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Abstract

The importance of biomaterials has been on
the increase during the last years, especial-
ly in the field of biorefineries. The most abun-
dant biopolymers are plant polysaccharides,
which are potential materials for hydrocolloids
and novel advanced natural materials. During
the thermomechanical pulp (TMP) production,
a huge amount of hemicelluloses with a great
application potential are disposed with pro-
cess waters. Hemicelluloses from spruce wood
were tested as the material for the production
of biodegradable films and as hydrocolloids.
Therefore, the adsorption process and stability
of adsorbed hemicellulose films are important
in the colloid and food chemistry. One of the
techniques which can be used for the in situ ad-
sorption studies is quartz crystal microbalance
with dissipation unit (QCM-D). In our study,
QCM-D was used for monitoring the adsorp-
tion of hemicellulose from spruce wood onto
model poly(ethyleneterephtalate) (PET) sur-
face. The added salt increased the adsorption of
hemicelluloses from softwood due to the shield-
ing of repulsive forces between the negative
charges of the PET surface and negative charge

groups in hemicelluloses.
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lzvlecek

Uporaba polimerov naravnega izvora oziroma biopolimerov se
v zadnjih letih povecuje, posebno na podrocju biorafinerije. Naj-
obetavnejsi biopolimeri so rastlinski polisaharidi, ki so potencial-
ni materiali tudi za hidrokoloide in nove napredne naravne mate-
riale. Velika koli¢ina potencialno uporabnih hemiceluloz se zavrze
med proizvodnjo termomehanicne pulpe (TMP) z odpadnimi pro-
cesnimi vodami. Hemiceluloze iz mehkega lesa, kot je smrekovina,
so bile testirane kot material za proizvodnjo biorazgradljivih filmov
in hidrokoloidov.

Adsorpcija in stabilnost teh adsorbiranih hemiceluloznih filmov sta
pomembna dejavnika v koloidni in prehranski kemiji. Ena od teh-
nik, s katerimi lahko spremljamo adsorpcijo v realnem casu, je kre-
menova mikrotehtnica (QCM-D). V nasem prispevku smo uporabili
kremenovo mikrotehtnico za adsorpcijo hemiceluloz iz smrekovine
na modelno povrsino polietilentereftalata (PET). Dodana sol je po-
vecala stopnjo adsorpcije hemiceluloz na povrsino PET zaradi omi-
lienja odbojnih sil med negativno nabito povriino PET in negativni-
mi skupinami v hemicelulozah.

Klju¢ne besede: QCM-D, hemiceluloze, PET, termomehanicna pul-
pa (TMP), galaktoglukomanan

1 Uvod

Uporaba polimerov naravnega izvora oziroma biopolimerov se v
zadnjih letih povecuje, posebno na podrocju biorafinerije. Najo-
betavnejsi biopolimeri so rastlinski polisaharidi, ki so potencialni
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1 Introduction

The use of biopolymers has been increasing dur-
ing the last years, especially in the field of biore-
fineries. The most abundant biopolymers are
plant polysaccharides, which are potential mate-
rials for hydrocolloids and novel advanced natu-
ral materials. Certain hemicelluloses, e.g. gums
from different natural sources, have been ap-
plied in the areas such as papermaking, textiles,
cosmetics, medicine, foodstuff and health care
[1]. However, there is a huge source of water sol-
uble galactoglucomannans (GGMs), which are
not efficiently reused and can be isolated dur-
ing the pulp production from process water (cf.
Figure 1). These hemicelluloses are now used in
papermaking, improving the paper properties by
absorbing on the fibre surface [2]. The amount
of hemicelluloses in dry wood is usually from
20-30% and they mostly function as the support
material in the cell walls associated to cellulose.
The composition and structure of hemicellulos-
es vary with different plant species, as well as
from the part of the plant. O-acetyl galactoglu-
comannans (cf. Figure 2) from softwoods consist
of a backbone of B-(1>4)-D-mannopyranosyl
and B-(1>4)-D-glucopyranosyl units carrying
single «-D-galactopyranosyl residues that are
1>6-linked to mannose units, and acetyl sub-
stituents are attached to the C-2 or C-3 posi-
tions of mannose [3]. The ratio of anhydro man-
nose : glucose : galactose units of water-soluble
spruce galactoglucomannans is approximate-
ly4:1:0.5 and the degree of acetylation is up
to 0.3, and it has been stated that only mano-
syl units bear acetyl groups [4]. The molar mass-
es are about 20-60 kDa. GGMs have a great
application potential. At the laboratory scale,
GGMs have been tested as the raw material for
the production of biodegradable films [5] and in
therapeutic reagents [6] as biological response
modifiers. GGMs have also been studied as hy-
drocolloids [4] and as a potential source of novel
anticoagulants production [7].

