Sorption of Cr(VI) on Mineral Assemblages of Goethite with Clays and Oxides
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Introduction Experimental Method

Anthropogenic  activiies have caused Cr(VI) § ¢ Ultrapure water, 10> M Cr(VI) & background electrolyte mixed in a 1 L flask ; 60 mL control removed; Solids are then added to the solution in prescribed amount and batch slurry is allowed to
contamination of many natural systems (Grossl et al., § equilibrate for 1 hr

1997). In aqueous solution Cr(VI) is highly mobile,
however, adsorption of Cr(VI) anions to mineral
surfaces impedes movement (Mesuere and Fish, f ® After 24 hr, 48 hr, 1 wk & 2 wk of mixing ~15 mL of slurry is removed from each aliquot, slurry pH rechecked, centrifuged and filtered, then tested for Cr(VI) using UV/VIS spectrophotometry and

1992). Sorption behavior is dependent upon pH and § total Cr analyzed by ICP-OES
the presence of competing ions (Richard and Bourg, |

1991). Many studies have been conducted to : .
observe the sorption behavior of Cr(VI) on single Results and Discussion

minerals and surface COmplexati()n models (SCMS) : _ : : Equal Surface Area 60 mZ2/g Atmosphere Equal Surface Area 56.4 m?/g Atmosphere Equal Surface Area 122.4 m?/g Atmosphere
have been developed to describe these interactions e Binary mix experiments conducted with equa| ~2 g/L Goethite - ~1.9 g/L Montmorillonite ~2 g/L Goethite ~4.15 g/L Kaolinite ~3.25 g/L Goethite ~.5 g/L y-Alumina
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e pH Is then lowered to ~3.5 and 60 mL of slurry removed; batch slurry is then titrated upward and at each ~0.5 pH increment, a 60 mL aliquot is removed and placed on a rotating shaker

SCMs for single sorbate/sorbent systems need to Figure 5 Figure 7 " Figure 9

account for mineral-mineral interactions to accurately Surface Area 124 m?/g Atmosphere Equal Surface Area 60 m2/g 0% pCO, Equal Surface Area 56.4 m2/g 0% pCO, Equal Surface Area 122.4 m2/g 0%pCO,
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Measure Cr(VI) sorption on mineral assemblages of ° L . . ., S 5 ; .
goethite, kaolinite, montmorillonite, y-alumina, hydrous = Figure 6 Figure 8 Figure 10
manganese oxide (HMO), & hydrous ferric oxide
(HFO) (Table 1) as a function of pH, ionic strength &

pCO Equal Surface Area 163.4 m2/g Atmosphere Equal Surface Area 163.4 m2/g 0%pCO, Equal Surface Area 150 m2/g Atmosphere Equal Surface Area 150 m?/g 0% pCO,
2 ~4 g/L goethite ~¥0.4 g/L HMO ~4 g/L goethite ~¥0.4 g/L HMO ~5 g/L Goethite and ~.5 g/L HFO ~5 g/L Goethite and ~.5 g/L HFO
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Figure 4: Adsorption of Cr(VI) on goethite as a function of time. ~100% Figures 5-8: Adsorption of Cr(VI) on mixtures of goethite & clay minerals as function of time & pCO.,. Little variation observed from O to atms Figures 9,10: Adsorption of Cr(VI) on goethite-y-alumina mixture. Little
sorbed at pH <6; <10% sorbed at pH >9. pHg,: ~7.5 pCO, or with times from 24 hr to 2 wk. pHg, for montmorillonite mixtures: ~6.8 & for kaolinite mixtures: ~7.1 variation observed from O to atms pCO,. pH, at ~7.7
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SCMs for mineral mixtures. 5 5 ° | ,
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] Figures 11,12: Adsorption of Cr(VI) on mix of goethite-HMO as function of time & pCO.,. Little variation observed from 0 to atms pCO,, or with times Figure 13, 14: Adsorption of Cr(VI) on mix of goethite-HFO as function of time & pCO.. Little variation observed from 0 to atms pCO, or with times

