IMPORTANCE OF

SURFACE FEATURES IN
NANOREACTORS

Teresa J. Bandosz




® To remove toxic gases from air

® To provide inexpensive and efficient
adsorbents for removal of toxic gases

€ To formulate the mechanism of reactive
adsorption
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Toxic industrial compounds (TICs)

H.S (4.34)

SO: (4.6A)

NHs (2.9 A)
CH3SH (4.24)
CH3SSCH;3 (5.3 A)
NO (4.2 A)

NO; (4.4 A)

AsH3

Ciwc()"?gc Common feature: small size==m= weak dispersive
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& Nonspecific
®Dispersive interactions ( Lennard-Jonnes)

& Specific

® hydrogen bonding, electrostatic. etc

strength expressed by heat of
adsorption < 60-80 kJ/mol
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in7 A pore
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Distance from the center of pore [A]
molecular sizes: H20: 3.2 A ; MM 4.2 A; DMDS: 5.3A
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Species

Qut

[KJ/mol].

'KH

H,0

MM

19.8

33.1

59.9

3.83x 10°
7.81 x10*

461 x 10"
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& Retention of molecules on the surface
enhanced by chemical reaction
®+transformation to non-toxic or strongly adsorbed
®oxidation and deposition on the surface

®complexation

®acid- base reactions

®photoactivity

City College
of NewYork




& (small) pores being able to accommodate the
active sites and reagents ( water??)

= sufficient volume of large, transport pores

” active sites participating in reactive
adsorp‘non

< high dispersion of active sites

& self-regeneration of active sites
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# VIRGIN ACTIVATED CARBONS
# MODIFIED CARBONS

® impregnated with transition metal salts ( Co, Ni, Co, Fe...)

® impregnated with caustics
® with Keggin cations deposited on the surface (Al )

® with HPA (ammonium metatungstate (NH,),H,W.,0,,)

® with incorporated nitrogen (quaternary, piridinic..)
® with incorporated sulfur ( sulfonic, thiophenic)
® composites with metal oxides ( CaO, MgO..)

< GRAPHITE OXIDES

® a5 received
® pillared with inorganic/organic species

C ®,ith incorporated nitrogen
City College . i .
ofNewtork ® composites with MOFs and metal hydroxides/ quantum dots




# high surface area and pore volume ( over 1000 m?/g,
1cc/g)

£ heterogeneous pore structure

& surface functional groups
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Lerf at al. J. Phys. Chem B
102, 4477 (1998)
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& Breakthrough test- dynamic measurements
®wet or dry air
® concentration 1,000-3,000 ppm (accelerated)
®flow rate (150-400 mL/min)
®bed size ( 2-6 cc)
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& Ammonia on GO

——GO-ED
——GO-EM

—4—GO-C-EM
—e—GO-D-ED

%m—n

NH;
breakthrough pH
capacity

[mg/g of [mg/cm’
ads] of ads]

GCB 0.4 0.2 8.66 8.70
GO-D-ED 27.8 12.0 3.40 6.64
50 200 250 300 35 GO-ED 61.0 29.9 315 | 7.66
Thive fil GO-EM 38.4 18.4 3.15 7.40
GO-C-ED 16.8 1.85 635 = 7.45
GO-C-EM 15.5 1.70 6.35 7.20
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Ammonia on WO3 and MoO3 modified carbons

—e—BAX-Mo5-EM
—e— -EPM
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Initial vinylpyridine resin

Carbonization andactivation at 950°C
-

Pyridine-N-oxide

Pyridinic

Schematic presentation of the chemical
Gity College  Structure of VPR and its derivatives, nitrogen-
of NewYork containing carbons SCN

/ Pyridinium

. Pyridinic

XPS spectra for the initial VPR resin
and samples obtained by carbonization
at 500 °C and 950 °C
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Derivative of weigth loss (%/°C)
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SEM IMAGES

