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Bbuomexnonozua — 00na u3 OuHAMUYHO PA3BUBAIOWUXCA OMPACTEll NPOMBIUIEHHOCU,
Komopas Hy»3c0aemcs 8 yCneuinom UHmMezpuposanuu 6 yce umerouwjuecsa mexuonozuu. Ilepcnek-
MUBHBIM HANPABIEHUEM AGTIAEMCA COUEeMARUE MPAOUYUOHHON 00padOmMKU Ueanl0a03sl nogepx-
HOCHHO-AKMUGHBIMU 6€ULECBAMU U IHZUMAMU O RPEOOMEPAULEHUA NPODIEMbL CMOJIAHBIX 3a-
mpyonenuii. B nacmoaweit pabome npedcmaeneHnvl pe3yiomanvl UCC1e006AHUA MULENT000pa-
3yroweii U conrounu3auUOHHON cnocodnocmeii omedyecmeennvlx Heuonozennwvix IIAB (cunma-
muoa-5, cunmanona /{C-10), ghepmenmos nunazet u ux cmeceii. Ha ocnose konnouono-xumuue-
CKUX XapaKmepucmuk nooodpansl ONMuMaibHovle CUHEpZemu4ecKue KOMRO3UYUN uccieoyemolx
eeujecme. YCmaHoeneHo, ymo onmumaivias 0ooaseka aunaszvt 00 30% He oxkazvieaem GMUAHUA
HA MUYEN1000pazyroujue c60icmea NOGEPXHOCMHO-aKmuenvix geujecma. Ilpeoonadanue nogepx-
HOCHHO-AKIMUGHOZ0 6eU4eCMEd 60 6CeX KOMRO3UUUAX CHuxdcaem ux cmoumocms. Haubonvuee
OMKNOHEHUEe OM A0OUMUBHBIX 3HAYEHUNl NOGEPXHOCHHOU AKMUBHOCHMU HAOII00aemca npu
cmecu UHOUBUOYATIbHBIX HEUOHO2EHHBIX NOBEPXHOCMHO-AKMUGHBIX 6€U{€CINE U TIUNA3bL 8 COOM-
Howtenuu 70:30. Oonaxo 6 cmecax 060ux meH3u008 u AUNA3LL OMHOUIEHUE IKCHEPUMEHMATbHOTL
HOBEPXHOCHHOI AKMUBHOCMU K MeopemuyecKu pacciumannoit menee eounuynl. Ilo-euoumomy,
2uopogoobuvle yuacmku cMEWAHHBLIX azpecamos OA0Kupyom 2uopogoodnsie yuacmku aunazol
mem camoviM nRPeoomepamas aocopoyulo aunazvl Ha mexcghasnou nosepxnocmu. Haubonvweii
CONIOOUNUAUUOHHOU eMKOCmblo 001a0aem cunmanon /][C-10, odnadarowuii 60n1ee 8blcOKUM 2UO-
poghoono-2udpounLHBIM HANAHCOM, HUZKOU KPDUMUYECKOU KOHUeHmpayuell Muneinooopazoea-
HUA, YMO NPUBOOUM K 00PA308AHUI0 (OILUL020 KOIUYECHEA MULELTI 8 PACMEODE U YB8eTUUEHUIO
CYMMAPHO20 00béma 2udpodoodnozo aopa. Ycmanoenieno, Ymo Koauuecmeo coarouIu3uposan-
HOIl KAHUGhoU He 3asucum om KOHUeHmpayuu 1unazel 6 pacmeope. Humencusnoe pacmeopenue
Kanughonu naodnwoaemca ¢ cmecu cunmanona /{C-10 u nunazel, umo npeoonpeoensem 6vlo0p
maxkux cucmem 0711 00eCCMONUBAHUA YETI0TIO3HBIX HOTYHadpuKamos.

