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MaiNOBJIECTIE

To study the interaction between the surface sagagts and the fiber
network and how this interaction affects papereptiep.

|

Use some of the most powerful techniqguestocksaréeterization
(Some not available in Portugal)

STSM @yecTivES

To characterize the surface of P&W paper shedtsngiwithout surface
sizing, by using AFM, ToF-SIMS and ESCA.
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HosTING

AFM Experiments
Abo Akademi

Dr. Jouko Peltonen

ToF-SIMS and ESCA Experiments
KCL Institute

Dra. Marjatta Kleen

| NTRODUCTION
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DEQECTUC | NTRODUCTION
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MaTERIALS

Base Paper

* Produced witteacaliptus globukraft pulp in a Portuguese pulp and paper
» Basis Weight 79 £ 0,5 g/m

* No surface sizing;

» Calendered.

Sizing Agents

« Commercial Acrylonitrile Acrylate Copolymer

« Commercial Styrene Acrylate Copolymer

Symbol Element
O Hydrogen
O Carbon
° Nitrogen
. Oxygen

Acrylonitrile Acrylic Acid Styrene
05-05-2006
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DEQECTUC | NTRODUCTION
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| ABORATORIADIZING

* Sizing was applied using the laboratory ctates\WialR
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DEQECTUC | NTRODUCTION
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SaMPLEDESCRIPTION

Sample Surface treatment Pick-up (g/f) Sizing Formulation
Refer(eRnFE:)e paper None L
Al Surface sizing 35 03 20% Afr(i)l?n(ii[?;/ilgn;\%rS;ﬁ:t(;hcopolymer
Bl Surface sizing 35 0.3 20% g?;fezitizgisllzgrggpoIymer
A2 Surtace sizing 9 04 20% Ac?r(i)l?n(i:'tfyt/ilzn,éiirs;ﬁ:tcehcopolymer
B2 Surface sizing 9 04 809% catlonic starch

20% Styrene Acrylate copolymer

*The cationic starch was collected at the papdrth@limixture includes other paper addiies su
OBA and salt.
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DEQECTUC AFM E XPERIMENTS
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EQuIPMENT
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DEQECTUC AFM E XPERIMENTS
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ReEsuLTs

Low Tapping:
* Poor guality images, mainly due to the wahéithayer
paper surface.
e [t was possible to conclude that there wendicansig
differences in the adhesion properties.

High Tapping:
* Enabled to detect differences caused by the surfac
sizing process.
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High Tapping (5 um x 5 um Images)
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* Fibers are only visible in RP
sample.

RP
* Sizing agents are dlfferently
distributed at the surface.

* Distinct dimensions and shafé'
of the sizing agent particles c/gl
be noticed.

* Styrene Acrylate copolymer *
particles (B1) are smalle200
nm) and rounder than those o]
the Acrylonitrile Acrylate g
copolymer (A1) 400 nm). B1
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ROUGHNES@ARAMETERS
Parameter RP Al Bl
Sa (nm) 64.61 23.58 72.86 49.60 61.00 50.55
Sqg (nm) 87.32 30.92 94.84 65.97 77.84 63.05
Ssk -0.38 0.81 -0.14 0.33 -0.04 0.23
Sku 7.55 8.45 3.69 0.93 3.58 0.9
Sz (nm) 661.89 418.00 626.73 540.43 471.44 403.94
Sdr (%) 19.21 14.07 25.74 37.09 14.50 20.97

AFM E XPERIMENTS

Sa— Arithmeric mean deviation of the surfaBg{Ropt-Mean-Square (RMS) deviation of the sorfask -(Skewness of the height

distributioBku- Kurtosis of the height distritietiefen Point Height of the surfac&riDeveloped interfacial area ratio (%).

- Topographic values present large deviationsiumaoihe calculations being

based on 5 um x 5 um images, which include®olyfiliee.

- Most of the smaller deviations corresponaszétepaper (RP) as all images ar

from filler zones (in fiber zones the tip capady follow the surface).
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EQuiPMENT
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ToF - SIMS E XPERIMENTS

SeECTRANALYSIS

140000 -
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40000 -
20000 -
O T T o= I\\
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Mess (mz)

—— Al-neg

N

0 50 10 \pss(niz) 150 200 250

- Negative spectra lead to much less informationthiegpositive spectra.
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ToF - SIMS E XPERIMENTS

SPECTRANALYSIS
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———B2 - pos

:

Larger amounts of surface treatmgnl_,. More evident peaks
(B1-3.59/MmB2-9 g/A)
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SeECTRANALYSIS

160000 -
140000 -
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Y

ToF - SIMS E XPERIMENTS

—— RP-pos

Yy

50 100 150 200 250
Mass (Mz)

- Subtraction from the base paper spectrum wasmedoin order to
eliminate the peaks corresponding to this sample.

