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STSM OBJECTIVES

To characterize the surface of P&W paper sheets, with and without surface 
sizing, by using AFM, ToF-SIMS and ESCA.

MAINOBJECTIF

To study the interaction between the surface sizing agents and the fiber 
network and how this interaction affects paper properties.

Use some of the most powerful  techniques for surface characterization
(Some not available in Portugal)
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I NTRODUCTION

• Commercial Styrene Acrylate Copolymer

Acrylic AcidAcrylonitrile

MATERIALS

Oxygen

Nitrogen

Carbon

Hydrogen

ElementSymbol

Base Paper

Sizing Agents

Styrene

• Produced with a Eucaliptus globuluskraft pulp in a Portuguese pulp and paper mill;
• Basis Weight  79 ± 0,5 g/m2 ;
• No surface sizing;
• Calendered.

• Commercial Acrylonitrile Acrylate Copolymer



05-05-2006     6

LABORATORIAL SIZING

• Sizing was applied using the laboratory coater Mathis SVA-IR

I NTRODUCTION
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SAMPLES DESCRIPTION

I NTRODUCTION

80% cationic starch*

20% Styrene Acrylate copolymer
9 � 0.4Surface sizingB2

80% cationic starch*

20% Acrilonitryle Acrylate copolymer
9 � 0.4Surface sizingA2

80% cationic starch*

20% Styrene Acrylate copolymer
3.5 � 0.3Surface sizingB1

80% cationic starch*

20% Acrilonitryle Acrylate copolymer
3.5 � 0.3Surface sizingA1

--------None
Reference paper 

(RP)

Sizing FormulationPick-up (g/m2)Surface treatmentSample

* The cationic starch was collected at the paper mill and the mixture includes other paper additives such as 
OBA and salt. 
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EQUIPMENT
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Low Tapping:
• Poor quality images, mainly due to the water layer at the 
paper surface. 
• It was possible to conclude that there were no significant 
differences in the adhesion properties.

High Tapping:
• Enabled to detect differences caused by the surface 
sizing process.

RESULTS
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AFM E XPERIMENTS

• Styrene Acrylate copolymer 
particles (B1) are smaller  (� 200 
nm) and rounder than those of 
the Acrylonitrile Acrylate 
copolymer (A1)  (� 400 nm).

RP

A1

B1

High Tapping (5 µm x 5 µm Images)

• Fibers are only visible in RP 
sample.

• Sizing agents are differently 
distributed at the surface.

• Distinct dimensions and shapes 
of the sizing agent particles can 
be noticed.



AFM E XPERIMENTS

14.50 � 20.9725.74 � 37.0919.21 � 14.07Sdr (%)

471.44 � 403.94626.73 � 540.43661.89 � 418.00Sz (nm)

3.58 � 0.93.69 � 0.937.55 � 8.45Sku

-0.04 � 0.23-0.14 � 0.33-0.38 � 0.81Ssk

77.84 � 63.0594.84 � 65.9787.32 � 30.92Sq  (nm)

61.00 � 50.5572.86 � 49.6064.61 � 23.58Sa (nm)

B1A1RPParameter

ROUGHNESS PARAMETERS

Sa– Arithmeric mean deviation of the surface (nm).Sq- Root-Mean-Square (RMS) deviation of the surface  (nm).Ssk - Skewness of the height 
distribution.Sku- Kurtosis of the height distribution.Sz - Ten Point Height of the surface (nm).Sdr- Developed interfacial area ratio (%).

- Topographic values present large deviations, mainly due to the calculations being 

based on 5 µm x 5 µm images, which include only fibers or filler.

- Most of the smaller deviations correspond to the unsized paper (RP) as all images are 
from filler zones (in fiber zones the tip can not properly follow the surface).
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EQUIPMENT

ToF - SIMS E XPERIMENTS
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ToF - SIMS E XPERIMENTS

- Negative spectra lead to much less information than the positive spectra.
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ToF - SIMS E XPERIMENTS

More evident peaks
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Larger amounts of surface treatment 
(B1 - 3.5 g/m2 ; B2 - 9 g/m2)

SPECTRA ANALYSIS



ToF - SIMS E XPERIMENTS

- Subtraction from the base paper spectrum was performed, in order to 
eliminate the peaks corresponding to this sample.

- The peaks caused by the sizing operation were separated and grouped in 
order to identify the polymers.
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ToF - SIMS E XPERIMENTS

Unknown 3  - Acrylate205C4H7O2 – Acrylate87

Unknown 2 - Acrylate193C4H5O2 – Acrylate (1 double bound)85

Ncompond 4– Acrylonitrile134C3H9N  – Cationic surface starch59

Ncompond 3  - Acrylonitrile132C3H8N  – Cationic surface starch58

Unknown 1  - Acrylate129C2H5O   – Acrylate derivate45

Ocompond- Acrylate127Ca  – Base paper40

Ncompond 2(C3H10N4/C5H12NO)-Acrylonitrile103CH3O  – Acrylate derivate31

Ncompond 1- Acrylonitrile100Na  – From both sizing blends23

Origin
Peak

mass (m/z)
Origin

Peak
mass (m/z)

PEAKS IDENTIFICATION
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ToF - SIMS E XPERIMENTS

- Both sizing agents are distributed over the 
sample surfaces though not evenly covering 
the whole surface as a film. 

