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Abstract

New soybean protein fibres (SPF) are biconstit-
uent fibres containing 5-23% of soybean pro-
teins and 77-95% of polyvinyl alcohol (PVA).
Soybean proteins used for the manufacture of
SPF are by-products of the soybean oil produ-
ction. The chemical and supramolecular struc-
ture of soybean proteins, the process of manu-
facture SPF fibres, and their properties are de-
scribed in the article. The expected biodegra-
dability of SPF is based on the well-known bio-
degradability of soybean proteins and polyvinyl
alcohol as well on the biodegradability of the
films made from soybean proteins and polyvi-
nyl alcohol. Yarns made from 100% SPF and
100% cotton, and fabrics made from 100% co-
tton fibres and from cotton fibres in warp and
SPF in weft were buried for 21 days in humus
soil with temperature 30 °C, relative humidi-
ty 65% and pH 6. The conditions under which
rapid biodegradation of pure cotton textiles
took place induced only a slight decrease of me-
chanical properties of the SPF yarn. ATR FT—
IR spectra displayed a reduction of intermolec-
ular hydrogen bonds between protein-protein,
PVA-PVA and protein—PVA segments and,

consequently, the increase of disorientation in
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lzvlecek

Nova sojina proteinska vlakna (SPF) so bikonstituentna vlakna, izde-
lana iz 5-23 % sojinih proteinov in 77-95 % polivinilalkohola. Upo-
rabljeni sojini proteini so stranski proizvod pri pridobivanju sojine-
ga olja. V ¢lanku so opisani kemi¢na in nadmolekulska struktura
sojinih beljakovin, postopek izdelave SPF-viaken in njihove lastnos-
ti. Pricakovana biorazgradljivost SPF-vlaken temelji na znani bioraz-
gradljivosti sojinih beljakovin in polivinilalkohola, kakor tudi filmov
iz sojinih beljakovin in polivinilalkohola. Preje iz 100-odstotnih SPF-
-vlaken in tkanine iz bombaZa v osnovi in SPF-vlaken v votku so bile
21 dni zakopane v humusni zemlji pri temperaturi 30 'C, 65-odstot-
ni relativni vlaznosti, pri pH 6. Razmere, v katerih nastopi hitra bio-
razgradnja cistih bombaznih tekstilij, so povzrocile minimalno po-
slabsanje mehanskih lastnosti preje iz SPF-vlaken. Spektri ATR FT-IR
kaZejo na oslabitev medmolekulskih vodikovih vezi med segmen-
ti protein-protein, PVA-PVA in protein—-PVA in posledi¢no povecan-
je dezorientacije v vrhnjih plasteh SPF-vlaken. Vsebnost SPF-vlaken
v tkanini v smeri votka je vplivala na podaljsano ohranitev mehan-
skih lastnosti in strukture tkanine kot celote.

Klju¢ne besede: fitoproteinska vlakna, sojina proteinska viakna, po-
livinilalkohol, razgradnja
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the upper layers of soybean protein fibres. The
content of SPF in weft direction was responsible
for the prolonged retention of mechanical prop-

erties and structure of the fabric as a whole.

Keywords: phytoprotein fibres, soybean protein
fibres (SPF), polyvinyl alcohol (PVA), degrada-

tion

1 Introduction

New soybean protein fibres (SPF) used in ex-
periments are the only commercially produced
fibres containing soybean proteins at the mo-
ment [1]. They are synthetic composite fi-
bres composed of 77-95% of polyvinyl alcohol
(PVA) and 5-23% of soybean proteins, which
are in fact the residue after the extraction of oil
from the seeds of Glycine Max L soybean. These
fibres are primarily designed for garments.
Commercially available, beside yarns made
from 100% SPE, are also the blends with cotton,
viscose, lyocell, silk, cashmere, wool and polyes-
ter fibres [1, 2].

Synthetic composite fibres can contain not only
soybean proteins but also other kinds of plant
proteins, such as proteins extracted from pea-
nuts (ardil proteins) or from the seeds of cot-
ton [3, 4].

The content of proteins in soybean seeds is
about 37-42% and is substantially higher than
that in milk (3.2%), corn grains (10%) and pea-
nuts (25%) [5]. Soybean proteins are used for
food and fodder, and in industry for production
of adhesives, emulsions, inks, pharmaceuticals,
plastics and even textile fibres. They are becom-
ing more and more important for the produc-
tion of biodegradable foils where they solve the
problem of water absorption and low strength
in wet state by cross-linking proteins with palm
oil or stearic acid [6] or by adding polyvinyl al-
cohol [7].

The amino acid composition of soybean pro-
teins (Table 1) resembles the amino acid com-
position of keratin more than that of fibroin
(Figure 1). Soybean proteins contain two amino
acids, isoleucine and histidine, which are not
present in wool keratin. However, soybean pro-
teins have practically no cystine bonds, which

are important intermolecular covalent bonds
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1 Uvod

Nova sojina proteinska vlakna (SPF), ki smo jih uporabili v razi-
skavi, so danes edina trino dostopna vlakna, ki vsebujejo soji-
ne proteine [1]. To so sinteti¢na kompozitna vlakna iz 77-95 %
polivinilalkohola (PVA) in 5-23 % sojinih proteinov, ki izvira-
jo iz stranskega proizvoda pridobivanja olja iz soje Glycine Max
L. Nova vlakna so namenjena predvsem za oblacila. Poleg prej iz
100-odstotno novih sojinih proteinskih vlaken so na trgu mesa-
nice z bombazem, viskoznimi vlakni, liocelnimi vlakni, svilo, ka-
$mirjem, volno in poliestrskimi vlakni [1, 2].

Razen sojinih proteinov lahko sinteti¢na kompozitna vlakna vse-
bujejo tudi druge vrste rastlinskih proteinov, predvsem iz arasidov
(ardilni proteini) ali bombaznih semen [3, 4].

