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Abstract In this laboratory study, a hardwood
bleached kraft pulp (HBKP) was converted to dis-
solving pulp by removing hemicellulose using organic
electrolyte solutions (OES), consisting of ionic liquid
(1-ethyl-3-methylimidazolium acetate (EminAc)) and
a polar organic solvent y-valerolactone (GVL). The
molar ratio of GVL/EmimAc, and temperature have
significant effect on the swelling of HBKP fibers, thus
the hemicellulose dissolution/removal process. Under
the optimal conditions of GVL/EmimAc molar ratio of
4 and 60 °C, hemicellulose was effectively removed,
leading to the formation of a dissolving pulp with yield
of 76%, cellulose content of 91%, Fock reactivity of
56.8% and viscosity of 723 mL/g. Furthermore, the
potential of using EmimAc/GVL/water ternary system
to selectively remove hemicelluloses from the same
HBKP was studied. The GVL/EmimAc/water ratio of
2:1:1 at 60 °C showed promising results, with yield of
76.7%, and cellulose content of 94.8%.
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Introduction

Cellulosic fibers are used in many areas of our life,
they are renewable, biodegradable, environmentally
friendly, and have some unique properties, such as
good mechanical strength. The mechanical strength of
cellulosic fibers comes from the abundant hydrogen
bonds in and between the cellulose molecular chains.
These hydrogen bonds are the main barrier that keep
cellulose fibers from dissolving in ordinary solvents
such as water or ethanol. Therefore, research efforts
have been directed to the development of efficient and
green solvents to facilitate dissolution and processing
of cellulosic fibers.

Ionic liquids (IL) are effective cellulose solvents
(Michud et al. 2015; Froschauer et al. 2013; Pinkert
et al. 2009; Roselli et al. 2014; Xia et al. 2020; Zhang
et al. 2005). Specifically, imidazolium ionic liquids
have been extensively researched (Zheng et al. 2014).
The strong IL solubilization of cellulose is due to: (1)
ILs having strong interactions with cellulose by
H-bonding, overtaking the H-bonding in cellulose
(Payal et al. 2012); (2) anions of the IL strongly
interact with hydroxyl groups of cellulose (Liu et al.
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2010; Gross et al. 2011). ILs, in combination with
others, can be used to separate cellulose/hemicellu-
loses matrix (Froschauer et al. 2013). ILs have low
vapor pressure, high thermal stability and are envi-
ronmentally friendly (Rebros et al. 2009). Numerous
studies have been reported for treating lignocellulosic
materials using ILs (Roselli et al. 2016; Wollboldt
et al. 2017). ITonic liquids are usually highly viscous
(Pinkert et al. 2009), with the addition of high
molecular weight (MW) cellulose, the mixture
becomes even more viscous, which can lead to
operational challenges. Operating at elevated temper-
atures is a promising method to decrease the viscosity
of ionic liquids. Nazet et al. (2015) demonstrated that
the dynamic viscosities of ionic liquids such as
EmimAc, EmimFAP, and BmimBETI decreased from
hundreds of mPa-s at 273 K to 30-50 mPa-s at 523 K.
However, some ionic liquids are not stable at these
high temperatures, which causes technical issues
during applications (Brandt et al. 2013). Another
option to decrease the viscosity of ionic liquids is to
use the cosolvent concept. For the specific purpose of
removing hemicelluloses from a paper-grade market
pulp, a cosolvent such as water, is desirable, because
of the tunable dissolution ability of the binary system,
as demonstrated in an earlier study (Yang et al.
2020b). Organic/polar cosolvents, can also be added
into ionic liquids, forming so-called organic elec-
trolyte solutions (OES). The OES solutions have
several advantages compared with simple ionic lig-
uids, including lowered viscosity, and tunable physic-
ochemical properties (Andanson et al. 2014; Clough
2017; Xu et al. 2013).