KiroueBble cjioBa: IMOBEPXHOCTHO-aKTUBHBIC BEIICCTBA, JIUIIa3a, O6CCCMOHI/IBaHI/Ie, CUHCPI'U3M B CMC-
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Biotechnology is one of the fastest growing sector of scientific and applied activities of the
humans, which needs to be successfully integrated into existing technologies. Such upcoming trend
is the combination of conventional pulp treatment by surfactants and enzymatic processing in order
to prevent pitch troubles in the pulp and paper mills. This article presents the research results of
the abilities of non-ionic surfactants (sintamid-5, sintanol DS-10), enzyme (lipase) and their syner-
gistic combinations to the micelle formation and solubilization. We chose the optimal synergistic
compositions and investigated their colloid-chemical characteristics. There is no effect to the mi-
celle formation ability of surfactants when addition of lipase is up to 30%. The largest deviation
Jfrom the additive values of surface activity was observed for the mixture of individual non-ionic
surfactant and lipase at the ratio of 70:30. However, in the all mixtures of both surfactants and
lipase the ratio of experimental surface activity to the theoretically calculated is less than one. It
looks, that hydrophilic areas of mixed aggregates block hydrophobic areas of lipase thereby pre-
venting adsorption of lipase at the interface. A predominance of the surfactant in the composition
will reduce its cost. The maximum of solubilizing capacity has sintanol DS-10 due to its highest
HLB and the lowest CMC that leads to more micelles amount in solution and higher total hydro-
carbon volume. The pitch solubilization in lipase solutions does not depend on enzyme concentra-
tion. The high pitch dissolving in synergistic mixture of sintanol DS-10 and lipase is observed. It is

predetermines the usage of such systems for cellulose deresination.
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INTRODUCTION

To solve a number of actual problems of pulp
and paper industry (PPI) it is necessary to examine in
details the processes on submicroscopic level. This
will allow helping to intensify the process and making
it cheaper. Pitch troubles are the old existing problems
in PPL. They are generally evident as sticking of resin
remaining in pulp after wood cooking on equipment
and quality deterioration of finished product. This
problem is particularly apparent when hardwood used
for kraft process due to the predominance of fats in
their parenchyma cells. Surfactants are conventionally
used for deresination as well non-chemical methods

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2018. V. 61. N 6

Tekhnol. 2018. V. 61. N 6. P. 54-60

are widely used struggle with harmful pitch deposits
[1]. The deresination process mainly is a colloidal dis-
solving of pitch particles (solubilization) in the surfac-
tants solutions; it starts with the appearance of micelles
in solution. On the ground of such estimation criteria
as critical micelle concentration (CMC), surface acti-
vity and solubilizing capability it is possible to choose
the ratio of surfactants in the mixtures, when the sy-
nergistic effect appears. The outstanding feature of sur-
factants as solubilizers is their flexibility to use solvent,
this defines the wide area of their applications, as well
allows creatingthe tolerant environment for activity of
different biologically active supplements.
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The main global ecological trend is to reduce
the negative anthropogenic effect on the environment.
This can be achieved by improvement of the existing
processes with implementation of biotechnologies [2-
4]. A particular area of biotechnological development
in the PPI is the use of lipase enzymes against pitch
troubles. Their certain advantage over surfactants is
effective action and environmental safety [6]. The
main constriction of lipase common usage is its high
cost. So it is worth to investigate the joint usage of
surfactants and lipase. But still there are no estab-
lished reasons of mutual activation or inactivation of
these substances. Limitation and inconsistency of the
literature data does not allow to determine in full de-
gree the interactions occurring in enzyme-am-
phiphilic multicomponent systems [2,6,7]. However,
the combined application of amphiphilic substances
and enzymes frequently leads to effective regulation
of deresination process in target way.

EXPERIMENTAL TECHNIQUES

To study the colloid-chemical characteristics
of deresination agents the following substances were
chosen. Russian produced non-ionic surfactants Sin-
tamid-5 (mixture of polyoxyethylated ethers of syn-
thetic fatty acids monoethanolamides; is a translucent
yellow liquid with the assay percentage at least 93%;
highly soluble in soft and hard water and some organic
solvents; not precipitating from a solutions of mineral
acids and salts; water solutions become opaque in the
presence of NaOH; pH of 1% water solution is 7-8;
toxic to the water environment) and Sintanol DS-10
(mixture of polyoxyethylene glycol ethers of synthetic
primary higher fatty alcohols; is a white or yellowish
paste with the assay percentage 99%; very soluble in
water; stable in solutions of mineral acids, alkalis and
salts and also in hard water; pH of water solution is
6-9; has a negative impact on the environment) (Fig. 1)
[8] and commercial enzyme Lipex 100L (Novozymes)
obtained by submerged fermentation of genetically
modified Aspergillus.