Therefore, the adsorption processes and stabil-
ity of adsorbed GGM films are important in
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materiali tudi za razne hidrokoloide in nove napredne naravne
materiale. Nekatere hemiceluloze, kot so razni glukomanani iz raz-
li¢énih naravnih virov, Ze uporabljajo v industrijski proizvodnji pa-
pirja, tekstilni industriji, proizvodnji kozmetike, v medicini, pre-
hranski industriji in na podrocju varovanja zdravja [1].

Pri proizvodnji termomehani¢ne pulpe iz smrekovine se s proce-
snimi vodami odstranijo velike koli¢ine galaktoglukomananov
(GGM), ki $e nimajo Sirse koristne uporabe in jih lahko izolira-
mo iz odpadnih procesnih vod (slika 1). Te hemiceluloze se za zdaj
uporabljajo v papirni industriji, kjer se med procesom adsorbira-
jo na povrsino vlaken papirne pulpe in tako izbolj$ajo lastnosti pa-
pirja [2].

water

1000 t/day
Spruce wood

Waste
water

Technical GGM

UF 10 t/day

Figure 1: Process scheme of thermomechanical pulp production

V suhem lesu je po navadi od 20 do 30 odstotkov hemiceluloz in
so ve¢inoma gradniki celi¢nih sten v povezavi s celulozo. Sestava
in struktura hemiceluloz se razlikujeta glede na vrsto in dele rast-
lin. O-acetilirani galaktoglukomanan (slika 2) iz smrekovine ses-
tavlja skelet B-(1->4)-D-manopiranozilnih enot in p-(1>4)-D-
-glukopiranozilnih enot s stranskimi a-D-galaktopiranozilnimi
enotami, 1->6-vezanimi na manozne enote v verigi. Acetilne skupi-
ne so vezane na polozaje C-2 ali C-3 v manoznih enotah verige [3].

CHLOH

CH,OH CHLOH

(u ] O o

OH OA OH

N
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Figure 2: Structural feature of spruce wood galactoglucomannan [1]
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the colloid and food chemistry. One of the tech-
niques which can be used for the in situ adsorp-
tion studies is quartz crystal microbalance with
dissipation unit (QCM-D) [8-11].

In our research, QCM-D was used to monitor
the adsorption of unmodified GGM and sul-
phated GGM on the model PET surface. The
adsorption of GGMs was studied and the in-
fluence of both, calcium chloride (CaCl,) and
sodium chloride (NaCl), on the GGM adsorp-
tion was examined using the QTools software
(QSense, Sweden). The charges of both, un-
modified and sulphated GGMs, were detected
with cationic polyelectrolyte titration accord-
ing to Tanaka and Sakamoto [12], and the re-
sults were compared to the mass adsorbed on
the PET film.

2 Experimental

2.1 Materials

Galactoglucomannans (GGMs)

GGM was recovered from the process water of
thermomechanical pulping using spruce wood
according to Willfor et al [1, 13].

GGMSO, was prepared according to the proce-
dure described elsewhere [7]. All other chemi-
cals were analytical grades, supplied by Fluka.

PET film

The QCM-D analyses were performed on mod-
el PET surfaces which were prepared using the
spin coating technique. For the substrate, we
used AT-cut quartz crystals with gold plate
electrodes (supplied by Q Sense AB, Sweden)
with fundamental frequency (f,) = 5 MHz and
sensitivity constant C = 0.177 mg/m* Hz. Pri-
or to the spin coating, all crystals were cleaned
inab:1: 1 mixture of MQ water, H,0, (30%)
and NH,OH (25%) for 5 min at 70 °C.