Vsebnost proteinov v sojinih semenih je 37-42-odstotna in je bis-
tveno vecja kot v mleku (3,2-odstotna), koruznih zrnih (10-od-
stotna) in arasidih (25-odstotna) [5]. Sojine proteine uporabljajo
za prehrano ljudi in krmo zivali, v industriji pa za lepila, emulzije,
Crnila, za farmacevtske izdelke, plastiko in tudi za tekstilna vlakna.
Cedalje pomembnejsi postajajo za proizvodnjo biorazgradljivih
folij, kjer resujejo problem absorpcije vode oziroma nizke trdnosti
v mokrem z zamreZenjem proteinov s palmovo ali stearinsko
kislino [6] ali tudi z dodajanjem polivinilalkohola [7].
Aminokislinska sestava sojinih beljakovin (preglednica 1) je bolj
podobna aminokislinski sestavi keratina kot fibroina (slika 1). V
sojinih beljakovinah sta zastopani aminokislini izolevcin in histi-
din, ki ju v volnenem keratinu ni. Cistinskih vezi kot pomembnih
medmolekulskih kovalentnih vezi med peptidnimi molekulami v
keratinu pa skoraj ni v sojinih beljakovinah, saj vsebuje manj kot
0,1 % cistina. V sojinih proteinih so aminokisline s kislim znaca-
jem z izrazitim negativnim nabojem (31,63 %), aminokisline z ba-
zi¢nim znacajem (24,05 %), ki imajo pozitivni naboj in vezejo mo-
lekule z negativnim nabojem, in nepolarne beljakovine (37,06 %)
(slika 1). Sojini proteini so najbolj topni v obmocju pH od 1,5 do
2,5 in nad pH 6,3. Najmanj topni so v obmocju pH od 3,75 do 5,25,
$e posebej ne v obmocju izoelektri¢ne tocke, pri pH od 4 do 5.
Sojine proteine sestavljajo globulini (pribl. 90 %) in albumini. Glo-
bulini so visokih molekulskih mas in tezko topni v vodi, topni so
v razredcenih solnih raztopinah, albumini so nizkih molekulskih
mas in so vodotopni [8]. Za oblikovanje vlaken uporabljajo globu-
larne proteine, v katerih prevladujeta p-konglicinin (30-50 % pro-
teinov v semenu) in glicinin (30 % proteinov v semenu). $-kongli-
cinin je heterogen glikoprotein, sestavljen iz treh podenot (o' a,
B), ki vsebujejo aminokisline asparagin, glutamin, arginin in lev-
cin. Podenote so nekovalentno povezane z elektrostati¢nimi inte-
rakcijami in vodikovimi vezmi brez disulfidnih vezi. Glicinin je
vecji heksamer, ki ga sestavljajo kisli in nevtralni polipeptidi [9].
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Table 1: Amino acids content in soybean protein in comparison to wool keratin and silk fibroin
Amino acid -R (organic substituent) Chemical nature Soya [10] Wool [11] Silk [12]
Glutamic acid / | -(CH,),-COOH / 1
d 18.11 16 1.0
Glutamine -(CH,),-CO-NH, acidic
Aspartic acid/ | -CH,-CO-OH / 1
d 11.33 7.27 1.3
Asparagine -CH,-CONH, acdic
Leucine -CH,-CH(CH,), nonpolar 8.4 9.7 0.5
Serine -CH,-OH basic 6.34 9.5 12.1
HC—CH2
Proline HzC\ /CH-COOH nonpolar 6.33 7.2 0.4
NH
Ho NH
Arginine (CHp):+ N-C basic 5.56 3.6 0.5
3 AN
NH»
Lysine -(CH,),-NH, basic 5.50 2.5 0.3
Phenylalanine | -CH)( Q ) nonpolar 5.3 1.6 0.6
Alanine -CH, nonpolar 4.12 4.1 29.4
Valine -CH(CH,), nonpolar 4.5 5.5 2.2
—?H— OH
Threonin basic 4.01 6.6 0.9
CH3
N
- e e .
Histidine ” ” acidic 2.19 0.7 0.1
CH:
-CHz-C
Tryptophan H! ! nonpolar 1.5 0.7 0.1
oy
H
Glycine -H nonpolar 0.23 6.5 44.6
Tyrosine -CHz@- OH basic 2.64 6.1 5.2
_~CH3
Isoleucin - CE nonpolar 4 0 0.7
CH>CH3
Methionin -(CH,),-S-CH, nonpolar 2 0.35 0.1
Cysteine -CH,-SH nonpolar 0.68 11.3 0.2
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between peptide molecules in keratin. Namely,
the content of cystine in soybean proteins is un-
der 0.1%. Soybean proteins contain amino ac-
ids of acidic nature with pronounced negative
charge (31.63 %), amino acids of basic nature
(24.05%), which have positive charge and at-
tract oppositely charged molecules, and non-po-
lar proteins (37.06%) (Figure 1). Soybean pro-
teins are most soluble within pH range from 1.5
to 2.5 and above pH 6.3, and least soluble with-
in pH range from 3.75 to 5.25 while being prac-
tically insoluble in the zone of izoelectric point
at pH 4 to 5.

Soybean proteins are composed of globulins
(about 90%) and albumins. Globulins are the
proteins with high molecular weight, hardly
soluble in water, but soluble in diluted salt so-
lutions, while albumins are the proteins with
low molecular weight and soluble in water
[8]. Proteins, which are used for fibres forma-
tion, are globular proteins with predominant
B-conglycinin (30-50% of seed proteins) and
glycinin (30% of seed proteins). B-conglycinin is
a heterogenous glycoprotein composed of three
subunits (o, o, ), which contain amino acids
asparagines, glutamine, arginine and leucine.
Subunits are non-covalently linked by electro-
static interactions and hydrogen bonds without
any disulphide bonds. Glycinin is a large hex-
amere composed of acidic and neutral polypep-
tides [9].

Peptide segments in globular soybean proteins
are interconnected by hydrogen bonds and elec-
trostatic interactions. Conformational modifi-
cations of globular soybean proteins during the
process of denaturation, which means the mod-
ifications of quaternary, tertiary and secondary
structure of proteins, and reduction of the incli-
nation of denatured proteins to form aggregates
are important for the preparation of a stabile
and properly viscous spinning dope as well as for
drawing, orienting and crystallizing proteins in
formed fibres [9]. Denaturation of soybean pro-
teins is induced by alkalis, heat and enzymes.
Alkalis can also initiate the depolymerisation of
molecules by cleaving amide bonds. The process
of controlled denaturation of proteins is there-
fore highly important for the mechanical proper-
ties of soybean fibres, particularly for their ten-

sile strength. Unfavourable conditions in terms
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Figure 1: Content of acidic, basic and neutral amino acids in soy-
bean proteins, keratin of wool and silk fibroin

Peptidni segmenti v globularnih proteinih soje so med seboj pove-
zani prek vodikovih vezi in elektrostatskih interakcij. Konforma-
cijske spremembe globularnih sojinih proteinov v procesu denatu-
racije, tj. modifikaciji kvarterne, terciarne in sekundarne strukture
proteinov, [9] in zmanjsanje nagnjenosti denaturiranih proteinov
k agregiranju so pomembne za pripravo stabilne in primerno vi-
skozne predilne tekodine in za proces raztezanja, orientiranja in
kristalizacije proteinov v oblikovanih vlaknih. Denaturacijo soji-
nih proteinov povzrocijo alkalije, toplota in encimi. Alkalije lah-
ko povzrodijo tudi depolimerizacijo molekul s cepitvijo amidnih
vezi. Zato je proces kontrolirane denaturacije beljakovin zelo po-
memben za mehanske lastnosti sojinih vlaken, predvsem za nate-
zno trdnost, saj pri denaturaciji zaradi neustreznih pogojev tempe-
rature, pH vrednosti, koncentracije soli, se¢nine, organskih topil in
redukcijskih sredstev nastopita degradacija proteinov in spremem-
ba barve.

