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ABSTRACT: As metal—organic frameworks (MOFs) gain traction for
applications, such as hydrogen storage, it is essential to form the as-
synthesized powder materials into shaped bodies with high packing densities
to maximize their volumetric performance. Mechanical compaction, which
involves compressing the materials at high pressure, has been reported to yield
high monolith density but often results in a significant loss in accessible
porosity. Herein, we sought to systematically control (1) crystal size, (2)
solvation, and (3) compacting pressure in the pelletization process to achieve
high packing density without compromising the porosity that makes MOFs
functional. It was determined that solvation is the most critical factor among
the three factors examined. Solvation that exceeds the pore volume prevents
the framework from collapsing, allowing for porosity to be maintained through

B)  Solvated MOFs
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@ © Good Packing Density

© Applicable for Various Size

© Applicable for Various MOFs
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Activated MOFs
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pelletization. Higher pelletization pressure results in higher packing density, with extensive loss of porosity being observed at a higher
pressure if the solvation is below the pore volume. Lastly, we observed that the morphology and size of the MOF particles result in
variation in the highest achievable packing efficiency, but these numbers (75%) are still greater than many existing techniques used
to form MOFs. We concluded that the application of pressure through pelletization is a suitable and widely applicable technique for

forming high-density MOF-monoliths.

KEYWORDS: metal—organic frameworks, formation, pelletization, formulation, hydrogen storage, monolith

1. INTRODUCTION

Commercial products containing metal—organic frameworks
(MOFs) have started to appear on the market after more than
two decades of fundamental research on these highly diverse
materials.”” Because of the many advantages that MOFs
possess, including high surface area, tunability, and the ease of
predicting material properties by in silico simulation, numerous
applications have been proposed for MOFs.””’ The
applications demonstrated with MOFs include but are not
limited to gas storage,s_11 separation,lz’m catalysis,H_lé drug
delivery.'”"*

Various challenges need to be addressed to develop these
early stage research results into commercial products, including
large-scale synthesis, material forming, and prototype develop-
ment. Forming the as-synthesized MOF powders into a
suitable-shaped body is an essential step toward any MOF
application. Extensive research has been performed by multiple
research groups in this area.'” " In these reports, several
forming techniques have been examined to generate the
optimal form of MOFs for desired applications, including
granulation,25'26 extrusion,”’ spray-drying,”® monolith forma-
tion,”* and pelletization.”

© XXXX American Chemical Society
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Forming methods involving mechanical compaction, such as 45
pelletization, are typically viewed as paths to yield formed 46
materials with high packing efficiency that are particularly 47
desirable for gas storage applications. With several MOFs 43
exhibiting the hydrogen storage capacities that exceed the 2020 49
goal set by the U.S. Department of Energy,”” " there is an so
urgent need to form these materials into high-density s
monoliths without sacrificing their hydrogen storage perform- s
ance. To realize the MOF-based hydrogen storage at an s3
application scale, pelletization of MOFs has been investigated s4
extensively as the preferred forming technique. ss

However, because of the generally low mechanical stability, se
pelletized MOFs usually exhibit a significant loss in porosity as s7
the framework collapses during the high-pressure compaction ss
process.”>***™* Since the hydrogen adsorption capacity 59
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strongly correlates to the accessible surface area of MOFs,™ a
lowered porosity is expected to make a detrimental impact on
the hydrogen storage performance. Recently, a few reports
suggest that by introducing guest molecules as a removable
scaffold in the pores* or solvating the MOFs™® used in the
mechanical compaction process, formed material with high
packing density can be achieved with minimal loss in the
structural integrity of the MOF. Inspired by these findings, we
sought to better understand MOF pelletization by conducting
a systematic study that examines multiple variables during the
compaction process.

