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Motivation
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 Conventional LOI testing for OC/GAC content of their blends with sand can take 

up to 3 days leading to delays in construction.

 Hamdan et al. 2024 showed that pXRF could be used in a field trailer setting to 

rapidly confirm granular activated carbon (GAC) blended with sand in varying 

amounts.

− Results in 2 to 4 hours.

− GAC/sand blends up to 60 wt% (every 5 w%) 

− Sand from Gowanus Canal Superfund site

− “Pathfinder” elements (Ca, Si, S)

− Sulfur was highly correlated with GAC due to bituminous coal origin.



GAC/Sand Blend Sample Preparation
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Crushed/pulverized to 100% passing 
No. 100 (150 um) sieve

Take 5 pXRF shots per sample (N, S, W, E and center) in mining 
mode per blend (60s per shot)



XRF Results – Sulfur correlation
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 Data appears curvilinear
− Linear has better fit up to 60%

 What about the skewed data at 100% 
GAC?
− pXRF uses multiple energy x-ray beams 

to characterize materials
− X-rays are susceptible to attenuation and 

other matrix effects
− Due to mesoporosity and other 

structural features, carbon nanotubes 
have been shown to attenuate X-rays up 
to 30 keV

− GAC has mesopososity and structural 
features similar to C-nanotubes.



OC/Sand Testing Approach
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 Expand to include 4 different “sands” including limestone “sand.”

 OC/FS only dried to 70°F based on manufacturer’s direction

 Milled with cobra crusher to pass No. 100 (150 um) sieve. Watch overheating.

 OC/sand blends from 0 to 45 wt% at 5 wt% increments plus endpoint materials

 Used plastic condiment (2 oz) containers with Saran Wrap cover as before

 pXRF shots in mining mode (4 beams) in triplicate per blending target (60s each)

 Seek out pathfinder elements having linear correlations with R2 values > 0.80



OC/FS and sand source materials
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GC LIM CMP PG

FS 400 OC



Cobra Crusher Attachment to Angle Grinder to Pulverize Solids
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OC/Sand Testing Results -- Pure Materials
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OC/Sand Blend Pathfinder Element Summary (38 correlations)
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Br shows up 
in LIM, not OC



OC/Sand Testing Results -- Chlorine
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OC/Sand element concentration equations for up to 45 wt% OC/FS
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Conclusions, Observations & Lessons Learned
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 “Pathfinder” elements are key to "fingerprinting" a material
− Cobra Crusher is great time saver, can quickly mill dry solids, including malleable clays
− For GAC/sand, sulfur is king
− For OC/sand and FS/sand, chlorine is king
− Sands interchangeable and scalable if pure “sand” has unique element (Cl in LIM)
− OC = Cl (mg/kg) / 432 for OC-sands (first order estimate w/o site specific correlation)
− Correlations can have steep or shallow slopes, positive or negative depending on pairing
− Correlations can be used to check each other. Do not extrapolate.

 1 day to develop correlation; 2-4 hours for triplicate testing of sample including drying/milling
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Organoclay (OC) Approach
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 Physical crusher did not work for OC (too malleable), needed different approach

 Expand study to include 4 mineralogically different sands

− Gowanus Canal (GC) sand (quarried)

− Cape May Point (CMP) New Jersey beach sand (marine)

− Playground (PG) Sand from big box store (general “sand”)

− Limestone (LIM) sand from Chicagoland region for Great Lakes applications (Karst)

 Also tested Flourosorb 400 (FS) used for PFAS treatment since in OC family.

 Seek out pathfinder elements. Chlorine/Bromine obvious choices due to OC manufacturing processes. 

Common bentonite source will likely produce others.



OC/Sand Testing Results -- Chlorine
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OC/Sand Testing Results -- Chlorine
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OC/Sand Testing Results -- Silicon

©Jacobs 202317

OC~129,200



FS/Sand Testing Results -- Chlorine
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OC/Sand Testing Results – Ca and Mg
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OC/Sand Testing Results – Ti, Ca, Fe for PG sands
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