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Appendix Figure 1. X-ray Diffraction patterns of amorphous material. (a)
Synthesized amorphous Fe-phosphate and (b) Synthesized amorphous Al-phosphate.
Peaks at ~45° and 50° are from the aluminum stub the powered sample was mounted

on.

Tu et al.: Amorphous phosphates, American Mineralogist, Jul302014
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Appendix Figure 2. HRTEM-SAED data of a nanocrystalline inclusion in the reacted iron-
phosphate. The observed diffraction signal can be modeled as strengite and an Na'K -
bearing iron oxyhydroxide structurally related to akaganeite and priderite. The calculated

diffraction patterns are not corrected for crystal-shape and —thickness.

Tu et al.: Amorphous phosphates, American Mineralogist, July12014
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Appendix Tables

TU ET AL.: AMORPHOUS PHOSPHATES, AMERICAN MINERALOGIST, JULY 2014

Table 1. Dissolution results from pH 2 amorphous Fe-phosphste experiment
Material: Amorphous Iron Phosphate Target pH: 3 Initisl Material Mass: 1.0003 g

Final Material Mass: 0.5745g

ID: AmFePO4 BET: 1219128 (cm “g ')

Sample Id Time (seconds) Conc Fe (mM) Conc P {miM) Flow rate (mlmin) pH
AmFe1 148882 0.0129 0128 0018 253
AmFe2 179941 0.00581 0164 0042 282
AmFe?2 222820 0.00421 0124 0.058 288
AmFed 282461 0.00220 0108 0044 2%0
AmFeb 313880 0.00212 0.100 0.048 288
AmFeg 349739 0.00442 0.0917 0045 297
AmFe7 444959 0.005e2 0.0884 0019 29
AmFes 486529 0.00514 0.0851 0042 292
AmFe? 535319 0.00525 0.0770 0057 289
AmFe10 568099 0.00542 0.0720 0058 282
AmFe 11 814220 0.00454 0.088° 0.080 297
AmFe 12 850780 0.00527 0.0727 0055 28
AmFe12 697260 0.00528 0.0564 0058 301
AmFe 14 735719 0.00417 0.0829 0052 292
Am.Fe15 782277 0.00548 0.0580 0058 3.01
AmFe 18 823798 0.00252 0.0573 0058 289
Am.Fe 17 868854 0.00514 0.0548 0.058 29
AmFe 18 903533 0.00482 0.0424 0.058 3.02
Am.Fe 12 948859 0.00587 0.0468 0.081 3.07
Am.Fe20 284659 0.00588 0.0428 0059 3.02
Am.Fe21 1040822 0.00402 0.0412 0082 3.01
AmFe22 1076022 0.00420 0.0288 0.081 294
Am.Fe23™ 1120452 0.00535 0.0288 0.080 3.00
Am.Fe24™ 1213737 0.00524 0.0284 0.080 3.02
Am.Fe25™ 1217898 0.00808 0.0282 0082 285
Am.Fe26™ 1414495 0.00584 0.0242 0.081 297
Average’ 0.00575 0.0371 0.081 299
Standard Deviation’ 0.00022 0002 0.001 0.0311
Fe Atomic Absorbance Standards P UV-Vis Colorimetric Standards
Fe stds (ppms) Fe stds Absorbance P-stds (ppm) P-std Absorbance
03 00382 0.1525 0.0200
08 00588 0.2125 0.0280
12 0.0961 0625 0.0880
24 0.172 125 0128
48 0.252 25 0249
**Steady state conditions

‘Aversges and standard devistions were calculated for steady-state concentrations, flow rates, and pH.



