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Application of Infrared Spectroscopy in the Determination of
Additive Content in Rolled Aluminum Foil, Sheet, Strip Rolling Oil

Abstract:

Rolling oil is a crucial auxiliary material in the production process of aluminum sheets, strips, and foils.
It directly impacts process operation and the final product's quality. The content of additives in rolling
oil is a significant indicator, primarily composed of acids, alcohols, esters, etc., each featuring distinct
absorption peaks (carboxyl, hydroxyl, and ester groups). These peaks are interference-free and
unaffected by the background (base oil). According to the Lambert-Beer law, working curves
correlating component concentrations with absorbance can be established. By accurately
determining the absorbance of each absorption peak in the sample spectrum, the concentrations of
individual additives in the oil can be precisely calculated. Infrared spectroscopy offers a rapid and
accurate method for determining additive content in rolling oil, completely avoiding the drawbacks
of chemical methods, such as significant errors, complex procedures, and higher costs (due to the

consumption of large amounts of reagents).
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Principle:

The various components of additives in the rolling oil for aluminum foil exhibit distinct characteristic
absorption peaks in the infrared region at different wavenumbers (e.g., alcohol shows a characteristic
absorption at 1052 cm™, while acid and ester exhibit absorption peaks at 1709 cm™ and 1743 cm™,
respectively). A series of standard substances are diluted into standard solutions using a base oil
(kerosene-based lubricating oil with a carbon chain of C12 to C16) in a specific ratio. According to the
Lambert-Beer law, the concentration of each solute is linearly related to its absorbance with
increasing concentration. By substituting the absorbance of each characteristic absorption peak of
the test sample into the linear relationship equation, the concentrations of each component in the
sample can be determined.

Experimental Conditions:

Instrumentation and Accessories:
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FTIR-7600 Fourier Transform Infrared Spectrometer
Liquid Testing Attachment: Fixed liquid cell (¢p=30mm)

Other Materials:

Dodecanol (C12H260) - Purity: 99%
Hexadecanol (C16H340) - Purity: 98%
Methyl Palmitate (C17H3402) - Purity: >97%
Lauric Acid (C12H2402) - Purity: 97.5%
Tridecane (C13H28) - Purity: 99%

Testing Conditions:

Resolution: 4 cm™
Number of Scans: 32
Detector: DTGS

Liquid Cell Path Length Determination:

Using an interference fringe method, an empty fixed liquid cell is placed in the optical path for
scanning (in the range of 1900 cm™ to 600 cm™), obtaining interference fringes with maximum and
minimum values. The path length of the fixed liquid cell is then determined using a formula.

L=£X( !
2 r-r,
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Sample Determination:

1, Carefully inject the sample into the liquid cell using a glass syringe (ensure no air bubbles of any
size are present in the liquid cell; otherwise, repeat the sampling process). Place the liquid cell in the
optical path and scan it with the spectrum of tridecane as a background.

2, Using the tangents of the respective absorption peaks as baselines, measure the absorbance of the
maximum absorption peaks in the spectrum at approximately 1745 cm™, 1709 cm™, and 1052 cm™.
Substitute the obtained absorbance values into the working curve to determine the content of each
component in the sample.

Establishment of the Standard Curve:
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Establishment of the Standard Curve

1, Preparation of Standard Solutions:

Using tridecane as the solvent and various additives as solutes, prepare the following standard
solutions in mass percentage. Substitute into the working curve to determine the content of each
component in the sample.

(A) Standard Solution of Aluminum Foil Rolling Oil:

1 0.5 0. 05
2 1.0 0.10
3 1.5 0.15
4 2.0 0. 20
5 2.5 0.25

(B) Standard Solution of Rolled Aluminum Sheet Strip Rolling Oil:

1 1.80 0.20 0.03
2 3.60 0.40 0.06
3 5.40 0.60 0.09
4 1.20 0.80 0.12
5 9.00 1.00 0.15

2. Standard Solution Determination:
Using tridecane as a background, measure and record the absorbance values of each absorption peak
for the two standard solutions described above. An example spectrum is provided below.