100nm 5.00 kv Signal A = InLens

WD= 3mm Vacuum Mode = High Vacuum
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0.2

y = 1.0206x
R? = 0.892

0.4 0.6 0.8
Pore volume < 50 A [em®/g]
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® Wet (Air)
@ Dry (Air)
A Dry (N2)

AASOrp
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S0, adsorption, [mmol/g]

Incremental amount of basic groups, [mmol/g]
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H2>S oxidation
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H>S oxidation

H,5+H,0 == HS +H,0
¢:+050, == ((0)
(Medium strength) Acidic +—— pH —>  Strong Basic

HS (e + €(0) ™ C(S*) + OH- | 2HS 55+ C(0) > C(SSH) + OH-
OH-+ H+ — HZO
¢(s*)+0,— S0, (ads)+ o C(SSH) + 2HS- —> ((S;SH) + OH-
S$0;(e49)* 0.5 0; > 5034 l

so3(°d$) +H,0 (ads) —* H2504(ads)
H,S0,+H,S = §,+xH,0 cs,)

Strong Acidic pH

st ‘:D HZS(ods) Cf‘ ff’ee active sites
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H>S oxidation

ON IRON OXIDES IN THE PRESENCE OF CAUSTICS

ON MAGNESIUM/CALCIUM OXIDES
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PROPOSING MECHANISM

At the presence of air and moisture:

AL by L

S, + xH,0
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Inferactioniofammoniawithigraphiteroxides
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Inferaction of arsine with sulfur containing carbons

2AsH; + 30 As.O; + 3H.0
2AsH; + 40, As,Os + 3H.0

As:Os + Oy As:Os
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HaC nitramines

N—NO + CO.A + F

hitrosoamines
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——2ZnGO0-2
—e— ZnGO-5
— —ZnGO-20-E-L
—&— ZnGO0-20-E-D
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H,0 + H,S — HS + H;0" ZnOH-GO + hv — ¢e7(GO) + h*(Zn-OH)

/n-OH + HS —> Zn-HS + OH e +0, — > 03~
h* + OH- —— OH’

05~ + H,0 —> OH; + OH"
OH$ + H,0 —> H,0, + OH"®
H,0, —> 20H°

Hzo + st — HS + H30+
Zn-OH + HS® — Zn-HS + OH"

e HS + OH®* — S° + H,0
City College HS + OH*+ H,0 — HSO; + H*
of NewYork Zn-OH + HSO. ——= Zn-HSO. + OH




Zn0-> e +h'
SO, + H,0 = H,S0;

S0, + Zn{OH), = ZnSO, + 2H,0
SO,* + H,0 + 2h* > SO, + 2H*

250,% + 2h™ = 8,0,
2H" + 2e > H,

2H,0 + 2e— H, + 2 OH I
SO,” + H,0 + 4h* - §° +

(& S% + Zn(OH), +2H' - ZnS + 2 H,0
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& To obtain a comprehensive view of the process
occurring on the surface of adsorbents during
reactive adsorption the results obtained using
various methods have to be combined

& The surface should be modified towards

the

City College
of NewYork




Dr. Andrey Bagreev

Prof. Keith Gubbins ( North Caorlina State Univ. )
NYC DePG"'Tmen* of Prof. Lena Deliyanni )(University of Thessalonica)
Environmental Protection Prof. Voijslav Krstic ( CRAN- Trinity College)
Prof. Robet Alfano ( Physcis, CCNY)
Dr.Amos Turk
ACS Dr. Conchi Ovin-Ania (INCAR, Spain)
NATO Dr. Mykola Seredych

Dr. Benoit Levasseur
Fuel Cell Ener'gy, Inc. Foad Adib ( Ph.D.)

US Army Research Office Sveta Bashkova (Ph. D)
Camille Petit (Ph.D.)

NYSERDA Adil Ansari (MA)

NSF Habibur Rahman (MA)
Amani Ebrahim (MA)

EPA Oluwaniyi Mabajoye

Petroleum Research Fund of

e Anna Kleyman
Dr. Boris Resnik (Unv. Of Karslruhle)

of NewYork Dee Breger(Columbia Univ.)

City College