Za zmanjsanje nagnjenosti proteinskih molekul k agregiranju je
Boyer [13] predlagal dodatek ksantata, ki reagira z aminoskupina-
mi proteinov in tvori karboaminditio skupine (NHCSSH). Disulfi-
dna vez, ki tako nastane, ni medmolekulska in vpliva predvsem na
zmanj$anje viskoznosti predilne tekocine.

Ni naklju¢je, da je bil kot sinteti¢ni polimer za izdelavo novih soji-
nih proteinskih vlaken najustreznejsi polivinilalkohol, saj je posto-
pek za izdelavo PVAL-vlaken podoben kot za izdelavo proteinskih
vlaken: v podobnih razmerah vlakna izpredajo iz raztopin, koa-
gulirajo v obarjalni kopeli, orientirajo z raztezanjem in zamrezi-
jo. Zamrezenje zmanj$a vezanje vode in trdnost vlaken v mokrem.
Med danes sprejemljivimi zamrezevalnimi postopki je zamreZenje
prek aminoskupin v proteinu z anhidridom ocetne kisline (acetili-
ranje) ali z glutaraldehidom.

Surovina za izdelavo SPF-vlaken so sojini kosmi¢i, stranski pro-
dukt po ekstrakciji olj in drugih mas¢obnih substanc [14]. Ekstra-
hirane sojine beljakovine najprej za 2-2,5 ure namocijo v alkal-
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of temperature, pH value, concentration of salt,
urea, organic solvents and reduction agents in
the process of denaturation can induce the deg-
radation of proteins and the change of colour.

In order to decrease the inclination of protein
molecules to form aggregates, Boyer [13] pro-
posed the addition of xanthate, which reacts
with the amino groups of proteins and forms
the carboaminditio groups ((-NHCSSH). The re-
sulting disulphide bond is not an intermolecu-
lar bond and its effect is mainly limited to the
reduction of the spinning dope viscosity.

It is not a coincidence that polyvinyl alcohol
has been found the most suitable synthetic pol-
ymer for the manufacture of new soybean pro-
tein fibres. Namely, the process of manufac-
turing PVAL fibres is similar to that of protein
fibres: under similar conditions fibres are spun
from solution, coagulated in a precipitating
bath, oriented by drawing and crosslinked. Due
to crosslinking, the water absorbency and de-
crease of the strength of fibres in wet state have
been reduced. Today acceptable crosslinking
processes include the crosslinking through ami-
no groups in protein by acetic anhydride (acety-

lation) or glutaraldehyde.
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ni raztopini pH 8,4 pri temperaturi 50-50 °C, da dobijo raztopino
s koncentracijo sojinih beljakovin okrog 15 %. Soc¢asno pripravi-
jo 8—15-% raztopino polivinilalkohola (PVA) v destilirani vodi pri
temperaturi 79-97 °C za 100 min. Dobljeni raztopini zme$ajo v
dolo¢enem razmerju pri temperaturi 80-95 °C v ¢asu 40 min. Pri-
pravljeno predilno tekoc¢ino pustijo zoreti 180-200 min pri tem-
peraturi med 50 in 70 °C, da se odzradi in filtrira, nato sledi obli-
kovanje vlaken po mokrem postopku. Oblikovanje vlaken poteka
s hitrostjo okrog 30 m/min. V koagulacijski zvepleno kisli kope-
li temperature 30-36 °C in ob dodatku Na SO, nastane filament-
ni kabel, ki ga raztezajo na zraku in v vodni raztopini Na SO, pri
temperaturi 43,5-55 °C. Termofiksiranje raztezanih filamentov
poteka skozi pet komor s temperaturami 121/211/228/240/230 °C.
Sledijo acetiliranje, pranje, nanos preparacije in rezanje. [4]
Obstaja vec variacij opisanega postopka, z razlikami v nacinu pri-
prave predilne tekocine, predilnih hitrostih, koncentracijah in
temperaturah.

V oblikovanih vlaknih se molekule proteinov pre¢no poveZejo z
molekulami polivinilalkohola prek vodikovih vezi, kar omogoca
orientacijo in kristalizacijo proteinov med procesom raztezanja.
Morfolosko strukturo vlaken predstavljata manj orientiran plas¢ in
dobro orientirano mikrofibrilno jedro. Vlakna vsebujejo okrog 10
% hidrofilnih skupin v amorfnih obmo¢jih [15], ki dobro vezejo
zracno vlago. V preglednici 2 so podane fizikalne in kemijske las-
tnosti novih sojinih proteinskih vlaken v primerjavi z bombazem,
viskoznimi vlakni, svilo in volno.

Table 2: Comparison of physical and chemical properties of new soybean protein fibres (SPF) in comparison to

cotton, viscose, silk and wool [1]

Properties SPF Cotton Viscose Silk Wool
Specific breaking strength | 3¢, 1.9-3.1 1.5-2.0 2.6-35 0.9-1.6
(cN/dtex) in dry state
Specific breaking strength 1) 5 5 22-3.1 0.7-1.1 1.9-2.5 0.7-1.3
(cN/dtex) in wet state
. . o
Breaking elongation (%) | 1o ), 7-10 18-24 14-25 25-35
in dry state
Initial modulus (MPa) 700-1300 850—-1200 850-1150 650—-1250
Loop strength (%) 75-85 70 30-65 60-80
Knot strength (%) 85 92-100 45-60 80-85
Moisture regain (%) 8.6 8.5 13.0 11.0 14-16
Density (g/cm?®) 1.29 1.50-1.54 1.46-1.52 1.34-1.38 1.33
. Becoming Strength Keep stable
Yellowing brown down
nd tackifying | after lon after lon when

Heat resistance a ying . & . 8 temperature | (Good)

at about time proces- | time proces- <148°C

120 °C (Bad) |singat 150°C |singat 15°C (_Good)

(Excellent) (Good)
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Continuation of Table 2.

