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Abstract

7hree t\Ses of  food grade so\bean oils were tested to deterPine if  their b\Sroducts could be utili]ed in the SaSer rec\-
cling industr\. )ree fatt\ acids were e[tracted froP these coPPerciall\ aYailable so\bean�oils. 7hese acids were utili]ed 
in one looS air Áotation deinNing of  litho�Srinted SaSer substrates. ,t was found that the three e[SeriPental fatt\ acids 
used in deinNing differ in their chePical coPSosition, naPel\ $cid nuPber and SaSonification nuPber. 7he effect of 
each of  the so\�oil free fatt\ acid on deinNing was studied, Tuantified and coPSared to the standard ,1*('( ��S Sro-
cedure. 7he ,1*('( Pethod ePSlo\s coPPerciall\ aYailable oleic acid and e[SeriPental fatt\ acids were tested as its 
reSlacePent. ,1*('( Pethod ��S was slightl\ Podified due to unaYailabilit\ of  a +obart t\Se SulSer. 7herefore, a 
MicroMaelstrom™ /aborator\ PulSer was used instead. 7he substrate used for deinNabilit\ stud\ was heaYil\ Srinted froP 
both sides b\ sheetfed offset lithograSh\. 'ue to heaY\ inN Pileage, none of  the four fatt\ acids had the Sower to deinN 
such substrates in a one looS Áotation rec\cling e[SeriPent. %esides ,1*('( deinNing eYaluations, further deinNing 
assessPents were SerforPed. 'einNabilit\ factors DEM/ab and DEMf were used to e[Sress the success of  inN rePoYal 
froP the SulS, since (5,& instruPent Peasuring eTuiYalent residual inN concentration, considered in ,1*('( scoring, 
was not aYailable. 'irt count anal\sis of  deinNed handsheets was SerforPed b\ scanning theP using an (Sson Perfection 
9��� Photo scanner followed b\ Srocessing of  scanned iPages b\ 9erit\ ,$ &olor ,Page $nal\sis software. 2Yerall, it was 
found that two of  the three e[SeriPental fatt\ acids �free fatt\ acid froP eYer\da\ Sure so\ oil and the one froP high oleic 
so\ oil� SerforPed better than the standard, using oleic acid. ,t was also found that these free fatt\ acids had lower acid 
nuPber than the standard oleic acid, which could iPSroYe the deinNing SerforPance.
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1. Introduction

,n the rec\cling facilities, the first steS of  the deinNing 
Srocess focuses on reSulSing of  the Srinted substrate. 
5eSulSing occurs in an aTueous enYironPent, t\Sicall\ in 
a basic S+ range.

0echanical agitation allows the breaNing of  the fiber net-
worN. %reaNing of  the bonding between the fibers and 
the inN Sarticles is fundaPental for the inN detachPent 
froP the fibers. $ddition of  deinNing chePicals in the 
reSulSing stage facilitates the inN detachPent. ,n general, 
reSulSed stocN will be darN with Yisible contaPinants 
Áoating on the surface. Such SulS will Sroduce a darN, 
sSecNled SaSer substrate that will be unacceStable for the 
customer. Therefore, the major goal of  the recycling is to 
eliPinate the inN Sarticles and iPSroYe the oStical SroS-
erties of  the recoYered SulS �5enner, �����. %ased on 
studies SerforPed b\ PultiSle researches, the strength of 
the fiber�inN bonding deSends on SigPent Sarticle si]e, 
inN forPulation, Srinting Srocess, inN filP thicNness and 
inN deSth Senetration �&arrp et al., ����� PeNaroYicoYa, 
Pekarovic and Frimova, 2003). Further, ink aging and 

its raw coPSonents will also iPSact the deinNing efforts 
�$ngellier, %ousfield and 'iPotaNis, ����� +a\nes, �����.