Herein, we present a study that investigates the effect of (1)
solvation, (2) pelletization pressure, and (3) crystal size on
MOF pelletization. To gain an understanding of the pellet-
ization process, we selected two MOFs to study: HKUST-1, a
potential candidate for methane storage,11 and Ni,(m-dobdc),
a MOF-74 analo% that exhibits high heat of adsorption for
hydrogen storage.”> We show successful forming of monolithic
MOF pellets with high packing density while maintaining high
porosity. A systematic optimization study reveals MOF
solvation is the most critical factor to achieving successful
MOF pelletization across two different MOFs. It is also
observed that crystal size and morphology have a less
pronounced effect on the outcome of pelletization, which
will be discussed in detail. Overall, our results show monoliths
with excellent packing efficiency (>75%) can be obtained with
less than 5% loss in porosity when the pelletization condition is
optimized. Since the hydrogen storage performance of MOF
strongly correlates to the porosity measured by nitrogen
isotherms,”” we expect pelletization to be a suitable technique
to form MOFs for gas storage applications, particularly for
hydrogen storage.

2. EXPERIMENTAL SECTION

2.1. Synthesis of MOF Powder and Control of Crystal Size.
2.1.1. HKUST-1. Initially, we prepared HKUST-1 in three different
crystal size ranges, large (>425 pm), medium (53—106 yxm), and
small (1—2 ym) (see Supporting Information, section S2). Briefly, we
synthesized the large (>425 ym) and medium (53—106 ym) sized
crystals using a solvothermal procedure with acetic acid as the
modulator. To obtain the desired HKUST-1 crystal size ranges, we
sieved the as-synthesized material using the appropriate sieve screens
at the desired mesh size. For small crystal HKUST-1, we generated
small (1-2 pm) crystals by adapting a reported synthesis protocol
performed at —78 °C.**

2.1.2. Ni,(m-dobdc). For Ni,(m-dobdc), we prepared two
different-sized crystal materials, medium-sized (1—2 ym) and small-
sized (<100 nm) (see SI, section S2). To prepare micron-sized
medium-sized Ni,(m-dobdc), we followed the solvothermal proce-
dure reported by Kapelewski et al.'> Whereas, we prepared
nanocrystalline small-sized Ni,(m-dobdc) by adapting a room
temperature synthesis procedure reported by Garzon-Tovar et al.*’
All synthesized materials were characterized by N, adsorption, PXRD
and SEM (section S3) before use in the pelletization studies.

2.2. Control of Solvation. To control the solvation, all
synthesized MOFs were fully activated using a vacuum oven and
then solvated with methanol to various solvation levels with regard to
the pore volume measured by the N, adsorption isotherm. Four
different solvation levels (0%, S0%, 100%, 150% of pore volume) are
examined. The MOF—solvent mixtures were sealed in a vial and
equilibrated in a 60 °C oven to ensure an even distribution of solvent.
The masses of equilibrated MOF powder samples did not significantly
changed after the equilibration process, indicating the correct
solvation levels were maintained. Before the pelletization process,
the gentle stirring of the solvated powder ensured material
homogeneity (see SI section S4).

2.3. Pelletization Procedure. A design of experiments was
performed on each MOF to understand the variables that affect
pelletization with three factors: (1) pressure, (2) solvation, and (3)
crystal size. The pressure was investigated at three levels (9050,
45000, 90000 psi), solvation at four levels mentioned above, and
crystal size at two (Niy(m-dobdc) and three (HKUST-1) levels.
Finally, each pelletization experiment was performed in triplicate. The
volume of the formed pellets was measured geometrically, and the
densities were calculated according to the procedure described in
section S4. N, isotherms were recorded to confirm the structural
integrity after compression.

