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SYNTHETIC RUTILE

A. Commodity Summary

Synthetic rutile (T iO2) is manufactur ed through  the upgrad ing of ilmenite o re to remo ve impurities (m ostly
iron) and yield a feedstock for production of titanium tetrachloride through the chloride process.  The chemical
compo sition of synthetic rutile  is similar to that of na tural rutile, but differs in  physical form .  Synthetic rutile
concentra tes are com posed o f very fine crystals and  are poro us, whereas n atural rutile grains a re comp osed of sing le
crystals.1

Since 19 77, Ker r-McG ee Chem ical Corp oration has p roduced  synthetic rutile at its M obile, Alab ama plant;
it is the only U.S. producer of synthetic rutile today.  Because of its purity in comparison with ilmenite, rutile and
synthetic rutile are the preferred feedstocks for production of titanium tetrachloride intended for sponge and metal
production.  The development of processes to produce synthetic rutile was necessitated by the small quantity of
economic reserves of natural rutile worldwide.2  Thus, despite the fact that the U.S. has large reserves of ilmenite, the
majority of sponge produced is manufactured from imported rutile and synthetic rutile, primarily from Australia and
Malaysia.3

Becaus e it is relatively free of im purities, less waste s are genera ted using rutile an d synthetic rutile to
produc e titanium tetrach loride and  titanium dioxid e pigment tha n with ilmenite.  T he proce ss of conver ting ilmenite
to synthetic rutile generates 0.7 tons of waste per ton of product, and the chloride process generates about 0.2 tons of
waste per to n of TiO 2 product using rutile as a feedstock.  In comparison, direct chlorination of ilmenite generates
approx imately 1.2 to ns of waste (p rimarily ferric chlo ride) per to n of TiO 2.
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B. Generalized Process Description

1. Discussion of Typical Production Processes

Several processes using oxidation, reduction, leaching, and/or chlorination have been developed to remove
iron from lo w-grade, be ach sand ilm enite and p roduce syn thetic rutile having  90 to 97 % TiO 2 and very low levels of
impurities.  These proce sses can be organized  in three categories:

(1) Processes in which the iron in the ilmenite ore is completely reduced to metal and separated either
chemically o r physically;

(2) Processes in which the iron is reduced to the ferrous state and chemically leached from the ore; and

(3) Processes in which selective chlorination is used to remove the iron.5

Kerr-McGee uses the Benelite Cyclic process, in which hydrochloric acid is used to leach iron from reduced
ilmenite.  The  plant has an a nnual capa city of almost 91 ,000 me tric tons.  The  plant recycles m ost of its waste
streams and reported ly discharges no liquid wastes.6

2. Generalized Process Flow Diagram
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Benelite Cyclic Proce ss

In the Ben elite Cyclic pro cess (Exhib it 1), develop ed by the B enelite Corp oration of A merica, raw  ilmenite
sand con taining 54 to 6 5% T iO2 is roasted with heavy fuel oil in a rotary kiln at 870° C.  T he fuel oil functions as a
reducing agent, converting ferric iron (Fe3+) in the ilmenite to the ferrous (Fe2+) state.  The fuel oil is burned at the
discharge end of the kiln, and the resulting gases are passed through a cyclone and an incinerator to remove solids
and unreacted hydro carbons.7

The reduced ilmenite is then batch-digested in rotary-ball digesters with 18-20% HCl at 140° C.  Ferrous
oxide in the ilm enite is conve rted to solub le ferrous chlo ride, and the  TiO 2 portion of the  ilmenite is left as a solid . 
Spent acid  liquor, which c ontains exce ss HCl and  ferrous chlo ride, is sent to an a cid regene ration circuit.  T he TiO 2

solids are washed with water and filtered and calcined at 870° C, yielding synthetic rutile with approximately 94%
TiO 2.  Exhaust gases from the calciner are treated to remove solids and acidic gases before they are released to the
atmosphere.8

In the acid regeneration circuit, the spent acid liquor is sent to a preconcentrator where one-fourth of the
water in the liquor is evaporated.  The concentrated liquor is sprayed through atomizers, causing the droplets to dry
out, yielding HCl gas and ferric oxide powder.  The gas is cycloned and then sent to an absorber to remove HCl for
reuse.  The  ferric oxide p owder is slurr ied with water to  create the wa ste stream iron  oxide slurry.

3. Identification/Discu ssion of Nov el (or otherw ise distinct) Process(es)

High-grad e synthetic rutile (98 % TiO 2) has been g enerated th rough ba tch-scale and  continuous  rotary kiln
carbothermic metallization of ilmenite, followed by treatments such as catalytic rusting, acidic chloride leaching, and
oxidation-leaching.9

4.  Beneficiation/Processing Boundary

EPA established the criteria for determining which wastes arising from the various mineral production
sectors come from mineral processing operations and which are from beneficiation activities in the September 1989
final rule (see 54  Fed. Reg . 36592 , 36616  codified at 2 61.4(b) (7)).  In essenc e, beneficiatio n operatio ns typically
serve to separate and concentrate the mineral values from waste material, remove impurities, or prepare the ore for
further refinement.  Beneficiation activities generally do not change the mineral values themselves other than by
reducing (e .g., crushing or g rinding), or en larging (e.g., pe lletizing or briq uetting) particle  size to facilitate
processing.  A chemical change in the mineral value does not typically occur in beneficiation.

