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Abstract

hree t es of  food grade so bean oils were tested to deter ine if  their b roducts could be utili ed in the a er rec -
cling industr . ree fatt  acids were e tracted fro  these co erciall  a ailable so bean oils. hese acids were utili ed 
in one loo  air otation dein ing of  litho rinted a er substrates. t was found that the three e eri ental fatt  acids 
used in dein ing differ in their che ical co osition, na el  cid nu ber and Sa onification nu ber. he effect of 
each of  the so oil free fatt  acid on dein ing was studied, uantified and co ared to the standard   ro-
cedure. he  ethod e lo s co erciall  a ailable oleic acid and e eri ental fatt  acids were tested as its 
re lace ent.  ethod  was slightl  odified due to una ailabilit  of  a obart t e ul er. herefore, a 
MicroMaelstrom™ aborator  Pul er was used instead. he substrate used for dein abilit  stud  was hea il  rinted fro  
both sides b  sheetfed offset lithogra h . ue to hea  in  ileage, none of  the four fatt  acids had the ower to dein  
such substrates in a one loo  otation rec cling e eri ent. esides  dein ing e aluations, further dein ing 
assess ents were erfor ed. ein abilit  factors DEM ab and DEMf were used to e ress the success of  in  re o al 
fro  the ul , since  instru ent easuring e ui alent residual in  concentration, considered in  scoring, 
was not a ailable. irt count anal sis of  dein ed handsheets was erfor ed b  scanning the  using an son Perfection 

 Photo scanner followed b  rocessing of  scanned i ages b  erit   olor age nal sis software. erall, it was 
found that two of  the three e eri ental fatt  acids free fatt  acid fro  e er da  ure so  oil and the one fro  high oleic 
so  oil  erfor ed better than the standard, using oleic acid. t was also found that these free fatt  acids had lower acid 
nu ber than the standard oleic acid, which could i ro e the dein ing erfor ance.
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1. Introduction

n the rec cling facilities, the first ste  of  the dein ing 
rocess focuses on re ul ing of  the rinted substrate. 
e ul ing occurs in an a ueous en iron ent, t icall  in 

a basic  range.

echanical agitation allows the brea ing of  the fiber net-
wor . rea ing of  the bonding between the fibers and 
the in  articles is funda ental for the in  detach ent 
fro  the fibers. ddition of  dein ing che icals in the 
re ul ing stage facilitates the in  detach ent. n general, 
re ul ed stoc  will be dar  with isible conta inants 

oating on the surface. Such ul  will roduce a dar , 
s ec led a er substrate that will be unacce table for the 
customer. Therefore, the major goal of  the recycling is to 
eli inate the in  articles and i ro e the o tical ro -
erties of  the reco ered ul  enner, . ased on 
studies erfor ed b  ulti le researches, the strength of 
the fiber in  bonding de ends on ig ent article si e, 
in  for ulation, rinting rocess, in  fil  thic ness and 
in  de th enetration arr  et al.,  Pe aro ico a, 
Pekarovic and Frimova, 2003). Further, ink aging and 

its raw co onents will also i act the dein ing efforts 
ngellier, ousfield and i ota is,  a nes, .

his e eri ental stud  was focused on dein ing ia 
 ethod   and its odification. 

he dein ing rotocol consisted of  offset rinted stoc  
re ul ing followed b  the air otation and further hand-
sheet re aration. ree fatt  acids e tracted fro  three 
t es of  co erciall  a ailable so  oils were tested as a 
re lace ent of  oleic acid used in  ethod  

. he ob ecti e of  the stud  was to deter ine if 
three fatt  acids co ing fro  three t es of  so bean oil 
would roduce the dein ed ul  with co arable o tical 
ro erties to the dein ed ul  re ared using oleic acid. 
he effect of  each of  the so oil b roducts on dein ing 

was obser ed and uantified. he ain focus was to in es-
tigate whether the free acid e tracted fro  food grade so -
bean oil can re lace co erciall  a ailable oleic acid. his 
wor  is a licable in the field of  utili ation of  b roducts 
fro  so bean rocessing and also in i ro ing dein ing 
rocess as designed b  the  ethod.
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2. Materials and methods

2.1 Analysis of  soy oils

he ichigan So bean Pro otion o ittee ro ided 
three co erciall  a ailable so bean oils. heir t ical 
use is found in the food industry. The differences in their 
internal structure were anal ed ia sa onification and acid 
nu ber testing S  ,  S  a, 

. Sodiu  soa s were re ared fro  each of  the three 
so oils. n order to re lace oleic acid used in  
rotocol, it was necessar  to e tract free fatt  acids fro  

the so  oils. he e traction of  fatt  acids was erfor ed b  
use of  ethod  fro  Standard ethods for the anal sis 
of  oils, fats and deri ati es autfenne, .

2.2 ffset sheetfed rinted substrate

he offset sheetfed litho rinted substrate was obtained 
fro  orth erican olor, ala a oo, . he sub-
strate was hea il  color rinted in ulticolor offset lithog-
ra h  fro  both sides, with dual icture on one side, see 

igure . Ph sical and o tical ro erties of  the un rinted 
sheet are illustrated in able .