Tekstilije iz novih sojinih proteinskih viaken (SPF)

Properties SPF Cotton Viscose Silk Wool
Alkali resistance f::/fle neral Excellent Excellent Good Bad
Acid resistance Excellent Bad Bad Excellent Excellent
Ultraviolet resistance Good f:i:lle general Bad Bad Bad

The raw material for soybean protein fibres is
soybean flakes, a by-product remaining af-
ter the extraction of oils and other fat substan-
ces [14]. The extracted soybean proteins are
first soaked for 2—2.5 hours in alcohol solution
with pH 8.4 and temperature between 40 and
50 °C in order to obtain a solution with the soy-
bean proteins concentration about 15%. At the
same time the 8—15% solution of polyvinyl al-
cohol (PVA) in distilled water with temperature
79-97 °C is prepared for 100 minutes. The ob-
tained solutions are mixed at a pre-determined
ratio at temperature 80-95 °C for 40 minutes.
The prepared spinning dope is left to mature
for 180-200 minutes at temperature between
50 and 70 °C to be released of air and filtrated.
The next stage is the formation of fibres by us-
ing the wet spinning procedure. The formation
of fibres proceeds with the velocity of approx-
imately 30 m/min. In a coagulation sulphu-
ric acid bath with temperature 30-36 °C and
with the addition of Na,SO,, a filament cable is
formed which is then drawn in the air and in
the water solution of Na, SO, with temperature
43.5-55 °C. Thermo-setting of drawn filaments
proceeds through five chambers with tempera-
tures 121/211/228/240/230°C. After that, the
filaments are subjected to acetylation, scouring
and application of finishing agents [4].

The described process has several variants,
which differ in the method of spinning dope
preparation, spinning velocities, concentrations
and temperatures.

In the formed fibres the molecules of proteins
link crosswise with the molecules of polyvinyl al-
cohol by hydrogen bonds, which enables orien-
tation and crystallization of proteins during the
process of drawing. The morphological structure
of fibres is composed of a less oriented sheath
and a well-oriented microfibrillar core. The fi-

bres contain about 10% of hydrophilic groups in

Po vezanju zra¢ne vlage SPF-vlakna dosegajo bombaz, v mokrem
se jim za dobro Cetrtino zmanj$a natezna trdnost, na 2,5-3,0 ¢cN/
dtex, kar je primerljivo z bombaZem srednje kakovosti. Po veza-
nju zra¢ne vlage so primerljiva z bombazem, vendar gre v naspro-
tju z bombazem za termoplasti¢no vlakno z veliko obcutljivostjo
pri temperaturah nad 100 °C. Njihova prednost je dobra obstoj-
nost v kislinah in alkalijah (razen v natrijevem hidroksidu) in na
son¢ni svetlobi.

Sojini proteini so poceni in obnovljiv surovinski vir. Ekolosko spre-
jemljivost pomenijo moznosti biorazgradnje SPF-vlaken, kar naj
bi nova sojina proteinska vlakna tudi bila [16]. Sojine beljakovine,
ki jih je v SPF-vlaknih 5-23 %, razgradijo mikroorganizmi in en-
cimi. Peptidne vezi v beljakovinah so zelo obcutljive na razgrad-
njo z encimi. Biorazgradnja proteinov do CO, in vode potece $ele
po predhodni hidrolizi peptidnih vezi v proteinih. Pri tem se vec-
je makromolekule pretvorijo v manjse, ki jih metabolizmi mikro-
organizmov lahko predelajo. Ker vsebujejo sojine beljakovine zelo
majhen odstotek cistina (0,1 %), so tako reko¢ skoraj neobcutlji-
ve na encime, kot so proteaze, esteroze, lipaze in vse, ki specifi¢no
delujejo na disulfidno vez. Polivinilalkohol, ki ga je v SPF-vlaknih
77-95 %, je edini znani vodotopni in biorazgradljivi sinteti¢ni po-
limer. V celoti ga razgradijo bakterije Pseudomons O-3. Vec sevov
bakterij Pseudomonas, ki lahko razgradijo PVA, so nasli v zemlji,
Ceprav je biorazgradnja PVA v zemlji zelo omejena. Mikroorganiz-
mi, ki razgradijo PVA, so prisotni skoraj izklju¢no v okoljih, ki so
ves ¢as kontaminirana s polimerom PVA [17]. Encimi dehidroge-
naze in oksidaze razgradijo vezi C—C v PVA-molekuli [18].
Raziskave o poteku aerobne biorazgradnje kompozitnih filmov iz
sojinih proteinov in z dodatkom 10-30 % PVA so pokazale, da se
je z veCanjem deleza PVA podaljsal ¢as biorazgradnje kompozitne-
ga filma [19]. PVA, ki ga dodajajo za izbolj$anje mehanskih last-
nosti v mokrem, zmanjsa hidrofilnost filma in s tem tudi upocasni
njegovo biorazgradnjo. Lahko pa PVA pomeni pregrado, ki pre-
preci dostop mikroorganizmom, encimom, vlagi ali kisiku v po-
limer [20].

Poleg zunanjih pogojev biorazgradnje (prisotnost ustreznih enci-
mov in mikroorganizmov, ustrezna temperatura, vlaznost in pH
vrednost) je bioloski proces razgradnje odvisen tudi od morfolo-
$ke strukture (kristalini¢nosti) in ostankov pomoznih sredstev, ki
so se med proizvodnjo nakopicila na/v materialu in jih ni mogoce
popolnoma izprati med konéno obdelavo [21].
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amorphous regions [15], which absorb the mois-
ture well. Table 2 presents physical properties of
new soybean protein fibres in comparison with
cotton, viscous, silk and wool fibres.

In respect of moisture regain, SPF can compete
with cotton fibres, however, in wet state their
specific breaking stress decreases by approxi-
mately 25% to 2.5-3.0 cN/dtex, which is com-
parable to a medium quality cotton. In respect
of moisture regain, SPF can be compared with
cotton fibres, but unlike cotton fibres, they are
thermoplastic with high sensitivity to temper-
atures above 100 °C. Their advantage is good
stability in acids and alkalis (except in sodium
hydroxide) and under sunlight.

Soybean proteins are cheap and renewable
raw material. Considering the capacity of soy-
bean proteins and polyvinyl alcohol to decom-
pose, new soybean fibres are supposed to be
biodegradable and therefore ecologically accept-
able [16]. Soybean protein fibres contain about
5-23% of soybean proteins, which are decom-
posed by microorganisms and enzymes. Pep-
tide bonds in proteins are especially susceptible
to enzymatic degradation. The biodegradation
of proteins to CO, and water takes place after
previous hydrolysis of peptide bonds in proteins
during which large macromolecules transform
into smaller ones that can be broken down by
the metabolism of microorganisms. Since soy-
bean proteins contain a very low percentage of
cystine (0.1%), they are practically insuscepti-
ble to enzymes, such as proteases, esterases, li-
pases and all others, which have a specific effect
on disulfide bonds. Polyvinyl alcohol, repre-
sented in soybean protein fibres with a 77—-95%
share, is the only known water soluble and bi-
odegradable synthetic polymer. It is completely
degraded by Pseudomonas O-3 bacteria. Seve-
ral strains of these bacteria, which can degrade
PVA, have been found in the soil although bio-
degradation of PVA in the soil is very restrict-
ed. Microorganisms, which degrade PVA, are
present almost exclusively in the environments,
which are constantly contaminated with PVA
polymer [17]. The enzymes of dehydrogenase
and oxidase degrade C—C bonds in a PVA mol-
ecule [18].