Dissolving pulp, which has a high a-cellulose
content, usually 90% or higher (Chen et al. 2016;
Jahan et al. 2016), has received much interest (Duan
et al. 2019; Jiang et al. 2020; Li et al. 2018a; Qin et al.
2021; Wang et al. 2015; Yang et al. 2019). Dissolving
pulp can be converted to various value-added green
cellulose products, for example, the Chen group
reported a novel cellulose nanofiltration membrane
that has layered structure and can potentially replace
petroleum-based products for water purification (Li
et al. 2018b; Weng et al. 2017). Prehydrolysis kraft
pulping and acid sulfite pulping, are the two dominant
commercial processes for the production of dissolving
pulp (Duan et al., 2015). In addition, the selective
removal of hemicelluloses (xylan) from bleached
hardwood kraft paper-grade pulp, can also lead to
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the production of dissolving pulp (Duan et al. 2016);
and various processes have been reported, including
cold alkaline extraction, CCE (Kopcke et al. 2010),
nitren extraction (Janzon et al. 2008), IL extraction
(Froschauer et al. 2013; Roselli et al. 2014) and
enzyme treatment (Ma et al. 2017), GVL extraction
(Yang et al. 2020a).

Herein, we report a new method of converting
paper-grade hardwood bleached kraft pulp to dissolv-
ing pulp, using a new OES system, which consists of
an ionic liquid (1-ethyl-3-methylimidazolium acetate,
EmimAc) and an organic solvent (‘y-valerolactone,
GVL). EmimAc is a good cellulose solvent, while
GVL is an aprotic, strongly polar (with a L = 4.71 D)
organic solvent with a high boiling point (208 °C) and
good thermal stability (Yang et al 2020a). GVL is a
green organic solvent, which can be found in fruit and
is used as a flavor additive in the food industry.
Moreover, GVL can be produced from both glucose
and xylose, which opens the possibility of converting
the separated hemicelluloses to GVL so that the
process is a closed loop (Alonso et al. 2013).

In the present laboratory study, we first determine
the physical properties of the OES solutions that have
a significant impact on the swelling of cellulose fibers.
Cellulosic fibers were impregnated and swelled in
OES solutions at various GVL/EmimAc molar ratios
so that the optimal ratio of the two components can be
determined for the purpose of selectively dissolving
hemicellulose from the kraft pulp fibers and the
resultant dissolving pulp was characterized. The
underlying mechanism is that cellulose and hemicel-
lulose do have differences in physical/chemical prop-
erties, such as molecular weight, accessibility towards
solvent, therefore, selective dissolution of hemicellu-
lose can be achieved by adjusting the molar ratio of
GVL and EmimAc in OES solutions. This selective
hemicellulose removal concept is also significantly
affected by temperature, which has a strong effect on
the fiber swelling. The results indicate that a facile and
green concept based on a new OES system is feasible
to upgrade paper grade pulp to dissolving pulp. In
addition, we also investigated the use of an EmimAc/
GVL/water ternary system for the same purpose of
selectively removing hemicellulose from HBKP.
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Materials and methods
Materials

Bleached hardwood kraft pulp (HBKP) was used as
the raw material, and was provided by a pulp mill
located in eastern Canada. The pulp was produced
from a blend of wood species: 58.0% maple, 13.0%
birch, 8.0% poplar, and 21.0% other. The analytical
compositions of HBKP by Ion Chromatography is
79.2% glucan, 20.1% xylan, and 0.7% mannan. The
pulp sample was first treated using a fluffer to break its
compact board structure and make it more accessible
in the consequential fractionation process.

GVL was supplied by Sigma Aldrich with > 98
wt% purity. Pure water was obtained from a Millipore
Synergy® UV purification system (water resistivity of
18.2 MQ cm). 1-ethyl-3-methylimidazolium acetate
(EmimAc), purchased from Sigma Aldrich with a
purity of 95%, was used as received without further
purification.