7his e[SeriPental stud\ was focused on deinNing Yia 
,1*('( 0ethod ��S ������ and its Podification. 
7he deinNing Srotocol consisted of  offset Srinted stocN 
reSulSing followed b\ the air Áotation and further hand-
sheet SreSaration. )ree fatt\ acids e[tracted froP three 
t\Ses of  coPPerciall\ aYailable so\ oils were tested as a 
reSlacePent of  oleic acid used in ,1*('( 0ethod ��S 
������. 7he obMectiYe of  the stud\ was to deterPine if 
three fatt\ acids coPing froP three t\Ses of  so\bean oil 
would Sroduce the deinNed SulS with coPSarable oStical 
SroSerties to the deinNed SulS SreSared using oleic acid. 
7he effect of  each of  the so\�oil b\Sroducts on deinNing 
was obserYed and Tuantified. 7he Pain focus was to inYes-
tigate whether the free acid e[tracted froP food grade so\-
bean oil can reSlace coPPerciall\ aYailable oleic acid. 7his 
worN is aSSlicable in the field of  utili]ation of  b\Sroducts 
froP so\bean Srocessing and also in iPSroYing deinNing 
Srocess as designed b\ the ,1*('( Pethod.
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2. Materials and methods

2.1 Analysis of  soy oils

7he 0ichigan So\bean ProPotion &oPPittee SroYided 
three coPPerciall\ aYailable so\bean oils. 7heir t\Sical 
use is found in the food industry. The differences in their 
internal structure were anal\]ed Yia saSonification and acid 
nuPber testing �$S70 '�����, ����� $S70 '������a, 
�����. SodiuP soaSs were SreSared froP each of  the three 
so\�oils. ,n order to reSlace oleic acid used in ,1*('( 
Srotocol, it was necessar\ to e[tract free fatt\ acids froP 
the so\ oils. 7he e[traction of  fatt\ acids was SerforPed b\ 
use of  0ethod ,9 froP Standard Pethods for the anal\sis 
of  oils, fats and deriYatiYes �+autfenne, �����.

2.2 2ffset sheetfed Srinted substrate

7he offset sheetfed litho Srinted substrate was obtained 
froP 1orth $Perican &olor, .alaPa]oo, 0,. 7he sub-
strate was heaYil\ color�Srinted in Pulticolor offset lithog-
raSh\ froP both sides, with dual Sicture on one side, see 
)igure �. Ph\sical and oStical SroSerties of  the unSrinted 
sheet are illustrated in 7able �.

Table 1: Properties of unprinted base sheet used for deinking

Physical properties of  Unprinted Base Sheet

*raPPage �g�P2)

7hicNness ��P�

$sh content ��� @ ��� °C

115

75.0

45.0

Optical properties of  Unprinted Base Sheet

%rightness

/uPinance �Y–value)

L*

a*

b*

86.7

83.1

92.9

1.24

−2.52

2.3 Deinking

Prior to the deinNing, Srinted and unSrinted substrates 
were aged for �� hours at �� �& as Ser ,1*('( 
0ethod ��S ������. $fter aging, Srinted and unSrinted 
substrates, resSectiYel\, were torn to � cP ï � cP Sieces 
and were conditioned in the SaSer laborator\ for 
�� hours, �� � � �& at �� � � � relatiYe huPidit\.

'ue to the unaYailabilit\ of  a +obart t\Se SulSer 
used in ,1*('( 0ethod ��S, a 0icro0aelstroP� 
/aborator\ PulSer t\Se of  slush²PaNer was used 
instead. 5eSulSing SaraPeters �rSP ² reYolutions Ser 
Pinute and reSulSing tiPe� Yersus Sarticle dirt count 
and diaPeter si]e were e[aPined Srior this e[SeriPen-
tal stud\. 7he Post suitable conditions were selected 
and the\ are listed in 7able �. 'ilution water hardness 
was adMusted as Ser ,1*('( reTuirePent. ,1*('( 
Srotocol lists the hoPogeni]ation Srocess as oStional. 
'uring our e[SeriPental stud\, all of  the SulSs were 
hoPogeni]ed using a 7$PP, disintegrator. $ total of 
eight reSulSing and Áotation e[SeriPents were con-
ducted using the four fatty acids. 