The study of the course of aerobic biodegrada-

tion of composite films made from soybean pro-
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V raziskavi so nas zanimale lastnosti tekstilij, ki vsebujejo sojina
proteinska vlakna, predvsem njihova nagnjenost k biorazgradnji
taksne tekstilije kot celote. Tak$ne mesanice so glede na kombini-
ranje lastnosti celuloze, beljakovin in polivinilalkohola zanimive z
vidika udobnosti nosenja oblacil [22] in vzdrzevanja. Objavljenih
raziskav o biorazgradljivosti novih sojinih proteinskih vlaken ni.

2 Eksperimentalni del

2.1 Materiali

V raziskavi smo proucevali obnasanje predivnih prej in tkanin z

novimi sojinimi proteinskimi vlakni v razmerah kontrolirane bio-

razgradnje:

- preja SPF iz 100-odstotno novih sojinih proteinskih vlaken, fi-
noce 15 tex (Harvest SPF Textile Co., Ltd.)

- preja CO iz 100-odstotnega bombaza, finoce 19 tex

- tkanina CO/SPF iz preje iz 100-odstotnega bombaza, finoce 28
tex v osnovi in iz preje SPF v votku, vezava keper 2/2

- tkanina CO iz 100-odstotne bombazne preje, finoce 28 tex, ve-
zava keper 2/2.

Oba vzorca tkanin sta imela gostoto po osnovi 30 niti/cm in 28

niti/cm po votku.

2.2 Uporabliene metode

Laboratorijski poskusi biorazgradnje so bili opravljeni v skladu s
standardom SIST EN ISO 11721-1 [23]. Uporabljena je bila trzna
zemlja (humus), bogata z mikroorganizmi. Vlaznost zemlje v ob-
mocdju 60 = 5 % smo med poskusom vzdrzevali z rednim vlaze-
njem z vodo iz vodovoda. Temperatura zemlje je bila 25-30 °C, pH
6. Vzorce prej in tkanin smo soc¢asno zakopali v zemljo in jih po-
stopno po 2., 7., 11., 16. in 21. dnevu odkopali ter pred nadaljnjim
proucevanjem najprej oprali v vodi ter za 30 minut namocili v eta-
nolu, da smo ustavili aktivnost mikroorganizmov. Nato smo vzor-
ce posusili na zraku.

Natezne lastnosti vzorcev smo izmerili na dinamometru Instron
5567, kot doloca standard SIST EN ISO 2062 za preje in SIST EN
ISO 13934 za tkanine. Pred merjenjem nateznih lastnosti preje v
mokrem stanju smo le-te namakali v destilirani vodi z dodatkom
omakalnega sredstva eno uro pri sobni temperaturi. Natezne la-
stnosti prej smo analizirali s programom DINARA [24].

S pomodjo vrsti¢nega elektronskega mikroskopa Jeol JSM 6060 LV
in stereomikroskopa Nikon SMZ 800 smo opazovali in posneli vi-
dez vlaken, prej in tkanin pred poskusom biorazgradljivosti vzor-
cev v zemlji in po njem.

Kemi¢no zgradbo sojinih proteinskih vlaken smo proucevali s po-
mocjo spektrov FTIR/ATR na napravi Spectrum GX (Perkin El-
mer), ki je bil opremljen z Michelsonovim interferometrom in
programsko opremo Spectrum 5.01.
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teins with addition of 10~30% of PVA have re-
vealed that the higher is the percentage of PVA
the longer is the time of biodegradation of a
composite film [19]. PVA, which is added in
order to enhance mechanical properties in wet
state, reduces the hydrophilicity of such film
and, consequently, retards its biodegradation.

PVA can also represent a barrier, which pre-
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3 Rezultatiin razprava

Preja iz 100-odstotnih SPF je bila izdelana iz vlaken bombaznega
tipa, finole 1,27 dtex in povpre¢ne dolzine 39,5 mm. Pre¢ni pre-
rez vlaken je ledvicasto-fizolaste oblike, premer 11-20 um po vedji
diagonali in 6—7 um po manjsi diagonali (slika 2). Zaradi gladkega
povrsja imajo vlakna visok lesk. Na povrsju vlaken so vidne manj-
$e brazde. Vlakna so termoplasti¢na s tali$¢em pri 224 °C.

JsM-cacaly
’

Figure 2: Scanning electron microscope views of raw SPF: cross section (magnification 3000-x) and longitudi-

nal view (magnification 1000-x)

vents microorganisms, enzymes, moisture and
oxygen to penetrate into a polymer [20].
Besides external conditions (the presence of
suitable enzymes and microorganisms, proper
temperature, humidity and pH value), the bio-
degradation process depends also on the mor-
phological structure (crystallinity) and quan-
tity of residual auxiliary agents, which have
adhered to the material during production and
cannot be removed completely during the fin-
ishing process [21].

The study focused on the properties of textiles
containing soybean protein fibres, particular-
ly to their inclination to biodegrade as a whole.
In terms of wearing comfort, such blends, due
to the combination of the properties of cellulose,
proteins and polyvinyl alcohol, are very inter-
esting for thermal comfort and care of garments
[22]. No researches about the biodegradability
of new soybean protein fibres have been pub-

lished until now.

Znano je, da imajo proteini tipi¢ne absorpcijske vrhove v obmocju
frekvenc 1636-1680 cm™ in 1533-1559 cm™, ki izvirajo iz pep-
tidnih vezi v glavnih verigah beljakovinskih molekul in tudi iz ab-
sorpcije medmolekulskih interakcij, ki izvirajo iz sekundarne, ter-
ciarne in kvartarne strukture proteinov in se med seboj prekrivajo.
FT-IR-spekter SPF vlaken (slika 3a) kaze absorpcijo pri frekven-
ci 1642,47 cm™, ki jo lahko pripisujemo vibracijam -NH- vezi v
amidu I, pri frekvenci 1534,94 cm™ pa vibracijam -NH- vezi v
amidu II. Absorpcijski pas pri frekvencah 1241-1472 cm™, ki je
prisoten tudi pri spektru SPF-vlaken, pripisujejo raztezanju vezi
(C)O-0 in C-N ter upogibanju vezi N-H v amidnih IIT skupi-
nah [19]. FT-IR-spekter ¢istih PVAL-vlaken Kuralon (Kuraray Co.,
Ltd.) ima znacilen absorpcijski vrh pri frekvenci 3292 in ustreza
raztezanju vezi v skupinah O—H [19]. Obstoj vodikovih vezi med
peptidnimi molekulami soje in molekulami PVA je teze ugotovi-
ti, saj se absorpcija teh vezi prekriva z absorpcijo vodikovih vezi
med vodo in proteinskimi oziroma PVA-molekulami, kar je mo-
goce prepoznati v SirSem absorpcijskem pasu (slika 3a) [19] pri
frekvencah 2918—3565 cm™.