Mineral processing operations, in contrast, generally follow beneficiation and serve to change the
concentrated mineral value into a more useful chemical form.  This is often done by using heat (e.g., smelting) or
chemical reactions (e.g., acid digestion, chlo rination) to change the chemica l composition of the mineral.  In con trast
to beneficiation operations, processing activities often destroy the physical and chemical structure of the incoming
ore or mineral feedstock such that the materials leaving the operation do not closely resemble those that entered the
operation.  Typically, beneficiation wastes are earthen in character, whereas mineral processing wastes are derived
from melting or chemical cha nges.

EPA approached  the problem of determining which operations are beneficiation and which (if any) are
processing in a step-wise fashion, beginning with relatively straightforward questions and proceeding into more
detailed ex amination o f unit operatio ns, as necessa ry.  To loca te the beneficia tion/proce ssing "line" at a  given facility
within this mineral commodity sector, EPA reviewed the detailed process flow diagram(s), as well as information on
ore type(s), the functional importance of each step in the production sequence, and waste generation points and
quantities presented above in this section.

EPA determined that for this specific mineral commodity sector, the beneficiation/processing line occurs
between screening/cleaning of sand and reduction in a rotary kiln.  EPA identified this point in the process sequence
as where be neficiation end s and miner al processin g begins be cause it is here w here a significan t chemical ch ange to
the ilmenite ore occurs.  Therefore, because EPA has determined that all operations following the initial "processing"
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step in the pro duction seq uence are a lso conside red proc essing ope rations, irrespe ctive of whethe r they involve o nly
techniques otherwise defined as beneficiation, all solid wastes arising from any such operation(s) after the initial
mineral processing operation are considered mineral processing wastes, rather than beneficiation wastes.  EPA
presents the mineral processing waste streams generated after the beneficiation/processing line in section C.2, along
with associated information on wa ste generation rates, characteristics, and manag ement practices for each o f these
waste streams.

C. Process Waste Streams

1. Extraction/Beneficiation Wastes

Beach/alluvial sands containing ilmenite are excavated by dragline, front-end loader, or suction dredging;
the sands are spiral concentrated to remove low density tailings.  The sands are then dried and separated
electrostatically to remove quartz and other nonconducting minerals, which are processed to produce zircon and
monazite product and wastes consisting of quartz and epidote minerals.  Conducting
materials are magnetically separated to sort ilmenite from rutile, followed by screening and cleaning.  No wastes
from beach sand p rocessing are expected  to exhibit hazardous chara cteristics.10

2. Mineral Processing Wastes

The Benelite Cy clic process  for manufacturing synthetic rutile generates three mineral pro cessing wastes,
as described below.

Air Pollution Control Dust/Sludges

Air pollution control (APC) dust/sludges are generated by the cycloning of off-gases from the roasting step
to remove solids.  Solids are also removed from off-gases from the calcining step.  Off-gases from the spray roaster
used in the ac id regenera tion circuit are a lso cycloned  to remove  entrained so lids, 



EXHIBIT 1

BENELITE CYCLIC PROCESS FOR SYNTHETIC RUTILE PRODUCTION

Graphic Not Available.

Source:  K err-McG ee Corp ., Comme nts on No tice of Prop osed Ru lemaking, U .S. Environ mental Pro tection Age ncy, April 17, 1989, submitted May 31, 1989.
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and subsequent gases from the absorber are scrubbed.  APC dust/sludge is believed to be recycled back into the
production process (possibly to the roasting step) and is not regarded as a solid waste.11  This waste stream has a
reported waste generation rate of 30,000 mt/yr.  Although no published information regarding characteristics was
found, we us ed best eng ineering jud gment to de termine that this wa ste may exhib it the character istic of toxicity
(cadmium and chromium).12,13  This waste stream is fully recycled and is classified as a sludge.

Spent Iron Oxide Slurry

Iron oxide slurry is the primary waste stream generated in the production of synthetic rutile; it is generated
in the acid regeneration circuit.  Approximately one-half metric ton of slurry is generated for every metric ton of
synthetic rutile.  The disposal method for this waste is unknown.14  This waste stream has a reported waste generation
rate of 45,000 mt/yr.  We used best engineering judgment to determine that this waste may be partially recycled and
may exhibit the  characteristic o f toxicity (cadm ium and ch romium).  T his waste is classified  as a by-prod uct.

Spent Acid Solution

Spent acid solution is generated in the digestion step.  Spent acid liquor, which contains excess HCl and
ferrous chlo ride, is sent to an a cid regene ration circuit to re cover H Cl for recycle  back to the d igester.  This w aste
stream is generally recycled back into the process and is not regarded as a solid waste.15  This waste stream has a
reported waste generation rate of 30,000 mt/yr.  Although no published information regarding characteristics was
found, we us ed best eng ineering jud gment to de termine that this wa ste may exhib it the character istics of toxicity
(cadmium  and chro mium) and  corrosivity.  T his waste stream  is classified as a sp ent material.

D. Ancillary Hazardous Wastes

Ancillary hazardous wastes may be generated at on-site laboratories, and may include used chemicals and
liquid samples.  Other hazardous wastes may include spent solvents (e.g., petroleum naptha), acidic tank cleaning
wastes, and polychlorinated biphenyls from electrical transformers and capacitors.  Non-hazardous wastes may
include tires from trucks and large ma chinery, sanitary sewage, and waste oil and o ther lubricants.
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