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SUMMARY

A studv was made of the effects of recycling on the structure of paper
u,sing a scanning electron microscope (S. E. M.) and on the strength properties for
correlation. The study showed a decrease of Burst, Tensile Breaking Length and
Fold properties witb recycling with a sulphite furnish. Bulk and Tearing strength
increased with recycling. Observation with ~the S.E.M. revealed a de~re~se in the
inter· fiber bonding intimacy ofeont-act in thereeycled compared to virgrn sheets.
Reduced intimacy could be attributed to rreduced swelling suggesting that in order
to achieve better strength properties on recycling may require improving the
swelling ability of the fibers.

•

INTRODUCTION

A recycled fiber has been processed through
at least one paper making cycle -and so may be
expected to differ from the virgin fiber in its pro-
perties. The changes which occur may be attri-
buted to the effects of refining and subsequent
drying, This may influence the vintr insic fiber
strength, swelling of the fibers, the number of
fiber to fiber 'bonds and their strength. Earlier
investigatigation! has proved that the recycled
fibers exhibit lower fiber strength and bonding
potential than the same fiber in the virgin state,
Those sheet properties which depend directly on
fiber .10 fiber bonding and fiber strength decrease
markedly with the number of recyclings. In con-
trast, sheet properties such as tearing strength,
flexural stiffness, which in a sense are inversely
related to bond in:, increase with recycling,

The present investigation studies the change
in the paper structure, fiber to fiber bonding, and
the closeness of bonding by the direct observation
of the fibers in a sheet of paper with a Scanning
Electron Microscope. In order to correlate visual
observations with paper properties, certain strength
properties were also measured and are reported.
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EXPERIMENTAL PROGRAM
To study -the effector repeated recycling

a series. of repulping ~xperiments. were
done using bleached softwood sulfite virgin pulp
beaten to three different freeness levels in a labo--
ratory Valley Beater. The freeness levels were 600
450, and 300 ml Canadian Standard Freeness
(CSF). Stocks beaten to these levels were made
into handsheets for testing the strength properties.
The remaining stock in each case "as made into
sheets. pressed; dried, and saved for repulping.
This completed one papermaking cycle.~-The.dried
sheets saved were repulped four separate times
in .the same way. Each time the pulp wa!! beaten
to the same initial freeness level of 600, 450, and
300 ml CSF. and band sheets withheld for testing.

"Recycling at 450 and 300 ml CSF levels was then
continued to ten times without stopping in bet-
ween for testing. After ten recyclings, handsheets
were made for testing, = these handsheets provided
the. specimens-Cor Dii(;roscopic:examination~-

All the handsheets were tested for Bulk,
Tearingstrength , Tensile strength, Bursting stren-
gth, and Folding endurance. Papers of the virgin
fiber and after recycling ten times were given-a
conductive coating of gold for the study of struc-
ture with a Scanning Electron Microscope (S.E.M:)
TheS.E.M. observations were photographs of the
surface of thepapersat areas chosen at random.

The negative of the S.E.M. photograph was
projected by a photographic enlarger to estimate
the bonded area at the interfiber crossings, Only
the fibersin tbe surface plane were considered. The
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bonded areas at fiber crossing Were marked out
on the projected photograph and measured. Tne
effectiveness of contact in the crossings was readily
applrent with the large depth of focus of the
micrographs.

EFFECT OF RECYCLING ON SHEET
PROPERTmS

The effects of recycling on sheet strength are
tabulated in Table 1,2 and.S at freeness levels of.
600, 450, and 300ml CSF and 'are shown in'
Figures 1 to 6. The trend is similar to that of the
earlier study of these properties with recycled
Kraft pulp'.
TABLE-l 'EFFECT OF RECYCLING ON

SHEET PROPERTIES. 600 ml CSF

(Bleached Sulfite Furnish)

Propertres of Numb ',r of Recvc'es
Hand sheets

0
,

1 f7 I 3 ',4

Basis Weight 59.4 57.2 58.2 58'.2 59.7,
glml
Buik 1.61 1,64 1.68' 1.72 2.87
Burst Factor 20.7 18.7 18.7 169 15.4
'Tensile Breaking '3920 4270 3940 3670 3180

Length, m ,

Tearing Strength 88 97 102 no 119
Factor

M,I.T Fold 12 10 7 5 5
Number

TABLE-2 EFFECT OF RECYCLING ON
, SHEETPROPERTJES, 450 ml CSF

(Bleached Sulfite Furnish)

Properties of 1'0 'Number of Recycles
Hand sheets I I I '2 1_ 4 I 10

Basis Weight 61.0 60.1 59.1 59.& 58.5
g/m2

Bulk 1.47
Burvting Strength 34.3
Factor

Tensile Breaking 638'0
Length. m

Tearing Strength 78
Factor

M.I.T. Fold 32
Number

1.56 1.63 1.68 L64
25.4 23.2 19.6 19.3

5040 438'0 3980 4500

87 91 86 67

12 10 6 6
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TABLB-3 EFFECT OF RECYCLlNG ON
SHEET PROPERTIES, 300 ml CSF
(Bleached Sulfite Furnish)