Table 2. Dtssolunon results i’om pH25 amorphous Fe-phcsphae expermert

3 1 195 3 zss: 118, _oAm.FePO4 1219128
Sample Id Ti'ne (seconds) Conc Fe (mM) Conc P (mi) Flow rate (mll'nn) pH
25AmFet 81540 0.023% 0412 0.066 248
25AmFe2 170341 0.0171 0239 0.016 2.45
25AmFe3 197342 0.0178 0329 0.045 247
25AmFez4 244321 0.0188 0242 0.024 248
25AmFe5s 04520 0.0185 0230 0.0458 247
25AmFe8 330420 0.0190 0217 0.060 245
25AmFeT 283040 0.0200 0.187 0.063 242
25AmFe8 428480 0.0218 0.151 0.054 248
25AmFe3 481080 0.0228 0124 0.063 248
25Am.Fe.10 576420 0.0258 0.132 0.061 2.45
25AmFe. 11 667880 0.0258 0.118 0.060 248
25AmFe.12 748740 0.0360 0.109 0.041 2.44
25AmFe.13 822720 0.0220 0.0428 0.062 247
25AmFe.14 901020 0.0335 0.0385 0.054 2.43
25AmFe.158 941580 0.0335 0.0385 0.066 252
25AmFe. 18 S88800 0.0305 0.02%2 0.48 25
25Am.Fe.17 1025580 0.0307 0.02%2 0.060 2.52
25AmFe.18 1105080 0.0314 0.0295 0.065 2.45
25AmFe.18 1160880 0.0Z72 0.0328 0.065 2.52
25Am.Fe.20 1245681 0.0360 0.0861 0.063 238
25Am.Fe.21 1240520 0.0363 0.0785 0.065 235
25AmFe.22 1418340 0.0360 0.0785 0.066 233
25AmFe.22 15124739 0.0383 0.0818 0.066 2.3
25AmFe.24 BO5TT9 0.0360 0.0753 0.065 238
25Am.Fe.25 17818189 0.0387 0.0733 0.062 233
25AmFe.28 1924158 0.0388 0.0700 0.042 2,45
25Am.Fe 27 2020139 0.02%% 0.0887 0.045 253
25AmFe.28 2108338 0.0%% 0.0887 0.045 245
25AmFe.28 2138959 0.0412 0.0832 0.062 248
25Am.Fe.20 2192758 0.0445 0.0865 0.065 243
25AmFe 31 2220855 0.03%8 0.0885 0.085 245
25AmFe 32 2517%8 0.0428 0.0887 0.085 242
25AmFe.23 2205187 0.0424 0.0832 0.066 241
25AmFe.24 2337175 0.0422 0.0668 0.064 242
25Am.Fe 25 2282175 0.0%2 0.0835 0.061 245
25AmFe 28 2419185 0.0420 0.0668 0.061 248
25AmFe 27 2472415 0.0457 0.0668 0.080 25
25AmFe.28 2602535 0.0453 0.0668 0.060 248
2.5Am Fels~ 2652788 0.0420 0.0724 0.080 247
2.5AmFe40™ 25948385 0.0373 0.0628 0.061 2.45
2.5Am P41~ 6412768 0.03%0 0.0828 0.060 2,45
2.5Am P42~ 271375 0.0387 0.0828 0.066 2.45
Average’ 0.0403 0.0855 0.069 248
Standard Deviation” 0.0039 0.00532 0.002 0015
Fe Atomic Absorbance Standards P UVYVis Colorimetric Standards
Fe stds (ppms) Fe stds Absorbance P-stds (ppm) P-std Absorbance
03 0.0362 0.1825 0.0200
06 0.0588 0.3125 0.0360
12 0.0%61 0625 0.0860
24 0.179 1.2 0.126
43 0.352 25 0243
~Skeady sste condtons

‘Averages and standard deviatons were calculated br sieadyestate concentratons, flow rates, and pH.



Table 3. Dissolution results from pH 2 amorphous Fe-phosphate experiment.

M aterial: Amorphous Iron Phosphate

Target pH: 2 Initial Material M ass: 1.0002g

Final Material M ass: 0.5114g

ID: 2Am.FePO4 BET: 1219128 (cm*g™)

Sampleld
2Am.Fe 1
2Am.Fe 2
2Am.Fe.3
2Am.Fe 4
2Am.Fe S
2Am.Fe
2Am.Fe7
2Am.Fe.8
2Am.Fe.9
2Am.Fe. 10
2Am.Fe. 11
2Am.Fe. 12
2Am . Fe 13*
2Am . Fe. 14*
2Am.Fe 15*
2Am . Fe.16**
2Am.Fe 17***

Time (seconds)

70740

161568
201528
247846
273143
326852
366160
408337
496055
539255
580115
621695
668196
710737
768456
842556
917736