Absorpcijski spektri ATR FT-IR SPF-vlaken (slika 3b), ki odrazajo
kemic¢no zgradbo v povrsinski plasti SPF-vlaken, kaZejo na zmanj-
$anje intenzitete absorpcijskih vrhov za SPF-vlakna, ki so bila 11
oziroma 21 dni zakopana v zemlji. IzrazitejSe zmanjsanje intenzi-
tete vrha v frekven¢nem obmodju 3000-3600 cm™ je opaziti le po
prvih 11 dneh. To pripisujemo kemi¢nim spremembam, ki so po-
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2 Experimental part

2.1 Materials

The study focused on the behaviour of spinning

yarns and fabrics made from new soybean pro-

tein fibres under the conditions of controlled bi-
odegradability:

- SPF yarn from 100% new soybean protein fi-
bres with linear density 15 tex (Harvest SPF
Textile Co., Ltd.),

- CO yarn from 100% cotton with linear den-
sity 19 tex,

- CO/SPF fabric from 100% cotton with linear
density 28 tex in warp and SPF yarn in weft,
2/2 twill weave,

- CO fabric from 100% cotton yarn with linear
density 28 tex, 2/2 twill weave.

Both fabric samples had the warp density 30

ends/cm and weft density 28 picks/cm.

2.2 Used methods

Laboratory experiments were performed in
compliance with SIST EN ISO 11721-1 stand-
ard [23]. Commercial soil (humus), rich with
microorganisms, was used in experiments. The
soil humidity 60+5% was maintained during
experiments by regularly spraying the soil with
tap water. The temperature of soil was 25-30
°C and its pH 6. The samples of yarns and fab-
rics were buried in the soil at the same time and
then gradually removed from the soil after 2,
7, 11, 16 and 21 days. Prior to further experi-
ments, the samples were washed in water and
immersed in ethanol for 30 minutes in order to
stop the activity of microorganisms, and after
that the samples were air-dried.

Tensile properties of the samples were measured
on Instron 5567 dynamometer in compliance
with SIST EN ISO 2062 standard for yarns and
SIST EN ISO 13934 standard for fabrics. Prior
to making any measurements of the yarn ten-
sile properties in wet state, the yarns were im-
mersed in distilled water with added wetting
agent for 1 hour at room temperature. The ten-
sile properties of yarns were analysed by using
DINARA program [24].

The appearance of fibres, yarns and fabrics was
monitored and photographed by Jeol JSM 6060
LV scanning electron microscope and Nikon

SMZ 800 stereomicroscope prior to testing bio-
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vezane z zmanj$anjem S$tevila vodikovih vezi med molekulami pro-
tein—protein, PVA-PVA in protein-PVA, kar je omogocilo dez-
orientacijo segmentov v amorfnih obmog¢jih.

SPY

0 days
11 days

21 days

Figure 3: FT-IR spectra of SPF and PVAL fibres (a) and of burried
SPF yarns (SPY) for 0, 11 and 21 days (b)

Voda vpliva na natezne lastnosti prej iz 100-odstotno sojinih pro-
teinskih vlaken: v suhem stanju je imela preja specifi¢no pretrzno
napetost 2,16 cN/dtex, v mokrem pa le 1,58 cN/dtex. Raztegljivost
preje se je v mokrem stanju povecala, posledica tega pa sta nizji
modul elasti¢nosti in vi$ji pretrzni raztezek, ki je znasal 37,8 % v
suhem in 42,1 % v mokrem stanju.

Obnasanje prej iz SPF-vlaken smo proucevali po 2., 7., 11,, 16. in
21. dnevu zakopa v zemlji pri temperaturi zemlje 30 °C, relativni
vlagi 65 % in pH 6. Biorazgradnja bombazne preje je skoraj v celo-
ti potekla ze v sedmih dneh, ko so v zemlji ostali le manjsi nepove-
zani deli preje. Po 11 dneh je bila bombazna preja popolnoma raz-
grajena brez vidnih ostankov v zemlji. Zato smo natezne lastnosti
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degradation in the soil and after it.

The chemical structure of soybean protein fi-
bres was investigated by means of FTIR/ATR
spectra on the Spectrum GX (Perkin Elmer)
equipped with the Michelson interferometer
and Spectrum 5.01 software.

Tekstilije iz novih sojinih proteinskih viaken (SPF)

bombazne preje lahko izmerili le po prvem odvzemu prej iz zem-
lje, to je po dveh dneh.

Sojina proteinska vlakna imajo na povr$ju manjse brazde, v ka-
terih se mikroorganizmi laze zadrzijo kot na gladkem povrsju, in
tudi lahko vstopijo globlje v vlakna. Koli¢ina mikroorganizmov, ki
so prisotni na povrsju sojinih proteinskih vlaken po 21 dneh zadr-
Zevanja preje v zemlji (slika 4), je majhna, predvsem pa $e ni opa-
ziti poskodb povrsja vlaken.

18ky

JEM-EBEELU

Figure 4: Scanning electron microscope views of SPF fibres before (left) and after 21 days (right) in the soil

3 Results and discussion

Pure SPF yarn was made from cotton-type fi-
bres with linear density 1.27 dtex and mean
length 39.5 mm. The cross-section of fibres was
bean-shaped with diameter 11-20 um along the
longer diagonal and 6—7 ym along the shorter
diagonal (Figure 2). Smooth surface imparted
high lustre to the fibres. Small grooves could be
noticed on the surface. The fibres had thermo-
plastic character with melting point at 224 °C.

It is known that proteins have typical absorp-
tion peaks within the range of frequencies
1636—1680 cm™ and 1533-1559 cm™ attri-
butable to peptide bonds in the backbone of
protein molecules as well as to the absorption
of intermolecular interactions which arise from
the secondary, tertiary and quaternary struc-
ture of proteins and overlap each other. The
FT-IR spectrum of soybean protein fibres (Fig-
ure 3a) displays the absorption at frequency
1642.47 cm™', which can be attributed to the vi-
brations of -NH— bonds in amide I, and at fre-
quency 1534.94 cm™, which can be attributed
to the vibrations of -NH— bonds in amide II.
The absorption band at frequencies 1241-1472

Spremembe v mehanskih lastnostih prej po zadrzevanju v zemlji
so prikazane v preglednici 3. Pretrzna sila bombazne preje se je po
dveh dneh zmanjsala skoraj za 40 %, pretrzni raztezek pa za sko-
raj 35 %. Mehanske lastnosti preje iz sojinih proteinskih vlaken se
po 21 dneh niso bistveno spremenile: pretrzna sila se je zmanjsala
le za 1,6 %, pretrzni raztezek pa za odstotek. Sklepamo, da se po 21
dneh v zemlji $e ni zacela biorazgradnja SPF-vlaken.

