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Presentation Objectives

* Sorption of CNT &
Graphene Oxide to Bological 0 settling

process

wastewater biomass . Y

Overcoming analytical
challenges in measuring
graphene oxide in
presence of biomass
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Carbon Nanomaterials

2-D materials 100%

050 mg/L TSS
— Graphene Oxide
3-D materials

— Fullerenes/fullerols
— SWCNT

— MWCNT
* Functionalized ‘

* Non-functionalized MCyOHp  TiO,  FAg  agCh
Wide variety of applications Kiser et al., Water Res., 2010

Little information on interaction with wastewater
biomass exists
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Batch Sorption Experiments

mM NaHCO,

Prepare nanomaterials in 1 !
Fresh wastewater biomass E NP + 400 mg TSS/L

Biomass Sorbent

Mixing time = 3 hours

Nanoparticle Control

Settllng t|me — 30 min (No Biomass Sorbent)

Centrifuge out biomass (if
needed) =5 min at 1000 G NP + 800 mgTSS/L

Biomass Sorbent

Analyze supernatant for
nanomaterial

Quick test Kiser et al., ES&T (2012)
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SEM images of FLG
(with gold sputtering)
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SEM images of GO
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Graphene Oxide (GO) Results

* GO analysis at high Biomass can “release”
concentrations soluble organics during
achievable by UV/VIS 3 hr batch sorption that

25 cause absorbance
—0.5 mg/L = = GO control
— 1 mg/L —50 mg/L Biomass
——500 mg/L Biomass
5 mg/L —— 1000 mg/L Biomass
10 mg/L

20 mg/L

30 mg/L 200 K10[0 400 500 600 700
Wavelength (nm)
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* Approach- subtracted
s00 oo 700 Out background signals
Wavelength (nm) to quantify GO sorption




Initial GO Concentration = 25 mg/L

After mixing for
3 hrs and settled for 30 min

Biomass: 50 mg/L 100 mg/L 500 mg/L 1000 mg/L 2000 mg/L 3000 mg/L GO control




Reduced absorbance in supernatants
Supernatant

after
centrifuged at
1000 G for 5
min

Biomass: 50 mg/L 100 mg/L 500 mg/L 1000 mg/L 2000 mg/L 3000 mg/L
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After subtracting the absorbance ol"
biomass control

UV-Vis of supernatent after biomass absorption & subtraction
of biomass ONLY control

- = GO control 50 mg/L Biomass + GO
100 mg/L Biomass + GO 500 mg/L Biomass + GO
1000 mg/L Biomass + GO 2000 mg/L Biomass + GO

——3000 mg/L Biomass + GO
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GO Association with Biomass

100%

75%

50%

25%

0%

1000 2000
Biomass Dose Applied (mg/L)

3000
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Graphene -

e Similar approach for
graphene as GO
— Lower absorbance from light
scattering
 Graphene Removal with
Biomass:

— 0% removal with 50 mg/L
biomass

— 10% removal with 100 mg/L
biomass

LCiSR

Biomass

Flat Absorbance profile out to 700 nm

14
12 — 50 mg/L 33.3 mg/L

1 — —25mg/L - . =16.7 mg/L

| ----83mg/L — - 1.7mglL
0.8 -

0.6
0.4 -
0.2 -

0

Absorbance

200

1mM L
NaHCO3
ONLY

20 ppm Graphene
in 1 mM NaHCO3
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Functionalized CNT Samples (from H. Fairbrother/ JHU)
After Sonicate for 1 hr

CNTs with different percentage of Oxygen:
0.3% 3.5% 6.4% 7.3% 8.3%




ESU UV-Vis Scan on 25 mg/L of CNT LC:2
suspension
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| %absorptlon of CNT with 8.3% O on t
biomass

UV-Vis scan on supernatant after absorption

— (50O control

. _ 50 mg/L Biomass + CNT
CNT trigger the aggregation 100 mg/L Biomass + CNT

/ and setting of biomass. 500 mg/L Biomass + CNT

1000 mg/L Biomass + CNT
2000 mg/L Biomass +CNT
— - 3000 mg/L Biomass + CNT
——50 mg/L Biomass
—— 100 mg/L Biomass
500 mg/L Biomass
1000 mg/L Biomass
2000 mg/L Biomass
= = 3000 mg/L Biomass

Q
(&)
c
©
215
o
N
o)
<

Wavelength (nm)




FsiU

Samples of CNTs with 8.3 % Oxygen

After mixing for 3
hrs and settled
for 30 min

Even in Control
sample (complete
removal of CNTs)

