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Reeds-A Potential Source of Raw Material

[RAW MATERIALS |

for Produciion of High Alpha-Cellulose

Pulp

Al F. & Saikia €.N.

ABSTRACT

High alpha-cellulose was extracted from two varieties of reeds, viz.
Ekra (Erianthus longisetus) and Khagra (Neyraudia reynaudiana), by
following water prehydrolysis sulphate process. Pre-hydrolysis was car-
ried out at three different temperatures viz.135, 145 and 155°C for 2.5
and 3h. Kraft cooking was done for all the batches of prehydrolyzed
chips and the characteristics of unbleached pulp were evaluated. Se-
lected batches of unbleacs.ed pulp were bleached using C-E-H-E-H-dil.
HCL sequence under controlled conditions. Bleached pulps with bright-
ness 85-88% were obtained, having alpha-cellulose 92.5-94.8%, pen-
tosan 2.12-2.90% and ash 0.05-0.08%. Analytical data on raw material,
prehydrolyzed chips, unbleached and bleached pulps were presented.
The alpha-celluloses were further characterized with the help of IR, X-

ray and thermal analyses.

INTRODUCTION

The conventional raw materials like soft wood,
hard wood and bamboo used for pulp, paper and
cellulose-based industries are depleting day by day
and it is predicted that by the turn of the century,
there will be a global shortage of these raw materials.
During the last three decades though many of the
forest based fast growing annual and perennial plants
have been identified as alternative source of raw
materials for pulp and paper making (1-6), but very
little work has been done on the production of high
alpha-cellulose pulp from such raw materials. The
high alpha-cellulose or dissolving cellulose finds

application in- many chemical and paper making end-

uses and is principally used for manufacture of esters
and ethers, lacquers, plastics, vulcanized fibre, arti-
ficial leathers, sponges and grafted products gtc.
(7-12). There is considerable variation in the com-
positional characteristics of plant materials “trom
species to species. It is therefore, absolutely neces-
sary to examine each and every variety individually
for its suitability for the preparation of high alpha-
cellulose pulp:

Ekra reed (Eriantlius longisetus) and Khagra
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reed (Neyraudia reynaudiana) grow wild on the banks
of river Brahmaputra and in the forests of N.E. region
of the country and are available in large quantities
annuatly (13). The reeds are tall, tufted perennial
grass with robust smooth stem and culms. -

Considering the importance of non-wood fibres,
systematic studies were carried out to evaluate the two
reed species for preparation of high alpha-cellulose
pulps. In this paper, data on laboratory scale prepa-
rations of the pulps and their characterization are
presented.

EXPERIMENTAL
Raw material

For the present investigations reeds were col-
lected from the bank of the river Brahmaputra, in the
District of Jorhat, Assam, India. The reed culms were
cut into 2.5cm in length and the chips were air dried
and then used for the experimental works on oven
dry (od) basis.

Regional Research Laboratory
(Council of Scientific & Industrial Research)
Jorhat-785 006, India
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Table-1
Proximate Chemical Analysis

Particulars E. longisetus N. reynaudiana

Solubility in:

Cold water, % 6.22 5.12
" Hot water, % 10.25 8.36
. 1%. Alkali,. %. 29.80. 30.20.

Alcohol benzene (1:2), % 2.70 2.82

Lignin % 19.23 20.70

Pentosan % 20.35 19.42

Cross & Bevan cellulose % 56.57 57.57

Ash % 2.12 2.04

Proximate chemical analysis

The air dried chips were powdered in a Wiley
mill and screened through -40 and +60 mesh wire.
The portion remained in between the two screens was
used for proximate chemical analysis adopting T APPI
standard methods (14). The results obtained are given
in Table-1.

Prehydrolysis of chips

1000g of chips (as od matter) was cooked using
deionized water at M:L ratio 1:5% in a 10 litre
capacity stainless steel electrically heated rotary di-
gester. The hydrolysis was carried out at different
conditions (Table-2).

The time taken to raise the temperature to
maximum was 90 min. After the cooking the
prehydrolysed chips were first washed with tap water
and then with distilled water and finally air dried.

