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pharmaceutical formulations have poor flowability in processing. In such cases, the manufacture 

of a final product can become challenging and more expensive.  

[0006] As such, there is a need for improved formulation compositions and methods for their 

preparation.  

SUMMARY 

[0007] In one example, the disclosure provides a composition comprising a. a stabilizer, 

demulcent, binder, emulsifier, or texturizer; b. a water-insoluble inorganic; and c. a cross-linking 

agent. 

[0007a] In an aspect, there is provided a composition comprising 

a. a colloidal material; 

b. a water-insoluble inorganic compound selected from the group consisting of silicon 

and sulfur; and 

c. a cross-linking agent selected from the group consisting of sodium aluminate, calcium 

aluminate, magnesium aluminate, barium aluminate, and strontium aluminate. 

[0007b] In another aspect, there is provided an aqueous composition comprising 

a. a colloidal material; 

b. a water-insoluble inorganic compound selected from the group consisting of silicon 

and sulfur;  

c. a cross-linking agent selected from the group consisting of sodium aluminate, calcium 

aluminate, magnesium aluminate, barium aluminate, and strontium aluminate; and 

d. water. 

[0007c] In another aspect, there is provided a personal care composition comprising the 

composition as defined above or the aqueous composition as defined above, and a base 

composition. 

[0008] Additional examples, features, and advantages of the disclosure will be apparent from 

the following detailed description and through practice of the disclosure.  The compounds of the 

present disclosure can be described as examples in any of the following enumerated clauses. It 

will be understood that any of the examples described herein can be used in connection with 

any other examples described herein to the extent that the examples do not contradict one 

another. 

[0009] 1. A composition comprising 

[0010] a. a colloidal material; 

[0011] b. a water-insoluble inorganic compound; and 

[0012] c. a cross-linking agent.
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[0013] 2. The composition of clause 1, wherein the colloidal material is a stabilizer, a demulcent, 

a binder, an emulsifier, or a texturizer.  

[0014] 3. The composition of clause 1 or 2, wherein the colloidal material is selected from the 

group consisting of gelatin, casein, albumin, agar, dextrin, sugar, welan gum, xanthan gum, guar 

gum, acacia gum, corn fiber gum, peach gum, locust bean gum, gum rosin, tamarind gum, 

tragacanth gum, flax seed gum, carrageenan gum, gum arabic, tara gum, and sesbania gum. 

[0015] 4. The composition of any one of clauses 1 to 3, wherein the water-insoluble inorganic 

compound is selected from the group consisting of dibasic calcium phosphate, calcium phosphate 

tribasic, dicalcium sulfate, iron oxide, iron oxide yellow, magnesium oxide, magnesium 

carbonate, barium sulfate, silicon, sulfur, and zinc oxide. 

[0016] 5. The composition of any one of the preceding clauses, wherein the cross-linking agent 

is selected from the group consisting of sodium aluminate, calcium aluminate, magnesium 

aluminate, barium aluminate and strontium aluminate. 

[0017] 6.  The composition of any one of the preceding clauses, wherein the composition has a 

basic flow energy of less than about 150 mJ. 

[0018] 7.  The composition of any one of the preceding clauses, wherein the composition has a 

basic flow energy of less than about 125 mJ.
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[0019] 8.  The composition of any one of the preceding clauses, wherein the composition has a 

basic flow energy of less than about 100 mJ. 

[0020] 9.  The composition of any one of the preceding clauses, wherein the composition has a 

basic flow energy of less than about 85% of a basic flow energy of the water-insoluble inorganic 

compound in the absence of the colloidal material and the cross-linking agent. 

[0021] 10.  The composition of any one of the preceding clauses, wherein the composition has a 

basic flow energy of less than about 75% of a basic flow energy of the water-insoluble inorganic 

compound in the absence of the colloidal material and the cross-linking agent. 

[0022] 11. The composition of any one of the preceding clauses, wherein the composition has a 

conditioned bulk density of less than about 97% of a conditioned bulk density of the water-

insoluble inorganic compound in the absence of the colloidal material and the cross-linking agent. 

