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Synchrotron-based study on sulfur homogeneity 

in strong and lightweight packaging papers

Sulfonated lignin in packaging

Even distribution of sodium sulfite (Na2SO3) in 

CTMP (chemithermomechanical pulp) focus:

▪ Fibers with a higher joint strength

▪ The lower shives (Unseparated fibers)

▪ Reduced energy consumption

▪ A lower environmental footprint

Materials
The CTMP sample-712 pilot pulp from Valmet

Methods
XRF 2D scanning:

▪ X-Ray Fluorescence ( XRF) in-house 

▪ 2-ID-D beamline 1-30µm resolution

▪ Elemental distribution, µm scale

J. Gust Richert stiftelsen

Advanced Photon Source, Argonne National Laboratory, USA

Objective

▪ In-house XRF (X-ray fluorescence) 

techniques validated by APS beamline, USA 

▪ A spectral resolution measurement of 

sulfonated lignin has been verified

▪ Wood fiber sulfur distribution has been better 
understood using 2-ID-D beamline, APS

Aim
The synchrotron measurement aims to

▪ Investigate uneven sulfonation on  

CTMP fibers

▪ Identify a suitable spatial resolution 

for on-site measurements

In-house XRF at Mid Sweden University, Sweden

Study of sulfur homogeneity

▪ This study presents a process-relevant measure of sulfur distribution in wood fibers

▪ The spatial resolution required for homogeneity measurements

▪ Synchrotron measurements with 1μm spot size reveals uneven sulfur distribution 

-between fibers and within fibers

1μm resolution 10μm resolution                   30μm resolution

Fundamental study             Distr. between fibers Distr. between fibers
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No. Elements Conc. (µg/cm2 )

16 Sulfur (S) 2.4

17 Chlorine (Cl) 0.2

19 Potassium (K) 0.003

20 Calcium (Ca) 3.0

25 Manganese (Mn) 0.005

26 Iron (Fe) 0

29 Copper ( Cu) 0.4

30 Zinc (Zn) 0.004

Concentration measurement of 8 elements
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Conclusion

▪ CTMP sulfur homogeneity inspections require 10µm-15µm spatial resolutions. 

▪ Sulfonation along the fiber shell is the most advantageous process parameter.

▪ Future process and product development may depend on identifying where the 

sulfonate ions (-SO3
-) end up in the lignin of wood fiber structures. 

▪ By characterizing sulfur distribution at the sub fiber level, we can learn more 

about fiber-joint strength and strength uniformity in packaging products.
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