3. RESULT AND DISCUSSION

3.1. Effects of Solvation and Pressure in Pelletizing
HKUST-1 (Large Crystals, >425 pm). To understand the
effect of applied pressure and MOF solvation during the
pelletization process, we investigated how pressure affects
pellet density and N, uptake (~1 bar at 77 K) at four different
solvation levels. The N, uptake of the formed MOF pellet is
compared to the adsorption performance of the powder, with
losses in N, uptake indicative of micropore collapse. Figure 1
summarizes the structure—function relationship plots (pressure
vs N, uptake and pellet density) at 0, 50, 100, and 150%

solvation for the large crystal (>425 ym) HKUST-1.
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Figure 1. Pelletization results using large crystals (>42S um)
HKUST-1 as the starting material. Pressure—density (red line) and
pressure-porosity relationship (blue line) of the formed pellets are
plotted in panels a—d, corresponding to solvation level from 0% to
150%. Blue dashed line: Porosity for powder HKUST-1. Red dashed
line: Crystallographic density of HKUST-1. All plotted values are the
average of three repeated pelletization experiments.

Pelletizing with a pressure of 9,050 psi generates pellets with
densities of ~0.75 g/ cm? independent of the solvation level.
The pellets exhibit densities that are approximately 85% of the
crystallographic density (0.88 g-cm™, red dashed line) and
maintain >95% of the powder porosity.

To further improve pellet densities, we increase the
pelletization pressures to 45000 psi and 90 000 psi. Notably,
we observed drastically different effects of pressurization with
respect to the solvation levels. At 0% solvation, the pellet
densifies with increasing pelletization pressure from 0.75 to
1.92 g/cm® at 9050 and 90 000 psi, respectively (Figure 1a).
Pressures greater than 45000 psi result in monolith densities
higher than the crystallographic density of HKUST-1. The
increase in monolith density is accompanied by a significant
loss in porosity, and the saturated N, uptake drops from 480
cm*®-g~" (blue dashed line) for powdered MOF to near zero
when the pellet is pressed at 90 000 psi, indicating the total
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163 collapse of the MOF micropores. Several other research groups pelletization could be applied to different crystal sizes, we 226
164 have also reported similar results when pelletizing MOF performed pelletization studies on large (>425 ym), medium 227
165 materials, leading to the conclusion that gelletization might not (53—106 um), and small (1—2 pm) sized HKUST-1 crystals. 228
166 be suitable for forming MOF materials.”>*"*>%"~** To elucidate the effect of crystal size, the pressure—density— 229
167 Interestingly, solvating the MOF with methanol improves porosity relationship for all three crystal sizes is summarized in 230
168 the pressure—density—porosity correlation. Pelletization of a Figure 2. The large crystal HKUST-1 data presented in Figure 2312
169 50% solvated HKUST-1 (Figure 1b) sample at 45000 psi
170 results in a volumetric density (1.12 g/cm®) that surpasses the a) Large Crystal HKUST-1 b) Large Crystal HKUST-1