[0023] 12. The composition of any one of the preceding clauses, wherein the composition has a 

conditioned bulk density of less than about 95% of a conditioned bulk density of the water-

insoluble inorganic compound in the absence of the colloidal material and the cross-linking agent 

[0024] 13. The composition of any one of the preceding clauses, wherein the composition has a 

volume moment mean particle size of from about 10 to about 50 microns. 

[0025] 14. The composition of any one of the preceding clauses, wherein the composition has a 

volume moment mean particle size of from about 25 to about 50 microns. 

[0026] 15. The composition of any one of the preceding clauses, wherein the water-insoluble 

inorganic compound is in an amount of from about 65 wt% to about 85 wt%. 

[0027] 16. The composition of any one of the preceding clauses, wherein the water-insoluble 

inorganic compound is in an amount of from about 70 wt% to about 80 wt%. 

[0028] 17. The composition of any one of the preceding clauses, wherein the colloidal material 

is present in an amount of from about 13 wt% to about 35 wt%. 

[0029] 18. The composition of any one the preceding clauses, wherein the colloidal material is 

present in an amount of from about 20 wt% to about 25 wt%. 

[0030] 19. The composition of any one of the preceding clauses, wherein the cross-linking agent 

is in an amount of from about 0.3 wt% to about 1.5 wt%. 

[0031] 20. The composition of any one of clauses 1 to 18, wherein the cross-linking agent is in 

an amount of from about 2 wt% to about 4 wt% relative to the colloidal material. 

[0032] 21. The composition of any one of the preceding clauses, further comprising water in an 

amount of from about 1 wt% to about 3 wt%. 

[0033] 22. The composition of clause 21, wherein the water-insoluble inorganic compound is in 

an amount of from about 63 wt% to about 85 wt%.
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[0034] 23. The composition of clause 21 or 22, wherein the cross-linking agent is in an amount 

of from about 0.3 wt% to about 1.5 wt%. 

[0035] 24. The composition of any one of clauses 21 to 23, wherein the cross-linking agent is in 

an amount of from about 2 wt% to about 4 wt% relative to colloidal material. 

[0036] 25. The composition of any one of clauses 21 to 24, wherein the colloidal material is 

present in an amount of from about 13 wt% to about 34 wt%. 

[0037] 26. An aqueous composition comprising 

[0038] a. a colloidal material; 

[0039] b. a water-insoluble inorganic;  

[0040] c. a cross-linking agent; and 

[0041] d. water. 

[0042] 27. The aqueous composition of clause 26, wherein the water is in an amount of from 

about 40 wt% to about 70 wt%. 

[0043] 28. The aqueous composition of clause 26 or 27, wherein colloidal material is a stabilizer, 

a demulcent, a binder, an emulsifier, or a texturizer. 

[0044] 29. The aqueous composition of any one of clauses 26 to 28, wherein the colloidal 

material is selected from the groups consisting of gelatin, casein, albumin, agar, dextrin, sugar, 

welan gum, xanthan gum, guar gum, acacia gum, corn fiber gum, peach gum, locust bean gum, 

gum rosin, tamarind gum, tragacanth gum, flax seed gum, carrageenan gum, gum arabic, tara 

gum, and sesbania gum. 

[0045] 30. The aqueous composition of any one of clauses 26 to 29, wherein the water-insoluble 

inorganic compound is selected from the group consisting of dibasic calcium phosphate, calcium 

phosphate tribasic, dicalcium sulfate, iron oxide, iron oxide yellow, magnesium oxide, 

magnesium carbonate, barium sulfate, silicon, sulfur, and zinc oxide. 

[0046] 31. The aqueous composition of any one of clauses 26 to 30, wherein the cross-linking 

agent is selected from the group consisting of sodium aluminate, calcium aluminate, magnesium 

aluminate, barium aluminate and strontium aluminate. 

[0047] 32.  The aqueous composition of any one of clauses 26 to 31, wherein the water-insoluble 

inorganic compound is in an amount of from about 19 wt% to about 51 wt%. 

[0048] 33.  The aqueous composition of any one of clauses 26 to 32, wherein the water-insoluble 

inorganic compound is in an amount of from about 19 wt% to about 40 wt%. 

[0049] 34. The aqueous composition of any one of clauses 26 to 33, wherein the colloidal 

material is present in an amount of from about 4wt% to about 21 wt%. 

