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NANOTECHNOLOGY CONVERTS CO, FROM POWER PLANTS FLUE GAS TO VALUABLE PRODUCTS .

POStCO m b U Stl on CO Captu re [1] Cleaned gas to atmosphere Table 3. Specification of BW30-400 R O membrane [8] Table 4. Reverse osmosis unit (ROU) setup [9]
2 Washed flue gas Aqueous Sodium Glycinate Solution Active Area of membrane, m2 37 Flue gas :|°W 0.2 0.4 0.6
Length of membrane, mm 1016 rate, m°/s Nomber vessel x Number of
Flue Gas Diameter of the membrane, mm 201 membranes in series in a vessel
Feed space, mm 0.08636 Staae 1 2xéb 5x b 7 X b
. A 1 ’ Feed flow rate range, m3/h 0.8~19 S’rage 2 1x6 2x6 3X6
. . = o 5 u .
flue gas, which is only ~14% CO, Permeate flow, m3/day 40 Stage 3 1x6 1x6 2xéb
4 Stabilized contaminant rejection, mol% 99.5 Total number 24 48 79
Raw flue gas a Gly Solution NaOH Operating pressure, bar 15.5 of membranes
o PCB L . I ——.
o — Sfo?;;: 2 I—» Retentate == Pure water permeability constant, kg/m?/s/bar | 7.50E-04 i —0.2 m/s
Heat NO PM/H SO . : 3
B B P 7 1 G" . Salt permeability constant, kg/m2/s 6.20E-05 | o 16 _3‘6' Z;:
— $* \ NaHCO3 Nanoparticles U Membrane COSt, $ (2007) 900 E; 0.14
~ (.12
Ash High Pressure Steam Low Pressure Steam | \ Clean Water 1. Washing unit 8
9 —— R 6 \ O ) R 9 < unit Table 5. Performance the CO, capture absorber < 01
\_/ . Reverse osmosis uni
l 3. CO, absorber Flue gas flow rate, m3/s 0.2 0.4 0.6 g oo
Ts::r‘t:r:o EF::S:: 4. Ultrafiltration unit Diameter, m 1.50 212 2 60 :“f 0.06
5. Reaction Chamber Height, m 15.0 21.2 26.0 Z 0.04
6. Pump Packing type Ceramic Berl Saddle 13 mm| = 0'02
Obj ectives Figure 2. Schematic of a continuous process of CO, capture from flue gas 2M SOdS'U”_‘ glycinate flow 0042 | 0.084 | 0126 | .
and nanoparticle production rate, ”t‘) /min - 0 5 10 15 20 25
CO, Absorption efficiency 98.6% 99.6% | 99.8% Column Height, m
Table 1. Typical Flue Gas Composition [2 _ _ _ _ Figure 3. CO, mole fraction profile
P P ] Reactions in the gas washing unit (GWU) AH, at 298.15 K OH — 25 — o ’
. . . . Mol% (kJ/mol) 32 Standord dewation: 12 nm Table 6. Specifications of the UFU membrane (SFP-2660) [10]
To develop a continuous process using Amino Acids 1. S04 + H,0 = H,S0,(aq) o7 79 HN pt \
. 2 <~ = . 4 i 2
(AA) for CO, capture from a typical flue gas of post- O, | 4.000 A 25(3) +(2) = zszo 4 pp— 0 2 20- I B Active area of membrane, m? 33
combustion applications to obtain a high-value el /000 R — ' NH,CH,COOH = 2 45. 4 = Flow range, m%h 1.3-4.0
3.50, + NO, = SO; + NO - 41.81 2oz = ’ ;
product (sodium bicarbonate nanoparticles). Gly will Rl 16-000 2 T T T Os ' glycine g * Length of membrane, mm 1860
be used in the process N, | 72.859 4. 4NO + O, + 2H,0 = HNO;(aq) 51.66 o, =107 Diameter of the membrane, mm 165
. ~ &
HCL | 0.010 5.2NO; + H,0 = HNO,(aq) + HNO3(aq) - 107.09 HZN/\( “Nat S 5 S N Nominal pore diameter, micron 0.03