Pulping of prehydrolysed chips

Cooking experiments were carried out using 500
mg (od) of prehydrolysed chips with 17% active alkali
(NaOH+Na,S) as Na,O for 3h at 163+2°C at M:L
ratio 1:5, maintaining sulphidity at 20%. After the

cooking, the pulp- was washed with fresh water and-

then with distilled water and finally air dried and
analyzed. Pulping conditions and analytical data on
unbleached pulp are givenr in Table-3.

Bleaching

The screened unbleached pulp from each cook
was bleached by a typical multistage bleaching pro-
cess, involving chlorination (C), alkali extraction (E),
sodium hypochlorite treatment (H), alkali extraction
(E) and sodium hypochlorite treatment (H) sequence.
Finally, a mild HCI acid treatment was given to the
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pulp for improving the brightness and to prevent
colour reversion (7). This treatment also reduced the
ash content of the bleached pulp to a certain extent.
The conditins of bleaching are reported in Table-4.

Evaluation and characterization of bleached pulps

The yield of bleached pulp, pentosan, alpha,
beta and gamma-celluloses, copper number, ash and
brightness were determined as per Tappi standard
methods (14). Degree of polymerization (DP) and
carboxyl contents were determined as per methods
suggested elsewhere (15,16). The results are given in
Table-5.

Fibre morphology

Morphological characteristics of the unbleached
fibres, taken from batch No.5 and 9, were determined
by using a Dokuval photomicroscope (JEOL, Japan)
at different magnifications. About 200 fibres of various
sizes were measured for their length, diameter, cell
wall thickness and ‘the average values of the results
are given in Table-6.

Infrared and X-ray diffraction

IR spectra of alpha-cellulose was recorded on
a Perkin- Elmer spectrometer (Model 2000-FTIR) using
the KBr disk technique from 4000 to 450 cm? with
a resolution of 2 cm* with five scans per sample.
X-ray diffraction pattern were recorded using a com-
puter controlled X-ray diffractometer (Type JDX-11
P3A, JEOL, Japan) with pulse height analyser and

-scintillation counter Nal (T1) single crystal.

Thermal behaviour

Thermogravimetry (TG) and differential
thermogravimetry (DTG) were carried out using a
Shimadzu Thermal Analyser 30. The mass of the
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Table-4
Conditions of bleaching

Stages Chemicals as available Consis- Temp. Retention
Cloor, % alkali on tency - time

o.d. pulp % ‘c min

Chlorination ©) 1.40-3 3 27 (RT) 30
Alkali Extraction (E) 2 10 60 60
Hypochlorite 43 0.75-1.25 10 45 90
Alkali Extraction (E) 2.0 10 60 60
Hypochlorite (H) 0.75-1.15 10 45 60
Dil HC] treatment 0.05 (V/V) 4 27 (RT) 30

samples of cellulose were in the range 7.10-9.50 mg,
Alpha-atumina was used as reference material and the
temperature ranged from 30 to 800°C at heating rate
10°C min?, in static air atmosphere.

RESULTS AND DISCUSSION

The results of proximate chemical analysis
presented in Table-1 indicate the suitability of Ekra
and Khagra reeds for preparing high alpha-cellulose
pulp. The pentosan in Ekra reed (20.35%) is a bit
higher than that in the Khagra reed (19.42%), white
the lignin is 19.23% and 20.70% respectively. The
ash content in both the reeds (2.12 and 2.04%) are
almost same.

The prehydrolysis was carried out at three
different temperatures viz. 135, 145 and 155°C for
2.5 and 3h respectively. Table-2 gives the yields of
prehydrolyzed chips, pH of prehydrolyzed liquors,
ratio of pentosan and lignin removals etc. It is evident
from the data that percentage removal of constituents
like pentosan, lignin and ash from original material,
increases with the increase in prehydrolysis tempera-
tures, while inecrease of prehydrolysis time at certain
temperature does not effectively increase the remaoval.
of these constituents. The ratios of pentosan and
lignin removal percentages increase with increase in
temperature and duration of prehydrolysis. It would
be seen that the rate of hydrolysis is governed by
temperature and time (15).

The sulphate cooking of prehydrolysed chips
was carried out under the conditiéue? as mentioned
earlier. Time and temperature have significant effect
on the reduction of pentosan, lignin, ash content etc.
Fig.1 (a,b) and (c,d) show the effect of prehydrolysis
temperatures on yield, pentosan and lignin remgoval
of unbleached pulps at 2.5 and 3h prehydrolysis of
Ekra and Khagra reeds respectively.

