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ABSTRACT: The surface of scrap steel from discarded auto
bodies, etc . is impregnated with minute amounts of an oxide of
an oxidation acceleration agent containing said agent in its
highest valence state by immersion in a solution of the agent
or by spraying. After such treatment the steel will be rapidly
oxidized during a reduction-roasting operation.
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STEEL SCRAP OXIDATION ACCELERATION BY
SURFACE IMPREGNATION TECHNIQUES
This invention relates to the reclamation of steel scrap.
There is an ever-increasing concern in out country with re-

gard to efficient resource utilization and solid waste disposal -

problems. Toward' this end ways are now-being sought to
economically. utilize discarded automobiles -bodies, junked
‘refrigerators and the like, instead of piling them up in obnox-
ious heaps which disturb the natural beauty and scenery of the
countryside.

U.S. Pat. No. 3,273,993 discloses: a method. of employing
-scrap iron such as turnings and borings in a reduction-roasting
operation. to convert a low grade nonmagnetic-irozn ore such as
hematite to magnetite: During the process, it is. important that
the scrap rapidly oxidize in a CO.- H;O atmosphere. As such,
this process is unsuitable for:scrap steel since the steel found
in scrap sources such as-discarded-auto bodies ‘is -originally
manufactured to withstand nonmagnetic-whereby it oxidizes
too slowly and is generally unsuitable for such a reclamation
process. Although some work has been done on accelerating
the rate of oxidation of metals by alloying them with-metals
which are so-called oxidation accelerators such as vanadium,
molybdenum, bismuth -or lead, this technique -is impractical
with regard to the oxidation of steel scrap because of.the need
for substantial quantities of the alloying element. A discussion
of such accelerators is given in **Oxidation of Metals™™ by Karl
Hauffe, Plenum Press, New York, 1965, beginning at. page
250.

We have now discovered that metals essentially composed
of iron which previously have been treated ‘to withstand corro-
sion e.g., steel) can be rapidly oxidized by first impregnating
the surface of the metal with minute amounts of an oxide of
any of the known oxidation accelerator metals, which oxide
contains the accelerator metal in'its highest valence state: Ex-
emplary oxides include vanadium pentoxide, molybdenum
trioxide, lead sesquioxide and bismuth pentoxide. Oxide .im-
pregnation is accomplished, for example, by spraying the
metal to be -oxidized with a solution which is .capable of
depositing the desired .accelerator metal oxide, or. by im-
mersing the metal to be oxidized in the solution,

One theory advanced.in explanation of the subject inven-
tion is that the surface impregnation of the steel with the agent
results, during subsequent high-temperature oxidation, in the
formation of low-melting eutectics among the oxide scales-on
the surface of the steel which allows rapid atomic or ionic dif-
fusion through the oxide layer for sustenance of the oxidation
reaction. -

It is therefore an -object. of the present invention to treat
steel scrap and other metals essentially composed of iron with
minute amounts of an oxidation accelerator. Another object is
to accelerate the oxidation of steel scrap such as discarded
auto bodies and refrigerators. A further object is to accelerate
the steel scrap oxidation in a reduction-roasting .operation
wherein the scrap is employed-to convert:low-grade iron ore
to magnetite. Other objects and advantages will be-obvious
from the following more detailed description of the invention.

In the.practice of the invention the scrap is simply pickled
(immersed) in an aqueous solution containing the -oxidation
accelerator metal in its highest valence state, and capable of
depositing the oxide of the accelerator metal. An exemplary
suitable solution is a solution of an alkali -metal salt or-am-
monium salt of the accelerator metal oxyacid with:-highest
valency." Solution concentrations..preferably range from 36
g./l. of accelerator metal to about 73 £-/l. Optimum pickling
time depends on many factors including.solution concentra-
tion and should be experimentally determined for each agent.
Surprisingly, shorter pickling times result in greater oxidation
acceleration. In most instances, immersion treatment for ten
to 20 seconds yields a steel that is rapidly oxidized. As an al-
ternative to immersion, the solution can be sprayed on the
scrap metal.

After removal from solution the metal can then -be em-
ployedina reduction-roasting operation which is represented,
overall, by the following cyclic process in which magnetite is
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assumed to be formed from both metallic iron and the he-
matitic ore.
1. 3 Fet4 Co,(or 4 H,0O) Fe;O+4 CO (or 4 Hz)

2. 12 Fe;044+4 CO (or 4°'H;) 8 Fe,O+4 CO(or 4 H0)
As can be seen from these formulae, it is important that the
oxidation reaction (1 )-proceed at the same rate as the reduc-
tion reaction, (2) since reaction (1) provides the reductants in

- reaction (2) which in turn provides the oxidants in reaction

(1). The surface impregnation-of the steel with the oxidation
oxidation.