The spin coated PET films were prepared by
spin coating 1 wt.% PET solution in 1,1,2,2-tet-
rachloroethane (Fluka, 86960) onto quartz
crystals. The PET film thicknesses were estimat-
ed by measuring the mass of spin coated film
in air with QCM-D and were found to be 48
10 nm. The AFM imaging of model PET films
showed that films were smooth and uniform

with the average roughness S, = 0.25 nm [14].
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Razmerje enot manoza / glukoza / galaktoza v vodi topnih galak-
toglukomananov je priblizno 4 / 1 / 0,5. Stopnja acetilacije je 0,3,
Kjer so acetilne skupine vezane ve¢inoma na manozne enote v ve-
rigi [4]. Molske mase izoliranih galaktoglukomananov so 20-60
kDa.

Galaktoglukomanani imajo velik potencial uporabe, zato so bili na
laboratorijski ravni testirani kot surovina za proizvodnjo biofilmov
[5] in kot terapevtski reagenti - modifikatorji bioloskega odziva
[6]. Prav tako so jih preskusali kot hidrokoloide [4] in kot morebi-
ten vir surovin za proizvodnjo novih antikoagulantov [7].

Prav zato so pomembni adsorpcijski procesi in stabilnost adsorbi-
ranih galaktoglukomananskih filmov v koloidni in prehranski ke-
miji.

Ena tak$nih tehnik za spremljanje adsorpcije v realnem casu je
kremenova mikrotehtnica s spremljanjem dusenja nihanja (Quartz
Crystal Microbalance with dissipation unit -QCM-D) [8-11].

V raziskavi smo uporabili kremenovo mikrotehtnico za spremlja-
nje adsorpcije nemodificiranih in sulfatiranih galaktoglukomana-
nov na modelno PET-povrsino. Spremljali smo adsorpcijo in vp-
liv kalcijevega klorida (CaCl,)) in natrijevega klorida (NaCl) na
adsorpcijo galaktoglukomananov. Naboj na preiskovanih hemice-
lulozah smo dolo¢ili s polielektrolitsko titracijo po postopku, ki sta
ga uvedla Tanaka in Sakamoto [12], in primerjali odvisnost med
nabojem in maso adsorbiranih galaktoglukomananov na modelno
povrsino PET.

2 Eksperimentalno delo

2.1 Materiali

Galaktoglukomanani (GGM)

Galaktoglukomanani so bili pridobljeni iz procesnih voda med
proizvodnjo termomehani¢ne pulpe (TMP) po postopku, ki ga je
opisal Willfor s soavtorji [1, 13].

Sulfatirani galaktoglukomanan (GGMSO,) smo pripravili s sul-
fatacijo, ki je podrobno opisana v literaturi [7]. Vse kemikalije so
bile analitske ¢istoce proizvajalca Fluka.

PET film

Eksperimenti adsorpcije hemiceluloz s pomocjo kremenove mi-
krotehtnice so bili narejeni na modelni povrsini PET, pripravljeni s
pomodjo tehnike ,,spin coat® Za substrat smo uporabili kremenov
kristal (AT-rez) z elektrodami iz zlata (Q Sense AB, Svedska) in
osnovno resonancno frekvenco (f) = 5 MHz ter masno konstan-
to kremenovega kristala, C = 0,177 mg/m?Hz. Pred samo pripravo
filma so bili vsi kristali prej o¢iSceni v raztopini milliQ vode, H,0,
(30 %) in NH,OH (25 %) v razmerju 5: 1: 1, za 5 min pri 70 °C.
PET-filmi, pripravljeni s pomocjo tehnike ,,spin coat®, so bili pri-
pravljeni iz 1 wt.-% raztopine PET v 1,1,2,2-tetrakloroetanu (Flu-
ka, 86960). Debelina filma PET je bila ocenjena z razliko v reso-
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2.2 Methods

Polyelectrolyte titrations

Polyelectrolyte titrations were performed in
order to determine the amount of negative
charge, deriving from dissociated sulphate and
acetate groups, on different modified polysac-
charide samples. Polyelectrolyte titrations were
made with a cationic polyelectrolyte pDAD-
MAC as titrant (¢ = 1 mM) and with Toluidine
blue as a cationic indicator. The Toluidine blue
forms a complex with the negatively charged
functional groups of the sample, which results
in a red coloured solution. The change in co-
lour from red to blue indicates the formation of
a complex between the cationic polyelectrolyte
and anionic polysaccharide. The bonding stoi-
chiometry of polyelectrolyte to the negatively
charged groups is 1 : 1. The amount of negative-
ly charged groups can be determined from the
volume of added polyelectrolyte at the point of
equivalence [12, 15]. The procedure is described
in details elsewhere [7, 16, 17].