Methods
Viscosity and conductivity

The viscosity of the solvent mixtures was determined
using a Brookfield digital viscometer equipped with a
programmable temperature controller. The conductiv-
ity of the solvent mixtures was determined using a
symphony H10C with an MP5 Pt conductivity elec-
trode. The conductivity of the solvent mixtures with
different molar fractions was measured at room
temperature using an H10C SymphonyTM handheld
meter (VWR, Radnor, PA, USA), calibrated using KCI
standard solutions at various concentrations. The
accuracy of the Symphony handheld meter is & 0.5%.
The average value from three measurements was
reported.

Swelling and observation

The HBKP fibers were treated in a mechanical fluffer,
and the fibers were soaked in OES and GVL/IL/Water
systems. The fiber morphology was observed using an
optical microscope (Leica DM4000 M) equipped with
a digital camera (Leica DFC480).

Fractionation using OES and GVL/IL/water ternary
system

OES systems: Bleached kraft hardwood pulp fibers
were first treated in a fluffer. To remove the presence
of moisture in pulp fibers, the sample was fluffed and
soaked in GVL at room temperature for 30 min
followed by filtration and pressing to around 35%
consistency before use. Therefore, the amount of
water present in the system is negligible. Then, the
fibers were treated by OES solutions (in different
ratios). Different molar ratios of GVL (e.g. 1, 4, 8, and
12 mol of GVL to 1 mol of EmimAc, were noted as
GEl1, GE4, GES, and GE12 respectively) were added
to 4 g of EmimAc. A 5 wt% HBKP (based on
EmimAc) was dispersed into the solvent mixtures
before they were transferred to a 20 mL (or 100 mL as
needed) glass vial. Solubility tests were conducted in
an oil bath, which was set to specific temperatures.
Once the test was completed, the sample was filtered
using a 2-layer 400 mesh stainless steel screen. The
samples were washed using the same solvent mixture.
The extraction temperatures were 25 °C, 60 °C, and
90 °C, with an extraction time of 120 min.

GVL/IL/Water systems: all operation parameters
were the same as those in the DES systems, except for
the solvent that was used. Again, the moisture in pulp
fibers was displaced by using GVL, as described
above. The molar ratios of IL, GVL, and water varied
from 1:1:1 to 1:4:4.

Molecular weight distribution.

The determination of molecular weight distribution
(MWD) of samples was conducted on a gel perme-
ation chromatography (Waters 600E), equipped with a
differential refractometer detector (Waters 410) and a
Waters Styragel HR 5E column. Prior to the determi-
nation, the pulp sample was dissolved in an 8%
DMAC/LICI solution. The mobile phase was 0.5%
DMAC/LiCl at a flow rate of 0.3 mL/min. The column
temperature was 50 °C, and the injection volume was
10 pL.

Fock reactivity test
Cellulose-rich samples were air-dried in a constant

temperature/humidity room (50% RH, 23 °C). The
cellulose xanthation was performed in a water bath at
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19 °C; the Fock reactivity was determined by follow-
ing the modified method reported by Tian et al. (2013).

Intrinsic viscosity

The intrinsic viscosity of all purified cellulose samples
was measured according to the TAPPI standard T230
om-99 using 50% copper-ethylene-diamine (CED)
solution as the cellulose solvent.

Sugar Analyses

The sugar contents in the HBKP and the treated solids
were determined by using an ion chromatography unit
equipped with CarboPacTM PA1l column (Dionex-
300, Dionex Corporation, Canada) and a pulsed
amperometric detector (PAD). The fiber samples were
totally hydrolyzed to mono-sugars by following a
2-step hydrolysis method (Sluiter et al. 2008). In brief,
the fibers were first hydrolyzed in 72% sulfuric acid,
with an acid-to-fiber ratio of 20 mL g — 1, at
30 £ 1 °C, for 60 min. Subsequently, the mixture
was subjected to a second weak acid hydrolysis (4%
sulfuric acid), by adding deionized water to dilute 72%
to 4% sulfuric acid, at 121 &+ 1 °C in an autoclave, for
60 min. The samples were diluted to about 20 ppm,
prior to the IC analysis.