7he goal of  the reSulSing is to breaN the bonds between 
inN and fibers. ,t was achieYed first b\ aSSl\ing shear 
forces, secondl\ b\ addition of  deinNing chePicals. 
PulSing tiPe was constant for all e[SeriPents and its 
length was �� Pin. 7he sSeed of  the 0icro0aelstroP� 
/aborator\ PulSer was set to ��� rSP and the tePSer-
ature was adMusted to �� �& b\ using the built in ther-
Postat. $fter defibration, reSulSed stocN was diluted to 
� � consistenc\ using dilution water with fi[ed hard-
ness value of  128 mg Ca2+�/. 1e[t, reSulSed stocN 
was stored for an hour in the water bath at �� �&. $fter 
storage, 7$PP, disintegrator was used to disintegrate 
fiber bundles for � Pinute. Prior to the air Áotation, 
undeinNed stocN was taNen for SreSaration of  � filter 

Figure 1: Sheetfed offset litho printed paper side 1 and side 2
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SaSers and �� handsheets. 7he rest of  the undeinNed 
SulS was taNen and was subMected to Áotation deinNing. 
$ sPall � / laborator\ Áotation cell was used for all 
deinking trials. Due to the volume of  the cell, each of 
the e[SeriPents was reSeated twice. 7his wa\, larger 
aPounts of  deinNed SulS suitable for handsheets and 
filter Sads forPation were obtained. ´)ilter Sadµ was 
filtration SaSer :hatPan �, through which SulS slurr\ 
was filtered to obtain filtrate as well as the fibers froP 
slurr\ without washing needed for further stud\. 9ariable 
aPount of  fibers was traSSed on filter SaSer. 7he Áota-
tion cell aeration was fi[ed to Áow rate of  � /�Pin. 7he 

duration of  Áotation deinNing was �� Pinutes. $ Saddle 
scraSer was used for froth rePoYal oYer the course of 
Áotation. 7he rePoYed froth was collected in a reMect 
tanN. 7he \ield of  the Áotation was calculated once the 
reMect was dried and deducted froP the original Áoated 
slurr\ weight. 7he final consistenc\ of  the deinNed 
stocN was calculated and the deinNed stocN was sub-
Mected to SreSaration of  the handsheets, filter Sads and 
PePbrane filters. � filter Sads and �� handsheets were 
forPed froP undeinNed SulS, as well as froP deinNed 
SulS. � PePbrane filters were SreSared froP water 
obtained after � filter Sads were forPed.

Table 2: Repulping, storage and disintegration process parameters

Re-pulping recipe

SodiuP h\dro[ide

SodiuP silicate

+\drogen Sero[ide

2leic acid�$cid froP so\ oil $ or % or &

�.� �

�.� �

�.� �

�.� �

Re-pulping conditions

Water hardness

7ePSerature

S+

Consistency

0i[ing sSeed

5e�SulSing tiPe

128 mg Ca2+/L

45 °C

9.5 ± 0.5

� �

��� rSP

10 min

Storage

Consistency

Duration

7ePSerature

� �

60 min

�� �&

Disintegration

Consistency

Duration

7ePSerature

� �

1 min

�� �&

Flotation

Consistency

Duration

7ePSerature

$eration Áow rate

�.� �

12 min

�� �&

1 L/min

3. Results and discussion

,n order to better understand the differences between 
three so\�based oils, deterPination of  SaSonification 
nuPber of  oils and $cid nuPber of  free fatt\ acids was 
SerforPed. SaSonification nuPber allowed identif\ing 
the aPounts of  free and bound acid grouSs Ser graP of 
tested oils, while the $cid nuPber deterPines aPount 
of  free acid grouSs Ser graP of  tested oil or fatt\ acid. 
7he slight differences in aPounts of  SaSonification 
nuPbers were found for so\bean oil % ����.��� and 
so\bean oil & ����.���. Slightl\ higher saSonification 
Yalues were deterPined for so\ oil $ ����.���. )urther 
Srocessing of  oils $, % and & resulted in their free fatt\ 
acids, further designated as ))$�$, ))$�% and ))$�&, 

resSectiYel\. 7heir $cid nuPbers were deterPined and 
are reSresented in 7able � with that of  oleic acid.

