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Response: 1/x10, Predictor: Yt x10 N1 N2 N3 fits Response: 1/x30, Predicton Yt x50 N1 N2 N3 fits Response: 1/x90, Predictor: Yt x90 N1 N2 N3 fits
Solution Solution Solution
SSE  DFE MSE RMSE SSE  DFE MSE RMSE SSE  DFE MSE RMSE
222.90704931 104 2143337 1.464014 7.2192885375 106 0.0681065 0.2600722 3.7984448803 105 0.0361757 0.190199
Parameter Estimate ApproxStdErr Parameter Estimate ApproxStdErr Parameter Estimate ApproxStdErr
A 0.08466525845 0.09528419 A 0.1924221355 0.03955722 A 0.0962051356 0.01609011
B 0.0022574506 0.01224699 B 0,0206679226 0.01213741 B 0.1389410105 0.03885009
N 1.4571452873 0.23063866 N 0.9419342581 0.03005724 N 0.5371634068 0.04410997
xinf 0.1024489700 0.00602789 xinf 0.1476714648 : xinf 0.2145446514 0.00330076
N1 4.1686380321 0.87258558 N1 21264247069 0.15854804 N1 2.0194455805 0.12672837
N2 4.6523412403 0.71024138 M2 3.371963007 0.12900678 N2 3.0977393648 0.10352044
N3 1.2925202556 0.1414655 N3 14500003833 0.02603035 N3 1.40000586614 0.02073084
Solved By: Analytic Gauss-Newton Solved By: Analytic Gauss-Newton Solved By: Analytic Gauss-Newton

Figure S1. Parity plots and model fits for fenofibrate drug product / Microcer dataset for 1/x10, 1/xs0, 1/x90 from Model B (Eq. (5) with
N1, N2, and N3 as fitted parameters (see Section 4.2.2) (Note: for xi0 quantile, A fit is not significant).
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= il : 00592271634 108 0.0838817 0.2896234 83013638200 108 0.0768645 0.2772444
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A '0'0054951'?5 0'08125152 A 0.2442595856  0.0658433 A 0.0717311459  0.0210021
B 0.9996826176  0.00488717 B 01870301838  0.05485835 B 03651074183 00904266
L -0.014875097  0.18877367 N 0.6285021207  0.06346684 N 0318860218  0.05789181
xinf 01212520344 0.00105751 xinf 0.1577460017  0.00184524 xinf 0.2103188644 0.0026837
N1 1.8286827465 045174131 N1 1.0040581213  0.19744404 N1 2.0052285636 010044435
N2 2.646881369  0.36315021 N2 2.844936268  (0.15886876 N2 2.2835727753  0.15430876
N4 0.1568040027 0.1673239 N4 0.2816692918  0.07331114 N4 0.0915011266  0.07143465
Solved By: Analytic Gauss-Newton Solved By: Analytic Gauss-Newton Solved By: Analytic Gauss-Newton

Figure S2. Parity plots and model fits for griseofulvin drug product / Microcer dataset for 1/x10, 1/xs0, 1/x90 from Model B (Eq. (5) with
N1, N2, and Ns as fitted parameters (see Section 4.2.3). (Note: for x10 quantile, A and Na fit is not significant, for xs quantile, N fit was
not significant.)
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Response: 1/x10, Predictor: Yt x10 E match Response: 1/x50, Predictor: Yt x50 E match Response: 1/x90, Predictor: Yt x90 E match
Solution Solution Solution