Average’
Standard Deviation®

Fe Atomic Absorbance Standards

Conc Fe (mM)

0.117
0.123
0.125
0.129
0.130
0.126
0.130
0.134
0.134
0.136
0.138
0.132
0.137
0.128
0.134
0.127
0.127
0.132
0.005

P UV-Vis Colorimetric Standards

Conc P (mM)

0.246
0.206
0.183
0.186
0.186
0.186
0.179
0.179
0.186
0173
0.183
0.173
0.176
0.169
0.169
0.166
0.166
017
0.0042

Flow rate (ml/min)

0.094
0.030
0.056
0.0S6
0.0S5
0.0S6
0.054
0.0S5
0.0S85
0.0S3
0.0s3
0.052
0.050
0.049
0.048
0.045
0.010
0.048
0.002

pH
2.02
208
210
2.02
2.05
2.09
207
2.02
207
2.01
208
2.06
21
210
2.09
2.10
2.10
210
0.0082

Fe stds (ppms) Fe stds Absorbance Pstds (ppm) P-std Absorbance
0.3 0.0352 0.1525 0.0200
06 0.0588 0.3125 0.0360
1.2 0.0961 0.625 0.0660
24 0179 1.25 0.126
43 0.352 25 0.249

**Steady state conditions

***Sample 2Am.Fe.17, fiter inside reactor ruptured from air-bubble built-up beneath filter, there fore this data point is excluded from rate calculation.
‘Averages and standard deviations were calculated for steady-state concentrations, flowrates, and pH.



Table 4. Dissolution results from pH 1 amorphous Fe-phosphate experiment.

TTatenal Amorphous Iron PRosphate Target pH: 1 1nimal M atenal Mass. 2.0996 g D TAmM.r ePo4 BET. 1210128 (Ccm =g )
Sample Id Time (seconds) ConcFe(mM) ConcP (mNT) Flow rate (ml/min) pH
1AmFe 12600 0.936 298 0.022 1.1
1AmFe2 20401 267 283 0.037 1.19
1AmFe3 25200 475 51.1 0.063 124
1AmFed 35340 55.5 64.6 0.025 128
1AmFe5 40680 59.8 70.9 0.041 124
1AmFeb 45900 60.2 712 0.042 122
1AmFe7 53640 64.6 78.2 0.041 122
1AmFe.8** 61422 58.7 68.5 0.052 1.19
1Am.Fe.9** 69403 63.3 76.4 0.041 12
1AmFe. 10** 81705 707 69.9 0.030 124
1AmFe. 11** 95503 64.5 79.9 0.042 126
Average’ 64.3 737 0.041 122
Standard Deviation" 496 539 0.009 0.033
Te Atomic Absorbance standards P UV-Vis Colonmetric standards
Fe stds (ppms) Fe stds Absorbance P-stds (ppm) P-std Absorbance

0.3 0.0352 0.1525 0.0200

0.6 0.0588 0.3125 0.0360

12 0.0961 0.625 0.0660

24 0179 125 0.126

438 0.352 25 0.249

**Steady state conditions were not achieved during dissolution of amorphous Akphosphate due to material dissolving too quickly.

' Averages and standard deviations were calculated for steady-state concentrations, flow rates, and pH.



Table 5. Dissolution results from pH 3 amorphous Al-phosphate experiment.

Matenal: Amorphous Aluminum Phosphate  TargetpH: 3

Initial Material Mass: 1.0002g

Final Matenal Mass: 0.2571g ID: Am.AIPO4 BET: 771550 (cm “g’)

Conc Al (mM)
0.407
0.708
0.429
0.424
0.404
0.420
0.422
0.358
0.335
0.358
0.308
0.305
0.349
0.386
0.393
0.391
0.404
0.397
0.385
0.380
0.382
0.372
0.367
0.361
0.369
0.379
0.383
0.419
0.387
0.02

Conc P (mi)

0.850
1.20
0.706
0.566
0.520
0.497
0.471
0.389
0.366
0.379
0.343
0.337
0.379
0.448
0.425
0.442
0.425
0.422
0.389
0.336
0.383
0.363
0.370
0.378
0.371
0.378
0.382
0.371
0.376
0.01

