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CHROMIUM DIOXIDE RECORDING— ITS CHARACTERISTICS 
AND POTENTIAL FOR TELEMETRY

Florence Nesh
National Environmental Satellite Service

ABSTRACT. A study has been made of the kinetics of the 
magnetic recording reaction. An expression has been 
derived for the calculation of an equilibrium constant 
which holds for all conditions of tape concentration, 
signal field,and bias field. A preliminary study has 
been made of the rate processes involved in this reaction 
and an attempt to apply the rate equations to the experi­
mental results was undertaken.

y-Ferric oxide and chromium dioxide tapes were studied 
and compared. The experimental conditions were extended 
for a further study of the chromium dioxide tapes.

The results indicate some serious problems in using the 
chromium dioxide tapes with existing recording equipment, 
such as difficulty in reproducing magnetic remanence 
readings, excessive sensitivity to slightly increased 
temperatures, considerable drop in magnetic remanence with 
lower signals, and decrease in remanence capability with 
time. However, there are indications of potential 
improved adaptability to telemetry and communications 
applications with modification of the circuitry of the 
recording equipment only. The magnetic remanence per unit 
amount of oxide is 50 percent greater on chromium dioxide 
tapes than on ferric oxide tapes. This indicates a greater 
data storage capacity and the possibility of using thinner 
tapes with much improved resolution, less usage and 
storage space, and less tape surface interference with 
signal reception and-retention. In the course of the 
study it was discovered that a much higher magnetic field 
is required to reach the equilibrium point of chromium 
dioxide tape than to reach that of ferric oxide tape.
This problem may be attributable to using circuitry designed 
to bring out the optimum characteristics of ferric oxide 
tape. A redesign of the circuitry could eliminate or reduce 
these problems.
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INTRODUCTION
A total of 25 y-ferric oxide and four chromium dioxide tapes were 

studied in bulk to determine the magnetic remanence incurred under varying 
conditions. Using the data obtained with the y-ferric oxide tapes, an 
expression was derived for an equilibrium constant for the magnetic 
recording reaction. This equation was subsequently used to explain the 
behavior of the tapes under varying conditions, and to predict their 
behavior under future conditions.

EXPERIMENT
The apparatus used in this work was a modification of that described by 

Daniel and Levine (1960). It consists essentially of a magnetizing coil, 
a readout coil, and a fluxmeter (see figures 1, 2, 3, and 4). The equip­
ment was redesigned for these studies. Each sample consisted of a packet 
of 50 strips of tape each 5 inches long one one-quarter inch wide (or 
the equivalent) in a stoppered glass tube. The tube is inserted into the 
solenoid (figs. 3 and 4), and the desired field(s) are brought to peak 
strength in 14 s and reduced to zero in the succeeding 14 s. The total 
elapsed time is 28 s. The tube is removed, placed into a spring mechanism 
behind the small coil, then shot through the readout coil. The rate of 
change flux is measured by the integrated amplifier. The readout is in^ 
Maxwells. The recording conditions are referred to as Mag 1, Mag 2, 
and "Saturate."

In Mag 1, the DC -signal field is brought to its maximum and held there. 
Then the 60-cycle AC-bias field is permitted to rise to its peak and 
decline to zero before the DC signal is brought down again. This represents 
the ideal anhysteritic situation.
In Mag 2 the bias and signal fields are simultaneously brought to peak 

strength then reduced to zero. The signal field "h" is induced by a DC 
signal of 5 oe and the bias field "H" is induced by a 60-cycle AC-field 
of 600 oe.
In Saturate a DC signal of 500 oe is used.

RESULTS AND DISCUSSION

Tapes A through L are y-ferric oxide tapes. Tapes M, N, and 0 are 
chromium dioxide tapes (see table 1). The equation derived to determine 
an equilibrium constant (K£q) for the magnetic recording reaction is as 
follows:
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0Ke<3 7rnwcX)(h )fH+F(HH
H0 

where = ----i-------
U irnwch^

01 = remanent flux under Mag 1 conditions 

hi = signal field under Mag 1 conditions

(hi = 5 oe)

is an individual tape constant derived by Levine and Daniel (i960) 

n = number of layers of tape 

w = width of tape (cm) 

c = coating thickness (cm)

X = specific magnetization. According to Selwood (1965) this is 
95 for y -Fe20o and FeiOj^ though other industrial researchers report 
figures of 75-80. X for chromium dioxide is 85 (according to industrial 
researchers).

h = amplitude of signal field (oe). In the equation, h*=h, if h <
72 oe; h*=72, if h >72 oe. 72 oe is the calculated saturation h,

H = amplitude of bias field (oe)
F(H) = KiH+K2H3+K3H^, where

Ki = 1.915 x 10-2 

K2 = 1.601 x 10"6 

k3 = 7-95 x 10-12

The above constants are not the correct ones fory-Fe203 tape; they 
were taken from Zenner's (1951) paper and had been derived for stainless 
steel wire. However, they offer corrections sufficiently close to the 
limits of error of the system to be applied in this initial work.