XRD Analyses

A Bruker D8 XRD system was used with Cu-K as a
source (A = 0.154 nm) in the 20 range (5° ~ 40°) and
a scanning speed of 1.2°/min. The samples were
directly used and placed inside metallic sample holder
rings. The cellulose crystallinity index (Crl) was
determined by following a literature method (Cheng
et al. 2017; Kljun et al. 2011), and it was calculated
based on Eq. (1):

- Iam

1
Crl,% = 20 “am
Do

100 (1)
Where Iy in Eq. (1) is the maximum intensity of

crystalline scatter at the 200 reflection (20 = 22.5°),
I, is intensity of diffraction at 26 = 18.0°.

@ Springer

Results and Discussion
Physiochemical properties of OES

The OES concept takes advantages of two solvents:
non cellulose dissolving organic solvent and cellulose-
dissolving ionic liquid. In the present study, the OES
consists of GVL and EmimAc. We first studied the
viscosity and conductivity of the GVL/EmimAc
mixture at different ratios.

As shown in Fig. 1, the viscosity of pure EmimAc
at 60 °C is 33.0 mPa s, and viscosity of GVL is
0.5 mPa s. The viscosity of the OES consisting of
1 mol of GVL/1 mol of the EmimAc, is 11.0 mPa s.
As more GVL is added to EmimAc, the viscosity of
the OES solutions decreases. The density of GVL/
EmimAc mixture is rather constant at various ratios
(the density of GVL is 1.05 g/mL, that of EmimAc is
1.1 g/mL at 25 °C). The conductivity is another
important parameter for solvation purposes (Cheng
et al. 2017). The conductivity of pure EmimAc at
60 °Cis 6.55 mS/cm. At GVL/EmimAc molar ratio of
1, the conductivity of the mixture increases to
10.12 mS/cm, which is similar to that of OES at
DMSO/EmimAc of 1 (Cheng et al. 2017). However,
with the addition of more GVL to EmimAc, the
conductivity decreases (6.20 mS/cm at GVL/EmimAc
molar ratio of 4, 4.30 mS/cm at GVL/EmimAc molar
ratio of 8). At the same time, the viscosity of the
system decreases continuously. The hemicellulose-
dissolving capability of OES is expected to improve
when a small amount of GVL is added, as both
viscosity and conductivity are favorable for this
purpose.

By changing the proportion of GVL in the OES
solutions, the hemicellulose dissolubility may be
tuned to separate hemicelluloses from the HBKP
fibers (Fig. 1). The pulp fibers were treated with
optimal OES solutions to dissolve hemicellulose, then
the solid residue (cellulose-rich fraction) was filtrated
and washed to obtain dissolving pulp. The dissolved
hemicelluloses in the OES can be precipitated out by
adding more GVL and further converted to value-
added products, such as furfural (Fatehi et al. 2013; Li
et al. 2010).
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Fig. 1 Schematic of removing hemicellulose from HBKP fibers to produce dissolving pulp based on OES fractionation

Swelling of pulp fibers

The swelling behaviors of fibers in the solvent
mixtures were studied prior to performing hemicellu-
loses extraction experiments in order to choose the
optimal solvent mixture for selective dissolution of
hemicelluloses from HBKP. As shown in Fig. 2, the
solvent mixtures of GVL/EmimAc at various ratios
showed strong swelling abilities of fibers and hemi-
cellulose dissolution. For GE1 mixture (molar ratio of
GVL/EmimAc, X =1), pulp fibers dissolved

GE12, 120 min, 60 C
GES, 15 min, 60 C g :

,60C
T

GE1, 5min, 25
EmimAc, 5 min, 25

Molar ratio (GVL:EmimAc)