Table 1. shows a typical flue gas composition [2] SO, 0.080 Reactions in the CO, absorption unit (CAU) [5, 6] 0 % Maximum transmembrane pressure, bar 2.1
: @ | :
SO, | 0.001 6. NH,CH,COOH + OH™ = NH,CH,C0O0” + H,0 - 11.636 NH,CH,COONa = W Y0 30 40 50 60 70 80 Operating PH 2-11
N02 0.025 7. NHZCHZCOO_ + HZO + COZ = NHZCHZCOOH + HCOS— - 56.85 sodium glyCInate Fiber diameter (nm) Table 8. C02 material balance
NO 0.025 Figure 4. Diameter distribution of NaHCO; nanofibers| CO, in flue gas, kg/s 6.156E-02 |1.231E-01| 1.847E-01
Previous Work Hyd raulics [7] Table 7. Production of NaHCO, nanoparticles | CO, in clean gas, kg/s 8.439E-04 | 5.162E-04 | 3.446E-04
3 CO, in ROU retentate, kg/s| 2.727E-03 | 5.553E-03 | 8.363E-03
| | 1 “ u, [y Flue gas flow rate, m3/s 0.2 0.4 0.6 2 g
L. WVU (LT et al. 2017) experimentally proved that aqueous AT B AT 31 957 S TS - e |pe NaHCO, production, kg/s | 0.1107 | 0.2234 [ 0.3359| | CO, in NaHCO, kg/s 5.799E-02 | 1.170E-01| 1.759E-01
sodium glycinate solutions (Gly-NaOH-H,O) convert CO, into \ ! N | ,/.fm",g, lb Pressure drop _
. I Y RIIENANTS (7 /AN ISy Flooding inH,0/ft w2 NaOH makeup, kg/s 0.0527 | 0.1064 |0.1599 | | Relative Error, % 3.824E-03 | 2.299E-02 | 1.117E-02
N
nanofibers as shown in Fig. 1 [3]. i;\t,fv,:‘::\ P Q:g) v‘,{ﬁf ~ §i V=0016 PcUg F. - f(uy) - f(py)
2. Pitt developed and validated a five-components ,.,/;:f@';g_p;?a’;b é%»'&‘ﬁj{z:'@, = | ___ 10 e Washing unit | g P : : CO nC I us | ons
mathematical model in Matlab for CO, capture from a gas @5"/’&"‘:{; "é:,',?,";"f/”g 2 o “'" 075 CO. absorh
. . . . & 4 5 J{! 4' o < ! — b - o * . . . . .
mixture (CO, + N,) using 2M sodium glycinate (SG) aqueous .:g’::j;".fy"-4,,};@‘:\:‘;&*;:-(/{"2:‘;4 n e Q o 2 4D50Ther f(py) = 1.5052 - In (p_“’> +1.1883 1. A novel continuous process using aqueous sodium glycinate solutions (Gly-NaOH-H,O) for CO, capture
solutions in an adiabatic countercurrent packed-bed ;‘2'}'“973-‘-—‘4.?'3’ "’“\f\q‘-‘"v’"‘“ I s e T R PL from a typical flue gas of post-combustion applications to obtain a pure high-value product (sodium
absorber of 10-cm ID [4]. ‘ : (N 5| o 3 2 bicarbonate nanoparticles) was developed.
A , o R log|f = 0. 1-1 .0226-1 : : :
3. Pitt also developed a model in Aspen Plus v.10 for SG-(CO, / 7 X\ % | TTTT-- oglf(n)] = 0.0591-log" () +0.0226 - log™ () + 2. The process can remove 100% of the gaseous contaminants from a typical post-combustion flue gas stream
+ N,) system. The Aspen Plus model predictions were L § 0.1701-log(pn) — 0.0135 and can_capture more than _98% of CO, from flue gas stream at different flow rates using aqueous glycine
compared with those of the Matlab model under the same i om u is superficial liquid velocity, ft/s and sodium hydroxide solutions.
operating conditions and a very good agreement O B e T ug is superficial gas velocity, ft/s Acknowledgement:
was found [4]. pp is liquid density, Ib/ft3 The material presented in this poster is based upon work supported by the US-DOE under Award Number (DE-FE0031707).