Table 3: Acid numbers of free fatty acids

Free fatty acid Acid number

FFA-A

))$�%

FFA-C

Oleic acid

202.6

196.2

194.8

200.3
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'einNabilit\ eYaluation SaraPeters according to 
,1*('( 0ethod ��S focus on SulS and Srocess 
SaraPeters. 7he obMectiYe of  SulS SaraPeters are high 
reÁection of  deinNed SulS reSresented b\ luPinance 
value Y, high cleanliness of  deinNed SulS character-
i]ed b\ low dirt Sarticle area A and no discoloration 
of  deinNed SulS deSicted b\ a
 coordinate of  &,(/$% 
sSace, where three a[es, L*, a* and b*, evaluate the color 
in three diPensional color sSace �&,( Proceedings, 
����� )lePing, �����. 7he goal of  Srocess SaraPeters 
is to assure good inN rePoYal reSresented b\ inN eliP-
ination and lastl\ the cleanliness of  circuit water char-
acteri]ed b\ filtrate darNening ¨Y. 'ue to unaYailabilit\ 
of  the instruPent caSable of  Peasuring the effectiYe 
residual inN concentration �(5,&�, deinNing eYaluation 
assessPent b\ DEM/ab factor �5ao and Stenius, ����� 
was done. 7he DEM/ab factor uses the color differ-
ence between unSrinted deinNed SulS �8S� and Srinted 
deinNed SulS �'S� in relation to the color difference 
between unSrinted deinNed SulS �8S� and Srinted 
undeinNed SulS �%S�. 7echnid\ne %rightness 0eter 
S�� with &��� geoPetr\ of  light source was used. 7he 
DEM/ab factor was calculated according to following 
(Tuation >�@: 

where 8S reSresents unSrinted deinNed SulS, 'S reS-
resents Srinted deinNed SulS, and %S reSresents Srinted 
undeinNed SulS.

,n general, the deinNabilit\ factor is Sresented on a 
scale froP � to ��� �. $ deinNabilit\ factor closest to 
the ��� � will reSresent the saPSle that was Áawlessl\ 
deinNed. 7he color difference of  a saPSle to a reference 
saPSle as a Yector in the &,(/$% color s\steP was 
used to deYeloS DEM/ab deinNabilit\ factor. 

'uring the eYaluation, deinNabilit\ factor DEMf deve-
loSed b\ PaSiertechnische Stiftung �P7S� in 0unich, 
*erPan\ was used. 'einNabilit\ factor DEMf considers 
brightness difference between the deinNed SulS and SulS 
before deinNing. ,t is calculated �(Tuation >�@� using aYer-
aged brightness Yalues of  unSrinted deinNed SulS, Srinted 
deinNed SulS and Srinted undeinNed SulS �5enner, �����. 

DEM Brightness Brightness
Brightness Brightnesf

DS BS
US

=
−
−

( ) ( )
( ) ss( )

%
BS

100[ ]  >�@

%ased on both deinNabilit\ factors �DEM/ab and DEMf), 
))$�& has the highest deinNing efficienc\, while ))$�$ 
resulted in the least deinNed SulS �7able ��. ))$�% was 
soPewhat less efficient than ))$�&, but still SroYided 
better results than oleic acid. 

,n the Sresent stud\, the Pain focus was not necessaril\ 
to obtain Serfectl\ deinNed SulS, but to deterPine if  the 
free fatt\ acid e[tracted froP food grade so\bean oil can 
reSlace coPPerciall\ aYailable oleic acid. 

,n addition, the SaSer substrate was heaYil\ Srinted. ,n 
order to achieYe Pore SrogressiYe deinNabilit\ results, 
deinNed SulS would haYe to undergo Pulti�looSed deinN-
ing s\stePs, rather than one steS deinNing Áotation. 