A study of Table 1 shows that, at saturation, the chromium dioxide tapes 
have a very high magnetic remanence per amount of magnetic material as 
compared to the y-ferric oxide tapes. At lower field strengths, however, 
they resist magnetization. This would indicate, at this point in the study, 
a good potential for digital but not for analog recording.
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Using the above equation we get: 

Keq(Sat)(QrQ2) 1.8 x 10

Keq(Mag 2)(CrQ2) =1<2x 10-2

Using X = 75 tor y-Fe2C>3

Keq(Mag 3) * 1.1 x 10'2
8$ Difference between Keq(Mag 2) and Keq(Mag 3)

Keq(Mag 2) = 1.2 x 10-2 

Using X = 95 for 7-Fe203 

Keq(Mag 3) = 0.88 x 10"2
6% Difference between Keq(Mag 2) and Keq(Mag 3)

Keq(Mag 2) = 0.9U x 10"2 

Using X = 85 for Cr02 
Keq(Mag 3) = 1.8 x 10-2 

Keq(Mag 2) = 1.2 x 10"2' b0% Difference between Keq(Mag 2) and Keq(Mag 3)'

The direction of change also seems to be the opposite for Y-Fe203 and Cr02_.

The above results show that under these experimental conditions, the 
Y-Fe203 apparently approaches a state of equilibrium, while the Cr02 does 
not. At this point a deduction could be made that the Cr02 crystals used 
are not yet stable in their magnetic configuration and therefore are 
changing. These conditions indicate that there would be difficulty in 
reproducing results with Cr02 tape under currently used recording conditions. 
Instability of magnetic remanence with time is also a factor. To check these 
assumptions the following studies were undertaken; all three Cr02 tapes 
and three y-Fe203 tapes were used.

The "h" field was varied and the drop in magnetic remanence from the 
saturation reading was noted (see table 2). These results would indicate 
that Cr02 tape is not suitable for analog recording. There was also 
difficulty in reproducing readings with the Cr02 tapes, especially at lower 
"h" fields, whereas the y-Fe203 tapes were reproducible within 2 percent. 
The magnetic remanence readings of the Cr02 tapes varied as much as and 
occasionally more than 10 percent as the field strength went down.

The Cr02 tapes wlso were apparently more sensitive than the y-Fe203 tapes 
to small temperature changes in the 2l±°C to 28°C range. At these temperature 
changes the Y-Fe203 tapes showed no noticeable drop in magnetic remanence.
The Cr02 tapes showed drops from three and one-half percent to 10 percent 
at saturation and 10 percent to 20 percent at h = 100.
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Table 3 shows the effect of time on the remanent magnetization at 
saturation of y-Fe203 tapes and CrC>2 tapes. The y-Fe203 tapes, originally 
measured in 1962, showed no change between then and 1970. The saturation 
magnetic remanence of the Cr02 tapes had dropped 12 percent, ll* percent, and 
11.7 percent, indicating an instability with time.

A fourth Cr02 tape was studied under extended experimental conditions 
(see tables i| and 5)* The tables show that the peak and end magnetic 
remanence readings decrease both with increasing time and temperature.

The equilibrium saturation point of Cr02 tape is about h = k70 to h = U80 oe
for this time cycle. An area of maximum percent increase in end-over-peak 
reading seems to be between h = 100 and h= 175 oe. The estimated saturation 
equilibrium for the Cr02 tape is about 150 oe, with 1*75 oe required to 
saturate at lit sec. For y-Fe203 tapes the calculated saturation is h = 72 oe, 
but 200 oe for y-Fe02 tape to reach saturation in lU sec.