Quartz crystal microbalance with dissipa-
tion unit (QCM-D)

Quartz crystal microbalance with dissipation
unit (QCM-D) is one of the few techniques that
give direct information on the in situ adsorp-
tion process [8-10]. It is based on the change in
the resonance frequency of a thin AT-cut piezo-
electric quartz crystal disc that oscillates in the
shear mode when the AC voltage is applied
across electrodes. The AT-cut crystal has a crys-
talline orientation which generates shear waves.
The advantage of the AT-cut quartz crystal is
also that it has nearly a zero frequency drift in
the temperature range 5-50 °C.

The QCM-D device measures the mass of a thin
film deposition onto the quartz crystal sand-
wiched between two electrodes. The quartz
crystal connected to power supply oscillates at
its fundamental resonance frequency and sev-
eral overtones. The frequency of the QCM de-
creases with increasing the mass, viscosity and
electrodes roughness.

The adsorbed amount (ng/cm?) can be cal-
culated from the frequency shift using the
Sauerbrey equation (1). However, the Sau-
erbrey equation is valid only for rigid, even-

ly distributed thin adsorbed layers (Equa-
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nan¢nih frekvencah kvar¢nega kristala pred nanosom raztopine
PET na kristal in po njem, merjeno v zraku. Debelina PET-filma
na kvar¢nih kristalih je znasala 48 + 10 nm. S pomocjo mikrosko-
pije na atomsko silo AFM smo dolo¢ili povprecno hrapavost, S_ =
0,25 nm [14].

2.2 Metode

Polielektrolitske titracije

S pomodjo polielektrolitskih titracij smo dolo¢ili koli¢ino nega-
tivnega naboja v raztopinah galaktoglukomananov, ki je posledica
disociiranih sulfatnih in acetatnih skupin. Polielektrolitske titra-
cije so bile izvedene s polielektrolitom pDADMAC kot titrantom
(c = 1 mM) in barvilom Toluidine modro kot kationskim indika-
torjem. Toluidine modro tvori z negativno nabitimi funkcionalni-
mi skupinami kompleks, ki raztopino obarva rdece. Sprememba
barve iz rdece v modro je posledica nastanka kompleksa med kati-
onskim polielektrolitom in anionskimi polisaharidi. Stehiometri¢-
no razmerje med njimi je 1 : 1. Koli¢ina negativno nabitih skupin v
raztopljenem polisaharidu se dolo¢i iz porabe polielektrolita v ek-
vivalentni tocki [12, 15]. Sam postopek je natancneje opisan v lite-
raturi [7, 16, 17].

Kremenova mikrotehtnica (QCM-D)

Kremenova mikrotehtnica, ki meri izgubo energije med adsorpci-
jo (QCM-D), je ena redkih, ki daje neposredne informacije o pro-
cesu adsorpcije in situ [9-11]. Osnova metode je merjenje reso-
nancne frekvence tankega kremenovega kristala okrogle oblike,
ki strizno (laterarno) vibrira, ¢e je prikljucen na izmeni¢no elek-
tri¢no napetost. Sprememba mase resonatorja (kristala) povzroci
spremembo resonancne frekvence. Da kristal lahko vibrira v stri-
Znem nacinu, mora imeti natanéno doloceno kristalografsko ori-
entacijo, ki jo dobimo tako, da kremenovo plos¢ico iz kremenove-
ga kristala izrezemo pod kotom 35°15' glede na Y-os, kar je znano
kot AT-rez. Prednost tega reza je, da je sprememba frekvence v od-
visnosti od temperature v temperaturnem intervalu od 5 do 50 °C
zanemarljiva. Naprava QCM-D meri maso adsorbirane hemice-
luloze na modelnem PET-filmu na kremenovem kristalu. QCM-
-D kristal, priklju¢en v sistemu, oscilira z osnovno resonan¢no
frekvenco in njenimi nadtoni (veckratniki osnovne resonanc¢ne
frekvence). Frekvenca kristala QCM pada z nara$c¢ajo¢o adsorbi-
rano maso, z nara$¢ajoco viskoznostjo in s hrapavostjo elektrod.
Masa adsorbiranega polisaharida (ng/cm?) se zlahka izracuna iz
spremembe resonancne frekvence s pomocjo Sauerbreyeve enac-
be (1). Sauerbreyeva enacba je veljavna samo za trdne enakomer-
no adsorbirane in tanke adsorbirane plasti.

