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of the world's textile needs. However, their
productive processes could cause multiple en-
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The purpose of this study is to provide a green agent for hemp degumming process. In the
study, plasma acid was collected by processing distilled water with dielectric barrier discharge
device under atmospheric pressure. Then the plasma acid was used in hemp degumming pro-
cess. The facilities and instruments required in the whole procedure were easy operation and low
cost. In this experiment, bath ratio, temperature and processing time were main factors. The op-
timal scheme of plasma acid degumming process was proposed through orthogonal experiment.
The results of the pectin and lignin removal rate tests revealed that plasma acid was effective
in hemp degumming process. After plasma acid treatment, the content of pectin and lignin was
decreased by 58.553% and 43.70%, respectively. After plasma acid treatment, the cellulose struc-
ture of hemp fiber has not been changed by the XRD analysis. Lots of single fibrils were clearly
seen in the SEM images.
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Ilenpio maHHOTO WCCIEMOBAHUS SBJISIETCS CO3IAHME 3€JIeHOTO areHTa JIJIS IIPOIecca JIeTyMMHU-
pOBaHUS TEHBKU JJIS WCIIOJIBL30BaHUA ee B hapmarosoruu. llpemioskena onTuMasibHAsT cxema
mporrecca IeryMMUPOBAHMUS ITIeHbKY IJIa3MEeHHON KUCJIOTOM. Pe3yibraThl HCIIBITAHUN 110 OIIpeeie-
HUIO CKOPOCTH YAAJIEHUS ITeKTUHA ¥ JIMTHUHA IT0ITBEPIUIIN d9(PEKTUBHOCTD IIJIA3MEHHON KHUCJIOTHI
IpH JeTyMMHUpOBaHUY ITeHBKH. [locste 00paboTKu mIasMeHHOM KUCIOTOHN Co/lepsRaHue TIeKTHHA U
JIMTHUHA yMeHbImniaoch Ha 58.553% u 43,70%, coorBercrBenHo. [lo mamHbBIM peHTreHO(pa30BOrO
aHAaIN3a CTPYKTYPA IIEJLITI0JIO3bI U3 BOJIOKHA ITEHBKH I0CTe 00pabOTKY IIa3MEeHHON KUCJIOTON He
H3MeHuJIach. MHOKeCTBO OJMHOYHBIX (DUOPUILT OBLJIM OTUYETINBO BUIHEI HA cHUMEaX SEM.

BupuyeHnsa BuKOpUCTAHHS INIA3MOBOI KHMCJIOTU JIS NEeryMyBaHHSA HmeHbKU. Ban In,
Inw JIi, [3u Ine Yao, Yorcarn LHun JIi, JIi Xyn, Bawn Lo Xyn

MeTo10 TaHOTO TOCITIIFKEHHS € CTBOPEHHS 3€JIEHOI0 aAr€HTY JIJIsI IIPOIeCy JIeTyMYBAHHS TEHbKHU.
3ampoIroHOBAHO ONTHUMAJBHY CXEeMY IMPOIECY JEryMYBAHHS IEHBbKH IJIA3MOBOI KHUCJIOTOK IS
BUKOPUCTAHHA i1 y hapmarosiorii. PeaysibraTe BUIIpoOyBaHb 3 BUSHAYEHHS IIIBUTKOCTI BU/TAJICHHS
MEeKTUHY 1 JITHIHY TIITBEePIuIN e)eKTUBHICT I1JIa3MOBOI KMCJIOTH 1] Yac JeryMyBaHH IT€HbKH.
ITicsst 06poOKY M1a3MOBOI KMCJIOTOK BMICT IIEKTHUHY 1 JITHIHY 3MeHIuBcesa Ha 58.553% 1 43,70%,
BIAIOBIAHO. 3a MaHUMH PEHTTeHO(MA30BOTO aHAJI3Y CTPYKTYypa IIEJII0JI03U 3 BOJOKHA ITEHBKU
miciIst 00POOKH ILJIa3MOBOI KMCJIOTOIO He 3MIHMIACA. Besrmka KiJbKICTh ITOOUHOKHUX (P10OPHUIT YITKO
BUIHA Ha 3HIMEax SEM.

