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Title:
Investigation of the effect of milling time on the solid-state properties of sulfadimidine and its sodium salt
Principal Focus: To evaluate the effect of ball milling on the induced amorphous content of API and the crystal
structure in terms of crystallite size and total lattice strain.
Experimental: Ball milling was carried out using a Retsch PM100 Planetary mill at a constant speed of 400 rpm.
Milling times of 5, 30, 60, 120 minutes and 5, 10, 15 and 20 hours were used at room temperature. Crystallite size and
lattice strain were calculated from PXRD data using PDXL software which utilised the Williamson-Hall equation1.
Amorphous content was calculated from DSC data using the equation given by Desprez and Descamps2.
Results and discussion: Distinct Bragg peaks were observed for all milled sulfadimidine (SD) samples regardless of
milling time, indicating that the material remains predominantly crystalline. PXRD studies on ball milled sulfadimidine
powders processed at both temperatures showed that the diffraction peaks decreased and broadened after processing
(Fig. 1). The reduction of crystallite size and introduction of defects (microstrain) due to milling is confirmed by the
reduced peak area of the (0 4 0) Bragg peak after 20 h of milling compared to the un-milled powder (Fig. 1). Increased
milling time resulted in decreased peak area as outlined in Table 1. Milling for 300 minutes resulted in the largest
degree of amorphisation induced by milling but as milling time increased the amorphous content appeared to
recrystallise.
Table 1: The effect of mechanical activation of SD milled at RT.

Figure 1: The (0 4 0) Bragg peak for un-milled SD
and for SD milled for 20 h at 400 rpm at RT.

Note: Standard deviation in parenthesis

Table 2: The effect of mechanical activation of SD sodium at RT.

Figure 2: PXRD diffractograms of (from bottom to top)
SD sodium un-milled and milled at 400 rpm, RT for
5, 30, 60, 120, 300, 600 and 900 minutes.

Note: Standard deviation in parenthesis

Figure 2 displays the PXRD patterns of ball milled sulfadimidine sodium milled at room temperature. Upon milling for
5 minutes the crystallite size was significantly reduced (~50 %) as shown in Table 2 and confirmed by the PXRD
pattern (2b), characterised by more distinct Bragg peaks and increased peak area. No amorphous content was detected
for this milling time. Beyond 5 minutes, the amorphous content increased proportionally with milling time. Complete
amorphisation, as detected by DSC was achieved after 300 minutes (Table 2) but PXRD illustrates a partial crystal
structure remains within this sample. This shows there is some discrepancy between the measurements. In contrast to
SD, increased milling times (up to 900 minutes) did not result in recrystallisation.
Future Work: To investigate the effects of observed solid-state changes on the flowability of the materials and to
explore the effect of ball milling on other sulfa compounds.
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