[0050] 35. The aqueous composition of any one of clauses 26 to 34, wherein the cross-linking 

agent is in an amount of from about 0.1 wt% to about 1 wt%.
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[0073] In some embodiments, the colloidal material is in an amount of from about 13 wt% to about 

35 wt% on a solids basis of the compositions described herein. In some embodiments, the colloidal 

material is in an amount of from about 15 wt% to about 30 wt% on a solids basis of the 

compositions described herein. In some embodiments, the colloidal material is in an amount of 

from about 20 wt% to about 25 wt% on a solids basis of the compositions described herein. In some 

embodiments, the colloidal material is in an amount of any range within the range of about 13 wt% 

to about 35 wt% on a solids basis of the compositions described herein. 

[0074] In some embodiments, the stabilizer, demulcent, binder, emulsifier, or texturizer is in an 

amount of from about 13 wt% to about 35 wt% on a solids basis of the compositions described 

herein. In some embodiments, the stabilizer, demulcent, binder, emulsifier, or texturizer is in an 

amount of from about 15 wt% to about 30 wt% on a solids basis of the compositions described 

herein. In some embodiments, the stabilizer, demulcent, binder, emulsifier, or texturizer is in an 

amount of from about 20 wt% to about 25 wt% on a solids basis of the compositions described 

herein. In some embodiments, the stabilizer, demulcent, binder, emulsifier, or texturizer is in an 

amount of any range within the range of about 13 wt% to about 35 wt% on a solids basis of the 

compositions described herein. 

[0075] It will be appreciated that the water-insoluble inorganic compound used in the compositions 

described herein is not particularly restricted, and can be any water-insoluble inorganic compound 

commonly used in the food, personal care, or pharmaceutical industries. Examples of suitable 

water-insoluble inorganics for use in the embodiments described herein include, but are not limited 

to, calcium inorganics, such as dibasic calcium phosphate (an excipient used as a binder or filler), 

calcium phosphate tribasic (an excipient used as a binder or filler), dicalcium sulfate, and the like, 

fluoride, iodine, iron inorganics, such as iron oxide (an excipient or a colorant), iron oxide yellow 

(an excipient or a colorant), and the like, magnesium inorganics, such as magnesium oxide (a 

diluent), magnesium carbonate (a diluent), and the like, manganese inorganics, molybdenum 

inorganics, phosphorus, silicon, sulfur, and zinc inorganics, such as zinc oxide (an excipient used 

as a color additive), barium sulfate (an excipient). In some embodiments, the water-insoluble 

inorganic compound is in an amount of from about 65 wt% to about 85 wt% on a solids basis of 

the compositions described herein. In some embodiments, the water-insoluble inorganic compound 

is in an amount of from about 70 wt% to about 80 wt% on a solids basis of the compositions 

described herein. In some embodiments, the water-insoluble inorganic compound is in an amount 

of from about 75 wt% to about 80 wt% on a solids basis of the compositions described herein. In 

some embodiments, the water-insoluble inorganic compound is in an amount of any range within 

the range of about 65 wt% to about 85 wt% on a solids basis of the compositions described herein. 

[0076] The water-insoluble inorganics may be in the form of a powder.  These water-insoluble 
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stabilizer, demulcent, binder, emulsifier, or texturizer. In some embodiments, the cross-linking agent 

is in an amount of any range within the range of about 2.0 wt% to about 4.0 wt% relative to the 

stabilizer, demulcent, binder, emulsifier, or texturizer. 

[0079] In some embodiments, the cross-linking agent is in an amount of from about 2.0 wt% to about 

4.0 wt% relative to the colloidal material. In some embodiments, the cross-linking agent is in an 

amount of from about 2.5 wt% to about 3.5 wt% relative to the colloidal material. In some 

embodiments, the cross-linking agent is in an amount of from about 2.0 wt% to about 3.0 wt% 

relative to the colloidal material. In some embodiments, the cross-linking agent is in an amount of 

any range within the range of about 2.0 wt% to about 4.0 wt% relative to the colloidal material. 

[0080] In some embodiments, the compositions described herein comprise an amount of water. In 

some embodiments, the water is in an amount of up to about 3 wt% of a solid composition. In some 

embodiments, the water is in an amount of from about 1 wt% to about 3 wt% of a solid composition. 