1. Introduction vironmental problems. Synthetic fiber products
deplete fossil energy resources, while cotton
cultivation is characterized by high water re-
quirements as well as substantial amounts us-
ing of fertilizers and pesticides. Products made

Cotton and synthetic fiber can meet most
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of hemp fiber have high permeability, good
water absorption, and better anti-bacterial
properties, which gained popularity around the
world. In addition, during the growth of hemp,
no fertilizers and pesticides are needed, which
is friendly to environment [1,2]. Hemp as a
non-cotton natural fiber will contribute greatly
to the sustainable development of the textile
industry [3-5].

In order to improve the spinning quality
of hemp fiber and the performance of hemp
products, the gummy substance of hemp fi-
ber should be removed partly, which is called
degumming. Degumming is a key process in
hemp textile production. The pectin and lignin
are main components of the gummy substance.
The fewer pectin and lignin content, the bet-
ter hemp fiber qualification. Research on hemp
textiles are fewer than flax and ramie. Thus the
hemp textile industries prefer to follow similar
or identical technologies that used for flax and
ramie. Nevertheless, the lignin content of hemp
is higher than flax and ramie. Therefore, hemp
degumming process is more difficult than those
two materials.

Chemical method is effective, especially in
the case of removal of lignin, and is widely used
in hemp degumming process. Unfortunately,
the chemical method has many disadvantages
such as environmental pollution, and difficul-
ties in removing the residual chemical sub-
stance from the degummed fiber. As a result,
since the green awareness and concern about
the environment increased, an eco-friendly
degumming method is being researched. Re-
cently, large numbers of degumming methods
have been studied, which can be summed up as
mechanical and biological technology. Among
these methods, chemical agents also have to be
used to improve the degumming effect, which
still could do harm to the environment.

In this article, plasma acid was prepared
and then used in hemp degumming procedu-
re. Moreover, sulfuric acid (H,SO,) processing
hemp was carried out as a contrast experiment.
Moreover, the experimental results of plasma
acid degumming were discussed. The surface
structure of hemp fiber treated by plasma acid
were also investigated by X-ray diffractometr
(XRD), scanning electron microscopy (SEM)

2 Materials and methods

2.1 Materials

The experimental material was Longjiang1#
raw hemp from China. The main chemical com-
ponent of this fiber is shown in Table 1. The
component analysis reagents were ethylene di-
amine tetraaceticacid (EDTA) from Srnopharm
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Table 1. Main component of the raw hemp
fiber

Items(%) | Pectin Hemi-cel- Lignin Cellu-
lulose lose
Content | 14.07 | _ 28.86 717 | 4991

Chemical Reagent Co., Ltd and H,SO, from
Tianjin Kemiou Chemical Reagent Co., Ltd.
Both of them were reagent grade.

2.2 Methods

2.2.1 Preparing of plasma acid

Plasma is a partially or fully ionized gas
consisting of electrons, free radicals, ions and
neutrals. All varieties of plasma systems are
traditionally defined into two major categories,
namely thermal and non-thermal, in terms of
electronic density and temperature. Thermal
plasma (usually arc discharges, torches or ra-
dio frequency) is associated with sufficient en-
ergy introduced to allow plasma constituents to
be in thermal equilibrium. While non-thermal
plasma 1s obtained using less power (usually
corona discharge, dielectric barrier discharge,
gliding arc discharge, glow discharge and spark
discharge). As for non-thermal plasma, it does
not express a local thermodynamic equilibrium,
which, therefore, offers high selectivity and en-
ergy efficiency in plasma chemical reactions
[6-7]. The equipment required in plasma acid
preparation in this paper was dielectric barrier
discharges plasma (DBD). DBD plasma has got
large-scale application in industry [8-12].