Amz—M (1)
n

Kjer je C masna konstanta (17,7 ng Hz'cm™ za 5 MHz kremenov
kristal), n $tevilka nadtona osnovne resonanc¢ne frekvence (1, 3, 5,
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tion 1); where C is mass sensitivity constant
(17.7 ng/cm? Hz for a 5 MHz quartz crystal),
n is the overtone number (1, 3, 5, 7, 9, 11,
13), Am is change in mass and Af is frequen-
cy change.

It is also possible to estimate the layer thickness
of the adhering layer if we know the density of
the adsorbed layer.

3 Results and discussion

Figure 3 shows the QCM-D system (E4, QSense,
Sweden) for the adsorption study of GGMs. The
solution of GGM was pumped with a peristaltic
pump (IPC, Ismatec, Swiss) over the model PET

film surface at the flow rate 0.1 ml/min. Prior

Flow
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7,9, 11, 13), Am je sprememba mase kristala in Af je sprememba
resonanc¢ne frekvence.

Prav tako je mogoce s pomocjo Sauerbreyeve enacbe izracunati
debelino adsorbiranega sloja, ¢e poznamo gostoto adsorbiranega
sloja ali pa dolo¢imo priblizek gostote.

3 Rezultati in razprava

Na sliki 3 je prikazan sistem QCM-D (E4, QSense, Svedska), upo-
rabljen pri $tudiju adsorpcije galaktoglukomananov. Raztopina ga-
laktoglukomananov se je pre¢rpavala ¢ez modelno PET-povrsino s
peristalti¢no érpalko (IPC, Ismatec, Svica) pri hitrosti pretoka 0,1
ml/min. Pred adsorpcijo hemiceluloz je bila povrsina PET ¢isce-
na 20 min z milliQ vodo (Direct 8, Millipore, Francija) pri preto-
ku 0,25 ml/min.

Peristalitic pump
0,1mLfmin - 0,5 ml/min

i.'

——— e

i || waste
1 1 [ B

——————
‘ Sample

df/dD = Detection unit

Shear movements

Switch

Drive unit AC current

Figure 3: QCM-D system for adsorption studies

to the adsorption step, the surfaces were rinsed
with milliQ water (Direct 8, Millipore, France)
for 20 minutes at the flow rate 0.25 ml/min.

Figure 4 shows the frequency change in the case
when GGM (50 mg/l) was adsorbed on the
model PET film with and without the added
electrolyte. The change in the frequency repre-
sents the mass adsorbed on the surface and it
is obvious from the figure that the added salt
increased adsorption of GGM on the PET sur-
face. The frequency decreased by around 20 Hz
after the water rinsing step, which means that
this change represents an irreversible adsorp-
tion, since the mass cannot be washed away.
When 0.1 M NaCl was in the GGM solution,
the frequency decreased by approximately 40
Hz. From the timeline, the adsorption rate can
be observed; the latter can be defined as slow,
since the adsorption plateau was not reached
even after 2 h. In the case of added salt, the ad-

sorption was must faster.