It will be appreciated that the amounts of the various components in the compositions described 

herein can be in a weight percent amount measured on a solids basis in the composition, or in an 

amount of the absolute weight percent of the various components in the composition. In some 

embodiments, where a composition, such as a spray-dried composition, is anhydrous, it will be 

appreciated that the solids basis of a composition can be about equivalent to the absolute.  In some 

embodiments, where a composition, such as a spray-dried composition, contains water in an amount 

of up to about 3 wt% of the composition, the values of the amounts of the various components in the 

compositions described herein can be in a weight percent amount measured on a solids basis in the 

composition factoring in the amount of water. In some embodiments, where a composition, such as 

a spray-dried composition, contains water in an amount of up to about 3 wt% of the composition, the 

values of the amounts of the various components in the compositions described herein can be in a 

weight percent amount measured on an absolute weight basis of the composition including the 

amount of water in the composition. 

[0081] In some embodiments, the compositions described herein have a basic flow energy.  

Illustratively, basic flow energy is a measurement of a composition’s resistance to flow.  For 

example, a composition with a higher basic flow energy may resist flow more in an auger system 

than a composition with a lower basic flow energy.  As such, improvements in basic flow energy 

may provide improved metering and processing for a powder.  In some embodiments, a composition 

described herein has a basic flow energy of less than about 150 mJ, less than about 125 mJ, or less 

than about 100 mJ, as measured by a Freeman Technology FT4 powder rheometer.  In some 

embodiments, the basic flow energy of a composition comprising a colloidal material, a cross-linker 

and a water-soluble inorganic is less than the basic flow energy of a composition comprising the 

water-insoluble inorganic compound without the colloidal material and the cross-linking
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 agent.  In some embodiments, the composition has a basic flow energy of less than about 85% 

or less than about 70% of a basic flow energy of the water-insoluble inorganic compound in the 

absence of the colloidal material and the cross-linking agent. 

[0082] In some embodiments, the compositions described herein have a conditioned bulk density.  

Measured at a low-stress, homogeneous packing state, conditioned bulk density is representative 

of the normal condition of a powder without the influence of localized stress and excess air. A 

decrease in conditioned bulk density can be indicative of particle deagglomeration, producing a 

more uniform particle size distribution as compared to the bi-modal distribution typically 

observed in powder samples with a high tendency to agglomerate.  As such, improvements in 

conditioned bulk density may provide improved dispersability performance.  In some 

embodiments, a composition described herein has a conditioned bulk density of less than about 

0.8 g/mL, less than about 0.75 g/mL, or less than about 0.7 g/mL, as measured by Freeman 

Technology FT4 powder rheometer.  In some embodiments, the conditioned bulk density of a 

composition comprising a colloidal material, a cross-linker and a water-soluble inorganic is less 

than the conditioned bulk density of a composition comprising the water-insoluble inorganic 

compound without the colloidal material and the cross-linking agent.  In some embodiments, the 

composition has a conditioned bulk density of less than about 97% or less than about 95% of a 

conditioned bulk density of the water-insoluble inorganic compound in the absence of the 

colloidal material and the cross-linking agent. 

[0083] In some embodiments, compositions of the disclosure, such as colloid compositions 

described herein, can be prepared as aqueous slurries. In some embodiments, the aqueous 

composition comprises from about 40% water to about 70% water by weight. In some 

embodiments, the aqueous composition comprises from about 40% water to about 60% water by 

weight. In some embodiments, the aqueous composition comprises about 50% water by weight. 

In some embodiments, the aqueous composition comprises about 70% water by weight. It will be 

appreciated that the amounts of the various components in the compositions described herein can 

be in a weight percent amount measured on a solids basis in the composition, or in an amount of 

the absolute weight percent of the various components in the composition as described herein. 