In this paper, plasma acid was collected by
processing distilled water using DBD device
under atmospheric pressure [13], showed in
Fig. 1. After plasma processing, water mol-
ecules would dissociate protons and electrons.
The protons accumulated under the action of
an electric field. Thus, the processed water had
the characteristic of acid [11]. The acidity of
plasma acid was controlled by discharge power
and pump rotational speed. When pump rota-
tional speed was ranged from 4.2 to 8.2 r/min
under 80 W discharge power, plasma acid with
pH value from 3.6 to 1.4 was produced. In this
article, pH 2.6 plasma acid was used in hemp
degumming experiment.

2.2.2 Degumming of hemp

The experiments were all carried out under
atmospheric pressure. First of all, the hemp
fiber was immersed in plasma acid. Then the
hemp fiber was boiled in JRA - 6 digital mag-
netic stirring water bath pot. Finally, the hemp
fiber was washed and dried at 60 °C.

During plasma acid degumming, bath ra-
tio, temperature and processing time were the
main factors. In order to study the effectiveness
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Fig. 1. The chart of plasma reactor: land 2 elec-
trodes, 3 and 4 barriers

of plasma acid, the parameters of these factors
were set in Table 2. The orthogonal experiment
was designed by different parameters, and
the result was evaluated by pectin and lignin
removal rate. The optimal scheme of plasma
acid processing hemp was determined through
the orthogonal experiment. Under the same
condition, H,SO, processing hemp was carried
out as a contrast experiment.

2.2.3 Hemp chemical components analysis

The chemical components analysis of plas-
ma acid treated hemp was listed as follows.
Pectic acid and its derivatives were
degradable in the EDTA liquor, while other
components of hemp yefiber were not. The pec-
tin content was tested with this method. Each
specimen weighed 1.2 = 0.010 g was tested 3
times. Samples were dried to constant weight
at 105 £3 °C, and then the weight of the dried
samples were tested and recorded as W . Each
dried sample was immersed into 60 ml 0.5%
EDTA liquor, boiled in the YX series porTable
pressure steam sterilizer at 105+1°C for 50 min,
and then taken out. After filtering, the residue
was dried to constant weight at 105+3 °C and
recorded as W,. The pectin content P, was cal-
culated according to the formula (1):
p=2"" 1009 1)
W
The pectin removal rate was further calcu-
lated by the formula (2). In which, R, referred
to pectin removal rate, P, referred to pectin con-
tent of degummed hemp fiber, and P, referred
to pectin content of raw hemp fiber.

P
R, = 1——:><100% (2)
The lignin of hemp fiber is a kind of aro-
matic polymer compounds, which is sTable to
the effect of H,SO,, while the other components
of hemp fiber are degradable in H,SO,. The
lignin content was tested with this method.
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Table 2. Plasma acid treatment process fac-

tors level
A B C
No. Liquor | Temperature: Time: mi
. o ime: min
ratio C
1 1:10 20 30
2 1:20 55 55
3 1:30 90 80

Each specimen weighed 1.2+0.010 g was tested
3 times. The samples were dried to constant
weight at 10543 °C, and then the weight of the
dried samples were tested and recorded as W..
Each sample was immersed into 15 ml 72%
H,SO, at 20 °C and stirred once every 30 min.
After 4 h, 100 ml distilled water was poured in.
After 10 h, the residue was obtained by filter-
ing and dried to constant weight at 105+3 °C.
The weight of the residue was recorded as W,.
The lignin content L., was calculated according
to the formula (3):

1

L = 100% 3)
W
The lignin removal rate was further calcu-
lated by the formula (4). R, referred to lignin
removal rate, L, referred to lignin content of
the degummed hemp fiber, and L, referred to
lignin content of raw hemp fiber.