Biomass had no
adverse effect on
CNT removal

Biomass: 50 mg/L 100 mg/L 500 mg/L 1000 mg/L 2000 mg/L 3000 mg/L CNT Control
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Challenges

* Low level GO or CNT analysis not possible by UV/VIS
alone

— Biomass causes background UV/VIS interference
— UV/VIS is non-specific

* Need a specific GO (CNT) analytical method

* Quantification using thermal combustion methods
have worked well previously for CNTs
— We previously observed challenges for oxidized CNTs

because surface oxygen “burned” CNTs at similar
temperatures as organic matter

— Thermal methods have low detection limits for CNTs of ~ 3
ug (Doudrick et al., ES&T 2012)




Sample Oxidation Reduction I'lame Ionization
200y (0,2 CH, Detector
Sample Oven Areidation O Tethanator Ov
Flow diractio Oxidation Oven | | Mli:thcu.mtm Oven
MnO, Catalyst, I= | Ni-Furebrick supported o
(zas Carrier 870°C catalvst, 500 °C ‘
1002 He o1 | h
00 Hel 0V 05 T = = T
Thermocouple

Sunset Laboratories Lab OC-EC
Aerosol Analyzer
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Programmed Thermal Analysis (PTA)

Helium Helium/Oxygen (90/10)

==Graphene Oxide
Few-layer Graphene
—Temperature
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Temperature (°C)
(Dotted Line)

Area where
background carbon
also evolves

600
Instrument Time (s)
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RS aIlmprove separation of GO sighal from

background organics
* Add reductant a0 1 —0.00%

(NaBH,) 0.4%
Reduced graphene R
oxide (RGO) analysis 1000 7 —8%
by XPS yields
decreases number
of C-O & C=0 bonds
by > 5 fold

PTA thermogram
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Time (s)
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Adding Solvable™to degrade organics

* Solvable is an alkaline digestate that degrades
organics; surfactant helps separation

* Solvable + NaBH, produces good pellet for separation
& analysis
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- - -GO/Sol
GO/Sol - BH (0.04%)
GO/Sol - BH (2%)
emnd C10)
—GO/Water - BH (0.4%)

Temperature (°C)

Fraction Graphene Remaining

IfPumentPte (s)>00 600 700




PTA for GO & Wastewater Biomass
(after Solvable + 2% NaBH,)

Biomass
s C10)

- Temperature
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Biomass
interference

Temperature (°C)

650 750

Instrument Time (s)




FSi GO or FLG LCSER

spiked into wastewater biomass

Allows quantification in
biomass (rather than in

water column as achieved
by UV/VIS)

Detection limits (MDL) are
~ 2 ug GO or FLG

Higher recoveries: 80% to
110%

Low background
interference at low
biomass doses*
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PESU Final Digestion Method to Handle LC%w
Separation of FLG, GO (or CNT) from High
Biomass Concentrations (1 g/L)

Wastewater Graphene Solvable (5 mL)

concentrate \ /

U , U 24 hrs @ 60°C

Aﬁ1gati(}1ﬂ¥’aslmecailt

NaBH, (salt)
2 hrs @ 60°C
’ Collect graphene pellet
> el QFF

36 hrs @ 60°C /

GO Recovery with 1 g/l‘ Phase separation
biomass: 110% + 13% Centrifugation
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Application to FLG sorption to Biomass

Fixed biomass
concentration
— 50 mg/L

— Higher biomass
concentrations are now
capable with optimized
digestion method

Variable initial graphene
concentration

— 0.3t0 8.3 mg/L
— Lower than with UV/VIS

— Very small background PTA
signal from 50 mg/L biomass
Consistent removal (10£3%)
of graphene by 50 mg/L
biomass

q (mg FLG / g Biomass)

1000

1

q=150C0?
R?=0.94

0.01 0.10 1.00 10.00
Ce (mg/L)
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Conclusions

* Functionalized CNTs
— Dispersible in water

— Readily aggregate, settle within pH and mixing conditions
relevant to wastewater treatment (even without biomass)

* Graphene oxide & graphene:
— Associates with biomass and will accumulate in biosolids
— Existing analytics (UV-VIS) were limited to high concentrations
— UV/VIS able to quantify GO or FLG in supernatant

 PTA was developed for GO & FLG in Biomass
— Optimized method uses Solvable + 2% NaBH,

— Low detection limits
— Allows determination of GO in biosolids
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