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H H
Polyethylenimine (PEI) is a polymer -~y >Ny~ No~y

composed of the many amine groups H H H
o Can be impregnated, grafted, or NH, 2SN SN
directly synthesized on various solid H H
adsorbents for CO, capture NSNS S SN
Including porous titanate nanotubes : H 4
Linear PEI fragments J/”H
o All secondary amines HN
Branched PEI fragments (used in this study) " ZL\N,KNH g
o Primary amine groups(30%) S 2'\/ .
: 2' L ol
0 Secondary amine groups (40%) | I
o Tertiary amine groups (~30%) ?mg 4
H,N N.__~N" “-NH
Dendrimer Hszv’»” P -

: : 2
o Primary and secondary amines H2N5
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Adsorbents

Adsorbent

R ted Ad ti it
Adsorption conditions SRR I A1 RIE (O] (B pralel B
(mmol/g)

|IG-MWCNTs-PEI-EC-40

2.141

TINT-raw

TINT-MEA-56

TINT-EDA-47

TINT-TETA-51

TINT-TEPA-43

TINT-TEPA-22

TINT-TEPA-69

TINT-TEPA-91

Tetraethylenepentamine-Al, O,

Propylethylenediamine-carbon

Tetraethylenepentamine-MCM-41

Tetraethylenepentamine-MCM-48

Propylethylenediamine-SBA-15

Tetraethylenepentamine-TiNT

PEI/AC

8% CO, 1.3

8% CO,

PEI/AC

8% CO,; 12%H.,0

PEI-K,CO4/AC

SBA-15-PEI 50

SBA-16-PEI 50

KIT-6-PEI-50
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Synthesize a novel CO, adsorbent of PEI-PTNTs using 600MW PEI,
10,000MW PEl, anatase and P25 powder

Study the effects of temperature on both the CO, adsorption
capacity and synthesis of PTNTs

Characterize samples using X-ray diffraction (XRD), scanning
electron microscopy (SEM) and transmission electron microscopy
(TEM)

Develop a geometric model for CFD simulation with a central
porous section that represents the packed bed adsorption section

Evaluate the viability of PEI-PTNTs as adsorbent for CO, capture
from flue gas
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e 75mL mL 10M sodium hydroxide (NaOH) solution was added
to 2 grams (g) TiO2 anatase or P25 Degussa powder and
stirred for 1 hr. using a magnetic stirrer

* The slurry was added to a polytetrafluoroethylene autoclave
and treated at 130°C and 140°C for 24hrs.

« The precipitate was collected (excess NaOH was removed),
washed with 0.1 M hydrochloric acid (HCl) agueous solution
to a pH of 1.6 and subsequently rinsed to neutral pH with
deionized water

 The neutralized precipitate was dried and ground

L

TiO, powder + 10M NaOH EEE

TNTs + 0.1M HCI + DI H,O

TNTs + 0.1M HCI + DI H,O —— PTNTs



Na,Ti,0.H,0

Na, H Ti,O,+H,0

pH=1-8

tubostratic anatase Na, H,Ti,O,H,0
TiO,; pH =038 pH<T7
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1 g PEI (600MW or 10,000MW) was dissolved in 20mL methanol

1 g PTNTs was dispersed in 60 mL methanol using a tip
sonicator

The dissolved PEI was added to the dispersed TNTs and the
mixture was stirred in a covered beaker for 2 hrs. and then
stirred uncovered for another 8 hrs. (to allow for wet
Impregnation)

The recovered residue was dried

The resulting product was denoted as PEI-PTNTs-50%
according to the PEI loading

PEI + Methanol + PTNTs = PEI-PTNTs
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Adsorption capacity was determined using weight
differential in adsorbent

1 g adsorbent was pretreated at 110°C with pure nitrogen
(N,) gas at 120 mL/min for 30mins. and the weight recorded

A mixture of nitrogen and carbon dioxide (N,/CO,) was
passed through the adsorbent at 120 mL/min flow and at
75°C for 1 hr. and the weight recorded