L
R, =1-*x100% (4)

0

2.3 XRD analysis

The crystalline structure of the untreated
hemp and degummed hemp fiber were exam-
ined using a wide angle X-ray diffractometer (D
/max-3B, Rigaku Co., Ltd., Japan). The samples
were scanned from 2u D 10~50 with an opera
ting voltage and current of 40 kV and 200 mA,
respectively. The radiation was Ni-filte red Ka
radiation of wave-length 1.5406A.

2.4 SEM analysis

SEM was carried out using a JEOL JSM-
6460LV (Japan) to examine the fiber surface to-
pography before and after treatments. Before ex-
amination, the fiber samples were sputter coated
with a thin gold layer in a vacuum chamber.

3 Results and discussion

3.1 Hemp degumming by plasma acid

After plasma acid processing, the pectin and
lignin content of hemp fiber were decreased sig-
nificantly. The pectin removal rate and lignin
removal rate were shown in Table 3.

The range analysis of the experimental data
was shown in Table 4. In plasma acid degum-
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Table 3. The pectin removal rate and lignin removal rate.

No. A B C P ecfgtzf%oval Lignin removal rate (%)
1 1:30 90 30 53.966 43.55
2 1:10 55 80 54.659 43.16
3 1:30 20 80 52.857 38.75
4 1:10 90 55 57.644 43.02
5 1:20 90 80 59.538 39.51
6 1:30 55 55 47.478 39.68
7 1:20 55 30 53.285 38.48
8 1:20 20 55 49.354 34.59
9 1:10 20 30 54.172 41.31
Table 4. Range analysis of the experimental scheme optimization
Items Factor A B C
k1 55.492 52.128 53.808
k2 54.059 51.807 51.492
Pectin k3 51.434 57.049 55.685
removal rate(%) Range 4.058 5.242 4.193
Optimization Al B3 C3
Importance rank B >C>A
k1’ 42.50 38.22 41.11
k2’ 37.53 40.44 39.10
Lignin k3 40.66 42.03 40.47
removal rate(%) Range 4.97 3.81 2.01
Optimization Al B3 C1
Importance rank A>B>C
ming process, the pectin degraded. When pro- Table 5. Results of validation experiments
cessing temperature increased from 20 °C to 90 Ttmes Pectin removal Lignin
°C, the effect of plasma acid was enhanced. Ac- rate (%) removal rate (%)
cording to the pectin removal rate, processing A1B3C1 56.524 42.30
temperature and time were important factors. A1B3C3 58553 43.70

Under 1:10, 90 °C, and 80 min (A1, B3, C3) con-
dition, the pectin removal rate was better.

During plasma acid treatment, lignin
swelled and further dissolved, including aro-
matic ring fracture and molecular weight de-
crease. According to the lignin removal rate,
the influence of processing time on plasma acid
processing was little. As the processing time
extended, the acidity of plasma acid decreased.
Under 1:10, 90 °C, and 30 min (A1 B3 C1) con-
dition, the lignin removal rate was better.

In order to obtain the optimal scheme of
plasma acid degumming process, experiments
were carried out under (A1l B3 C1) and (A1 B3
C3) conditions respectively. The pectin removal
rate and lignin removal rate were tested. Ac-
cording to the testing results, under (A1 B3 C3)
condition, the effect of plasma acid was bet-
ter. The pectin removal rate was 58.553% and
lignin removal rate was 43.70% , as shown in
Tables 5.
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3.2 Hemp degumming by sulfuric acid

Under the same condition (A1 B3 C3), hemp
fiber treated by H,SO, was carried out as a con-
trast experiment. After treatment, the pectin
and lignin removal rate were tested and shown
in Table 6. It illustrated that the pectin remov-
al rate was 62.331%, while the lignin removal
rate was 26.08%, which was significantly fewer
than plasma acid degumming of 43.70%.