Fig. 2 Swelling behaviors of pulp fibers in various OES
solutions consisting of different molar ratios of GVL/EmimAc

completely within 5 min at room temperature, which
is a very fast process, consistent with the Mode 1
dissolution defined by Cuissinat (Cuissinat and
Navard 2008; Cuissinat et al. 2008). The fibers in
GE4 (X = 4) extensively swelled with the formation
of large balloons along the fibers in 6 min at 60 °C,
and the fiber tissue of balloons dissolved (Mode 2).
The fibers in GE8 (X = 8) mixture swelled, but no
apparent dissolution was evident (Mode 3). The GE12
mixture only swelled the fiber slightly, no balloons
could be seen after 120 min of treatment at 60 °C
(Mode 4). The observation of swelling and dissolution
of fibers in the GVL/EmimAc mixtures indicates that
the GVL/EmimAc OES solutions have stronger dis-
solution capability than EmimAc. As shown in Fig. 2,
EmimAc only dissolved fibers into fragments under
otherwise the same conditions, the GE1 solution
dissolved the fibers completely. In the literature, it
was reported that EmimAc dissolves cellulose fibers,
MCC (Zavrel et al. 2009) or Eucalyptus pulp (Kosan
et al. 2008) at 110 °C, and a Eucalyptus urograndis
PHK dissolving pulp at 95 °C in a kneader. As the
GVL content in the mixture increased (X > 1), the
swelling and dissolution abilities started to decrease.
These results from GVL/EmimAc mixtures exhibited
typical behaviour of an aprotic organic solvent that can
enhance the dissolving ability with the addition of an
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optimal amount of EmimAc. Under the present
conditions, with 4 mol of GVL to 1 mol of EmimAc,
the GVL/EmimAc mixture has reasonable swelling
ability of pulp fibers, thus, hemicellulose dissolution.

Based on the swelling and dissolution behaviors of
fibers in different OES mixtures (Fig. 2), we reached
the conclusion that the dissolution capability of OES
solutions varies from very strong to weak, depending
on the cosolvent and its molar fraction in the mixtures.
Therefore, it is possible that with an optimal molar
ratio of GVL/EmimAc, the suitability of the OES for
hemicelluloses removal could be tuned so that
dissolving pulp can be produced as the final product
from paper-grade HBKP. Furthermore, the GE4 and
GES solutions are better OES systems than GE1 and
GE12 for selective removal of hemicelluloses from the
HBKEP fibers.

Effect of different ratios of GVL to EmimAc

The GE1 solution was too strong, which essentially
dissolves both cellulose and hemicellulose. The results
from GE4, GES, and GE12 OES systems are shown in
Table 1. When GVL is added into EmimAc, the GVL/
EmimAC system can effectively dissolve hemicellu-
lose while cellulose dissolution is minimized. The best
results were obtained at the molar ratio of GVL/
EmimAc of 4 (GE4). As shown in Table 1, for the GE4
system, at 25 °C, the solid residue yield was 91%; at
60 °C, the solid residue yield was 76%; at 90 °C,
fibers completely dissolved (both hemicellulose and
cellulose), with no solid left.

As the GVL addition increases further (GES,
GE12), the hemicellulose dissolution capability of
the GVL/EmimAc OES decreases significantly. As
shown in Table 1, at 25 °C, the solid yields remain
very high (97-98%) after treatment for both GE8 and
GE12. Increasing the processing temperature (60 and
90 °C), the yield loss for the solid residue increases;
however, the solid yields are consistently very high
(> 90%, Table 1), while the hemicellulose content in
the solid residue is higher than 14.7% (Table 1),
indicating that neither GE8 nor GE12 was effective in
removing hemicelluloses from the bleached hardwood
kraft pulp.