Slika 4 prikazuje spremembo frekvence pri adsorpciji galaktoglu-
komananov (50 mg/l) na modelni PET-film ob dodani 0,1 M NaCl
raztopini in brez dodanih elektrolitov. Sprememba frekvence po-
meni adsorbirano maso na modelni PET-povr$ini, na kremeno-
vem kristalu. Resonancna frekvenca se spremeni za priblizno 20
Hz po spiranju, kar pomeni, da gre za ireverzibilno adsorpcijo, saj
nadaljnje spiranje ne vpliva na spremembo frekvence. Pri 0,1 M
NaCl, dodanega v raztopini galaktoglukomananov (50 mg/1), fre-
kvenca pade za priblizno 40 Hz. Iz poteka krivulje spremembe

GGM, 50 mgiL
e

af | Hz
8
|

403 o e
S o GGM, 50 mg/L
—_— +0,1M NaCl
-60 I 5 T T T T T ¥ I T
0 1 2 8 4
t/h

[ R

Figure 4: Frequency change during adsorption of GGM onto PET
with and without salt
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Figure 5 represents the dissipation change for
the same experiment. The dissipation chang-
es provide valuable information about the vis-
coelastic properties of the adsorbed layer. It can
be seen that salt, which increases adsorption,
also changes the viscoelastic properties of the
adsorbed GGM. The layer became softer with
more water incorporated in the adsorbed layer;
however, after the rinsing step, the dissipation
decreased by 1 - 10°° in the case of added salt,
which could not be observed when there was no
electrolyte in the solution.

The diagram in Figure 6 shows adsorbed mass
of GGM (100 mg/l) and GGMSO, (100 mg/l)
on the PET surface without added salt, and
with added NaCl and CaCl, (both 0.1 M). The
mass was estimated from the frequency chang-
es after adsorbing and after rinsing with milliQ
water using software QTools (QSense, Sweden).
From the diagram, it can be seen that the sul-
phated GGM (100 mg/l) does not adsorb on
PET, which is a consequence of its negative
charge. The uncharged GGM adsorbs quite well
and almost 700 ng/cm? was adsorbed from 100
mg/l of the GGM solution. The added salt in-
creased adsorption up to 900 ng/cm?. In the
case of GGMSO, adsorption, the salt effect is
much more pronounced, as with added NaCl,
the adsorption increased to 200 ng/cm? and
with added CaCl, the adsorption increased
to almost 600 ng/cm?. Figure 7 shows the con-
nection between the adsorption of GGMs and
charge.

GGM which is not charged adsorbs on PET
and the negatively charged GGMSO, with the
charge of almost 5 mmol/l does not adsorb on
PET. It can be concluded that the adsorption
between the negatively charged PET surface
and negatively charged biopolymers increas-
es with added salt due to the shielding of repul-
sive forces. The QCM-D is a convenient tool for
the in situ adsorption studies and is easy to per-
form on various surfaces; however, the main
drawback is that we are limited to model sur-

faces only.
4 Conclusions

QCM-D is a useful tool for the characterisa-
tion of the formation of thin films (proteins,
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resonanc¢ne frekvence v odvisnosti od ¢asa je razvidna hitrost ad-
sorpcije, ki je bolj pocasna, saj platoja ne doseZe niti po dveh urah
adsorpcije. Pri dodani soli je adsorpcija hitrejsa in adsorbira se ve¢
materiala.

Na sliki 5 je prikazano duSenje nihanja za isti eksperiment. Iz spre-
membe meritev dusenja nihanja (ko sistem izklju¢imo iz vira na-
petosti in merimo hitrost pojemanja oz. dusenje nihanja) med
adsorpcijo dobimo informacije o viskoelasti¢nih lastnostih ad-
sorbiranega sloja galaktoglukomananov. Vidimo, da dodana sol
spremeni tudi lastnosti adsorbiranega galaktoglukomanana. Sloj
postane mehkejsi in vsebuje ve¢ vode, po spiranju se dusenje spre-
meni priblizno za 1-107° pri raztopini galaktoglukomananov, kjer
je dodana sol, kar pa ne velja tedaj, ko je raztopina galaktogluko-
mananov brez dodane soli in spiranje ne spremeni viskoelasti¢nih
lastnosti adsorbiranega sloja.