3.3 XRD results

XRD patterns of plasma acid degummed
hemp fiber and raw hemp fiber were shown in
Fig. 2. As can be seen from the graph, the main
characteristic absorption peaks in (a) and (b)
were almost the same, which belonged to the
cellulose I. This showed that the plasma acid
almost had no damage to hemp fiber. In ad-
dition the crystallinity of hemp fiber was in-
creased after this processing.
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Table 6. Comparison of plasma acid and sulfuric acid treatment

Itmes Pectin removal rate (%) Lignin removal rate (%)
sulfuric acid treatment 62.331 26.08
plasma acid treatment 58.553 43.70

/ \
.JM WM_.W»..
5 10 15 20 25 30 35 40 45 50
20, deg

Fig. 2. The XRD patterns of hemp fibers. (a) raw
hemp fiber and ( b) plasma acid treated hemp
fiber.

3.4 SEM results

The SEM photographs of the surfaces of
untreated and plasma-treated hemp fibers are
shown in Fig. 3. From Fig. 3 (a), it is clear that
the fibers, formed by fibrils glued together,
were disposed in a multidirectional array. The
diameters of single fibers were about 100 um.
SEM image also displayed a rougher surface
with lots of waxy and gummy substances on the
untreated hemp fiber. The internal fibrils also
cannot be seen.

After plasma acid treatment, lots of single
fibrils were clearly seen in the SEM image in
Fig. 3(b). The waxy and gummy substances ob-
served on the untreated hemp fibers surfaces
had been removed. The inner fibrils were ex-
posed following removal of the outer lignin.
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3.5 The created mechanics of plasma
acid

Previous reports [14-16] have shown that
a large amount of oxygen species, including
O atoms, OH - radicals and HO, radicals, were
produced during the reaction of producing plas-
ma species. Upon the O atom approaching a
water molecule, the O atom abstracts a hydro-
gen atom from water and two OH- radicals are
created. Subsequently, one of the OH- radicals
reacts with another water molecule resulting
in the formation of a new water molecule and
OH - radical. This reaction extends the life ex-
pectancy of OH - radicals and ensures them a
long uses. But both reactions had no net effect
to the plasma acid.

Eq.(5) illustrates the interaction of
HO, radicals with water; it is agreement with
the literature that the HO, - radicals are a bet-
ter proton donor but a weaker proton accepter
than water It is clear that this reaction resul-
ted in a hydrated proton H,O*. It is the plasma
product in the liquid water that originally pre-
sented a strongly acidic feature which varied
with the discharge conditions.

HO,+ H,0 € [0,-H-OH,] € O,-+H,0*  (5)

During the preparation of plasma acid, wa-
ter molecules were dissociated into H,O. There-
fore, the plasma acid was active and effective
in hemp degumming. The plasma acid in hemp
degumming worked in three aspects. Firstly,
pectin ester was degradated during plasma
acid processing. Secondly, lignin was swelled
and further dissolved, including aromatic ring
fractured and the molecular weight decreased,

b)
Fig. 3. The SEM of hemp fibers. (a) raw hemp fiber and ( b) plasma acid treated hemp fiber.
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but no structural change. Lastly, hemicellulose
glycosidic bond was cracked and hydrolysised
by plasma acid. During the generation process
of plasma acid, there was less pollution to the
environment. And it is more to note that after
several hours, the acidity of plasma acid would
fade itself under room temperature.

4. Conclusions

The preparation of plasma acid was done
place by processing distilled water with the
help of dielectric barrier discharge device under
atmospheric pressure. Compared with H,SO,
processing, plasma acid was of less pollution to
the environment. In plasma acid degumming
process, bath ratio, temperature and process-
ing time were main factors. Under the optimal
scheme of bath ratio 1:10, temperature 90 °C,
and processing time 80 min, the pectin con-
tent was decreased to 58.553%, and the lignin
content was decreased to 43.70%. The results
of the pectin and lignin removal rate tests re-
vealed that the plasma acid processing was ef-
fective in hemp degumming. Furthermore, the
facilities and instruments required were easy
to operate and low cost. Plasma acid provided
a green acidic condition. Therefore the applica-
tion of plasma acid on degumming hemp was
effective and promising.
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