2.1 Spectrum Set Corresponding to the Working Curve of Rolled Aluminum Sheet Strip Rolling Oil:
2.1.1 Hexadecanol Characteristic Absorption Peak:
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2.1.2 Absorption Peaks of Methyl Palmitate and Lauric Acid:

11

{ The number of scans for the
0.4 = sample: 32 cecmaaa cemscccccccccaapaca aecsccccccccccaccaaa - cemmcccaan cacaaa
1 The number of background \
1 scans: 3.
1 Resolution: dem™
1 Gain: Gain 1
| Dynamic Mirror:6 2500

03

021

[ Y Y RR———————v f /4 SR, W Ve N U SRR S I —
[
15 .
c — —
@ 1 o — - —— S - - - - o
=BT r—m——— e s SR g SN S Sy gt —
2 :
o]
©

0.1+

0.2+

t . . . . § . . . . + . . . . + . . - - f
1800 1750 170C 1850 1800

wave numbers (m-1)

2.2 Working Curve Spectrum Set for Aluminum Foil Rolling Oil:
2.2.1 Dodecanol Characteristic Absorption Peak:
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2.2.2 Lauric Acid Characteristic Absorption Peak:
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3. Establishment of the Working Curve:
Plot the mass fraction of the standard solution on the x-axis and absorbance on the y-axis to create a

standard curve. Determine the equation of the working curve and the R? value (as shown in the
example below).

Table 1: Dodecanol Content, Absorbance Values, and Working Curve

1 0. 54 0.03
2 1. 11 0. 07
3 1. 66 0. 11
4 2.24 0.15
5 2.78 0.19
Dodecanol Working Curve
0.20 B
y = 0.0697x — 0.0047
0.15 [ RZ = 0.9995
8
S5 0.10 B
el
o
2
©® 0.05 B
0 00 1 | 1 1 | |
0.00 0.50 1.00 1.50 2.00 2.50 3.00
Mass Fraction
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Table 2: Lauric Acid Content, Absorbance Values, and Working Curve in Aluminum Foil

Nlambda = TUGSON AZ

1 0. 06 0.03
2 0. 11 0. 06
3 0.17 0.08
- 0.23 0. 11
5 0.28 0.14
Lauric Acid Working Curve
0.16 B
0.14 B y = 0.4693x + 0.0061
0.12 - RZ = 0.9998
L 0.10 B
c
S 0.08 B
o n
2 0.06
< 0.04 -
0.02 B
0. 00 L 1 L 1 L |

0.00 0.05 0.10 0.15 0.20 0. 25 0. 30

Mass fraction

Table 3: Hexadecanol Content, Absorbance Values, and Working Curve

1 2.02 0.10
2 3.74 0. 20
3 5. 68 0. 32
4 7. 47 0. 42
5 9. 49 0.53
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Hexadecanol Working Curve
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Table 4: Methyl Palmitate Content, Absorbance Values, and Working Curve

1 0. 22 0.09
2 0. 41 0.17
3 0. 63 0. 25
4 0.83 0. 32
5 1.05 0.39
Methyl Palmitate Working Curve
0.45 r
0. 40 B
0.35 — y = 0.3618x + 0.0143
0.30 B RZ = 0.9992
% 0.25 B
£ 0.20 ~
o
4 0.15 B
©
0.10 B
0.05 ~
0‘ 00 1 1 1 1 ] ]
0. 00 0.20 0. 40 0. 60 0.80 1.00 1.20
RESE
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Table 5: Lauric Acid Content, Absorbance Values, and Working Curve in Rolled Aluminum Sheet Strip Rolling

Oil
1 0.03 0. 02
2 0. 06 0.04
3 0.10 0. 06
4 0.13 0.08
5 0.16 0.10
Lauric Acid Working Curve
0.12 B
y = 0.6436x — 0.0018
0.10 i R2 = 0.9999
0.08 ~
g
&
2 0.06 B
2
® 0.04 -
0.02 ~
0' 00 L 1 1 ]
0. 00 0.05 0.10 . 0.15 0.20
mass fraction

4. Recovery Rate Verification:

1 1.78 0.12 1.77 99

2 Lauric Acid in Aluminum Foil Rolling Oil 0.18 0.09 0.19 103

3 Hexadecanol 6.22 0.34 6.14 99

4 Methyl Palmitate 0. 69 0. 26 0. 69 100

5 Lauric Acid in Rolled Aluminum Sheet Strip 0.11 0.07 0.11 101
Conclusion:

The method of determining additive content in rolled aluminum foil/sheet/strip rolling oil using the
standard curve approach is accurate, fast, and straightforward. The working curve exhibits an R? value
exceeding 0.999, and the recovery rate falls within the range of 99% to 103%, fully meeting the
requirements for quantitative analysis.
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