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

PeakSIDENTIFICATION

Peak Origin Peak Origin
mass (m/z) mass (m/z)

23 Na — From both sizing blends 100 Nompond - ACTylonitrile

31 CHO - Acrylate derivate 103 Neompond §GHINS/GH, NO)-Acrylonitril
40 Ca —Base paper 127 Oompond™ ACTYlAtE

45 CHO - Acrylate derivate 129 Unknown 1 - Acrylate

58 C;HN — Cationic surface starch 132 Neompond 3 ACrylonitrile

59 C;H,N — Cationic surface starch 134 Neompond 4~ ACrylonitrile

85 C,HO, —Acrylate (1 double bound) 193 Unknown 2 - Acrylate

87 C,H,O, —Acrylate 205 Unknown 3 - Acrylate
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ToF - SIMS E XPERIMENTS

TotadonIvacEs
RP

Differences caused by sizing operation are clasiije

Al A2

Bl B2

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

CaLCIUMDETECTION
RP Al Bl
s n e - Ca (mainly from the filler) is hardly
| detected in the surface of the treated
00 samples.
0,00 A ; 1 B e B /1 =
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ToF - SIMS E XPERIMENTS
SobIUMDETECTION

RP Al Bl

0,20
O Na

0,55

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

0,05 -

0,00 J :

RP Al Bl A2 B2
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ToF - SIMS E XPERIMENTS

CaTioNISTARCHDETECTION

0,050 0,05
O C3HBN O C3H8N

0,030 0,03 -

0,040 0,04
0,020 0,02
0,010 0,01
N ‘ ‘ ‘ 000 J ‘ ‘ ‘ ‘
RP Al B1 A2 B2 RP Al Bl A2 B2

0,000 -

Samples A exhibit more starch The copolymer of Acrylonitrile Acrylate
at the surface than samples B. penetrates more in the paper structure

RP Al Bl
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ToF - SIMS E XPERIMENTS

ACRYLATEDETECTION
- Different intensities of Acrylate signal are obthai
when this compound is bonded to Acrylonitriler(A) o
to Styrene (B).
RP

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

Al Bl
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ToF - SIMS E XPERIMENTS

AcrYLONITRIUBETECTION

RP Al Bl

0,0050
B Nconpond3

0,0040 4

0,0030

- The amount of Acrylonitrile is larger in samplgs A

0,0020

- I I I l:
0,0000 ,J T T T T
RP Al B1 A2 B2
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ESCA E XPERIMENTS

EQuiPMENT
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ESCA E XPERIMENTS

SCANNEIELEMENTS:
- 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

ELEMENTEQUANTIFICATION

C Ca
68,00 1,00 +
C1s
67,00 ‘ Ca2p
0,80 -+ +

66,00
65,00 + 0,60 |
64,00 + +

+ 0,40
63,00
62,00 0,20

f {
61,00 + »
50,00 0,00 !
’ ‘ ‘ ‘ ‘ RP Al B1 A2 B2
RP Al B1 A2 B2

- C and Ca amount at the surface decreases wilcesgizing.
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ESCA E XPERIMENTS

ELEMENTEQUANTIFICATION

O Na
38,00 | 0,60
O1s
37,00 0,50 ha1s
%600 : : ' |
’ ‘ + 0,40
35,00 | | +
0,30 .
34,00 4
0,20
33,00 | ‘ )
+ 0,10
32,00 | i
31,00 ‘ ‘ ‘ ‘ 0.00

- The amount of O and Na increases with surfacg. sizi

- The increase in Na is slightly larger for samylleend A2 than for samples B1 an
B2 (relative to RP), confirming (once again)rtper lamount of cationic starch at
the surface of the samples containing Acrylonitrile
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ELEMENTEQUANTIFICATION

2,40

ESCA E XPERIMENTS

1,90

N 1s

1,40

0,90

-

-0,10

RP

- The amount of N increases only in samples cagdime surface

sizing agent A.

Al

Bl

A2

B2
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ESCA E XPERIMENTS

CARBONSPECTRA
RP Al B1
C2

(C:g' co

c=C

C-H

/
C3
cg:-_cc-)o C4
\ 0-C=0

N\

- C1 signal (C-C; C=C; C-H) is higher for the rfd?aper (RP).
- A samples are more different from RP than B sample
- B samples exhibit a higher amount of C4 (O-C=0).

- More intense C2 (C-O) and C3 (C=0; O-C-O)aigmhsected for A samples.
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CONCLUSIONS

» The techniques used proved to be a very powesfdibtdhis study and led to
relevant information.

* AFM:
- Differences in paper surfaces due to sizing;
- Differences in the polymers structures amstribetiah at the paper surface.

*ToF-SIMS:
- The polymers at the paper surface;
- Different signals corresponding to each opthendsm

* ESCA:
- Different distribution of the elements caugedjby s
- Different carbon signals according to thegsizingesent.

» The coverage of the surface by the sizing foramlatnot totally uniform.
» The copolymer of Acrylonitrile Acrylate penetratae in the paper structure.
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FuTURRNORK

* To use some of these techniques (AFM) for unkmong ®rmulations.

* To complement these results with those of othlenitpoes, namely Inverse
Gas Chromatography and Contact Angle Measuremeantgr to better
understand the mechanisms of surface sizing.

PUBLICATIONS

* Two papers are being prepared in cooperationhgitiost institutions to
submit to scientific journals.
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