KT parameters (a- B- and ) are to characterize the
dissolving capability of a solvent system, such ionic
liquid, LiCI/DMAc, NNMO-H,O for dissolving cel-
lulose (Froschauer et al. 2013). KT B value is more
critical among other KT parameters for cellulose
dissolution. It is expected that the KT B value will
decrease significantly with the addition of more GVL,
which is consistent with the results in Table 1, showing
that the yield increases with creasing the molar ratios
of GVL/EmimAc.

XRD Characterization

The X-ray Diffraction results are shown in Fig. 3. The
crystallinity index of the original HBKP is 76% (Yang
et al. 2020a). At 25 °C, for the GE4 sample, the Crl
was 75%, for the GE8 and GE12 samples, their Crls
were similar (approx.78%), indicating negligible
changes in the cellulose crystal structure after the
treatment at a low temperature. At 60 °C, GE4, GES8

Table 1 Yields, cellulose,
and hemicelluloses contents
of the solid residue after

Sample IDs
(ratio-temperature)

Solid yield, %wt

Hemicelluloses, %wt Cellulose, %wt

treatment using various
GVL/EmimAc mixtures

HBKP (raw Material)
GE1-25
GE4-25
GES8-25
GE12-25
GE4-60
GES8-60
GE12-60
GE4-90
GES8-90
GE12-90

100
0
91
97
98
76
96
97
0
90
93

20.8 79.2
16.4 82.5
20.7 77.1
20.8 77.0
4.4 94.6
20.8 77.1
19.9 79.0
14.7 84.2
17.7 81.2
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Fig.3 XRD (a, b, and ¢) and crystallinity index (d) of resultant solid residues (cellulose- rich fractions) obtained using GVL/EmimAc

mixtures under various conditions

and GE12, showed the Crl of 62.5%, 60.4% and
60.7%, respectively, which are lower than that of the
original HBKP; evidently, a moderate temperature
DES treatment would cause some destruction of the
cellulose crystal structure. At 90 °C, the GE8 and
GE12 samples had similar Crls to the same two
samples at 60 °C (there was no solid residue left for
the GE4 sample at 90 °C because both hemicellulose
and cellulose were dissolved).

Fractionation using EmimAc/GVL/water ternary
mixtures

The potential of using EmimAc/GVL/water ternary
system to selectively remove hemicelluloses from the
hardwood kraft pulp was also investigated. The yields

of the solids of the ternary system extraction are listed
in Fig. 4. For the 111 trial (molar ratio of EmimAc:
GVL: water is 1:1:1), HBKP fibers completely
dissolved, thus the solid residue yield was 0. For the
114 trial (molar ratio of EmimAc: GVL: water is
1:1:4), the solid residue yield was 100%, indicative of
no hemicellulose dissolution. Therefore, for the rest of
the trials, the ratio of water was limited to 2 or less, and
the molar ratio of GVL was limited to 4 (from the OES
trials in previous sections) or less.

The 121 trial (molar ratio of EmimAc: GVL: water
is 1:2:1) and the 131 trial (molar ratio of EmimAc:
GVL: water is 1:3:1) showed promising results; with
yields at 76.7 wt% and 81.7 wt% respectively, with
the cellulose content of 94.8 wt% and 90.6 wt%, and
the hemicellulose content of 5.2 wt% and 9.5 wt%,
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Fig. 4 Yields and properties of EmimAc/GVL/water ternary
system to selectively remove hemicellulose from paper grade
pulp (121 refers to the cellulose-rich fraction extracted by
ternary solution with a molar ratio of EmimAc: GVL:
water = 1:2:1)

respectively. These results demonstrate that the
hemicellulose dissolution capacity of the ternary
system decreased as more water and GVL were
present in the system, and the addition of 1 portion of
water was more powerful than the same amount of
GVL in decreasing the dissolution capacity. The 121
trial (molar ratio of EmimAc: GVL: water is 1:2:1) led
to the production of dissolving pulp with Fock
reactivity of 57.5%, an intrinsic viscosity of 698 mL/
g, and a PDI of 4.1. These properties are close to those
properties of PHK dissolving pulp reported by Duan
etal (2015): the two hardwood dissolving pulps (C and
D) have Fock reactivity of 55% and 68%, intrinsic
viscosities of about 600 mL/g, and PDIs of 3.8 and 4.5.
These results support the conclusion that under
optimal conditions, the ternary system can selectively

remove hemicelluloses from paper grade pulp thus,
producing dissolving pulp.