R-C
\NH—CHZ—CHZ—O{CHZ—CHZ—O%H
R = C7+Ci7; n = 549
Sintamid-5

RO-(CH,-CH»-O)nH
R =CoH»1+CigH37; n = 10
Sintanol DS-10

Puc. 1. CtpykrypHbIe (hopMyibl HenoHOTeHHBIX [TAB
Fig. 1. Chemical structures of non-ionic surfactants

Measurements of the surface tension were
made by ”Du Nouy method” [9,10]. The diameter of
the platinum ring was 22 mm. There is no typical mini-
mum for impurities on the surface tension isotherm so
all objects of research were used without additional
cleaning. The relative measurement error of the surface
tension was 5%.

Amphiphile’s solubilizing ability studies were
performed in terms of the method described in [11,12].
Absorbance measurements of rosin centrifuged equi-
librium solutions were carried out on the spectropho-
tometer SF-2000 at A = 298 nm and path length of 1 cm.
The content of solubilized rosin was determined by
created calibration curves. The relative measurement
error of spectrophotometric measurements was 3%. All
research results were averaged between 3-4 replicates.

RESULTS AND DISCUSSION

Dependencies of surface tension versus aque-
ous solutions concentration of selected non-ionic sur-
factants and their mixtures were analyzed at the present
work, CMCs were determined and surface activity G
was defined. Critical micelle concentration is the most
important colloid-chemical characteristic of the am-
phiphilic compounds determining their performance
characteristics.

It is found that CMCs of Sintamid-5 and
Sintanol DS-10 are 0.016 and 0.006 wt.% respec-
tively. It has been established that Sintanol DS-10
(606 mJ-m/kg) has higher surface activity compared to
Sintamid-5 (271 mJ-m/kg).

In practice surfactants are used as mixture of
two or more components to provide synergistic or an-
tagonistic effects [13]. This phenomenon can be cha-
racterized by the ratio of the maximum CMC deviation
from the additive values to the additive value in the
mixture composition which corresponding to this max-
imum deviation [14]. Scientific basis of the mechanism
of mutual activation or inactivation in multicomponent
mixtures of variable composition is not enough inves-
tigated. Therefore, there are difficulties with the
deresination compositions creation which are prepared
mainly empirically. Despite existing research on cellu-
lose deresination by surfactants and their mixtures
[1,15-18] there is no systemized data of resin reduction
with the help of compositions surfactants and enzymes
due to abundance of empirical data absence.

The ratio between experimental (exp) and the-
oretically calculated (add) values of critical micelle
concentration and surface activity in the surfactants
mixtures are explored to assess their interaction. The
results are shown in table 1. It’s apparent that selected
mixtures have both antagonistic and synergistic effects
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in comparison to additive values which are associated
with the mixed micelles formation.

Tabnuya 1
JluHaMHMKa HeaJTUTUBHOCTH B OMHAPHBIX CMeCsIX He-
noHorenHbix [TAB
Table 1. Non-additivity dynamic in binary mixtures
of non-ionic surfactants

Mixture Ratio of sintanol CMCyqq Gexp
DS-10: sintamid-5, wt.% CMCexp Gadd
10:90 2.27 1.93
20:80 1.79 1.55
30:70 2.60 2.09
40:60 2.60 2.03
50:50 2.04 1.66
60:40 5.26 0.48
30:70 6.00 4.94
20:80 4.00 3.49
10:90 4.38 3.96

Mutual activation in the mixture of sintamid-5
and sintanol DS-10 is foremost expressed at a ratio of
30:70. Its CMC is six times less than calculated addi-
tive value, while surface activity increasing in five
times. Reduction of CMC defines a decrease of rea-
gent’s consumption. Concurrently economic effective-
ness of surfactants application for cellulose deresina-
tion increases.

