

- pH,..i, influence
104
084
o 06 = \"-. § = pH0 =4
Q LR ® pH,=natural
& 0ad > pH,=9
= i .\\ i.\ \"\. 0
] . *._._\\_:\
0.0 et
0 30 60 90 120 150 180
t (min)
Conditions:
T=130°C
P=20 bar

Mens.ry = 72 MG
[NPR], =20 mg/L

17th December 2020

SECTION |. ADVANCED OXIDATION PROCESSES FOR THE REMOVAL OF PRIORITY POLLUTANTS IN WASTEWATERS



RUTHENIUM AND PLATINUM SUPPORTED ON CARBON NANOSPHERES FOR THE DEGRADATION OF NAPROXEN BY

CWAO: KINETICS, MECHANISM AND APPLICATION IN REAL MATRICES

e INTRODUCTION CWAO REACTION: CATALYST REUSE

Optimized conditions: T =130 °C, P = 20 bar, mys.r, = 75 MQ,
) [NPR],= 20 mg/L, pH, ., = neutral

1.0 4

e MATERIALS AND

METHODS [ = 1%run (2%)CNS-Ru
) Ny o 2" run 2%)CNS-Ru 0.6 15
08 . g > 3 run (2%)CNS-Ru '
] % Qfﬁf‘\; v 4" run (2%)CNS-Ru 0.47 (b) % (C)
9%‘ i 5 §g = 1% run (2%)CNS-Pt /%
2064 B B o 2 run (2%)CNS-Pt & 04 & 10-
e 3 RESULTS AND o | ; RO 3 un (QU)CNS-PE E %,%
DlSCUSSlON o 0.4- .i g v 4™ run (2%)CNS-Pt § %é
@) RN LS g 02 0-5
0.2 4 " e /
- Rt e 0.0 0-0
e CONCLUSIONS 0.0 F—————— R - Prewe 2% reuse o
0 30 60 90 120 150 180 Cycle Cycle
t (min)
Carbon deposits are not formed (confirmed by elemental

analysis)

0 - Morphology and structure of the catalyst is not altered
- OO OH after reuse

O

Leaching of Ru and Pt in liquid final phase: less than 2%
detected — ICP analysis
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N
. 3
. rroBUeTOn CWAO REACTION: LOADING OF RU @
y XRD analysis | 7
S 24
N\ 1.0 'i:';..\_ o
R (b) I
e MATERIALS AND 18 = ii 5
METHODS 084% & Ca ks
= Support 130°
: L3 = (1 %)CNS-Ru - ot 0.40 0.27
e 3 RESULTS AND L @wensR '
. 3 & | 4 (T%)CNSRu 01— . . -
DISCUSSION | *| v (10 %)CNS-Ru 1 2 7 10
kN e = — % Ru in CNS-Ru
4 l\-::\\-’.':;‘.;.\ h a 1t)1 \
0.0 v\--\:;::\l:';-"\:;—i*:\-‘.;—~._.._ N (1;§0{() )\\ux)\\\(\nm()mim
o CONCLUSIONS : — T T S S Caowre
0 30 60 90 120 150 180 3 [~
t (min) 2 " Re
5 %R
£ T
o I
Ru-Hexagonal | | ! T
~o OH 0.4'003,'0364. I
20 40 60 80 100
Angle (20)
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REACTION MECHANISM