Table 1 - M aterlals from 24 hr to 2 wk. UV/VIS & ICP-OES similar indicating no reduction of Cr(VI) in solution. pHg,: ~7.8 pH from 24 hr to 2 wk. UV/VIS & ICP-OES similar indicating no reduction of Cr(VI) in solution. pHg,: ~8 pH
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Synthesized Manufacturer Area Surface Com plexaUOn Modell Nng
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Goethite Synthes|zed Schwertmann & ~30 Figure 1 Goethite & 'Y'Alumina Goethite & Kaolinite Goethite & Montmorillonite
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Figure 15: Sorption data from this study (blue), and Minteq model Figure 16: Sorption data from this study (blue), and Minteq model Figure 17: Sorption data from this study (blue), and Minteq model prediction
prediction using goethite optimized DLM (Mathur and Dzombak, 2006) prediction using goethite optimized DLM (Mathur and Dzombak, 2006) using goethite optimized DLM (Mathur and Dzombak, 2006) and modified
and y-alumina DLM (Reich and Koretsky, 2011); all parameters in Table 2. and kaolinite DLM (Schaller, et al., 2009); all parameters in Table 2. kaolinite DLM (Schaller, et al., 2009); all parameters in Table 2.
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60 Model Parameters DLM HFO DLM | Goethite DLM DLM DLM DLM DLM DLM
\ Dzombak & Morel, 1990. Surface Complexation 40 20 Minteq model Solid Concentration (g/L)| _ 0.05 05 0.84 25 5 05 2 1.9
l Modeling: Hydrous Ferric Oxide 30 Minteq model 20 & Data this study Site Density (sites/nm?) site 1|  2.25581 2.25581 2 2 5.9873 5.9873 0.425 3.7
\ A WJ J‘-J\J L« WM Grossl. et al.. 1997. ES&T 31: 321 20 0\\ 20 Y Site Density (sites/nm?) site 2|  0.05639 0.05639 - - - - 0.05984 0.425
m iy : ; o, Connition W01 || oot | o | ooi | om | oot | o | oo
pH . > SOH +H" = SOH," (site 1) 7.29 7.29 6.93 +/- 0.07 . 7.3 7.3 2.1 2.1
Lund, et al., 2008. Geochem Trans 9:9 : : : : SOH +H" = SOH," (site2)|  7.29 7.29 : : : : : :
Mesuere & Fish, 1992. ES&T 26: 2357 Figure 19: Sorption data from this study (blue), and Minteq model Figure 20: Sorption data from this study (blue), and Minteq model SO +H = SOH' (site1)] -8.93 893 | -965+/-005| -9 8.6 86 81 81
_ : : and HFO DLM (Dzombak and Morel, 1990); all parameters in Table 2. HMO optimized DLM (Tonkin, et al., 2004); all parameters in Table 2. SCO; +H,0 = SOH +CO;% +H" (site1)| 12.78 12.78 ; :
Shaller, et al., 2009. J.Colloid & Interface Science 338:2 SCO, Th0 = SOH-COZ +H @e2)| 1278 | 1278
Laboratory Conclusions F SCO,H + H,0 = SOH + CO,2 +2H" (site2)|  20.37 20.37
re Work oH + H, 3 - -
Stroes-Gascoyne, et al., 1987. Appl Geochem 2: 217 LT e (SOH,),CO; = 2SOH +CO;* +2H" (site 1) - -
; Acknow|edgements ° Goethlte_clay mlxtures appear to be domlnated by goethlte Whereas ® Compare SCM pred|Ct|0nS fOf m|XtureS W|th HMO, ka0||n|te and SCrO, + H,0 = SOH +CI‘O42_2 +H' (site 2) 10.85 10.85 - - - - - -
: ‘ \ ’ : : : : : : SHCrO,+ H,0 = SOH + CrO,“ + 2H" (site 1) - - 17.11 +/- 0.47 | 17.83923° - - - 12.0387°
| mixtures of goethite with y-alumina, HFO, or HMO edges are intermediate montmorilionite to experimental data & verify model calibrations SHCI0,7 H,0 = SOH+Cro% 721 (e d)| - : : : : : : :
$ We gratefully acknowledge the support of the based on prior data
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Department of Energy, Subsurface NaNO, and 0.01 M NaNO, and compare with SCM predictions. PORCI0, = S0+ 00, +H Biteh)] - : : : 03 | 103
BiOgeOChemiStry Program DE'SCOOO5362 fOI’ interactions are effecting Sorption behavior accomidate a wider variety of solid concentrations, ionic strengths and sorbent concentrations. **Protonation and deprotonation reactions from Schaller, et al. 2009, Cd+2

Ainsworth, et al., 1989. Soil Sci. Soc. Am. J. 53: 411 o SR e o m 06 e o33 e >
: 10 \ Cr(VI1) Concentration (M)| 107> 10° 102 10° 10° 10°
Mathur & Dzombak, 2006. Surface Complexation P 10 :
3 9 11 Surface Complexation Reactions Log K Log K Log K Log K Log K Log K Log K
Reich & Koretsky, 2011. GCA 75: 7006 Figure 19 Figure 20
: rediction using goethite optimized DLM (Mathur and Dzombak, 2006 icti ' ' imi “+H' = SOH" (si ] ]
Richard & Bourg, 1991. Wat.Res. 25: 807 P gg P ( ) prediction using goethite optimized DLM (Mathur and Dzombak, 2006) and SO +H' = SOH" (site2)| -8.93 8.93
Schwertmann & Cornell, 1991. Iron Oxides in the SCOH+ H,0 = SOH+CO,2 +2H (site1)| 20,37 2037
e Binary systems containing goethite have sorption near 100% below pH ~6 SCrO, +H,0 = SOH +Cr0,” +H' (site1)|  10.85 1085 | 1117+-019|  * : : 9.73365"
e Complete edge experiments on mixtures of all minerals based on SOHCIO,? = SOH +Cr0,2 (site1)] 3.9 39 | 405+/-021 | 290158 i i 4.22405° 3.27294°
WMU Department of Geosciences, and the
indicating the models require further calibration or that mineral-mineral * This species was determined to have little effect on the model and was eliminated after optimization in FITEQL 4.0. Log K values * were optimized in FITEQL 4.0 to
funding this research.

: 20 8l 0 160 vlolXin8libsmice] Jie =Ll adsorption on kaolinite. Cr(V1) adsorption species ® optimzied in FITEQL 4.0.
Flgure 3: XRD pattern of HFO 20 Cu- Ka