: : : : pc is gas density, Ib/ft3 Disclaimer:
Figure 1. SEM image of nanofibers obtained [3] 0., is water density, [b/ft3 This poster was prepared as an account of work sponsored by an agency of the United States Government. Neither the United
Fp is packing factor, ft States Government nor any agency thereof, nor any of their employees, makes any warranty, express or implied, or assumes
0.001 P e . any legal liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
0.01 n is liquid viscosity, mPa-s
L ’ process disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any specific
u; pc MO d el ReS u ItS commercial product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute
or imply its endorsement, recommendation, or favoring by the United States Government or any agency thereof. The views and
1. Impurities (HCI, SO,, SO, NO and NO,) in a typical flue gas should be removed using an opinions of authors expressed herein do not necessarily state or reflect those of the United States Government or any agency
inexpensive fluid to ensure the production of pure sodium bicarbonate nanoparticles. Water Table 2. Packed-bed absorber for the GWU Mol% thereof.
will be used to wash the raw flue gas in a gas washing unit (GWU). References:
2. The impurities dissolved in the water will be removed using a reverse osmosis unit (ROU) Flue gas flow rate, m3/s 0.2 0.4 0.6 Flue gas | Washed Gas 1. "Post-Combustion CO, Capture." Available at https://netl.doe.gov/coal/carbon-capture/post-combustion.
' : : : 02 4.000 4.194 2. EJ Granite and HW Pennline, "Photochemical removal of mercury from flue gas," Ind. Eng. Chem. Res. 41(22), 5470-6, 2002.
and the clean water will be recycled back to the GWU. The wastewater will be disposed of or Absorber inside diameter, m 0.500 0.710 0.866 Tie = 000 > 357 3. B Li, X Wang, D Hopkinson, J Hoffman, A Egbebi, and KP Resnik, "Amino acids react with carbon dioxide (CO,) and form nanofibers and
processed. 5 : : nanoflowers," US Patent 10583388, issued March 10, 2020.
- PR - - : Packing height, m 3.00 4.26 520 4. R Wang, H Ashkanani, B Li, and B Morsi, "Modeling of CO, absorption from gas mixtures using chemical absorbents in adiabatic packed-beds,"
3. Thg_lmpg_rltlets) fre? flue gas V\t/'l”l be sent to a COZ absorptlon unit (CAU) to convert COZ to J J COZ 16.000 16.220 presented at the 36th Annual International Pittsburgh CoaIZConference, 2019.
sodium DiIcarponate nanoparticles. Washing water flow rate, m3/min 0.60 1.20 1.80 N 72 .859 77.228 5. SW Park, YS Son, DW Park, and KJ Oh, "Absorption of carbon dioxide into aqgueous solution of sodium glycinate,” Sep Sci Techn. 43(11-12),
4. The nanoparticles will be separated from the reaction products (aqueous glycine) in an 2 3003-19, 2008. _ o
ultrafiltration unit (UFU) Impurities removal efficiency, 0% 100 100 100 HCL 0.010 1.81E-07 6. SP Ziemer, TI__ Nlederhauser, ED_ Merkley, JL Price, EC_ Sorenson, BR McRae, BA Patterson, ML Orl_g_lla-Luster, and EM Woolley.
_ _ ' _ _ _ _ "Thermodynamics of proton dissociations from aqueous glycine at temperatures from 278.15 to 393.15 K, molalities from 0 to 1.0 mol-kg™, and
5. The nanopartlcles will be collected, and the agueous glycme will be mixed with makeup : Soz 0.080 1.07E-05 at the pressure 0.35 MPa: Apparent molar heat capacities and apparent molar volumes of glycine, glycinium chloride, and sodium glycinate." J
_ ) Packing type Mellapak 250Y .
sodium hydroxide and recycled back to the CAU. SO 0.001 514E-11 Chem Thermodynamics 38(4), 467-83, 2006.
Voidaae. % 08.7 3 i i 7. M Leva. "Reconsider packed-tower pressure-drop correlations." Chem Eng. Progr. 88, 65-72, 1992.
Fig. 2 sh h : fth I g¢e, i N()2 0.025 2.13E-06 8. Y Lu, et al. "Optimum design of reverse osmosis system under different feed concentration and product specification." J Membr. Sci. 287.2,
1g. 2 Shows a schematic ot the overall process. Packing specific surface area, m-1 219-29, 2007.
g sp 256 NO 0.025 2.55E-04 9. Dow Water & Process Solution. "Filmtec™ Reverse Osmosis Membranes." Technical Manual, Form 609-00071, 1-180, 2010.
10. Available at https://www.lenntech.com/Data-sheets/Dow-UF-SFD-2660-L.pdf.