Dissolving pulp properties

Table 2 shows the Fock reactivity, molecular weight,
and intrinsic viscosity of the original pulp, and those
treated under selected conditions with GVL/EmimAc,
and EmimAc/GVL/water. Included in the table are
also those from the other two systems: GVL/water
(Yang et al. 2020a), EmimAc/water (Yang et al.
2020b). The Fock reactivity of the samples obtained
from the IL/water (Sample ID: WE2-90), GVL/
EmimAc (Sample ID: GE4-60), and EmimAc/GVL/
water (Sample ID: 121-60), was similar
(54.7-57.5%). However, the GVL/water treated sam-
ple (Sample ID:150-30) had a higher Fock reactivity,
which is due to the higher processing temperature, and
more importantly, the acidic processing condition,
thus inducing acid hydrolysis to the cellulose and
hemicellulose chains (Yang et al. 2020a). These
results agree with the intrinsic viscosity results: the
GVL/water treated sample (Sample ID: 150-30) had
the lowest intrinsic viscosity, indicating a lower DP of
the cellulose molecules in the sample. Also, the GVL/
water treated sample possessed a wider molecule
weight distribution.

Included in Table 2 are also those from a commer-
cial PHK hardwood dissolving pulp. The PHK hard-
wood dissolving pulp has lower Fock reactivity and
higher PDI than the OES treated samples.

Table 2 Fock reactivity, intrinsic viscosity, and Mw of cellulose-rich fraction of different samples

Sample Fock/% Viscosity Mw Mn PDI Method
/mL/g
HBKP Not applicable 755 326,897 74,294 4.4  raw material
150-30* 71.5 £ 09 545 354,247 52,326 6.8 GVL + water
WE2-90** 54.7 £ 0.7 767 363,625 84,564 4.3 IL + water
GE4-60 56.8 £ 0.2 723 343,469 75,654 4.5 IL 4+ GVL
121-60 575 £ 1.2 698 323,339 79,056 4.1 IL 4+ GVL + water
PHK hardwood dissolving pulp 45.1 560 290,840 37,580 7.7 A commercial sample from a Canada mill

Note: 150-30* refers to the GVL/water treated cellulose (Yang et al. 2020a), WE2-90** was treated by water/EmimAc (ratio 2:1, at
90 °C) (Yang et al. 2020b), GE4-60 was treated by GVL/EmimAc (ratio 4:1, at 60 °C), 121-60 was treated by EmimAc/GVL/water

(ratio 1:2:1, 60 °C).
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Conclusions

The removal of hemicellulose from a bleached
hardwood kraft pulp (HBKP) to produce dissolving
pulp, was investigated in a laboratory using an OES
system consisting of EmimAc and GVL. The results
show that the OES system selectively separates
hemicellulose from the HBKP fibers, and the resultant
dissolving pulp (solid residue) reaches a high cellulose
content close to 95%, with its yield of about 76%,
under the conditions of GVL/EmimAc molar ratio of
4:1 and 60 °C. Both the GVL/EmimAc molar ratio and
temperature are key parameters affecting the hemi-
cellulose removal. The obtained dissolving pulp has a
crystallinity index of 62%, with its Fock reactivity of
56.8% and viscosity of 723 mL/g, which are in the
typical range of quality parameters for dissolving pulp,
specifically for cellulose rayon production. Further-
more, under the optimal conditions, the EmimAc/
GVL/water ternary system also leads to effective
separation of hemicelluloses from the same HBKP.
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