This paper presents the impact of lipase on surface
and micelle forming properties of surfactants (Fig. 2,3) and
theirs the most synergistic mixture (Table 2).

In view of the foregoing figures it is apparent
that in the full range of the selected ratios CMC'’s sy-
nergistic reduction associated with the formation of
mixed associates can be observed. But at low lipase
content its effect on the micelle forming ability is mini-
mal as distinguished from surface activity for which
the maximum deviation from additive values appears
in mixture of individual surfactant and lipase at the ra-
tio of 70:30.
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C,wt.%

Puc. 2. Bnusiaue no6asku ¢pepmenra aunaszsl C Ha KKM u G cun-
ta"ona JIC-10. 1 — agmutusabie 3HaueHust G u KKM; 2,3-3kcme-
pumenraibhble 3HaueHust KKM 1 G cooTBeTCTBEHHO
Fig. 2. Effect of the lipase addition on CMC and G of sintanol
DS-10. 1 — additive values of G and CMC; 2, 3 — experimental
values of CMC and G, respectively
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Puc. 3. Bausiaue no6asku ¢pepmenra numnassl C Ha KKM u G
Cunramuga-5. 1 — aggutusaseie 3Hadennss KKM u G; 2, 3-skcne-
pumenTanbHble 3HaueHus G 1 KKM cooTBeTcTBEHHO
Fig. 3. Effect of lipase addition on CMC and G of sintamid-5.

1 — additive values of CMC and G; 2, 3 — experimental values of
G and CMC, respectively

However, the same cannot be said about the
surface activity of the composition of synergistic bi-
nary mixtures of surfactants and lipase. The ratio of the
experimental surface activity to its theoretically calcu-
lated additive value for all compositions of non-ionic
surfactants mixture and lipase is less than unity (Table 2).
This shows the competitive behavior pattern of mixed
aggregates. Possibly that hydrophilic regions of mixed
aggregates shield the lipase hydrophobic regions,
thereby preventing the lipase adsorption process at the
interface.

Taonuua 2
JuHAMHMKA HeaUINTHBHOCTH B KOMIIO3HIMH CHHepre-
THYecKOoil cMecH HemoHOreHHbIX ITAB u jtunassl
Table 2. Non-additivity dynamic in composition of non-
ionic surfactants synergistic mixture and lipase

Mixture Ratio of lipase:sur- | CMCyqq Gexp |3
factants mixture, wt.% CMCeyp Gadd
10:90 3.14 149
20:80 8.62 232
30:70 18.58 381
40:60 12.73 228
50:50 14.36 250
60:40 18.06 335
30:70 12.68 263
20:80 9.24 267
10:90 4.50 227

The optimal amount of enzyme is 30% at a pre-
dominant content of non-ionic surfactants in all mix-
tures. Surfactant predominance in the composition will
reduce its cost. The structure of the amphiphilic mole-
cules determines the characteristics of supramolecular
structures formed by them [5], so special attention is
paid to the study of solubilizing capacity of am-
phiphilic substances. Solubilization of the resin parti-
cles, which are used as a substrate for the lipase action,
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will depend directly on the nature of the interaction of
the enzyme-substrate complex in the presence of non-
ionic surfactant. In accordance with applied character of
the present work, rosin was used as a solubilizate and
model of the emulsified pitch in cooking process. Rela-
tionship between the surfactants solubilizing capacity
and solution concentration is shown in Fig. 4, 5.

0,025
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¥ 0015 X
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0 00 0@ 00
C,wt.%

Puc. 4. 3aBucHMOCTb PaBHOBECHOT'O KOJIMYECTBA COMIOOUIN3UPO-
BaHHOH KaHU(}OIH S 0T KOoHIEeHTparuu pactBopos C. 1 — cunra-
mun-5; 2 — emech cuatanon [{C-10-cuaramun-5 (70:30);

3 — cunranon JIC-10
Fig. 4. Relationship between the equilibrium amount of solubi-
lized rosin S and solution concentration C. 1 — sintamid-5;

2 — mixture of sintanol DS-10 and sintamid -5 (70:30);