Flow rate (mi/min)
0.018
0.042
0.058
0.018
0.048
0.045
0.019
0.043
0.043
0.033
0.045
0.044
0.047
0.042
0.044
0.043
0.045
0.045
0.045
0.044
0.042
0.041
0.049
0.048
0.047
0.048
0.044
0.045
0.045
0.00

pH

3.06
3.15
3.25
3.26
333
3.38
3.35
3.39
3.37
3.37
34

3.35
3.49
3.36
3.46
3.39
3.26
3.45
35

35
3.38
3.43
3.44
3.43
3.41
3.38
3.39
3.49
3.42
0.05

P UV-Vis Colorimetric Standards

Sample Id Time (seconds)
Am.AlL1 49079
Am.AlL2 80338
Am.AL3 133016
Am.AlL4 207058
Am.ALS 257576
Am.AlLS 293335
Am.AL7 388555
Am.AlLS 430135
Am.ALS 478915
Am.AL10 510476
Am.AlL11 558598
Am.AL12 595138
Am.AL13 641638
Am.Al14 680097
Am.AL1S 726655
Am.AlL16 768174
Am.AL17 813232

Am.AL18 847911

Am.AL19 891237

Am.Al.20 929037

Am.Al21 985377

Am.Al22 1020477

Am.Al23 1072374

Am.Al24 1155653

Am.Al.25** 1259812

Am.Al.26** 1356411

Am.Al27* 1523991

Am.Al28* 1584049

Average’
Standard Deviation’
Aluminum UV-Vis Colorimetric Standards
Al stds (ppm) Al stds Absorbance
0.1 0.23100
0.2 0.40500
0.3 0.5770

*pH range for UV-Vis Aluminum determination by catechol violet method

as reported by (Dougan and Wilson, 1974): 6.0-6.2

P-stds (ppm)
0.1525
0.3125
0.625

1.25
2.5

P-std Absorbance
0.0200
0.0360
0.0660

0.126
0.249

**Steady state conditions

‘Averages and standard deviations were calculated for steady-state concentrations, flowrates, and pH.
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Table 6. Dissolution res ults from pH 2.5 amorphous Al-phosphsate experiment.

Material: Amorphous Aluminum Phosphate TargetpH: 2.5 Initial Material Mass: 1 g

Final Material Mass:0.1517 g ID: 2.5Am.AIPO4

BET. 771550 (cm 0 )

Sample Id Time (seconds) Concentration Al (mM) Concentration P (mM) Flow rate (ml/min) pH
2.5Am.AlL1 81540 2e 385 0.044 317
2.5Am.AL2Z 174420 27 312 0.040 315
2.5Am.AL2 202021 280 282 0.044 315
2.5Am.AL4 248400 272 282 0.040 312
2.5Am.ALS 275580 254 275 0.043 313
2.5Am.ALE 335760 261 275 0.044 312
2.5Am.ALT 281260 2868 263 0.042 3.1
2.5Am.ALS 419880 2ee 271 0.042 311
2.5Am.ALS 457320 25 263 0.043 314
2.5Am.AL10 511920 2.4 244 0.041 307
2.5Am.AL11 807280 261 259 0.042 314
2.5Am.AL12 698700 261 275 0.042 312
2.5Am.AL13 779580 280 272 0.043 307
2.5Am.AlL14 853580 2.4 267 0.048 309
2.5Am.AlL15 2318860 224 267 0.048 315
2.5Am.AlL16 972420 2.2 268 0.050 31
2.5Am.AL1T 1019640 23 233 0.047 308
2.5Am.AL18" 10568420 2.4 230 0.048 315
2.5Am.AL19™ 1135920 2.41 227 0.048 312
2.5Am.AL20" 1191720 222 282 0.048 314
2.5Am.AL21" 1280521 222 242 0.045 306
Average’ 224 240 0.047 212
Standard Deviation' 0.04 0.18 0.0010 002
Aluminum UV-Vis Colorimetric Standards P UV-Vis Colorimetric Standards
Al stds (ppm) Al stds Absorbance P-stds (ppm) P-std Absorbance
0.1 0.22100 0.1525 0.0200
0.2 0.40500 0.3125 0.0280
02 0.5770 0.625 0.0680
*pH range for UV-Vis Aluminum determination by catechol violet method as reported by 1.25 0.128
{Dougsn and Wikon, 1874): €.0-6.2 25 0.249

**Steady state conditions

" Averages and standard deviations were cslculated for steady-state concentrations, flow rates, and pH.