171 crystallographic density (0.88 g/cm?) with only a 50% loss in _ 500 . _ 500 @ «
172 porosity. When the pelletization pressure is increased to 90 000 B 400 F o055pd P a00 o0s0psi |
173 psi, the increase in density levels off (1.21 g/cm?), and the % 300 : @35/k§sﬁiw % 300 o
174 porosity is partially maintained. This result suggests the solvent zg 200 H .:_ 2 oo g 200 22%{{5 E‘i/: :j
175 molecules in the pores prevent the pores from collapsing = 100 E "’°°’°Q‘ = 100 450 kpsi, 100% E:f
176 during the cornépaction process, which is in line with previous 0 2. : ) 0 N
177 observation.*>* 05 1 1.53 2 05 06 07 08 30.9 1
178 At above 100% solvation, HKUST-1 pellets with ideal peletbensty(grem) peletDensity glem?)
179 packing efficiency can be made with less than 5% loss in c) Medium Crystal HKusT-1  d) Medium Crystal HKUST-1
180 porosity. As shown in Figures lc and 1d, when applying _ 00 m cmcnie " Ra @ ”!
181 pressure higher than 45,000 psi in the pelletization procedure, B 400 o008 o 400 Y.l
182 the pellets all exhibited excellent monolith densities (~0.84 g/ § 300 : @45 kpsi % 300 !
13 cm®) corresponding to 95% packing efficiency. After pellet- £ 200 3 .Df . - § 200 o framdreind
184 ization of HKUST-1 at 150% solvation, we observe wetting of > 100 :? 5‘“"{ 2 100 povrns :ESZ,E
185 the die set with a trace amount of solvent, indicating that 0 £ . e 0 L
186 excess solvent in the space between individual crystals is 0% o3 2 05 06 07 08 09 1
. . Pellet Density (g/cm®) Pellet Density (g/cm?)
187 removed from the formed pellets during the compression e)
188 process. This observation agrees well with the measured Small Crystal HKUST-1 Small Crystal HKUST-1
189 solvation of the formed pellets with near-ideal monolith _ soo @ B - S 500 e
190 density. When activating these pellets, solvent accounted for ;:' 400 gosopj % 400 : @ "‘:
191 99% and 102% of the pore volume was evacuated, even though S 300 ' - § 300 2050 sl !
192 the MOF powders were initially solvated at 100% and 150%, g 200 i““ @0& gg " §. 200 Pk
193 respectively. The solvation levels of the pellets correspond the = 100 :%; T s0ag% > 100 ettt
194 void volume contributed by the micropores of the MOFs and 0 o : , 0 L s
195 the interstitial space between MOF crystallites. The fact that 05 Pe"etloe"siw (g,:is) 2 05 06 07 08 03 1
196 the solvation levels are very close to 100% of the pore volume Pellet Density (glem?)
197 of HKUST-1 (99% and 102%) indicates there is very little void Figure 2. Pelletization results on (a) large (>425 um) crystal
198 space between MOF crystallites, which results in the excellent HKUST-1, (c) medium (53—106 ym), and (e) small (1—2 ym) sized
199 packing efficiency. HKUST-1. Panels b, d, and f are the respective expanded views of the
200  Our results demonstrate that HKUST-1 pellets made at low successful pelletization studies in panels a, ¢, and e. Pellets pressed at
201 pressures (<10 000 psi for large crystals HKUST-1) exhibit 9030 psi (green), 45000 psi (blue), and 90000 psi (red). 0%
202 good pellet densities with low losses in porosity irrespective of solvation (@), 50% solvation(M), 100% solvation (A), 150%