Tkanine so bile so¢asno pri enakih razmerah kot preje zakopane
v zemljo za 2, 7, 11, 16 in 21 dni. S ¢asom zakopa v zemlji se jim
je spreminjal videz: na povrsju so nastajali rjavkasti madezZi zara-
di razvoja kolonij gliv na vlaknih (slika 6). Pri vseh tkaninah smo
opazili tanj$anje preje iz Cistega bombaza s ¢asom zakopa. Spre-
memba debeline bombaznih niti je dobro vidna (slika 5). Na bom-
bazni tkanini so po 11 dneh Ze opazne spremembe v obliki zrah-
ljanja povezav med prejami, po 16 in Se bolj po 21 dneh pa so ze
vidne poskodbe in raztrganine v tkanini iz 100-odstotnega bom-
baza. V enakem casu so tkanine s prejo iz SPF-vlaken v votku
ohranile neposkodovan, le rahlo zrahljan videz.

Tkanina iz ¢istega bombaza je po enem tednu izgubila mehansko
trdnost in je ob dotiku razpadala. Po 21 dneh so od nje ostali le $e
majhni, nepovezani fragmenti. Tkanina, ki je imela v votku pre-
jo iz sojinih proteinskih vlaken, je poc¢asneje razpadala kot tkanina
iz ¢istega bombaza in je pocasneje izgubljala trdnost. Zaradi hitre-
ga razpada so se bombazne preje v smeri osnove tanjsale in tkani-
ne so se s ¢asom ¢edalje bolj trgale v smeri votka.
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Table 3: Breaking force and breaking elongation of CO and SPF yarns buried in soil

Breaking force Breaking elongation

Cotton yarn Soybean protein yarn  Cotton yarn Soybean protein yarn

(9] Q
=T} =10}
> 2 £2 538 8 5 >
O &) L O s = O
o | 26507 | 19483- | 857| 28130 | 237.40- | 8.29| 4.63 | 378 | 11.23|17.37 | 15.10-| 5.07
295.02 319.38 5.55 18.63
, | 15916] 96.14-|2378] 26761 | 19834~ | 1449 301 227- 2145 ] 1577 | 12.59-| 85
234.42 322.00 453 17.39
N ] | 26704 21683 omn| | [ 1599 1463-| 425
308.22 17.38
al ] | 27624 24207-] 806 | | 1618] 1462-| 51
322.28 17.90
ol ] | 27891 22807-] 666 | [ 1594 B11-] 637
310.16 18.14
N ] 2676 | 23757 76| | | 1638 1487-| 469
313.84 17.64

Cotton Fabrics Cotton/SPF Fabrics

cm™!, which is present also in the spectrum %)

of soybean protein fibres, is attributed to the
stretching of bonds (C)O-0 and C-N as well 0 day
as to the bending of bonds N-H in amide IIT
groups [19]. The FT-IR spectrum of pure PVAL
fibres Kuralon (Kuraray Co., Ltd.) has a typi-
cal absorption peak at frequency 3292, which
is attributed to the stretching of bonds in O—H
groups [19]. It is much more difficult to ascer-
tain whether hydrogen bonds exist between
soybean molecules and PVA molecules as the
absorption of these bonds overlaps with the ab-
sorption of hydrogen bonds between water and

protein or PVA molecules which can be recog-

nized in a wider absorption band (Figure 3a)
[19] at frequencies 2918—3565 cm™.

The ATR FT-IR absorption spectra of soybean
protein fibres (Figure 3b) reflecting the chemi-
cal structure in the soybean protein fibres sur-
face layer exhibit the decrease in the intensi-
ty of absorption peaks of soybean protein fibres
that were buried in the soil for 11 and 21 days.

A much more pronounced peak decrease with- "

in the frequency range 3000-3600 cm™ can be o
noticed after the first 11 days. This phenome- erdan ‘ é
non can be attributed to chemical changes relat- W

ed with the decrease of the number of hydrogen :
bonds between protein—protein, PVA—PVA and  Figure 5: Surface views of burried fabrics in soil
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protein—PVA molecules, which enables the dis-  Spremembe na povrsini tkanin so bile vidne po 21 dneh zadrze-
orientation of segments in amorphous regions. vanja v zemlji (slika 6). Na bombazni tkanini smo opazili veliko
Water affected the tensile properties of the kolonij gliv in bakterij, ki so opazne tudi na povrsju prej iz sojinih
yarns made from 100% soybean protein fibres:  proteinskih vlaken. Prav tako je bil viden razpad bombazne preje
the specific breaking stress was 2.16 cN/dtex in  ob so¢asno neposkodovani preji iz sojinih proteinskih vlaken.

dry state and only 1.58 cN/dtex in wet state.
The elasticity of the yarn increased in wet state
leading to a lower modulus of elasticity and
higher breaking elongation, which was 37.75%
in dry state and 42.05% in wet state.

The behaviour of the soybean protein fibres
was investigated after 2, 7, 11, 16 and 21 days
of having been buried in the soil with tempera-
ture 30 °C, relative humidity 65% and pH 6. Bi-
odegradation of the cotton yarn was practical-
ly completed in the first seven days when only
small separate particles of the yarn could be
found in the soil. After 11 days the cotton yarn
was completely degraded without any visi-
ble remains in the soil. Therefore, it was possi- "

ble to measure the tensile properties of the cot-

ton yarn only after the first removal from the

soil, which means after two days. Figure 6: Scanning electron microscope photograph of soybean pro-
Small grooves on the surface of soybean protein  tein fibres after 21 days burried in soil (magnification 1000-x)

fibres make this surface much more favour-

able for the existence of microorganisms and ~ Tako kot preje je tudi tkanina CO razpadala veliko hitreje kot tka-
their penetration deeply into the fibres than a  nina CO/SPE. Tkanini bombaz/sojina proteinska vlakna se je trd-
smooth surface. After 21 days, the quantity of ~ nost zmanj$evala s ¢asom zakopa v zemlji (slika 7). Pretrzna sila

Table 4: Breaking force and breaking elongation of woven fabrics samples

Breaking force Breaking elongation

CO/SPF CO CO/SPF

0188.28 1521‘51; 14.61 | 200.14 192‘(*)':‘99; 2.88 | 23.30 Zz‘ji; 4.98 | 42.83 42‘51‘91; 4.87
2| 164.51 15166‘;; 4.10 | 178.03 1‘;2‘2; 18.84 | 20.90 12;3; 6.05 | 43.00 31‘61‘56; 11.92
71 170 1.;)2; 39.75 | 175.15 1619812,; 459 | 8.70 ;Oi; 38.45 | 39.32 31‘1%; 4.51
11 0 0173.65 161(;'95'01; 8.33 0 0| 41.67 31‘256; 8.69
16 0 0 169.29 1612;‘3‘23; 0.60 0 0| 45.01 41‘;61; 423
21 0 015527 13177‘04‘{;; 10.79 0 0| 41.94 33'58‘31; 12.62
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microorganisms on the surface of fibres (Figure
4) was small and, what is important, no dam-
ages on the surface could be noticed.