&7 GGM, 50 mg/L
6]
¢ 94 /
= 4o |
Q ,] GGM, 50 mg/L
14
0 Li T T T T T T T T T 1
0 1 2 3 4 5]

t/h

Figure 5: Dissipation change-during adsorption of GGM onto PET
with and without salt

Diagram na sliki 6 prikazuje adsorbirane mase galaktoglukomana-
nov in sulfatiranih galaktoglukomananov masne koncentracije 100
mg/l na povrsino PET brez dodane soli in z dodano 0,1 M razto-
pino NaCl in CaCl,. Spremembo mase smo dolocili po adsorpciji
in spiranju z milliQ vodo in uporabo programske opreme QTools
(QSense, Svedska).
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Figure 6: Adsorbed GGMs (ng/cm?) estimated with Sauerbrey equa-
tion
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polymers, cells etc) on different surfaces and as
such, it can be applied in the characterisation of
the GGM adsorption on PET. The PET surface
is more negatively charged; the species with a
higher negative charge (GGMSO,) thus do not
adsorb well on the PET surface, as the repul-
sion forces are high. On the other hand, GGM
which is not charged adsorbs quite well on PET.
This study demonstrates that in the presence
of electrolytes, the adsorption of GGMs on the
PET film increases, the effect being higher for
more negatively charged GGMSO, in the case

of a divalent cation.
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Uporaba kremenove mikrotehtnice za spremljanje adsorpcije biopolimerov

V diagramu vidimo, da se sulfatirani galaktoglukomanan (100
mg/l) ne adsorbira na PET zaradi njegovega negativnega naboja.
Nenabiti galaktoglukomanan se kar dobro adsorbira na PET, saj ga
je skoraj 700 ng na 1 cm?*po adsorpciji iz vodne raztopine. Dodana
sol dodatno zvisa vsebnost galaktoglukomananov na povr$ini PET
na 900 ng/cm> Pri adsorpciji sulfatiranih galaktoglukomananov je
vpliv dodane soli veliko vedji, saj se pri dodanem NaCl adsorpci-
ja zvisa na 200 ng/cm?, pri dodanem CaCl, pa se adsorpcija povisa
na skoraj 600 ng/cm?. Slika 7 prikazuje povezavo med nabojem in
adsorpcijo hemiceluloz.
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Figure 7: Charge and adsorbed amount of nonmodified and sulphat-
ed GGMs

Nenabiti galaktoglukomanan se adsorbira na PET, negativno na-
biti sulfatirani galaktoglukomanan z negativnim nabojem skoraj 5
mmol/l pa se ne adsorbira na PET. Torej velja naslednja poveza-
va: velik negativni naboj pomeni zelo majhno ali ni¢no adsorpcijo
in nasprotno se adsorpcija poveca z nizanjem negativnega naboja.
Iz tega sledi sklep, da z dodatkom soli zvisamo stopnjo adsorp-
cije negativno nabitih biopolimerov na negativno nabito povrsi-
no PET. To se zgodi, ker kationi soli omilijo odbojne sile med ne-
gativnim nabojem biopolimera v raztopini in med povrsino PET.
QCM-D je uporabno orodje za spremljanje in situ adsorpcijskih
procesov, zlahka se aplicira na razli¢ne povrsine, glavna pomanj-
kljivost metode pa je, da smo omejeni samo na uporabo model-
nih povrsin.

4 Sklepi

QCM-D je uporabno orodje za karakterizacijo adsorbiranih tan-
kih filmov (proteinov, polimerov, celic ...) na razli¢nih povr$inah
in je tako primerno orodje tudi za spremljanje adsorpcije galak-
toglukomananov na modelno povrs$ino PET. Za PET-povrsine ve-
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lja, da so negativno nabite, zatorej se negativno nabiti biopolimeri
(npr. GGMSO,) teze ali pa sploh ne adsorbirajo na povriine PET,
ker so odbojne sile prevelike. Nenabiti galaktoglukomanan se v na-
sprotju s sulfatiranim galaktoglukomananom dokaj dobro adsorbi-
ra na PET. Ta prispevek dokazuje, da se v prisotnosti dodanih soli
raztopinam biopolimerov, pridobljenih iz procesnih vod pri proi-
zvodnji termomehanicne pulpe iz smrekovega lesa, adsorpcija na
PET zvisuje. To je $e bolj izrazito pri uporabi dvovalentnih soli za
bolj negativno nabite biopolimere, kot je sulfatirani galaktogluko-
manan.
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