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Figure captions

Figure S1 (A) The cone-shaped mixing tank; (B) a schematic of the tank

dimension.

Figure S2 Principle diagram of the Turbiscan stability analyzer (A). Gravitational
compression of the 50 g/L nZVI slurry in the Turbiscan vial: photo (B1) and the
Turbiscan spectra in one hour (B2) and in four days (C). Change of the height of
the interface during a 96-h gravitational compression: the three nZVI slurries have
initial nZVI concentrations at 40, 50 and 60 g/L, respectively (D). The interface

height was deduced from the Turbiscan spectra.

Figure S3 PSDs of nZVI aggregates in aqueous solution at different mixing

conditions (nZVI concentrations range from 1 ppm to 500 ppm).

Figure S4 The raw optical images of the settling nZVI aggregates.

Figure S5 The dn.«-AR plot (A) and the concentration-AR average (ARgaye) plot (B)

of the settling aggregates.

Figure S6 Deduction process of eqn (11).

S3



Figure S1
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Figure S2
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Study of the gravitational compression. nZVI aggregates during gravitational

compression were studied using Turbiscan stability analyzer, of which principle is

shown in Figure S2A. In brief, the stability analyzer measures the transmitted light

(T, %) passing through the sample slurry in a 20-mL cylindrical glass sample vial

(Figure S2A and S2B1) that has an effective height of 40 mm. In the analyzer, the

vial is scanned using a moving light source (A = 880 nm); the light passing through

the slurry is recorded by a detector that moves synchronously with the light source.

The light source and the detector move along the vial and one T value is acquired

at every 40 ym during the moving. One entire scan from the vial bottom to the top

takes 20 s and is repeated at the preset intervals. DI water in the vial was used as
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a blank, which had an average T of ~90%. Scanning temperature was set at 20

°C.

To study the gravitational compression of nZVI, a 20-mL nZVI slurry, at the nZVI
concentrations of 40 g/L, 50 g/L and 60 g/L respectively, was first injected into the
vial; the vial was then sonicated for 10 s and inserted into the machine. A steep T
line was observed immediately after the scan started, e.g., at 10 min at the height
of ~30 mm (Figure S2B2): right to the steep line was the part of high T value
(~80%) that corresponded to the supernatant in the vial top; left to the steep line
was the part of the zero T that corresponded to the formed concentrated nZVI at
the vial bottom; the steep line corresponded to the interface between the
supernatant and the concentrated nZVI. The steep line kept moving to the left (the
vial bottom) during the settling: for example, the steep line of the 50 g/L slurry
reached at 23 mm at 40 min (Figure S2B2) and 18 mm at 72 h (Figure S2C). This
suggested that the concentrated nZVI at the bottom was shrinking in volume and
the compression occurred. From the height of the steep line, volume of the
concentrated nZVI was deduced and then used for the calculation of the volume

per unit mass, the bulk density, and the porosity.
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Figure S4
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Figure S6

M,z the mass of the nZVI in the volume V4,
V,zvi- the volume of the nZVI in the volume V,

Vagor m,,. the mass of the water in the volume V4,
V.. the volume of the water in the volume V4,
pagfdry=ngVI/Vaggr pt= ngVINnZVI
+m My Vw
_ nZVl w = —w___ "W
Pag-water = ngr Pag-water = Pag-ary + Vi VitVozy,
Mpzy | My _ w
pag—water - ngr Vaggr pag-water - pag—dry + pwater Vw+VnZVI
my Vizvi
pag—water = pag—dry + V_ |:> pag-water = pag-dry + pwater(1 - Vaggr )
aggr
m, Vozv/Mazy
pag—water - pag-dry + Vw+VnZVI pag—water = pag—dry + pwater(1_ VaggrjngVI
— m V, pag—dry
Pag-water = Pag-dry T ﬁ V_va Pag-water = Pag-dry Pwater(1~ T)
t

S10



Table S1 Solution pH at different nZVI concentrations (20 °C)

concentration (g/L) pH concentration (g/L) pH
0 (DI water) 6.9 1 9.5
0.001 7.0 2 9.9
0.002 7.1 5 10.3
0.005 7.2 10 10.6
0.01 7.4 20 10.9
0.02 74 30 11.0
0.05 7.5 40 11.0
0.1 7.6 50 11.1
0.2 8.0 60 11.2

0.5 9.1
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Table S2 Raw data about the aggregate morphology and structure

presented in Figure 5

PA (um?) dimax dmin P L w AR Sl Vs (mm/s)
(um)