RP

A1

B2

A2

B1

Differences caused by sizing operation are clearly visible

TOTAL ION IMAGES
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ToF - SIMS E XPERIMENTS

- Ca (mainly from the filler) is hardly 
detected in the surface of the treated 
samples.

0,00

0,05

0,10

0,15

0,20

RP A1 B1 A2 B2

Ca 

RP A1 B1

CALCIUM DETECTION
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ToF - SIMS E XPERIMENTS

RP A1 B1

0,00

0,05

0,10

0,15

0,20

RP A1 B1 A2 B2

Na

- Larger amounts of Na were found at 
the surface of the sized samples, due to 
the cationic starch.

SODIUM DETECTION
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ToF - SIMS E XPERIMENTS

0,00
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0,05

RP A1 B1 A2 B2

C3H8N

0,000

0,010

0,020

0,030

0,040

0,050

RP A1 B1 A2 B2

C3H9N

RP A1 B1

Samples A exhibit more starch 
at the surface than samples B.

The copolymer of Acrylonitrile Acrylate 
penetrates more in the paper structure

CATIONIC STARCH DETECTION
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ToF - SIMS E XPERIMENTS

- Different intensities of Acrylate signal are obtained 
when this compound is bonded to Acrylonitrile (A) or 
to Styrene (B).

RP

A1 B1

ACRYLATE DETECTION

- There is probably a larger amount of 
Acrylate in the Acrylonitrile Acrylate 
copolymer than in the Styrene Acrylate 
Copolymer.
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ToF - SIMS E XPERIMENTS

B1RP A1

- The amount of Acrylonitrile is larger in samples A.
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ACRYLONITRILE DETECTION



EQUIPMENT

ESCA E XPERIMENTS
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ESCA E XPERIMENTS

SCANNEDELEMENTS:
- Carbon  (200 – 300 eV)
- Oxygen  (500 – 600 eV)
- Nitrogen  (400 eV)
- Calcium  (350 eV)
- Sodium  (1000 – 1100 eV)

�

�

�

��

��
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ESCA E XPERIMENTS

ELEMENTS QUANTIFICATION

C 1s

60,00

61,00

62,00

63,00

64,00

65,00

66,00

67,00

68,00

PST BP250D BSBMP BP9 BS9RP A1 B1 A2 B2

Ca 2p

0,00

0,20

0,40

0,60

0,80

1,00

PST BP250D BSBMP BP9 BS9RP A1 B1 A2 B2

- C and Ca amount at the surface decreases with surface sizing.

C Ca
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ESCA E XPERIMENTS

ELEMENTS QUANTIFICATION

O 1s

31,00

32,00

33,00

34,00

35,00

36,00

37,00

38,00

PST BP250D BSBMP BP9 BS9RP A1 B1 A2 B2

Na 1s

0,00

0,10

0,20

0,30

0,40

0,50

0,60

PST BP250D BSBMP BP9 BS9RP A1 B1 A2 B2

- The amount of O and Na increases with surface sizing. 

- The increase in Na is slightly larger for samples A1 and A2 than for samples B1 and 
B2 (relative to RP), confirming (once again) the larger amount of cationic starch at 
the surface of the samples containing Acrylonitrile. 

O Na
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ESCA E XPERIMENTS

ELEMENTS QUANTIFICATION

N 1s

-0,10

0,40

0,90

1,40

1,90

2,40

PST BP250D BSBMP BP9 BS9RP A1 B1 A2 B2

- The amount of N increases only in samples containing the surface 
sizing agent A.

N



CARBON SPECTRA
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ESCA E XPERIMENTS

- C1 signal (C-C; C=C; C-H) is higher for the Reference Paper (RP).
- A samples are more different from RP than B samples.
- B samples exhibit a higher amount of C4 (O-C=O).
- More intense C2 (C-O) and C3 (C=O; O-C-O) signals are detected for A samples.

RP A1 B1

C4
O-C=O

C3
C=O

O-C-O

C1
C-C
C=C
C-H

C2
C-O
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CONCLUSIONS

• The techniques used proved to be a very powerful tool for this study and led to   
relevant information.

• AFM:
- Differences in paper surfaces due to sizing;
- Differences in the polymers structures and their distribution at the paper surface.

• The coverage of the surface by the sizing formulation is not totally uniform.

• The copolymer of Acrylonitrile Acrylate penetrates more in the paper structure.

•ToF-SIMS:
- The polymers at the paper surface;
- Different signals corresponding to each of the compounds.

• ESCA:
- Different distribution of the elements caused by sizing;
- Different carbon signals according to the sizing agent present.
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• To use some of these techniques (AFM) for unknown sizing formulations.

• To complement these results with those of other techniques, namely Inverse 
Gas Chromatography and Contact Angle Measurements, in order to better 
understand the mechanisms of surface sizing.

PUBLICATIONS

• Two papers are being prepared in cooperation with the host institutions to 
submit to scientific journals.

FUTURE WORK 
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