The effectiveness of treatment by the process of the present
invention is illustrated by the following examples:

‘Example 1

Steel strips cut from new, unpainted, low-carbon, deep-
hoods, and each measuring
7X2X.1.cm. were immersed for various periods of time in a
10 - percent -aqueous solution .of ~sodium metavandate,
NaVO3;H,0. The strips- were then removed and oxidized at
900° C. with an 85% CO,—15% CO gas mixture. According to

-the:iron-oxygen-carbon phase diagram; ‘the oxidation poten-

tial ‘of this mixture is thermodynamically capable of forming
magnetite from iron. The ‘progress of .the oxidation process
was followed with time by recording.the weight-gain of the ox-
idizable sample: Percent oxidation was calculated on the basis

-of the original scrap weight prior to ‘the vanadate bat and on

the assumption that oxygen uptake would continue until the
iron.content of the sample-was transformed to'magnetite. Ox-
idation ‘data’ for steel strips pickied ‘in 10 percent sodium
metavanadate for periods of 10 seconds, 6 hours, and 72 hours
are given in the following table.

TABLE |

Percent Oxidation

Oxidation
time Impregnation time
: minutes " Untreated 10 seconds 6 hours 72 hours
10 0.479 3.943 ez lLell
50 3362 14.589 11.870 6.352
100 7.873 24.151 20.280 12.252
200 17.924 38918 34.357 24.26%
300 26.471 " 49 8RO 35.144

It is seen from table' I that the best results are obtained for
shorter pickling times and that the percent oxidation in the
first 10 minutes is increased by -about eightfold for samples
pickled for only 10 seconds.

EXAMPLE 2

" In another. group of tests, -the percent of vanadate in the
pickling -bath-was changed and its effect on the oxidation
kinetics of steel scrap was observed. ‘Impregnation-was con-
ducted for 6 hours and oxidation testsrun-at 900° C. with 85%

« CO,~15ries-of tests are contained in the following table.

TABLE?2
Percent oxidation
Oxidation
time, Vanadate Vaunadate Vanadate Vandate Vanadate
- minutes 0.01 pct. 0.10 pet. 1.0 pct. 10.0 pet. 20.0 pct.
10 0.775 0.637 0.777 3.102 5.094
50 4.570 3.H08 4.105 i1.870 17.642
100 10.967 6.454 8.708 20.280 46.021
300 34.113 19.861 58.333

vanadate concentrations
always increased with in-

It is- seen’ from- table 2 that for
above Q.1 percent, the oxidation rate
creasing vanadium content.

“What is claimed is:
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1. In a process including the step of oxidizing a metal which
has previously been treated to withstand corrosion, said metal
essentially composed or iron, wherein said metal is combined
with an oxidation accelerator prior to said oxidation, the im-
provement comprising combining said metal with said ac-
celerator by impregnating the surface of said metal with
minute amounts of an oxide of said oxidation accelerator, said
oxide selected from the group consisting of vanadium pentox-
ide, molybdenum trioxide and lead sesquioxide.

2. The process of claim 1 wherein said impregnation is ac-
complished by spraying said metal with an aqueous solution of
said accelerator or by immersing said metal in said solution.

3. The process of claim 1 wherein said metal is steel scrap.

4. The process of claim 2 wherein said metal is steel scrap.

5. The process of claim 2 wherein said solution is selected
from the group consisting of ammonium and alkali metal salt
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solutions of an oxyacid of said accelerator.

6. The process of claim § wherein said impregnation step is
accomplished by immersion in said solution for about 10 to 20
seconds.

7. A process for employing steel scrap as a metallic iron
source in a low-grade nonmagnetic iron ore reduction-roast-
ing operation wherein said metallic iron source is rapidly ox-
idized while said ore is simultaneously reduced comprising

a. impregnating the surface of said scrap with minute

amounts of the oxide of an oxidation accelerator, said
oxide selected from the group consisting of vanadium
pentoxide, molybdenum trioxide, lead sesquioxide and
bismuth pentoxide; and

b. employing said impregnated scrap as said metallic iron

source in said reduction operation.
* * x * *
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UNITED STATES PATENT OFFICE
CERTIFICATE OF CORRECTION

Patent No.__ 3,620,715 Dated November 16, 1971

Inventor(s)_Sanaa E,., Khalafalla. et al

It is certified that error appears in the above-identified patent
and that said Letters Patent are hereby corrected as shown below:

On the cover sheet [72] "Sequoya L. Payne" should read
~= Sequoyah L. Payne ~-- ., Column 1, line 4, "out" should
read -- our -- ; line 7, "automobiles" should read -—-- automobile
~— 7 line 19, "nonmagnetic" should read -- corrosion -- ; :
line 31, "e.g.," should read =-- (€ege, == . Column 2, line 3,
"4Co, (or 4H,0) Fe304" should read
—— 4C02(or 4H20)~———>Fe304 =~ line 4, "4CO0(or 4H2) 8Fe30 4
should read -- 4CO0(or 4Hp)———>8Fe30, -- ; line 25, "bat"
should read =-- bath —- ; lines 35-45, Table 1 should be canceled

and the following inserted: TABLE}
Percent Onidution
Oxidation
ume Impregnation bme
minutes Untreuted 10 seconds 6 hoiera T fours
0 0479 R ZX) 102 ey -
0 3.382 14,309 V170 ® 52
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300 26471 49 %50 IS t4a

line 57, Example 2, "CoO -1l5ries” should read -- CoO =15 percent
CO0 gas mixture., Oxidation obtained in this series -- ;7 lines
60-65, Table 2 should be canceled and the following inserted:

TABLE 2

Pereent vxidation
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