Table 7. Dissolution results from pH 2 amorphous Al-phosphate experiment

Matenal: Amorphous AluminumPhosphate TargetpH: 2  Initial Material Mass: 2.5003g Final Material Mass:0.109g ID: 2AmMAIP 04b

BET: 771550 (cm~g ')

Sample Id Time (seconds) Conc Al (mM) Conc P (mM-) w rate (mif pH
2Am.AlL1b 58680 4.09 17.2 0.044 266
2Am.Al.2b 81660 8.93 9.91 0.044 269
2Am.Al.3b 101579 9.20 9.58 0.043 264
2Am.Al.4b 142439 9.49 9.7 0.044 27
2Am.AlLSb 162311 9.35 10.0 0.043 265
2Am.AlL6b 183788 9.26 9.65 0.044 267
2Am.AL7b 230300 9.49 10.0 0.042 266
2Am.AlL.8b 250759 9.20 9.7 0.040 274
2Am.AL9b** 272600 9.24 9.98 0.038 276
2Am AL10b* 330319 9.60 9.91 0.041 273
2Am AlL11b* 404419 9.09 10.0 0.039 266
2Am AlL12b* 479598 8.84 9.91 0.040 276
Average’ 9.19 9.96 0.039 273
Standard Deviation® 0.32 0.06 0.0010 0.05
Aluminum UV-Vis Colornmetric Standards P UV-Vis Colonmetric Standards
Al stds (ppm) Al stds Absorbance P-stds (ppm) P-std Absorbance

0.1 0.23100 0.1525 0.0200

02 0.40500 0.3125 0.0360

03 0.5770 0.625 0.0660

*pH range for UV-Vis Aluminum determination by catechol violet method as reported 1.28 0.126

by (Dougan and Wilson, 1974): 6.0-6.2 2.50 0.249

**Steady state condfions

‘Averages and standard deviations were calculated for steady-state concentrations, flo wrates, and pH.
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Table 8. Dissolution results from pH 1 amorphous Al-phosphate experiment

Material: Amorphous Aluminum Phosphate Target pH: 1 Ini” " -ial Mass: 3.0019¢g ID: 1Am.AIPO4 BET: 771550 (cm<“g ™)
Sample Id Time (seconds) Con 1) Conc P (mM) Flowrate| outlet pH
1Am Al1 7801 4.04 0.04 1.13
1AmM.Al2** 18540 21 237 0.03 2.1
1Am.Al.3** 33480 165 148 0.02 2.36
1Am Al 4** 40079 196 194 0.03 2.34
1Am.Al.5** 44939 198 237 0.03 23
Average’ 193 204 0.03 2.28
Standard Deviation® 19.5 423 0.01 0.11
Aluminum UV-Vis Colorimetric Standards P UV-Vis Colonmetric Standards
Al stds (ppm) Al stds Absorbance P-stds (ppm) P-std Absorbance
0.1 0.23100 0.1525 0.0200
0.2 0.40500 0.3125 0.0360
0.3 0.5770 0.625 0.0660
*pH range for UV-Vis Aluminum determination by catechol violet 1.25 0.126
method as reported by (Dougan and Wilson, 1974): 6.0-6.2 25 0.249

**Steady state conditions were not achieved during dissolution of
amorphous Al-phosphate due to materal dissolving too quickly.
'Averages and standard deviations were calculated for steady-state concentrations, flowrates, and pH.