Table 1: Properties of unprinted base sheet used for deinking

Physical properties of  Unprinted Base Sheet

ra age g 2)

hic ness 

sh content  @  °C

115

75.0

45.0

Optical properties of  Unprinted Base Sheet

rightness

u inance Y–value)

L*

a*

b*

86.7

83.1

92.9

1.24

−2.52

2.3 Deinking

Prior to the dein ing, rinted and un rinted substrates 
were aged for  hours at   as er  

ethod  . fter aging, rinted and un rinted 
substrates, res ecti el , were torn to  c    c  ieces 
and were conditioned in the a er laborator  for 

 hours,     at     relati e hu idit .

ue to the una ailabilit  of  a obart t e ul er 
used in  ethod , a icro aelstro  

aborator  Pul er t e of  slush a er was used 
instead. e ul ing ara eters r   re olutions er 

inute and re ul ing ti e  ersus article dirt count 
and dia eter si e were e a ined rior this e eri en-
tal stud . he ost suitable conditions were selected 
and the  are listed in able . ilution water hardness 
was ad usted as er  re uire ent.  

rotocol lists the ho ogeni ation rocess as o tional. 
uring our e eri ental stud , all of  the ul s were 

ho ogeni ed using a PP  disintegrator.  total of 
eight re ul ing and otation e eri ents were con-
ducted using the four fatty acids. 

he goal of  the re ul ing is to brea  the bonds between 
in  and fibers. t was achie ed first b  a l ing shear 
forces, secondl  b  addition of  dein ing che icals. 
Pul ing ti e was constant for all e eri ents and its 
length was  in. he s eed of  the icro aelstro  

aborator  Pul er was set to  r  and the te er-
ature was ad usted to   b  using the built in ther-

ostat. fter defibration, re ul ed stoc  was diluted to 
  consistenc  using dilution water with fi ed hard-

ness value of  128 mg Ca2+ . e t, re ul ed stoc  
was stored for an hour in the water bath at  . fter 
storage, PP  disintegrator was used to disintegrate 
fiber bundles for  inute. Prior to the air otation, 
undein ed stoc  was ta en for re aration of   filter 

Figure 1: Sheetfed offset litho printed paper side 1 and side 2
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a ers and  handsheets. he rest of  the undein ed 
ul  was ta en and was sub ected to otation dein ing. 
 s all   laborator  otation cell was used for all 

deinking trials. Due to the volume of  the cell, each of 
the e eri ents was re eated twice. his wa , larger 
a ounts of  dein ed ul  suitable for handsheets and 
filter ads for ation were obtained. ilter ad  was 
filtration a er hat an , through which ul  slurr  
was filtered to obtain filtrate as well as the fibers fro  
slurr  without washing needed for further stud . ariable 
a ount of  fibers was tra ed on filter a er. he ota-
tion cell aeration was fi ed to ow rate of   in. he 

duration of  otation dein ing was  inutes.  addle 
scra er was used for froth re o al o er the course of 

otation. he re o ed froth was collected in a re ect 
tan . he ield of  the otation was calculated once the 
re ect was dried and deducted fro  the original oated 
slurr  weight. he final consistenc  of  the dein ed 
stoc  was calculated and the dein ed stoc  was sub-
ected to re aration of  the handsheets, filter ads and 

e brane filters.  filter ads and  handsheets were 
for ed fro  undein ed ul , as well as fro  dein ed 

ul .  e brane filters were re ared fro  water 
obtained after  filter ads were for ed.

Table 2: Repulping, storage and disintegration process parameters

Re-pulping recipe

Sodiu  h dro ide

Sodiu  silicate

drogen ero ide

leic acid cid fro  so  oil  or  or 

.  

.  

.  

.  

Re-pulping conditions

Water hardness

e erature

Consistency

i ing s eed

e ul ing ti e

128 mg Ca2+/L

45 °C

9.5 ± 0.5

 

 r

10 min

Storage

Consistency

Duration

e erature

 

60 min

 

Disintegration

Consistency

Duration

e erature

 

1 min

 

Flotation

Consistency

Duration

e erature

eration ow rate

.  

12 min

 

1 L/min

3. Results and discussion

n order to better understand the differences between 
three so based oils, deter ination of  Sa onification 
nu ber of  oils and cid nu ber of  free fatt  acids was 

erfor ed. Sa onification nu ber allowed identif ing 
the a ounts of  free and bound acid grou s er gra  of 
tested oils, while the cid nu ber deter ines a ount 
of  free acid grou s er gra  of  tested oil or fatt  acid. 