The steps above were repeated and the weight differential
between each set of adsorption/ desorption were calculated
with the difference being regarded as the CO, adsorbed
capacity in mg/g
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e The crystal samples
Advanced diffractome
following:

o0 Scattering angle: 2
o Step Size: 0.01¢
e JEOL 2010 transmissic

o0 Acc. voltage: 100-
» Start kV: 100
» Stop kV: 200
» Step: 10
» Time: 15

 JEOL SEM at Departme
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o Simplified Geometry & Meshing of Carbon
Capture Device

o The diameter of the pipe Is 1.5m
o Approximately 2 million grids were used

o0 There are 5 times finer grids in the porous domain
than the two other regions
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« Among the different temperatures (130-
180°C), NaOH concentration (5 & 10M),
HCI concentration (0.01 & 0.1) and dilute
acid type (HCI & nitric acid, HNO;)that
were used, the following parameters
yielded:

o Titanate nanostructures
» Nanosheets
» Nanotubes
» Nanorods
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130°C 7 days 5M NaOH no wash

] 1‘5k¥ WD9mm SS47
Sample L

SEI 13kV  WD9mm SS41 x10,000 1pm
Sample 3 Aug 16, 2016

*SEM experiments showed that
titanate nano-sheets were
developed at 150 -180 °C.
*Titanate nanostructures

~ obtained at 130 and 140 °C

SEl 13kv. WD9mm S$S43 x11,000 1pm SE[ K P
Sample ug 15, 2016 Sample . Oct 20, 2016

be characterized by TEM
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Anatase PTNTs at
;;k U"" A Z 5% ‘ Eof

>

TEM characterizations demonstrated that the titanate nanotubes can be
successfully developed at 130 and 140 "C from anatase or P25 TiO,
nanopowder




 Powder X-ray d
following phase
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o H,Ti,0q4
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 The adsorption capacities were recorded for
the following PEI-PTNTS:

o P25 (130°C and 140°C 1 day)
o Anatase (130°C and 140°C 1 day)

» Highest average CO, adsorption was with P25
140°C 1day PEI-PTNTs (69.83mg/Q)

* CO, adsorption results are highly variable
and inconclusive

« Additional experiments are planned to study
this further
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The CO, adsorption capacity of PEI-functionalized titanate
nanotubes is influenced by raw TiO, material for synthesis of
titanate nanotubes, gas flow rate, adsorption temperature, CO,
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Weight (mg/g)
w
o

N
o
I

=
o
I




CFD Simul

The pressure
contour Is for a
case of 50%
porosity

Contour 1&2

represents before i isseo
entering and after W3z
exiting the porous
region

Pressure drops at |
the exit of the Contour 2 /L
porous region — "

Contour 1




Vertical flow pipe

Grids in the porous

portions of the pip
The flow rate is 2
The size of the pa

Pressure
Contour 2

1.355e+004
1.219e+004
1.084e+004
9.484e+003
8.129e+003
6.774a+003
5.419e+003
4.064e+003
2.710e+003
1.355e+003
-2.840e-002
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TEM characterized scattered and overlapped PTNTs as tubular
nanostructures for 130°C and 140°C (anatase and P25 powders)

TEM images confirmed both ends of the nanotubes are open for
P25 nanotubes.

No remarkable peak shift occurred before or after PEl
iImpregnation as confirmed with XRD characterizations

CO, adsorption from the simulated flue gas was observed using
PEI functionalized titanate nanotubes synthesized from anatase
and P25 TiO, nanopowder at 130 and 140 °C; however, adsorption
capacities are highly variable and inconclusive

CFD simulations were used to produce the pressure contours to
simulate our experimental conditions and increased pressure was
observed at the inlet of CO, gas in a vertical flow pipe




Develop other PEI
molecular weights ¢

Optimize the adsor

Determine surface &

adsorbents

Optimize CFD simulz
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