Table 9. Results of Amorphous Fe-phosphate pH 1 PHREEQ-C solubility determination

With respect to Strengite

With respect to Hematite

With respect to Goethite

Experiment ID Sl log (IAP) Sl log (IAP) S log (IAP)
1Am Fe. 8 -4.5 -45.06 -15.94 -1583 -8.45 -7.92
1Am Fe 9 -4.3 -30.43 -15.91 -15.8 -8.44 -79
1Am.Fe.10 4.34 -30.34 153 -1519 -8.13 -76
1Am.Fe. 11 -4.3 -30.3 -15.58 -1548 -8.27 -7.74

1Am Fe avg of 4 -4.4 -304 157 -1559 -8.33 7.8
With res pect to Vivianite With respect to Magh emite With respect to Ferrihydrite

Experiment [D Sl log (I1AP) Sl log (IAP) Sl log (I1AP)
1Am Fe. 8 -15.55 -20.28 -18.01 -1583 -13.57 -7.92
1Am Fe 9 -15.45 -20.17 -17.98 -15.8 -13.56 79
1Am.Fe.10 -15.08 -19.81 -17.37 -1519 -13.25 -716
1Am.Fe. 11 -15.19 -19.92 -17.66 -1548 134 -7.74

1Am Fe avg of 4 -15.32 -20.05 777 -1559 -13.45 7.8
With res pect to 10nm Goethite With repect to 10nm Maghemite With respect to 10nm Hematite

Experiment ID Sl log (IAP) Sl log (IAP) Sl log (IAP)
1Am Fe. 8 -9.63 792 -19.93 -1583 -18.07 -156.83
1Am Fe 9 -9.61 -7.9 -199 -15.8 -18.04 -15.8
1Am.Fe.10 -9.31 -7.6 -19.29 -1519 -17.43 -15.19
1Am.Fe. 11 -9.45 7174 -19.58 -1548 -17.72 -1548

1Am Fe. avg of 4 -9.51 -7.8 -19.69 -1559 -17.83 -15.59




Table 10. Results of Amorphous Fe-phosphate pH 2 PHREEQ-C solubility determination

With respect to Strengite With respect to Hematite With respect to Goethite

Experiment ID Sl log (IAP) Sl log (IAP) Sl log (IAP)
2Am.Fe 13 -6.35 -32.35 -13.75 -13.64 -7.36 -6.82
2Am.Fe.14 -6.41 -32.41 -13.87 -13.76 -7.41 -6.88
2Am.Fe.15 -6.41 -32.41 -13.89 -13.78 -7.43 -6.89
2Am.Fe. 16 -6.42 -32.42 -13.87 -13.76 142 -6.88
2Am Fe.avg -6.4 -32.4 -13.85 -13.74 -7.4 -6.87

With res pect to Vivianite With respect to Magh emite With respect to Ferrihydrite

Experiment 1D S log (IAP) Sl log (IAP) Sl log (IAP)
2Am.Fe 13 -20.92 -25.64 -15.82 -13.64 -12.48 -6.82
2Am.Fe. 14 -21.08 -25.8 -15.94 -13.76 -12.54 -6.88
2Am.Fe.15 -21.06 -25.79 -15.96 -13.78 -12.55 -6.89
2Am.Fe.16 2211 -25.82 -15.94 -13.76 -12.54 -6.88
2Am Fe.avg -21.04 -25.76 -15.92 -13.74 -12.52 -6.87
With respect to 10nm Goethite With repect to 10nm Maghemite With respect to 10nm Hematite

Experiment 1D S log (IAP) Sl log (IAP) Sl log (I1AP)
2Am.Fe 13 -8.53 682 -17.74 -13.64 -15.88 -13.64
2Am.Fe 14 -8.59 688 -17.86 -13.76 -16.00 -13.76
2Am.Fe.15 -8.6 -6.89 -17.88 -13.78 -16.02 -13.78
2Am.Fe.16 -8.59 688 -17.86 -13.76 -16 -13.76
2Am Fe.avg -8.58 -6.87 -17.84 -13.74 -15.98 -13.74




Table 11. Results of Amorphous Fe-phosphate pH 2.5 PHREEQ-C solubility determination