solvation(®). Purple dashed line: Crystallographic density of
HKUST-1. Orange dash line: N, uptake for HKUST-1. All plotted
values are the average of three repeated pelletization experiments.

203 the solvation level. However, to maximize the pellet density,
204 compression pressure higher than 45 000 psi is needed for the
205 pelletization process. MOF solvation plays a critical role in
206 maintaining structural integrity, and it was found that solvation

207 levels greater than 100% are necessary for preserving 95% of 1 is condensed into Figure 2a and b. The trend that (1) 232
208 the nitrogen uptake capacity. This result indicated that the pelletization at 9050 psi yielded pellets with 85% of the 233
209 solvent in the MOF pores prevents the MOF structure from crystallographic density without significant loss of porosity and 234
210 collapsing during the high-pressure pelletization process, which (2) pellet density representing 95% of crystallographic density 235
211 also suggests that scaffolding or solvating MOFs protect the is achievable without loss in porosity when the MOF is 236
212 pores during the pelletization process. Opposed to previous solvated above 100% solvation and pressed at higher than 237
213 reports that suggested pelletization is not applicable to 45000 psi can be observed. 238
214 HKUST-1 at high pressure, our results showed that pellet- A similar trend is observed for the small and medium crystals 239
215 ization is a suitable technique for forming HKUST-1, as long as by comparing Figures 2a, ¢, and e. However, a few differences 240
216 the MOF is solvated at a level of 100% or more of the pore in the results are observed with smaller crystal sizes. First, for 241
217 volume during the compression process or the pressing both small and medium-sized crystals, the pellets pressed at 242
218 pressure is maintained at low-pressure levels (<10 000 psi for 9,050 psi exhibit observably lower density. The medium-sized 243
219 large crystals HKUST-1). HKUST-1 yielded an average pellet density of 0.72 g/cm?, and 244
20  3.2. Effects of Crystal Size in Pelletizing HKUST-1. The the small-sized HKUST-1 yielded 0.65 g/cm?®, as opposed to 245
221 applicability of pelletization across different crystal sizes is 0.75 g/cm® in the large crystal HKUST-1 trials. In addition, 246
222 highly desired since it is challenging to control the crystallite some of these pellets exhibit lowered porosities (~15% loss) 247
223 size of most MOFs with a reasonable yield. Therefore, a when the starting powder is solvated less than 100% solvation. 248
224 generalizable forming technique for MOFs should be In contrast, the large crystals lost less than 5% of porosity at 249
225 applicable to a range of crystal sizes. To investigate if the same pelletization condition. 250
C https://doi.org/10.1021/acsami.1c09619
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251 The lowered pellet densities may reflect the increased
252 difficulty in eliminating the pores between MOF particles. The
253 size of the interstitial spacing decreases as the crystal becomes
254 smaller. Since the smaller interstitial spacings are more
25s mechanically stable, higher pressure is needed in the
256 compression process to eliminate them from the pellets.

257 On the other hand, the decreases in porosity observed for
258 the pellets made from HKUST-1 with smaller crystal size may
259 be attributed to the decreased mechanical stability of the
260 MOF. Because of the faster crystallization rate in the synthesis,
261 the number of defects, such as missing linkers or metal, may be
262 higher in the smaller HKUST-1 crystals. It is well-known in the
263 literature™ that defects in the MOF can lower mechanical
264 stability, making the pores more likely to collapse during the
265 compression process.

266 As the pelletization increased to 45 000 and 90 000 psi (blue
267 and red points in Figure 2d and f), an average pellet density of
268 0.85 g/cm® (97% of crystallographic density) is achieved for
269 the pellets pressed from powders that are solvated above 100%.
270 However, in the tests using medium and small-sized HKUST-
271 1, considerable porosity loss is observed when the condition is
272 not optimized.

273 From the expanded view in Figure 2d and f, the pellets
274 pressed from 100% solvated materials exhibited lower porosity
275 than the 150% solvated material in both medium and small
276 crystals HKUST-1, and the pellets pressed at 90 000 psi lose
277 more N, uptake than those pressed at 45000 psi. Indeed,
278 pelletized at 90000 psi, the small crystal HKUST-1 loses
279 approximately 20% of porosity, and the medium crystal
280 HKUST-1 lost about 10% of porosity during the compression
281 process. This observation reinforces our assumption that
282 smaller crystal size leads to lower mechanical stability, resulting
283 in more significant pore collapse during the pelletization
284 process.

285 Interestingly, when the solvation is increased to 150% of the
286 pore volume(diamond-shaped points in Figure 2d and f),
287 pellets pressed at high pressures retain their porosities while
288 exhibiting excellent monolith densities, regardless of the crystal
289 size. We propose when the solvation is higher than 150%, the
200 excess solvent in the interstitial spacing acts as a binder to
201 buffer the high compression pressure in the pelletization
292 process. It has been reported in the literature that using
203 binders in the pelletization process reduces the structure
294 degradation during the pelletization process.*”** In contrast to
205 typical binders, the excess solvent can be removed from the
206 pellets during the activation process, resulting in pellets that
297 are essential binder-free. The binder-free feature prevents the
298 loss in overall porosity due to the addition of a nonporous
299 binder. Therefore, nearly complete retention of porosity was
300 achieved in our studies on pelletization of HKUST-1. To sum
301 up, our results support the best conditions for HKUST-1
302 pelletization is at pressures higher than 45000 psi and with
303 MOF solvation greater than 100% of the pore volume.