Vil o

OO b

m/z 228 m
wj

Vlic

NPR
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/ \

P2 -~
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|
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N
. wooucion | ACTIVATION ENERGY DETERMINATION AND KINETIC MODELS
o a
r =k (T ) WAO CWAO
) N PR WAO reaction Value CWADO reaction Value
* MATERIALS AND Rpn g ~GC,er ko (mmol*=-(*L-min‘Y) 4.298x10° ko (mmol™®L7gg,min") 9.233x 10°
METHODS o =3 TV Vedt Ea (kJ-mol?) 56.48 £ 3.91 Ea (ki-mol?) 39.33 £2.08
y a 0.988 + 0.003 a 0.72 £0.06
CRes . dnge  V (—dCy, R? 0.966 R? 0.981
fowro = VNer B Vier *W - dt _W( dt j

e 3 RESULTS AND
DISCUSSION

WAQO: simulation # T CWAO: simulationTy #C,

0.16
030 = 10°C 0.16 (a) ® Coppr=5mg.L? (b) = 110°C
-~ -~ Tyao=K(T)Clier Model at 110°C l M) - r =k(T)Cjpg model at 110°C
0.25 4 o 100c T 17 - Fewao=K(T)Cépg model at 5 mg.L? 102"\(;’*0% (DCer
=== Twao=K(T)Cpr model at 120°C e C =10 mg Lt °
— > 130°C ~ 0124 ONPR ' ~ 01224 - Fewao=K(T)Cipr model at 120°C
‘T'_I 0.20 - - -~ Fyao=K(T)Clpr model at 130°C T K e Iewao=K(T)Cipg model at 10 mg.L™ 7'_| > 130°C
= v 140°C . _ 1
= —= » Conpr=20mg.L = 1 - r =k(T)CRpg model at 130°C
o - -~ Iyao=K(T)C&sg model at 140°C o CWAO NPR
CO NCLUSIONS E 0.15 - A 150°C = oosd ¥ Tewao=K(T)Clipr Model at 20 mg.L™ g 0.08 v 140°C
\'é :’ ;vggri’zk(-r)cim model at 150°C é 3 ‘\\ v Cynpr=30 mg.L‘1 é ) -‘;‘Q:“\ **** rCWAo:k(T)CaNPR model at 140°C
G 0104 - Fyao=k(T)Cipr Mol at 160°C EZE 1. = rewao=K(T)Cipg model at 30 mg.L™* x RN A 150°C
”'"*ffiff%i%gii?ii?i??????f;iiiiitttjjj'"" © 0.04 > O ; 77777 o (TGl model 2 150°C
0.05 - \;“"\\{‘\\::3‘:7:“;‘:’:jjjj; VAT T 0044 5 o= < 160°C
eI R oy e - Iewao=K(T)Cipg model at 160°C
N NN RN NN
0.00 —————— O R S,
@) 0 30 60 90 120 150 180 0.00 — e RARPARE o T
~ OH t (min)