1 27311 339 93 973 349 143 24 04

2 20100 321 80 803 322 112 29 04 0.32
3 29367 310 101 1082 305 203 1.5 0.3

4 14100 304 79 736 310 92 34 0.3 0.15
5 27578 293 79 812 293 177 1.7 0.5

6 23989 293 79 963 293 175 1.7 0.3

7 25222 289 69 883 291 163 1.8 04

8 34297 269 152 828 272 180 1.5 0.6

9 23318 257 107 840 267 145 1.8 04

10 27744 251 121 995 277 200 14 04 0.34
11 27643 251 98 1086 268 263 1.0 0.3

12 19437 239 97 643 247 136 1.8 0.6 0.28
13 19722 233 88 678 218 154 14 0.5 0.25
14 16892 231 75 644 227 117 1.9 0.5 0.17
15 17611 230 79 661 236 125 1.9 0.5 0.25
16 16321 230 70 606 243 117 21 0.6 0.26
17 13956 221 24 705 240 127 1.9 04 0.24
18 14389 216 54 687 237 138 1.7 04 0.18
19 9944 208 61 690 212 107 2.0 0.3 0.10
20 9467 206 18 612 212 113 1.9 0.3 0.16
21 18090 199 107 607 195 156 1.3 0.6 0.26
22 13514 192 84 538 197 121 1.6 0.6 0.14
23 13137 169 85 541 166 136 1.2 0.6 0.23
24 6757 162 49 394 162 64 25 0.5 0.16
25 7670 152 62 429 151 86 1.8 0.5 0.12
26 6044 150 52 364 150 63 24 0.6 0.18
27 10411 144 94 379 145 105 14 0.9 0.21
28 5467 137 53 354 134 72 1.8 0.5 0.17
29 6403 132 31 392 132 73 1.8 0.5 0.11
30 10044 132 89 461 171 116 1.5 0.6 0.11
31 7476 124 65 418 116 115 1.0 0.5 0.10
32 9022 123 78 381 125 99 1.3 0.8 0.15
33 6756 120 70 313 121 88 14 0.9 0.18
34 5578 117 60 282 118 65 1.8 0.9 0.13
35 2922 84 34 254 91 57 1.6 0.6 0.15
36 1056 45 24 118 49 24 2.1 1.0 0.12
37 878 41 24 102 41 24 1.7 1.0 0.07
38 29176 327 58 1182 329 245 1.3 0.3 0.06
39 15704 265 46 780 265 141 1.9 0.3 0.24
40 14230 259 51 789 273 135 2.0 0.3 0.12
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30
30
29
29
29
29
29
29
29
29
29
28
27
27
27
27
27
26
26
26
26
25
25
24
24
23
23
23
23
22
22
22
21
21
21
21
21
21

20
19
19
22
27
26
14
28
30
23
18
20
22
15
11
12
11
15
25
20

24
17
27
17

14
16
16

13
12
20
11
16
14
15
17
15
15
15
12
16
10
12
18

73
74
7
76
96
92
63
103
77
79
66
72
74
54
54
49
50
60
76
58
47
72
60
80
59
48
52
52
54
38
48
43
62
44
50
45
47
53
52
47
52
41
50
33
39
52

31
27
30
29
35
33
27
36
32
28
27
26
29
26
27
24
24
27
27
26
22
26
25
32
24
22
22
22
22
19
20
19
22
20
19
19
19
19
19
19
19
17
17
16
16
18

1.7
1.7
1.8
1.4
1.2
1.3
25
1.3
1.6
1.4
1.6
1.4
1.4
2.1
3.5
25
27
1.7
1.1
1.4
3.1
1.1
1.7
1.3
1.5
26
1.9
1.6
1.6
4.2
1.6
25
1.2
22
1.7
1.7
1.7
1.3
1.4
1.6
1.4
1.8
1.3
2.0
1.8
1.2

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
0.9
1.0
1.0
1.0
1.0
0.9
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

0.05
0.06
0.07
0.08
0.03
0.07
0.06
0.02

0.02
0.04

0.06

S17



271
272
273
274
275
276
277
278
279
280
281
282
283
284

248
219
189
233
160
204
189
204
160
146
175
160
160
204

21
21
21
20
19
18
18
18
17
17
17
17
17
16

15
14
12
14
11
14
13
14
12
11
13
12
12
16

45
39
40
42
34
44
41
37
33
31
38
33
37
39

16
16
17
17
15
16
16
16
14
13
11
13
13
1"

12
1"
10
12

1"
11
12

- O ©O© 0

1.3
1.5
1.7
1.4
1.8
1.5
1.5
1.3
1.6
1.6
1.5
1.4
1.4
1.0

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
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