With respect to Strengite

With respect to Hematite

With respect to Goethite

Experiment |ID S log (IAP) Sl log (IAP) S log (IAP)
2.5Am.Fe 39 -6.4 -324 -12.43 -1232 -6.7 -6.16
2.5Am.Fe 40 -6.52 -32.52 -12.49 -12.38 -6.72 -6.19
2.5Am.Fe 41 -6.56 -32.56 -12.63 -12.53 -6.8 -6.26
25AmFed2 -6.5 -325 -12.46 -12.35 -6.71 -6.17
2.5Am.Fe.avg -6.49 -32.49 -124 -1229 -6.68 -6.15
With res pect to Vivianite With respect to Magh emite With respect to Ferrihydrite
Experiment |ID Sl log (IAP) Sl log (I1AP) Sl log (I1AP)
2.5Am.Fe 39 -21.45 -26.18 -14 5 -1232 -11.82 -6.16
2.5Am.Fe 40 21.77 -26.49 -14.56 -12.38 -11.85 -6.19
2.5Am.Fe 41 -21.84 -26.56 -14.71 -12.53 -11.92 -6.26
2.5Am.Fe 42 -21.72 -26.44 -14.53 -12.35 -11.83 -6.17
2.5Am.Fe.avg 215 -26.23 -14 .47 -1229 -11.8 -6.15
With respect to 10nm Goethite With repect to 10nm Maghemite With respect to 10nm Hematite
Experiment ID Sl log (IAP) Sl log (IAP) Sl log (I1AP)
2.5Am.Fe 39 -7.87 -324 -16.42 -1232 -14.57 -12.32
2.5Am.Fe 40 -79 619 -16.48 -12.38 -14.62 -12.38
2.5Am.Fe 41 -7.97 626 -16.63 -12.53 1477 -1253
25AmFed2 -7.88 617 -16.45 -12.35 -14.59 -12.35
2.5Am.Fe.avg -7.86 -6.15 -16.39 -1229 -14.53 -1229




Table 12. Results of Amorphous Fe-phosphate pH 3 PHREEQ-C solubility determination

With respect to Strengite

With respect to Hematite

With respect to Goethite

Experiment [D S log (IAP) Sl log (IAP) S log (IAP)
Am.Fe 23 -6.5 -32.5 -11.04 -10.93 -6 -5.47
Am.Fe 24 -6.41 -32.41 -10.83 -10.72 -5.89 -5.36
Am.Fe 25 -6.57 -32.57 -11.23 -1112 -6.1 -5.56
Am.Fe 26 -6.59 -32.59 1117 -11.07 -6.07 -5.53
Am.Fe.avg -6.51 -32.51 -11.04 -10.93 -6 -5.446

With res pect to Vivianite With respect to Maghemite With respect to Ferrihydrite

Experiment [D S log (IAP) Sl log (IAP) S log (IAP)
Am.Fe 23 -22.54 -27.26 -13.11 -10.93 -11.12 -5.47
Am.Fe 24 223 -27.03 -12.9 -10.72 -11.01 -5.36
Am.Fe 25 -22.63 -27.36 133 -1112 -11.22 -5.56
Am.Fe 26 -22.69 -27.42 -13.25 -11.07 -11.19 -5.53
Am.Fe.avg -22.52 -27.24 -13.11 -10.93 -11.12 -5.46

With respect to 10nm Goethite With repect to 10nm Maghemite With respect to 10nm Hematite

Experiment ID S log (IAP) Sl log (IAP) Sl log (IAP)
Am.Fe 23 -7.18 547 -15.03 -10.93 -13.17 -10.93
Am.Fe 24 -7.07 -536 -14.82 -10.72 -12.96 -10.72
Am.Fe 25 -1.27 -556 -15.22 -1112 -13.36 1112
Am.Fe 26 -7.24 -553 -15.17 -11.07 -13.31 -11.07
Am.Fe.avg 117 -546 -15.03 -10.93 -13.17 -10.93
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Table 13. Results of Amorphous Al-phosphate pH 1 PHREEQ-C solubility determination

With res pect to Vars cite With res pect to Gibbs ite
Experiment ID Sl log (IAP) Sl log (1AP)
1Am Al 1 -1.9 229 -7.44 0.32
1Am Al.2 2.95 -18.05 -3.27 4.48
1Am Al3 3.19 -17.81 -2.59 517
1Am Al.4 3.31 -17.69 26 515
1Am Al.5 3.32 -17.68 -2.72 503
1Am Al.avg 32 -17.79 -2.79 4.97
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Table 14. Results of Amorphous Al-phosphate pH 2 PHREEQ-C solubility determination