CONCLUSIONS

From the above results one can conclude that the chromium dioxide tapes 
have a unique potential for use in operational telemetry and communications 
applications, because the magnetic remanence per unit amount of oxide is 
50 percent greater than with the ferric oxide tapes. The results of using 
Cr02 tape would be a greater data storage capacity, the ability to use 
thinner tapes with improved resolution and less usage and storage space, 
and less tape surface interference with signal reception and retention. 
However, to realize this potential a redesign of the electronics of the 
recording system would be required. This should be neither difficult nor 
expensive. The present circuitry has been designed to bring out the optimum 
recording characteristics of ferric oxide. What is required now is circuitry 
optimum for the cited chromium dioxide characteristics. Thus, the problems 
of non-reproducibility of signal, excessive drop in remanence with drop in 
signal and slight increase in temperature, and possibly the loss of signal 
with time might be reduced or eliminated.
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Table 2.—Change in magnetic remanence with variation in h 
(H is constant at 600 oe)

Tape No. h: 
Magnetic 

21*0 oe 
remanence 
200 oe 

loss from 
150 oe 

saturation (in percent) 
100 oe 75 oe 50 oe

chromic oxide:
#1 16 15-0 30.5 61.0 79.0 86.2
2 19 19.5 36.0 68.0 89.0 91*.5
3 22 21*.0 39.0 66.0 88.1* 93.0

y-ferric 
#1

oxide:
1* 3-7 8.7 11*. 0 28.0 32.8

2 5 U.7 11.5 17-5 3l*.6 37.2
3 5 1*.6 10.8 16.5 33-0 36.0

Table 3.—Change in magnetic remanence with time

Tape No. Magnetic remanence at saturation (maxwells)

y-ferric oxide:
#1

August 1966
measurements

30.2

August 1970
measurements

30.0
2 36.5 36.3
3 29.0 29.0
1* 21.9 21.8
5 31*.0 31*.0
6 38.5 38.5
7 37.0 36.5
8 29.0 28.7
9 21*.0 21*.0

10 1*0.0 39-5
11 25.1 21*.8

chromic oxide
#i 19.3 17.0



8
Table 4. —Variance in peak and end magnetic remanence of chromic oxide

tape with varying h at H = 600 oe

h

Remanence in 
peak 

(at 18 s)

maxwells
end

(at 28 s)
Peak~to-end change 
amount % change

Increase from previous
reading (in maxwells)

peak end

90 o.ia 0.1*3 +0.02 +U-88
96 0.97 o.6o +0.03 +9.26 0.16 0.17

100 1.90 2.19 +0.29 +13.00 1.33 1.99
190 9.70 6.9o +0.80 +li*.00 3.80 U.39
168 7.00 7.99 +0.99 +13.60 1.30 1.1*9
200 10.99 n.i9 +0.29 +2.30 3.99 1*.20

22k
290

12.80 
13-90

■ 13.20
lii.20

+0.1*0
+0.30

+3,12
+2.16

1.99
1.10

2.09
1.00

267 16.90 17-00 +0.90 +3-00 2.60 2.80
300 18.90 19.00 +0.10 +0.93 2.1*0 2.00
390 19.90 20.00 +0.10 +0.90 1.00 1.00
1*00 20.89 20.99 +0.10 +0.1*7 0.99 0.99
l*9o 21.10 21.20 +0.10 +0.1*7 0.29 0.29
9oo 21.90 21.79 -0.19 -O.69 0.80 0.99

^Measurements made during November 1970.

Table 5.-—Variance of magnetic remanence with variations of 
temperature of coil andchromic oxide tape*

Remanence in maxwells
Room

h Temperature temperature Variance

k78
cool (~23°C)

20.79
29°c
20.79

change in rem % change 
0 0

in rem

900 20.67 20.99 -0.13 -0.63

warm (~27° to 28°L)
390 19.90 20.09 +0.19 +0.79
l*oo 20.00 20.13 +0.13 +0.69
1*90 20.29 20.38 +0.13 +0.61*
1*79 20.79 20.79 0 0

hot (>30°C)
9oo 20.00 20.10 +0.10 +0.9
9oo 19.90 19.90 0 0

^Measurements on August 21*, 1971.
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Figure l.--Tape magnetizing unit with magnetizing coil.

m-,£GF!STOS

Figure 2.--Readout unit showing coil from which magnetized sample is 
propelled, integrating amplifier and fluxmeter.
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Figure 3.--Readout coil with sample positioned in center of coil before 
being propelled.

im

Figure 4.--Readout coil with sample in position after being propelled from 
the coil.
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