304 The fact that monolithic HKUST-1 pellets can be made at
30s near crystallographic density without significant loss in
306 porosity suggests that pelletization is an ideal way of producing
307 high-density formed HKUST-1 for gas storage applications.
308 Further, the applicability of the pelletization technique over a
309 wide range of crystal sizes (from 0.5 mm to 1 ym) alleviates
310 the need for optimizing the synthesis procedure, which makes
311 the overall production of formed HKUST-1 pellets readily
312 feasible.

—

3.3. Results on Pelletization of Ni,(m-dobdc). Spurred 313
by our results from the pelletization of HKUST-1, we further 314
investigated the applicability of pelletization for forming other 315
MOFs. Using the same methodology for HKUST-1, we 316
identified the conditions to pelletize Ni,(m-dobdc) into high- 317
density monoliths without significantly reducing microporos- 318
ity. Two different crystal sizes of Ni,(m-dobdc) were prepared 319
for the study. The synthesized powder materials are solvated 320
with methanol at 0%, 50%, 100%, and 150% of the pore 321
volume to examine the effect of solvation level. The pressure— 322
density—porosity relationship was plotted in Figure 3 for 3238
pellets produced from medium-sized (1—2 pm) and small- 324

—

sized (<100 nm) crystals. 325
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Figure 3. Pelletization results using (a) medium crystals (1—2 ym)
Ni,(m-dobdc) and (c) small crystals (<100 nm) Ni,(m-dobdc) as the
starting material. Panels b and d are expanded views of panels a and c.
Pellets pressed at 9050 psi (green), 45 000 psi (blue), and 90 000 psi
(red). 0% solvation (@), 50% solvation (M), 100% solvation (A),
150% solvation (). Purple dashed line: Crystallographic density of
Ni,(m-dobdc). Orange dashed line: N, uptake for Ni,(m-dobdc). All
plotted values are the average of three repeated pelletization
experiments.

The pelletization results for medium-sized Ni,(m-dobdc) 326
(Figure 3a and b) reveal a similar trend compared to HKUST- 327
1 results. Pelletization at 9 050 psi yielded lower pellet density 328
(0.81 g/cm?), and the under-solvated powder leads to some 329
loss in porosity after compression. Increasing the pressure to 330
45000 psi and above leads to more drastic losses in porosity 331
when the solvation level is lower than 100%. The extent of 332
porosity loss becomes more significant when the solvation is 333
lower and when the pressure is higher. Mirroring the learning 334
from the HKUST-1 results, the best solvation for pelletization 335
is 150% of the pore volume for medium crystal Ni,(m-dobdc). 336
(Figure 3b). Pellet density of 0.90 g/cm® was achieved without 337
loss in the overall porosity for the formed pellets. However, 338
unlike the 97% crystallographic density achieved in the 339
HKUST-1 study, the highest pellet density achieved by 340
pelletizing medium-sized crystals (1—2 pm) of Ni,(m-dobdc) 341
reaches 77% of the crystallographic density. 342

Interestingly, the results for pelletizing the small crystal 343
(<100 nm) Ni,(m-dobdc) showed some distinct differences 344
(Figure 3c and d). At 9050 psi, the pellet densities (0.68 g/ 34
cm®) are lower than the medium-sized crystal Ni,(m-dobdc). 346
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347 This result is in line with the size effect observed in the
348 HKUST-1 studies that the smaller crystals are more difficult to
349 pack and leads to lower pellet densities. As the pressure
350 increase to 45000 psi and above, significant porosity loss is
351 observed for the pellets pressed from 0 and 50% solvated
352 Ni,(m-dobdc). However, the pellet density did not increase as
353 much when compared to the corresponding medium crystal
354 results.