Properties Of, N'-u-m'":"b-er-o':':"f~R-tc-)-c~:e-s---

Hand sheets , 0 I I 17J 4 r~
Basts Weight, 61.5 60.8 58.0 57.0' 58.5

g/m2
1.60Bulk: 1.36 1.55 1.58 1.60

Bursting Strength 40.7 26.9 22.1 2.13 19.1
Factor

Tensile Breaking 6430 4680 448'0 438'0 4250
Length, m

Tearing Strength 66, 71 70 11 7')
Factor

MIF Fold 73 14 12 10 7

The effects of recycling on Balk at three
different freeness levels are shown in Figures I. 3,
and 5. Zero recycling represents the virgin fiber
paper. It may be observed that the Bulk increases
with the number of recycling at all freeness levels.
Since the density of a sheet of paper at the same
freeness level is proportional to intimacy of Con-
tact between fibers, the results indicates a decrease
in intimacy' of fiber contact with repeated
repulping .•
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The effects of repeated recyclilf,·on' the
Bursting strength of paper sheets rare shown in
Figures 2. 4. and 6. Bursting strength decreased
with repeated recycling at all freeness levels. The
Bursting strength decreased, markedly on the first
stage of recycling. but afterwards the rate of
decrease was less as seen from the slope. of the
curves. Frgures 2. 4 and 6 also show the effect of
recycling on Tensile breaking length of the paper.
Tensile strength decreased with the number of
recyling at all freeness levels, the rate of decrease
also being greatest in the initial stage of recycling.
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Tearing strength increased with the number
of recycling as shown by Figures I, 3 and 5 at
different freeness levels. The total energy in
tearing a sheet of paper is the sum total of the
work required to rupture individual fibers and to
pull the individual fibers from the fiber mesh.
Figures 1, 3 and 5 include the effects of recycling
on the Fold, which also decreases with repeated
recycling.

EFFECl' OF RECYCLING'ON SHEET
STRUCTURE

The effect of beating On the sheet structure is
seen in Photos 1, '1 and 3. These represent respec-
tively unbeaten, beaten to 4S0,and 300 ml CSF
virgin fibers. The photographs 'show an increase
in theinterflber bonding which correlates with the
increased strength properties on beating the paper.
The number of fiber crossings. bonded area, and

closeness of contact increases with beating. The
photographs here and below are typical of all the
many S,E.M. ob.ervations made.

Photo 1. Unbeaten Virgin pulp Magnification
200X.

Photo 2; Beaten Virgin pulp (450 ml CSF)
Magnification 200X.

The effect of the number of recyclings on the
structure is seen at 200x magnification in the
Photos 4a, 4b, Sa, and 5b. Photos 4a, and 4b
show the sheet structure after ten recyclings at
450 ml CSF, and photosrSa, and 5b show the
sheet structure after ten recycling- at 300 ml
CSF. The bonded area at the fiber crossings
calculated from the photographs showed a
decrease in total bonded area with the recycling
In case of recycling at 450 ml eSF, the bonded

Ippta~'Vol. XVllI No.3, September, 1981
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Photo 3. Beaten Virgin, pulp ~3~ ml <;SF)
Magnification 200X.

Photo 48. .Reoycled Ten Times (450 ml eSF)
Magnification 200X,

"

area after ten recyclings was 17% less than the
vil'Bin fiber sheet at the same freeness. For recy-
eli!" at 300 ml esp, the bonded area decreased
21% aller ten recyclings compared to the virgin
fiber at the same freeness. This is in accord with
the fact, seen 450 and 300 mi. esp, that the loss
in strength due to repeated recycling at a lower
freeness level is greater than at a higber freeness
level. The bonded areas on fiber crossings were
calculated without taking into account of the

,I,pta, Vol. XVIII, No.3, September 1981

closenessof ~<?~!~c}_thtls.givillg()I.!ly the proj~sted _
atea 1D crOSSJDg. Strength properties such as
Burst ,and Temile of pape,r depends on the true
area" of" interfiberbonding.~" Closeness of contact
combined witli the area are' a measure of bonding
strength. While thenumb!!r<'of crossing of recy-
cled fibers" decreased compared to the' case of
virglufibers, the true or effective area of contact
betwe.en the fibers' also .'!iducedcoD~iderably,
reducing thereby the totalInterfiber bonding stren-
gth~", The' relative closeness of contact of virgin,
fibers at',450 ml csr is very clearly seen inthe '
photographs at 1000xmagnification. Photo 6,'
when compared to that of the recycled fibers at

Photo Sa, Recycled Ten Times (300 ml CSF)
Magnification 200X.

I 1
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c Photo Sb. Recycled Ten Times (300 ml CSF) 1

Magnification 200}( PhotO 711. Recycled Ten. Times (450 mJ -CSF)
MagnificationlOOOX. :

Photo 6. Bcated Virgin pulp (450 ml CSF)
Magnification IOOOX.

same freeness and IOOOxand 20QOx magnification
(photos 7a and 7b) show very clearly the differ.
,nee in closeness of contact and Interfiberbonding:
R;· Though the increase in Bulk rna)' be que to
toss of fine fibers in repulping, -it can also be
a.tfribuled- ttr-tess intimate contact between fibers
in the thickness direction of the paper sheet. This
is' apparent in.complring photos of recycled to virgin
fiber sheets.

Photo 7b. Recycled Ten Times (450 ml CSF)
.Magoifiq~tion 2000X.

'\ '"--. ~ ,
The strength of paper can also change due to

change in fiber dimensions, and the swelhng of
fibers during the wetting process for sheet forma.
tion. Investigation'. has shown that the change in
fiber length with repeated recycling is small, The
cross-section of the recycled fibers seen from the
S.E.M. photographs are reduced from that of the
fibers.

12 Ippta, VoL XVIO, No .3, September. "1.981
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gth will be enbanced by increasing the swelling of
the fibers by tbe use, for example, of swelling
agents during repulping or of more eaersy in
beating.

The absorption of water by the fibers plasti-
cizes the fibers increasing tbe true area of fiber
contacts through increased flexibility. More [nti-
mate contact between fibers on drying provides
closer bonding and better strength. This swelling
property with water is gradually lost ip repeated
wetting and dr~ing.asevidenced by ~he photo-
graphs. In order to achieve better strength, there-
fore, attention should be paid to this aspect of the
problem. The recovery potential of paper stren-
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