With res pect to Vars cite With res pect to Gibbs ite
Experiment 1D S log (IAP) Sl log (1AP)
2Am.Al.9b 219 -18.81 -2.12 564
2Am.Al10b 214 -18.86 22 5.56
2Am.Al11b 1.99 -19.01 -2.42 533
2Am.Al12b 2.18 -18.82 -213 563
2Am Al.avg 212 -18.88 -2.21 554
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Table 15. Results of Amorphous Al-phosphate pH 2.5 PHREEQ-C solubility determination

With res pect to Vars cite With res pect to Gibbs ite
Experiment 1D Sl log (IAP) Sl log (1AP)
2.5Am Al 18 2 -19 -1.31 6.45
2.5AmAl.19 1.94 -19.06 14 6.36
2.5Am Al .20 2.03 -18.97 -1.35 6.4
2.5Am Al .21 1.82 -19.18 -16 6.15
2.5Am.Al avg 1.95 -19.05 -1.42 6.34
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Table 16. Results of Amorphous Al-phosphate pH 3 PHREEQ-C solubility determination

With res pect to Vars cite With res pect to Gibbs ite
Experiment ID Sl log (IAP) Sl log (IAP)
Am.Al 25 1.14 -19.86 -1.15 6.61
Am.Al26 1.1 -19.9 -1.23 6.53
Am.AI27 1.12 -19.88 -1.19 6.56
Am.Al28 1.34 -19.66 -0.86 6.9

Am.Al.avg 1.18 -19.82 -11 6.66




Table 17. Solution results from pH 2.5 amorphous Alphosphate batch experiment and amorphous Fe-phosphate stopped flow-through/reactor experiment.

M aterial: Amorphous Fe- 5hosphate Target pH: 2.5 Initial M aterial Mass: 2.0002 g ID: 2.5AmF eP.solb BET. 1219128 (cm*g )
Sample ID Time (seconds) Concentration Fe (mM) Concentration P (mM) pH
2.5AmFeP.solb 1210000 0.124 0.474 204
M aterial: Amormphous Al- Phosphate Target pH: 2.5 Initial Material Mass: 4.0005 g ID: 2.5AmAIP.solb BET: 771550 (cm “g ™)
Sample 1D Time (seconds) Concentration Al (mM) ___Concentration P (mM) pH
2. 5AMAIP.solb.1 86400 1.24 1.18 27
2. 5AMAIP.solb.2 172800 207 275 28
2 5AMAIP.solb.3 259200 240 3.03 291
2 5AMAIP.solb. 4 345600 285 378 298
2. 5AmMAIP.solb.5 432000 3.06 433 293
2. 5AMAIP.solb.6 518400 3.1 495 3.01
2 5AmMAIP.solb.7 604800 3.41 432 3.04
2 5AmMAIP.s0lb.8** 691200 357 432 293
2. 5AmMAIP.s0lb.9** 777600 3.56 449 289
2 5AmMAIP.solb. 10** 864000 3.58 449 29
2 5AmMAIP.solb. 11** 950400 3.61 449 291
2 5AMAIP.solb. 12** 1037000 3.64 449 2.86
2 5AMAIP.solb. 13** 1123000 3.58 432 279
2 5AmMAIP.solb. 14** 1210000 373 415 285
2 5AmMAIP.solb. 15** 1296000 3.80 449 284
2 5AMAIP.solb. 16** 1382000 3.62 432 288
Aluminum UV-Vis Colorimetric Standards P UV-Vis Colorimetric Standards Fe Atomic Absorbance Standards
Al stds (ppm) Al stds Absorbance P-stds (ppm) P-std Absorbance Fe stds (ppm) Fe stds (mM-)
0.1 0.23100 0.1525 0.0200 0.3 0.00537201
0.2 0.40500 0.3125 0.0360 0.6 0.0107440
0.3 0.5770 0.625 0.0660 12 0.0214880
*pH range for UV-Vis Aluminum determination by 1.25 0.126 24 0.0429761
catechol violet method as reported by (Dougan and 25 0.249 438 0.0859522

**Steady-state concentrations of amorphous Al-phosphate.