t (min)
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1 A E D
CTIVATION ENERGY DETERMINATION AND KINETIC MODELS
® |INTRODUCTION a b C
r=k(T)- PP CWAO
/ NPR OZ Ru Variable Value
. ol . La,[a*.g- 1. min-L-bar® a
CWAO: simulation#T,#C,, #P and #m (8r, /L) ko (mmol*=L=*gs,“min"-bar®)  7.30x 10
) oo CNS-Ru 1SRu E. (kJ-mol) 36.88 + 1.37
a . Xz .
e MATERIALS AND +
0.16 T 0.16 — a 0.77 £0.03
METHODS | e nc=k(T)CEPPCE. model at 10 mg L™ l - = Tono=K(T)CEprP"CE, model at 110°C] b 0.11+£0.05
CWAO' NPR' j Ru ' e 120°C
J 0.12 ¥ * Cowr=10mgL? 0.12 4 - - Tewao=K(T)CiprP"CE,, model at 120°C c 1.13+0.05
a N - Fewno=K(T)CiprP°CS, model at 10 mg.L | < ™~ » 130°C R2 0.992
:! \ > Cyppr=20mgLt :l -~ Tewao=K(T)C2prP"CE,, model at 130°C :
g 0084 * [ founo KGR modet 220 mo L g 0.08 M —————
= \\ v Conpr=30mg.L” = \ A 150°C
® 3 RES U LTS AN D o R Iowao=K(T)C&prP°C&, model at 30 mg.L™ x N N =~ Towao=K(T)CRiprP C, model at 150°C
g N " [N ! < 160°C
DI SCU S SIO N L)Z 0.04 i\\ \v (_)Z 0.04 ) =::l -~ Towao=K(T)CprP"CE,, model at 160°C
RN i B SN
S L
e (@) St (b)
000 T T \!\;f:::’-”*:$n’.’t‘?’“T” T T . 0.00 \1;l2‘\:—;t—:;::\;::::jj*:777;;,,i ;
0 3 60 90 120 150 180 0 30 60 90 120 150 180
0.08 t (min) t (min)
' 20 bar 1 - 1 1 ¥
e CONCLUSIONS S k(G ol atzob| || (r).ng_ul.(LT (Coﬂ.sopTgL c;u? F:t;)m .
‘::.\ e 30 bar 0.12 - cwAo™ (_1) NPR Ru-rlno el at 0.01gg,.
. 0064% - Fewao=K(T)ChprP’CE, Model at 30 bar ] ® 0.015, L7 (0.75 mg.L" CNS-Ru)
e > 40 bar e N S rewao=K(T)CiprP°C, model at 0.015gg, L
:! ‘ ————— I ewao=K(T)CaprP°CE, model at 40 bar :I 0.09 > 0.02gg, L (1.00 mg.L™" CNS-Ru)
g » v 50 bar 2 t Fonao=K(T)CpaP C4, model at 0.02gs, L™
I 0.04 : ***** Tewao=K(T)CRerP"Ch, model at 50 bar c ? v 0.03gg, L (1.50 mg.L" CNS-Ru)
= Y = 0.06 % m |- Fenno=K(T)CapP°CS, model at 0.03gg, L™
o) S » z IS
0.02 1 » (@] o
. 0034 vy -
o N N -‘\\\
~ OO OH Yow (©) [ T (d)
@) P g ’ NN SN
0.00 —T T 1 v T T 0.00 e T AT
0 30 60 90 120 150 180 0 30 60 90 120 150 180
t (min) t (min)
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) APPLICATION IN REAL MATRICES ™ ———

/I s
\ 60
e MATERIALS AND <0
METHODS Conductivity at 20°C (mS-cm™) 1.17
% 017
75
054
365

Suspended solids concentration (mg-L) 138

Phenolic compounds (mg:L?) 8.9 Qg?;’ R

Aromaticity measured at 230 nm

% Removal

e 3 RESULTS AND
DISCUSSION

e CONCLUSIONS

NPR degradation in 180 min reaction time trend: H,0 CNS-Ru > H,O CNS-Pt > HospWW CNS-Ru
(82%) > HospWW CNS-Pt (61%) > WAO H,O0 > WAO HospWW

o)
- OO 5 TC removal: NPR.H,0 CNS-Ru > NPR.HospWW CNS-Ru (31.1%) > NPR.H,O CNS-Pt (29%) > -
O HospWW CNS-Ru (20.4%) > -HospWW CNS-Pt (18%) > NPR.HospWW CNS-Pt (11.9%) > WAO
NPR.H,0 (9.5%) > WAO —HospWW (4%) > WAO NPR.HospWW (2%)
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N
CONCLUSIONS
¢ [NTRODUCTION
J +* Temperature: the highest influence on the NPR degradation process.
N +* Optimal conditions: 130 °C, 20 bar and 75 mg of catalyst, being 20 mg / L the
* MATERIALS AND initial concentration of NPR and initial pH around the neutrality.
METHODS
y N
Complete elimination of NPR in 90 min reaction time
* RESULTS AND % The reuse of the catalyst
DISCUSSION - - -
** Leaching less than 2% and formation of carbonaceous deposits on the

surface of the catalyst under the experimental conditions carried out.

e 4 CONCLUSIONS N
High stability CNS-Ru

* Better activity CNS-Ru vs. CNS-Pt
» Applicability to real matrices

&

)

L)

&

)

L)
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