The changes of mechanical properties of the
yarns buried in the soil are presented in Table
3. After 2 days of having been buried in the soil,
the breaking force of the cotton yarn decreased
by almost 40% and the breaking elongation by
almost 35%. After 21 days of having been bur-
ied in the soil, the mechanical properties of
the SPF yarn did not change substantially: the
breaking force decreased by 1.6% only and the
breaking elongation by 1% only. We can assume
that the biodegradation of the soybean protein
fibres did not already start after 21 days.

The fabric samples were buried in the soil for 2,
7,11, 16 and 21 days at the same time and un-
der the same conditions as the yarn samples. In
dependence of how long the fabrics were buried
in the soil, their appearance changed: brown-
ish spots appeared on the surface due to the de-
veloping colonies of fungi on fibres (Figure 6).
Thinning of the cotton yarns was noticed with
all fabrics. The change of the thickness of cot-
ton yarns is clearly visible (Figure 5). Certain
changes, such as loosening of connections be-
tween yarns, could be noticed on the cotton fab-
ric after 11 days. However, after 16 days and es-
pecially after 21 days, damages and tears were
visible on the pure cotton fabric, while the CO/
SPF fabric remained undamaged and had only
a slightly loose appearance.

After one week the fabric made from pure cot-
ton lost its mechanical strength and broke up
into pieces when touched. After 21 days small,
separate fragments remained from the fabric.
The cotton/SPF fabric degraded at a slower rate
than the cotton fabric, and also lost its strength
at a slower rate. As a result of rapid degrada-
tion, the cotton yarns were getting thinner in
warp direction and became prone to tearing in
weft direction.

Changes on the surface of CO/SPF fabrics be-
came visible after 21 days of having been bur-
ied in the soil (Figure 6). A great number of col-
onies of fungi and bacteria could be noticed on
the surface of the cotton yarns as well as on the
surface of the SPF yarns. The degradation of the
cotton yarn was noticed, whereas the SPF yarn

remained undamaged.
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se je v smeri votka po sedmih dneh zmanj$ala za 12 %, po 21 dneh
pa za skoraj 22 % (krivulja SPF 21 na sliki 7). Razlog za zmanj-
$anje pretrzne sile je predvsem razgradnja bombazne preje v sme-
ri osnove in s tem zmanj$anje interakcij med osnovo in votkom,
posledica tega pa je tudi manjsi upor proti raztezanju tkanine v ce-
lotnem deformacijskem obmocju (nizji modul).
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Figure 7: Stress-elongation curves for cotton (CO 0 = 0 days, CO 2 =
2 days, CO 7 = 7 days) and cotton/SPF (SPF 0 = 0 days, SPF 21 = 21
days) woven fabrics; all fabrics were measured in weft direction

4 Sklep

Nova sojina proteinska vlakna so bikonstituentna vlakna, izdela-
na po mokrem postopku iz homogene mesanice vodnih raztopin
proteinov in polivinilalkohola. Vlakna vsebujejo le 5-23 % soji-
nih proteinov, ki so prek vodikovih vezi vezani na molekule poli-
vinilalkohola. Imajo homogeno kemic¢no sestavo. Vlakna so okolju
prijazna, izdelana iz delno obnovljivih surovin, ki izvirajo iz ostan-
kov predelave soje v olje.

V nasprotju s sojinimi proteinskimi vlakni iz 20. stoletja, ki so bila
izdelana iz 100-odstotno sojinih proteinov, se nova sojina protein-
ska vlakna zaradi preteznega deleza sinteti¢nega polimera poli-
vinilalkohola odlikujejo po lastnostih, ki so znacilne za sintetic-
na vlakna: so termoplasticna z dobrimi mehanskimi lastnostmi v
mokrem.

Tekstilije iz SPF-vlaken in bombaza so z vidika uporabnih lastnos-
ti tekstilij za oblacila ugodne, ker zdruzujejo lastnosti celuloznih,
beljakovinskih in sinteti¢nih vlaken.

Raziskava proucevanja obnasanja sojinih proteinskih vlaken v hu-
musu je pokazala, da razmere, v katerih nastopi hitra biorazgrad-
nja Cistih bombaznih tekstilij, ne omogocajo biorazgradnje novih
sojinih proteinskih vlaken. Po 21 dneh zadrZevanja v rahlo kisli
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The cotton fabric likewise the cotton yarns de-
graded at a faster rate than the cotton/SPF fab-
ric. The strength of the cotton/SPF fabric de-
creased in dependence of the time spent in the
soil (Figure 7). After 7 days the breaking force
in weft direction decreased by 12% and after 21
days by almost 22% (SPF 21 curve in Figure 7).
Such decrease can be attributed to the degra-
dation of the cotton yarn in warp direction re-
sulting in the decrease of interactions between
warp and weft which leads to lower resistance
of fabric to stretching in the entire deformation

zone (lower modulus).

4 Conclusion

New soybean protein fibres are biconstituent fi-
bres formed from a homogenous blend of wa-
ter solutions of proteins and polyvinyl alco-
hol by wet spinning process. They contain only
5-23% of soybean proteins, which are linked to
the molecules of polyvinyl alcohol by hydrogen
bonds. Their chemical structure is homogenous.
The fibres are eco-friendly, manufactured from
partly renewable raw materials, which remain
after soybean oil production.

Unlike soybean protein fibres known in the 20"
century which were made from 100% soybean
proteins, new soybean protein fibres, due to the
predominant share of a synthetic polymer poly-
vinyl alcohol, excel in the properties typical for
synthetic fibres: they are thermoplastic with
good mechanical properties in wet state.

In respect of thermal comfort, the combination
of the properties of cellulose, protein and syn-
thetic fibres makes the textiles made from soy-
bean protein fibres and cotton fibres interesting
for the manufacture of garments.

The results of the study of soybean protein fi-
bres behaviour in humus soil show that the con-
ditions under which pure cotton textiles de-
grade rapidly do not induce the biodegradation
of new soybean protein fibres. After 21 days of
having been buried in a slightly acid (pH 6) soil
with temperature 30 °C and relative humidity
65%, when the degradation of cotton fibres was
practically completed, the mechanical proper-
ties and appearance of soybean protein fibres

deteriorated only slightly.

Tekstilije iz novih sojinih proteinskih viaken (SPF)

(pH 6) zemlji pri temperaturi 30 °C in 65-odstotni relativni vlaz-
nosti zemlje, ko so bombazna vlakna Ze skoraj v celoti razpadla, so
se sojinim proteinskim vlaknom minimalno poslabsali mehanske
lastnosti in videz povrs§ja.
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