355 Again, the best condition for pelletizing small crystal (<100
356 nm) Ni,(m-dobdc) is pressing 150% solvated MOF powders at
357 45000 psi or higher, but the highest density pellets produced
358 without porosity loss reach only 68% of the crystallographic
359 density at the best condition (Figure 3d, diamond-shaped
360 points in blue and red).

361 The results for pelletizing Ni,(m-dobdc) suggest the highest
362 achievable pellet density is MOF-dependent, and the wide
363 applicability of pelletization across different crystal sizes
364 observed in the HKUST-1 studies may not be applicable for
365 extremely small MOF crystals at the nanometer scale.

366 3.4, Discussion of Morphology and Size Effect on
367 Pelletization. Although the outcome for pelletization of
368 Ni,(m-dobdc) was not as good as that of HKUST-1, the result
369 suggested a general trend for pelletization of MOF powder that
370 is transferable between different MOFs. From the two MOF
371 examples investigated, to reach high pellet density without
372 losing the porosity, MOFs must be solvated at greater than
373 100% of the pore volume, and the pellets should be pressed at
374 a pressure higher than 45 000 psi. To explain the difference in
375 the HKUST-1 and Ni,(m-dobdc) results, we hypothesize the
376 morphology and size of the MOF crystals may affect the
377 outcome of pelletization.

378 Synthesized as needle-shaped crystals, Ni,(m-dobdc) is
379 crystallized in a hexagonal space group, while HKUST-1 in a
380 highly symmetrical cubic space group. Therefore, it is
381 anticipated that there will be an anisotropic orientation of
382 crystallite domains in the pellets of Ni,(m-dobdc). In this case,
383 the interstitial space is more difficult to remove by simply
384 applying mechanical pressure. Highly symmetric cubic
38s HKUST-1 does not encounter this issue; thus, higher packing
386 efficiency is achieved.

387 The overall lower densities achieved by the small crystal
388 Niy(m-dobdc) can be explained by the extremely small
389 crystallite size in the nanometer range. When particles of
390 similar size pack together, the size of the interstitial voids
391 between the matters are in the same order of magnitude as the
392 particles. Therefore, it is expected that to pack nanocrystalline
393 MOFs, a lot of pores that are less than 100 nm will need to be
394 eliminated during the pelletization process. We hypothesize
39s the smaller size of the interstitial pores is more likely to be
396 supported by excess solvent during the compression process.
397 The retention of these pores can lead to lower packing
398 efficiency for the forming process. Therefore, pelletization may
399 be less effective in maximizing the packing efficiency when
400 used to form nanocrystalline MOFs.

401 Overall, the results for Ni,(m-dobdc) suggested pelletization
402 is an effective technique for forming Ni,(m-dobdc) into high-
403 density monoliths, albeit the result was not as outstanding as
404 the pelletization studies on HKUST-1. Packing density
405 representing >75% of the crystallographic density was achieved
406 with the medium-sized crystals, which is excellent compared to
407 many other forming techniques. What’s more, the porosity for
408 the formed monolith is fully maintained, which is often not

—

N

—

—_

—_

—

achievable with other forming techniques that require binder
addition.

4. CONCLUSION

MOFs have shown great potential at solving the grand
challenge of hydrogen storage by reaching the material target
set by the US. Department of Energy. To realize this
performance at an application level, it is essential to pack the
MOFs into high-density monoliths. From this study, we
concluded that pelletization is a suitable and generally
applicable technique for forming high-density MOF monoliths.
We have identified that MOF solvation during pelletization as
the most critical factor in preventing porosity loss and
framework collapse during the compaction process. In
addition, we have explored how pressure and crystallite size
affect the pelletization process. The compression pressure did
not affect the outcome as long as the pores are fully solvated
with solvent. Although we demonstrated that crystallite size
and morphology could lead to a difference in packing
efficiencies, these numbers are still excellent (>75%) compared
to many existing techniques to form MOFs. These results are
in contrast to previous results that have highlighted the
underlying MOF as the failure mechanism for transformation
performed under pressure.
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