3 — sintanol DS -10
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Puc. 5. 3aBUCHMOCTH PaBHOBECHOTO KOJIMYECTBA COFOOMIH3HPO-
BaHHOH KaHU(OIU S 0T KoHUeHTpauuu pactBopos C. 1 — cmech
cunranon JIC-10-nuna3za (70:30); 2 — cmech cuntanon J1C-10-

cuntamua-5+numnasa (70:30); 3 — numnasa; 4 — cMech CHHTaMKI-5+

nmmasa (70:30)

Fig. 5. Relationship between the equilibrium amount of solubi-
lized rosin S and solution concentration C. 1 — mixture of sintanol
DS-10 and lipase (70:30); 2 — mixture of sintanol DS -10- sin-
tamid -5 and lipase (70:30); 3 — lipase; 4 — mixture of sintamid -5
and lipase (70:30)

" 4

As can be seen from Fig. 4 rosin solubilization
appears at CMC of non-ionic surfactants and then ab-
ruptly increases which is typical for the phenomenon
of solubilization. Induced water colloidal dissolving of
organic substances is achieved in the presence of a suf-
ficient amount of micelles (associates). An increase of
the surfactants solubilizing ability is noticed with in-
creasing of its concentration due to quality changes of
solution colloidal structure (micelles rearrangement,
micellar weight, and aggregation numbers). The larger
is the surfactants micelle concentra

tion the bigger amount of substance can be dissolved.
This is expressed in abrupt increasing of the solubilized
rosin amount after CMC. This should be considered
during application of these substances.

It has been found that the rosin net water solu-
bility in the absence of amphiphiles is 0.005%. The
high values of solubilized rosin concentrations in sur-
factants molecular solution show rosin dispergating
due to Rehbinder effect [19].

Hydrophilic lipophilic balance (HLB) of the
non-ionic surfactants was calculated by the Davis for-
mula [20,21]. It is found that the HLLB decreases in the
sequence of sintanol DS-10>non-ionic surfactants
mixture>sintamid-5 (18.3, 16.7, 13.2 respectively).
Sintanol DS-10 possessing less CMC and high HLB
has more micelles in solution versus others. This pro-
motes the increasing of the hydrophobic core effective
volume. Solubilization study results showed that in a
mixture of non-ionic surfactants compared to the indi-
vidual substances desirable synergism of mutual influ-
ence are not observed. This is probably due to the com-
plicated organization of mixed micelles and steric hin-
drance when solubilizate embedding them. While in-
creasing the concentration of lipase the increase of sol-
ubilized rosin content is not observed versus the nor-
mal process of solubilization by surfactants (Fig. 5,
curve 3). A constant value has been observed after a
sharp increase of the solubilized rosin concentration.
Apparently, there are difficulties with access to lipase
hydrophobic sites responsible for the induced colloidal
dissolution with increasing protein content. The most
pronounced in the composition of sintanol DS-10 and
lipase synergistic effect (Fig. 5, curve 1) should be
noted. Presumably, sintanol DS-10 has a greater affin-
ity with the lipase lipophilic areas due to surfactant’s
large volume of micelle hydrocarbon core. It deter-
mines the hydrophobic interactions between lipase
lipophilic areas and hydrocarbon tails of the surfactants
leading to the increase of solubilizing capacity of
mixed aggregates. But the detailed structure of such
complex remains the subject of discussion. Positive ef-
fect of lipase application is based on decreasing of bio-
resistant synthetic non-ionic surfactants consumption.
This will reduce the negative ecological environmental
impact owing to reducing the cost of wastewater treat-
ment from synthetic surfactants since its content there
will be 30% less.

Totality of the submitted data allows evaluating
the priority of synergistic compositions of synthetic
surfactants and enzymes application in order to reduce
total pitch content in wood pulp.
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CONCLUSION

It was found that synergistic effect of micelli-
zation is disclosed when investigated surfactants inter-
acting. It has been established that in micellar solutions
rosin solubilization occurs owing to the formation of
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mixed aggregates. Mixture of sintanol DS-10 with li-
pase have the highest solubilizing ability due to large
effective volume of associates. Compositions of sur-
factants sintanol DS-10-sintamid-5 (70:30) and surfac-
tant’s mixture-lipase (with lipase content of 30%) can
be recommended as deresination agents.
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