SSE  DFE MSE RMSE SSE  DFE MSE RMSE SSE  DFE MSE RMSE

257.89713612 299 0.8625322 0.9287261 70.838930608 336 0.2376139 0.4874586 11.707516722 338 0.0346376 0.1861119
Parameter Estimate ApproxStdErr Parameter Estimate ApproxStdErr Parameter Estimate Approx5tdErr
A 0.3616308273 0.04011525 A 0.1887811242 0.0220486 A 0.0564884678 0.0008541
B 0.0207890395 0.10623003 B 0.1409683222 0.10289327 B 0.0280321556 ;
N 0.3515128788 0.04404879 N 0.316943074 0.04767600 N 0.6026562415 0.01201184
xinf 0.0685445127 0.00070997 xinf 0.1384370092 0.00250577 xinf 0.1911912311 ,
E2000 0.2338399373 0.0082202 E2000 0.22098798263 0.00497528 E2000 0.246899337 0.00532896
E4000 0.1487568701 0.00332919 E4000 0.1739708561 0.00361491 E4000 0.2500965416 0.0047204
K2 -4083.53059 1748.001 K2 -1687.075006 657.002424 K2 -5773.300303 682.480776
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Figure S3. Mill scale efficiency factor parity plots and fits for DV300 DV2000 and DV4000 for DP1.
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Figure S4. Mill scale efficiency factor parity plots and fits for DV300 for DP2. Note: Since the datasets are missing
timepoints from the first 2 hours of milling, the intercept term could not be predicted significantly and fixed.
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Figure S5. Mill scale efficiency factor parity plots and fits for DV300 for DP3. Eq .(11) was also used for the bead loading term as part

of this fitting exercise.
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Solution

SSE  DFE MSE RMSE
0.3641140554 14 0.0260082 0.1612706
Parameter Estimate Approx5StdErr
A 0.0434514761 0.00205347
B 0.0056384177 0.00783016
N 1.2130163191 0.06129734
xinf 0.1276365557 )
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Figure S6. Mill scale efficiency factor parity plots and fits for DV50 for DP4.
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Figure S7. Mill scale efficiency factor parity plots and fits for DV50 and DV300 for DP6.
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Figure S8. Mill scale efficiency factor parity plots and fits for DV300 for DP5, with DV50 efficiency assumed to be the average of the
previously fitted values in Figures S6 and S7 for DP5.
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Figure S9. Parity plots and model fits for NJIT bead material case study in section 4.2.2 (fenofibrate), assuming mill scale efficiency
factor is 100%, using Model C (Eq. (10)).
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Figure S11. Parity plots and model fits for DP1, using Model C (Eq. (10)).
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Figure S10. Parity plots and model fits for NJIT bead size case study in section 4.2.3 (griseofulvin), assuming mill efficiency is 100%,
using Model C (Eq. (10)).
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Figure S12. Parity plots and model fits for DP2 using Model C (Eq. (10)).
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Parameter Estimate ApproxStdErr
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Parameter Estimate ApproxStdErr
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K2 1e-100
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Figure S13. Parity plots and model fits for DP3 using Model C (Eq. (10)). Here, Eq. (11) was used for the bead loading term since
there were experiments with >95% bead loading.
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Solution
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Parameter Estimate Approx5StdErr
A 0.0007750417 0.00462917
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K2 1e-100
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Parameter Estimate Approx5StdErr
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N 0.8520202814 0.07060449
xinf 0.0746067553 )
K2 -3236.380507 1256.10222
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Solution
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0.5876719164 15 0.0391781 0.1979347
Parameter Estimate Approx5StdErr
A 0.0474075025 0.00203232
B 0.0055875641 0.00952843
N 1.2161326821 0.0752275
xinf 0.1276365557
K2 1e-100

Solved By: Analytic Gauss-MNewton
Identifiability issues involving at least: xinf K2

Figure S14. Parity plots and model fits for DP4 using Model C (Eq. (10)).
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Parameter Estimate Approx5StdErr
A 0.0570718252 0.00273412
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xinf 0.1328372309 ;
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Figure S15. Parity plots and model fit for DP5 using Model C (Eq. (10)).
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K2 1e-100
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Identifiability issues involving at least: xinf K2
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Parameter Estimate Approx5StdErr
A 0.0041419641 0.00126026
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Solved By: Analytic Gauss-MNewton
Identifiability issues involving at least: xinf
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Parameter Estimate Approx5StdErr
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K2 1e-100
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Parameter Estimate Approx5StdErr
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N 0.4500301167 0.19722932
xinf 0.1355146905
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Figure S16. Parity plots and model fits for DP6 using Model C (Eq. (10)).
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Parameter Estimate Approx5StdErr
A 0.0161972421 0.00449917
B 0.0041500732 0.0042907
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xinf 0.1924924581
K2 1e-100

Solved By: Analytic Gauss-Newton
Identifiability issues involving at least: xinf K2

20 0.0003721 0.0192906





