BACKGROUND OF THE INVENTION

Click here For Calcium carbonate equipments information and price.

Calcium carbonate (calcite) is found in limestone rock along with various mineral impurities, particularly silicates such as, quartz, mica, feldspar, etc. The most common known methods for separating the calcite from the mineral impurities involve physical separations whereby the limestone rock is first ground and slurried and the ground material is subject to flotation by employing some means which selectively imparts hydrophobicity to certain of the components of the rock to enable such components to be floated away. In the reverse flotation process it is the impurities which are floated away from the calcite.

Means to provide hydrophobicity to the impurities in the reverse flotation process are numerous and well known to the art, including, from U.S. Pat. No. 3,990,966 to Stanley et al, 1-hydroxyethyl-2-heptadecenyl glyoxalidin, 1-hydroxyethyl-2-alkylimidazolines and salt derivations of the imidazoline. Canadian Publication 1187212 discloses, the following quaternary amines or salts thereof for use as collectors: dimethyl dialkyl with the alkyl groups containing 8 to 16 carbon atoms and being optionally unsaturated and optionally branched; and dimethyl alkyl benzyl with the alkyl containing 10 to 22 carbon atoms and being a normal aliphatic; and bis-imidazoline containing 12 to 18 carbon atoms in optionally unsaturated normal alkyls.

Another collector in common use is a combination of N-tallow-1,3-diaminopropane diacetate (Duomac T) and a tertiary amine having one long carbon chain alkyl group and two polyoxyethylene groups attached to the nitrogen (Ethomeen 18/60). The latter compound serves as a dispersant. A significant disadvantage to the use of this combination is that both compounds of the combination are high melting point solids and to be used must be dispersed in water with a high energy blender and/or heating and then mixed so as to remain in suspension.

Arquad 2C (dicocodimethylammonium chloride) is also a known collector, but it requires an alcoholic solvent system to facilitate its manufacturing process which can cause flammability problems during manufacturing, storage and use of the product. This product also has a relatively high pour and cloud point.

We have discovered certain organo-nitrogen compound collectors which are at least as effective as known prior art collectors, and better than most, but which are able to function as single liquid collectors and which are relatively inexpensive to manufacture and readily available.

SUMMARY OF THE INVENTION

Accordingly, the present invention is a process for the purification of a calcium carbonate ore containing silicate impurities. The process comprises grinding and forming an aqueous slurry of the ore, adding an effective amount of collector to the slurry and separating the impurities from the slurry by floating away the impurities which have been made hydrophobic by the effect of the collector. The collector to be used is at least one of the organo-nitrogen compounds from the group comprising propoxylated quaternary ammonium compounds, unsymmetrical dialkyl dimethyl quaternary ammonium compounds and dialkyl hexahydropyrimidine compounds.

Other embodiments of the present invention encompass details as to specific collector compositions and dosages of collector utilized.

DESCRIPTION OF THE INVENTION

Flotation processes for removing silicate impurities from calcium carbonate ore are well known to the art. An excellent discussion of the reverse flotation process may be found in the aforementioned U.S. patent to Stanley et al (incorporated herein by reference). Briefly, the ore is ground in one or more types of commercially available mills to obtain an aqueous slurry of about 20 to 40 wt. % solids of particles having sizes less than 325 mesh. The slurry is passed through a flotation machine into which the collector (or flotation agent) is also added and from which a froth containing the silicate impurities may be skimmed. The purified slurry is then classified to obtain calcites of various particle sizes, and the classified products are thickened, settled and dried. Flotation conditions are ambient or whatever temperature the water supply may comprise.

The flotation process has enabled the production of high brightness calcium carbonate by removing the silicate impurities from the calcium carbonate ore which would otherwise be responsible for color imperfections in the finished product. The aforementioned combination of Duomac T and Ethomeen 18/60 is still being used in such process, but there are single liquid collectors which have, in some cases, replaced this two solid product system. The aforementioned Arquad 2C as well as certain imidazoline quaternaries are examples of single liquid collectors, but they are not as effective as the collectors we have discovered.

The most important criteria in evaluating the performance of a calcium carbonate ore collector are: (1) effective dosage level required; (2) Yield, which is defined as the percent of calcium carbonate which does not float away during the reverse flotation; and (3) Acid Insoluble, a measurement of silicate impurities in the beneficiated ore (the percent of the calcium carbonate product which remains following reaction with hydrochloric acid). Commercial goals for such criteria are a dosage level of from about 0.1 to about 0.5 pounds of collector per ton of ore, a Yield at least about 90% and an Acid Insoluble of less than about 0.5%. Of course, as discussed above, other considerations such as whether the collector comprises a single liquid system, its effect on product properties and its comparative cost can also be very important.

Of the almost infinite number of organo-nitrogen compounds having potential utility as collectors in reverse flotation, we have found propoxylated quaternary ammonium compounds, unsymmetrical dialkyl dimethyl quaternary ammonium compounds and dialkyl hexahydropyrimidines to be particularly useful and advantageous. Other moities may be present in these compounds due to the routes used to accomplish the respective synthesis. For example, in a collector the alkoxy group may be present due to the use of an alcohol in carrying out the synthesis. The alkyl groups in the above chemical formulas may include saturated and unsaturated fatty alkyls having carbon chain lengths of 8 to 22, except that, with regard to the dialkyl hexahydropyrimidines, the alkyl group associated with a carbon atom in the pyrimidine ring must have a carbon atom chain length of at least 1.

With respect to the propoxylated collector, there may be 2 to about 10 moles of propoxylation.

Anions which may be associated with the collectors include methyl sulfate, chloride, acetate, borate, etc. 