Table 4: Deinkability efficiency of various free fatty acids

Acid type used 
for deinking

Deinkability 
DEMLab 

[%]

Deinkability 
DEMf 

[%]

Oleic acid

FFA-A

))$�%

FFA-C

40.1

31.6

50.2

59.2

36.8

29.1

45.9

56.4

Additionally, the deinking evaluation focused on the 
dirt count. +andsheets were scanned using (Sson 
Perfection V500 Photo scanner. Evaluation of  the 
scanned handsheets was done with the helS of  9erit\ 
,$ &olor ,Page $nal\sis software �9(5,7< ,$ /ight 
and 'arN 'irt, �.�.��. Scanning resolution was set to 
� ��� SSi. 7he insSected area was set to ��    000 mm2. 
'irt count is illustrated in 7able �.

2Stical SroSerties of  handsheets froP deinNed SulSs, 
including the deinNing \ield, are suPPari]ed in 7able �. 
7he highest deinNing \ield was obtained with ))$�$ 
froP low linoleic so\ oil. Standard oleic acid and ))$�% 
from high oleic acid resulted in the similar deinking 
\ields, while ))$�& froP eYer\da\ Sure so\ oil gaYe the 
lowest \ield.

Table 5: Handsheets Dark Objects Count (in ppm) of different pulps

Acid type used for 
deinking

Unprinted deinked  
(US)

Printed undeinked  
(BS)

Printed deinked  
(DS)

Oleic acid

FFA-A

))$�%

FFA-C

34

15

60

27

108 774

101 993

94 165

108 721

37 188

46 005

22 690

15 362

DEM
L L a a b b

L L
Lab

US DS US DS US DS

US BS

= −
−( ) + −( ) + −( )
−( )

1
2 2 2* * * * * *

* * 22 2 2+ −( ) + −( )













a a b b* * * *US BS US BS

>�@
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Table 6: Optical properties of handsheets from deinked pulp (average and standard deviation Ƴ)

Free acid type Statistics Y ƅY A L* a* b* Brightness Yield [%]

Oleic acid
Average

Ƴ

66.3

0.8

3.87

–

37 188

1633

85.1

0.4

1.26

0.09

î�.��

0.18

69.7

0.7

86.6

0.1

FFA-A
Average

Ƴ

65.0

1.1

2.64

–

46 005

1581

84.5

0.6

1.37

0.24

î�.��

0.12

68.2

1.1

92.9

0.1

))$�%
Average

Ƴ

70.3

0.9

1.73

–

22 690

1029

87.2

0.5

1.34

0.24

î�.��

0.20

73.2

0.89

86.6

0.2

FFA-C
Average

Ƴ

72.7

0.9

0.67

–

15 362

1 653

88.3

0.4

1.33

0.18

î�.��

0.32

76.1

1.0

84.1

0.1

4. Conclusion

7he deinNabilit\ efficienc\ of  three e[SeriPental fatt\ 
acids obtained b\ e[traction froP three t\Ses of  so\bean 
oil $, % and & was studied. 7he deinNabilit\ Sotential of 
e[SeriPental fatt\ acids was coPSared to the deinNabilit\ 
Sower of  oleic acid that is used as a standard fatt\ acid in 
,1*('( ��S Pethod. 7he substrate used for deinNabil-
it\ stud\ was heaYil\ Srinted froP both sides and there-
fore none of  the four fatt\ acids had Sower to deinN such 
a substrate in one Áotation looS e[SeriPent. 2Yerall, it 

was found that two of  the three e[SeriPental fatt\ acids 
froP so\bean oils �))$�& and ))$�%� SerforPed better 
than in standard used oleic acid. One of  the fatty acids 
was found to SerforP Soorer than oleic acid. %ased on 
acid nuPber anal\sis characteri]ations SerforPed on the 
fraction of  fatt\ acids froP so\, it was assuPed that the 
lower $cid nuPber of  fatt\ acid is Pore beneficial in inN 
rePoYal. +oweYer, further stud\ will be reTuired to statis-
ticall\ confirP this assuPStion.
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