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Utilization of Whey/Lactose as an Industrial Binder

Arthur Ferretti* and James V. Chambers

The emphasis of this work centers on the use of whey/lactose as the key ingredient of a binder system
utilized in a patented industrial process having broad applications as an energy conservative resource
recovery system. This work describes the use of whey/lactose in the manufacture of iron ore pellets
and iron/steel pellets produced from iron fines captured in pollution control equipment. Commercial
introduction of this process should effect large savings in the amount of energy expended in the making
of iron ore pellets, permit recycling of iron/steel dust currently discarded and create a positive use for
a currently desirable byproduct of the dairy industry. This process takes advantage of some chemi-
cal-physical properties of the extrusion blend to form materials of a structural strength which allows
iron resource recovery. The whey/lactose is thought to improve the binding strength of the pellet/
briquette and assist the ionic bonding structures which are critical to the ultimate strength of the recovered

iron material.

Thrust of this paper will focus on the use of whey/
lactose as an important ingredient in a binder system
utilized in a patented extrusion process. This extrusion
process has broad applications as an energy conservative
resource recovery system. The initial patent (U.S. No.
3567811) which was issued March 2, 1971, dealt with a
“method of producing strong fired compacts from iron or
iron oxide containing material”. The 1971 patent was
followed by another patent application dealing with the
processing of “bloated fly ash aggregates” (U.S. No.
3765920: October 16, 1973). The third patent (U.S. No.
3857715) was issued December 31, 1974, which described
a process for making “extrusile hydraulic cement com-
positions containing alkali and carbohydrate”. Since then,
more applications have been identified using the extrusion
process which have additional energy conservation and
resource recovery implications.

In these patented processes, carbohydrates (as a class)
have played an important role in the binder system used.
The early developmental work utilized molasses as the
primary carbohydrate of choice. However, later experi-
mentation with whey/lactose demonstrated an im-
provement in the binding property of the binder over
materials such as molasses and lignin. With whey/lactose
in abundant supply, feasibility for its use in the extrusion
process is possible.

Historically, the utilization of dairy wastes, namely whey
and lactose, has been directed toward animal and human
nutritional applications. Even though this type of car-
bohydrate-containing material was used as a binder in
brick molding and as very durable buttermilk paint in
Colonial America, its use as a modern industrial material
has largely been overlooked.

The efforts reported herein describe work directed
toward solving the mounting problems associated with the
increasing amounts of dairy wastes that can no longer be
utilized by traditional markets or disposed of in an en-
vironmentally acceptable manner. Broad industrial ac-
ceptance of this technology should not only relieve an
overburdened environment but provide an economically
attractive market for a substantial amount of these by-
products.
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EXPERIMENTAL SECTION

Apparatus. (1) Muller type batch mixer; (2) experi-
mental extruder with vacuum accessory, Fate, Roote,
Heath Co.; (3) drying oven or furnace (350 °C); (4) kiln
(500+ °C).

Reagents. Carbohydrate: whey/lactose at 25% as a
lactose solution, commercial grade. Mineral acid: hy-
drochloric acid at 37% solution, commercial grade.
Wetting agent: derived as a condensation product of
sorbose and polyethylene oxide, commercially known as
“Liqui-Lass”. Alkali: ammonium hydroxide at 26%
solution, commercial grade.

Procedure. The following formulation yielded excellent
results in terms of product density and hardness: 23 kg
of pulverized magnetite ore (Cleveland Cliffs Mine), 375
mL of ammonium hydroxide, 65 mL of Liqui-Lass Sur-
factant, 340 mL of hydrochloric acid, 1200 mL of non-
hygroscopic lactose, 1000 mL of water.

The above ingredients after being thoroughly mixed
were extruded in a 25 mm column, cut to 40 mm lengths,
and cured at 300 °C for 3 h in a circulating air oven.

The processes described encompass several applications,
such as: the agglomeration of iron ore and iron dust (fines);
the production of fuel briquettes from a mixture of refuse
coal dust and sewage sludge; the production from fly ash
of light weight aggregate for concrete; the extrusion of high
strength, thin-walled cement pipe; the agglomeration of
additives for steel alloying and others. Patents have been
issued on several of these; others are being prosecuted. All
have two elements in common: they are extrusion pro-
cesses and utilize whey or lactose as a principal ingredient
of the binder system.

RESULTS AND DISCUSSION

The results given below were obtained at a commercial
laboratory from tests performed on samples of pelletized
iron ore and were run in conformance with applicable
ASTM standards.

Of particular importance are the reducibility index (38),
indicating an ease of reduction to iron and the high crush
strength and abrasion resistance.

Tumble Index: 1% through -28 mesh. Very good
abrasion resistance.

Reducibility: Reducibility index 38, i.e., it will require
38 min to reduce 1 1b of pellets to 90% reduction in 3:1,
H,:CO at 916 °C in a set flow of reducing gas. This
compares favorably with other commercial pellets under
the same reducing conditions.
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