he slight differences in a ounts of  Sa onification 
nu bers were found for so bean oil  .  and 
so bean oil  . . Slightl  higher sa onification 
alues were deter ined for so  oil  . . urther 
rocessing of  oils ,  and  resulted in their free fatt  

acids, further designated as ,  and , 

res ecti el . heir cid nu bers were deter ined and 
are re resented in able  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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ein abilit  e aluation ara eters according to 
 ethod  focus on ul  and rocess 

ara eters. he ob ecti e of  ul  ara eters are high 
re ection of  dein ed ul  re resented b  lu inance 
value Y, high cleanliness of  dein ed ul  character-
i ed b  low dirt article area A and no discoloration 
of  dein ed ul  de icted b  a  coordinate of   
s ace, where three a es, L*, a* and b*, evaluate the color 
in three di ensional color s ace  Proceedings, 

 le ing, . he goal of  rocess ara eters 
is to assure good in  re o al re resented b  in  eli -
ination and lastl  the cleanliness of  circuit water char-
acteri ed b  filtrate dar ening Y. ue to una ailabilit  
of  the instru ent ca able of  easuring the effecti e 
residual in  concentration , dein ing e aluation 
assess ent b  DEM ab factor ao and Stenius,  
was done. he DEM ab factor uses the color differ-
ence between un rinted dein ed ul  S  and rinted 
dein ed ul  S  in relation to the color difference 
between un rinted dein ed ul  S  and rinted 
undein ed ul  S . echnid ne rightness eter 
S  with  geo etr  of  light source was used. he 
DEM ab factor was calculated according to following 

uation : 

where S re resents un rinted dein ed ul , S re -
resents rinted dein ed ul , and S re resents rinted 
undein ed ul .

n general, the dein abilit  factor is resented on a 
scale fro   to  .  dein abilit  factor closest to 
the   will re resent the sa le that was awlessl  
dein ed. he color difference of  a sa le to a reference 
sa le as a ector in the  color s ste  was 
used to de elo  DEM ab dein abilit  factor. 

uring the e aluation, dein abilit  factor DEMf deve-
lo ed b  Pa iertechnische Stiftung P S  in unich, 

er an  was used. ein abilit  factor DEMf considers 
brightness difference between the dein ed ul  and ul  
before dein ing. t is calculated uation  using a er-
aged brightness alues of  un rinted dein ed ul , rinted 
dein ed ul  and rinted undein ed ul  enner, . 

DEM Brightness Brightness
Brightness Brightnesf

DS BS
US

=
−
−

( ) ( )
( ) ss( )

%
BS

100[ ]  

ased on both dein abilit  factors DEM ab and DEMf), 
 has the highest dein ing efficienc , while  

resulted in the least dein ed ul  able .  was 
so ewhat less efficient than , but still ro ided 
better results than oleic acid. 

n the resent stud , the ain focus was not necessaril  
to obtain erfectl  dein ed ul , but to deter ine if  the 
free fatt  acid e tracted fro  food grade so bean oil can 
re lace co erciall  a ailable oleic acid. 

n addition, the a er substrate was hea il  rinted. n 
order to achie e ore rogressi e dein abilit  results, 
dein ed ul  would ha e to undergo ulti loo ed dein -
ing s ste s, rather than one ste  dein ing otation. 

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 son 
Perfection V500 Photo scanner. Evaluation of  the 
scanned handsheets was done with the hel  of  erit  

 olor age nal sis software   ight 
and ar  irt, . . . Scanning resolution was set to 
  i. he ins ected area was set to     000 mm2. 
irt count is illustrated in able .

tical ro erties of  handsheets fro  dein ed ul s, 
including the dein ing ield, are su ari ed in able . 

he highest dein ing ield was obtained with  
fro  low linoleic so  oil. Standard oleic acid and  
from high oleic acid resulted in the similar deinking 
ields, while  fro  e er da  ure so  oil ga e 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 )

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

Oleic acid
Average 66.3

0.8

3.87

–

37 188

1633

85.1

0.4

1.26

0.09

.

0.18

69.7

0.7

86.6

0.1

FFA-A
Average 65.0

1.1

2.64

–

46 005

1581

84.5

0.6

1.37

0.24

.

0.12

68.2

1.1

92.9

0.1

Average 70.3

0.9

1.73

–

22 690

1029

87.2

0.5

1.34

0.24

.

0.20

73.2

0.89

86.6

0.2

FFA-C
Average 72.7

0.9

0.67

–

15 362

1 653

88.3

0.4

1.33

0.18

.

0.32

76.1

1.0

84.1

0.1

4. Conclusion

he dein abilit  efficienc  of  three e eri ental fatt  
acids obtained b  e traction fro  three t es of  so bean 
oil ,  and  was studied. he dein abilit  otential of 
e eri ental fatt  acids was co ared to the dein abilit  
ower of  oleic acid that is used as a standard fatt  acid in 

  ethod. he substrate used for dein abil-
it  stud  was hea il  rinted fro  both sides and there-
fore none of  the four fatt  acids had ower to dein  such 
a substrate in one otation loo  e eri ent. erall, it 

was found that two of  the three e eri ental fatt  acids 
fro  so bean oils  and  erfor ed better 
than in standard used oleic acid. One of  the fatty acids 
was found to erfor  oorer than oleic acid. ased on 
acid nu ber anal sis characteri ations erfor ed on the 
fraction of  fatt  acids fro  so , it was assu ed that the 
lower cid nu ber of  fatt  acid is ore beneficial in in  
re o al. owe er, further stud  will be re uired to statis-
ticall  confir  this assu tion.
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