[0084] It will be appreciated that compositions of the disclosure, such as colloid compositions 

described herein, can be useful in various applications that require a cross-linked composition of 

a water-insoluble inorganic. In some embodiments, compositions of the disclosure, such as 

colloid compositions described herein, may be used in a personal care item (a.k.a. a personal care 

composition), such as those known in the art as skin care products, anti-perspirants, deodorants, 

cosmetics, hair care products, and the like. In some embodiments, the compositions of the 

disclosure, such as colloid compositions described herein, can be in an amount of about 0.1 wt% 
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Moisture 

Content, % 

- 1.5 - 1.6 - 2.7 

Basic Flow 

Energy, mJ 

273 81 73 83 166 118 

CBD, g/mL 0.80 0.75 0.75 0.64 0.66 0.63 

[0104] Example 4 

[0105] An experiment was conducted to confirm improved dispersability and deagglomeration 

within a viscous suspension.  Suspensions were prepared with both the spray-dried powder 

products from Example 3 and each unprocessed water-insoluble inorganic compound under 

identical processing conditions (Table 4).  Suspension G contained a higher amount of spray-

dried powder, which only contained 75% of the inorganic, to match the overall inorganic content 

of the unprocessed water-insoluble inorganic. The resulting suspensions were spread into a thin 

film using a draw-down bar to compare the dispersability and deagglomeration of each colloid 

system with its respective control. If the dispersion was clearly not homogeneous and large 

agglomerates were observed in the draw-down film, the test result was a Fail. See FIGS. 3A-C 

and 4A-C for images of draw-down films.  See Figs. 3D and E for a comparison of the particle 

sizes between the iron oxide colloid powder (Fig. 3D) and the iron oxide powder (Fig. 3E). 

Table 4 

Component A B C  D E F G 

Water 81 81 81 81 81 81 79.67 

Suspension Base** 15 15 15 15 15 15 15 

Iron oxide 4 

Iron oxide Colloid  4 

Silicon 4 

Silicon Colloid 4 

Sulfur 4 

Sulfur Colloid 4 5.33 

RESULTS  

Draw-down, 10 mil Fail Pass Pass Pass Fail Pass Pass 

Approximate 

diameter of largest 

particle in a 28 cm2

area, microns 

565 143 147 73.5 643 132 231 
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WHAT IS CLAIMED IS: 

1. A composition comprising 

a. a colloidal material; 

b. a water-insoluble inorganic compound selected from the group consisting of silicon 

and sulfur; and 

c. a cross-linking agent selected from the group consisting of sodium aluminate, calcium 

aluminate, magnesium aluminate, barium aluminate, and strontium aluminate. 

2. The composition of claim 1, wherein the colloidal material is a stabilizer, a demulcent, a binder, 

an emulsifier, or a texturizer.  

3. The composition of claim 1 or 2, wherein the colloidal material is selected from the group 

consisting of gelatin, casein, albumin, agar, dextrin, sugar, welan gum, xanthan gum, guar gum, 

acacia gum, corn fiber gum, peach gum, locust bean gum, gum rosin, tamarind gum, tragacanth 

gum, flax seed gum, carrageenan gum, tara gum, and sesbania gum. 

4.  The composition of any one of the preceding claims, wherein the composition has a basic flow 

energy of less than 150 mJ. 

5.  The composition of any one of the preceding claims, wherein the composition has a basic flow 

energy of less than 125 mJ. 

6.  The composition of any one of the preceding claims, wherein the composition has a basic flow 

energy of less than  100 mJ. 

7.  The composition of any one of the preceding claims, wherein the composition has a basic flow 

energy of less than  85% of a basic flow energy of the water-insoluble inorganic compound in the 

absence of the colloidal material and the cross-linking agent. 

8.  The composition of any one of the preceding claims, wherein the composition has a basic flow 

energy of less than  75% of a basic flow energy of the water-insoluble inorganic compound in the 

absence of the colloidal material and the cross-linking agent. 
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9. The composition of any one of the preceding claims, wherein the composition has a 

conditioned bulk density of less than  97% of a conditioned bulk density of the water-insoluble 

inorganic compound in the absence of the colloidal material and the cross-linking agent. 

10. The composition of any one of the preceding claims, wherein the composition has a 

conditioned bulk density of less than  95% of a conditioned bulk density of the water-insoluble 

inorganic compound in the absence of the colloidal material and the cross-linking agent. 

11. The composition of any one of the preceding claims, wherein the composition has a volume 

moment mean particle size of from  10 to  50 microns. 

12. The composition of any one of the preceding claims, wherein the composition has a volume 

moment mean particle size of from  25 to  50 microns. 

13.  The composition of any one of the preceding claims, wherein the water-insoluble inorganic 

compound is in an amount of from  65 wt% to  85 wt%. 

14.  The composition of any one of the preceding claims, wherein the water-insoluble inorganic 

compound is in an amount of from  70 wt% to  80 wt%. 

15. The composition of any one of the preceding claims, wherein the colloidal material is present 

in an amount of from  13 wt% to  35 wt%. 

16. The composition of any one the preceding claims, wherein the colloidal material is present in 

an amount of from  20 wt% to  25 wt%. 

17. The composition of any one of the preceding claims, wherein the cross-linking agent is in an 

amount of from  0.3 wt% to  1.5 wt%. 

18. The composition of any one of claims 1 to 16, wherein the cross-linking agent is in an amount 

of from  2 wt% to  4 wt% relative to the colloidal material. 

19. The composition of any one of the preceding claims, further comprising water in an amount 

of from  1 wt% to  3 wt%. 
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20. The composition of claim 19, wherein the water-insoluble inorganic compound is in an 

amount of from  63 wt% to  85 wt%. 

21. The composition of claim 19 or 20, wherein the cross-linking agent is in an amount of from  

0.3 wt% to  1.5 wt%. 

22. The composition of any one of claims 19 to 21, wherein the cross-linking agent is in an 

amount of from  2 wt% to  4 wt% relative to colloidal material. 

23. The composition of any one of claims 19 to 22, wherein the colloidal material is present in an 

amount of from  13 wt% to  34 wt%. 

24. An aqueous composition comprising 

a. a colloidal material; 

b. a water-insoluble inorganic compound selected from the group consisting of silicon 

and sulfur;  

c. a cross-linking agent selected from the group consisting of sodium aluminate, calcium 

aluminate, magnesium aluminate, barium aluminate, and strontium aluminate; and 

d. water. 

25. The aqueous composition of claim 24, wherein the water is in an amount of from  40 wt% to  

70 wt%. 

26. The aqueous composition of claim 24 or 25, wherein colloidal material is a stabilizer, a 

demulcent, a binder, an emulsifier, or a texturizer. 

27. The aqueous composition of any one of claims 24 to 26, wherein the colloidal material is 

selected from the groups consisting of gelatin, casein, albumin, agar, dextrin, sugar, welan gum, 

xanthan gum, guar gum, acacia gum, corn fiber gum, peach gum, locust bean gum, gum rosin, 

tamarind gum, tragacanth gum, flax seed gum, carrageenan gum, tara gum, and sesbania gum. 

28.  The aqueous composition of any one of claims 24 to 27, wherein the water-insoluble 

inorganic compound is in an amount of from  19 wt% to  51 wt%. 
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29.  The aqueous composition of any one of claims 24 to 28, wherein the water-insoluble 

inorganic compound is in an amount of from  19 wt% to  40 wt%. 

30. The aqueous composition of any one of claims 24 to 29, wherein the colloidal material is 

present in an amount of from  4 wt% to  21 wt%. 

31. The aqueous composition of any one of claims 24 to 30, wherein the cross-linking agent is in 

an amount of from  0.1 wt% to  1 wt%. 

32. The aqueous composition of any one of claims 24 to 31, wherein the cross-linking agent is in 

an amount of from  2.0 wt% to  4.0 wt% relative to the colloidal material. 

33. A personal care composition comprising the composition of any one of claims 1 to 23 or the 

aqueous composition of any one of claims 24 to 32, and a base composition. 

34. The personal care composition of claim 33, wherein the base composition is a lotion, a 

cream, a face mask, a conditioner, or a serum.  

35. The personal care composition of claim 33 or 34, wherein the base composition is in the 

form of an emulsion, a surfactant system, or an aqueous gel. 

36. The personal care composition of claim 33 or 34, wherein the personal care composition 

comprises a base composition selected from the group consisting of a lotion, a cream, a face 

mask, a conditioner, and a serum, and the base composition is in the form of an emulsion.  

37. The personal care composition of any one of claims 33 to 35, wherein the personal care 

composition comprises a base composition selected from the group consisting of a body wash, a 

facial cleanser, or a shampoo, and the base composition is in the form of a surfactant system. 

38. The personal care composition of any one of claims 33 to 35, wherein the personal care 

composition comprises a base composition that is a serum, and the base composition is an 

aqueous gel. 