‘PPTA Vol.-10, No.-2, June 1998

The Characteristics of bleached pulps obtained
from the seclected batches are presented in Table-5.
The bleached pulp yields of 27.1-28.1% on the basis
of original raw materials were obtained. Alpha-cel-
lulose (92.5-94.8%) with acceptable brightness, D.P.,
pentosan and ash contents could be obtained, which
compare well with that of standard viscose grade
dissolving cellulose (17).

The alpha-cellulose obtained from batch 5
(Cellulose A) and batch 9 (Cellulose B) were analysed
by IR, X-ray and thermogravimetric techniques and
compared with the data obtained from similar analysis
of a commercial rayon grade pulp (M/s Harihar
Polyfibres, India), containing 95.5%. alpha-cellulose
and 0.05% ash (Cellulose C).

The comparative I™ spectra of celluloses A, B
and C (Fig.2) exhibit characteristic absorption bands
of O-H stretching (3360 cm*), C-H stretching (2920
cm™?), C-H bending (1380 cm™), -OH bending (1320
cm?) etc (18-20). Similarly, X-ray deffraction pat-
terns of celluloses AB and C (Fig.3) indicate that
the celluloses are typical native celfulose having
crystalline and amorphous regions (21).

The thermal curves (TG and DTG) for celluloses
A, B and C are shown in Fig.3, at heating rate 10°C
min®. The thermal analysis data in Table-7(a) show
a major mass loss with maxima around 295 to 312°C
for all vhe three celluloses. Table-7(b) gives initial,
maximum and final temperatures of active decompo-
¢ ‘jon represented at T,, T, and T, respectively. The
percentage mass losses (57.2-59.5) in the active
decomposition range for all the three celluloses are
more or less comparable. It may be inferred that three
main degradation steps namely initiation, propagation
and carbonization as suggested by earlier workers
(22) are predominant for all the three celluloses.
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Table-7 (a)

Thermal analysis data for celluloses at-heating raté 10°C min?

DTG peak temperature o

Sample % weight loss
| I m
Cellulose A 83 295 414 57.2
Cellulose B , 8¢ 312 465 59.5
Cellulose C 100 300 - 57.5
Key : I, II, Il --- pre, second and third stages.
Table-7 (b)

Dynamic thermogravimetry data for celluloses at heating rate 10°C min™

RE (Jr), TAPPI J, 45; 780 (1962).
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Sample Temperature of active decomposition o)
T1 T2 T,
Cellulose A 290 320 497
Cellulose B 310 328 545
Cellulose C 295 320 580
CONCLUSION 2. Clark T F, Cunningham R L & Wolff I A,
The physico-chemical properties of high alpha- TAPPI J, 54; 63 (1971).
cellulose extracted from Erianthus longisetus and . .
Neyraudia reynaudiana exhibited identical properties 3. Watson A J., Davies ? W & Gartside G.
to that of alpha-cellulose available ‘commercially. APPITA, 30; 129 (1976).
. . o i
Adopting water prehyfirolysm at 145°C for 3101 fol 4 Atchison J E & Collins T T (Jr), Tappi Non-
lowed by sulphate pulping at temperature 163+2 C for 4 Plant Fibre Pulping, P Rep N
3h. with 17% active alkali as Na,O at 20% sulphidity, ‘7”°°197 6‘;‘“ ibre Pulping, Progress Rep NO.
good quality of alpha-cellulose could be produced ( )
frorq Eha reed. So also similar results cc?uld be 5. Mohanrao, N R, Kishore, H, Murthy, K S,
obtained from Khagra reed by prehydrolysing the Kulkarni. A G and Pant, R, IPPTA, 20; 17
chips at 155°C for 2.5h followed by identical con- (1983) ’ T T
ditions of sulphate pulping and muitistage bleaching. ’
From the experimental results, it may be concluded 6. AliF, SarmaT C & Saikia C N, Bioresource
that Ekra and Khagra reeds could be ideal as raw Tech, 45, 65 (1993).
materials for the production of high alpha-cellulose
pulps. 7. Saikia C N, Chaliha B P, Iyengar M S &
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gional Research Laboratory, Jorhat-785006, for his 8. Saikia, C N and Baruah, J N; Indian J Fibre
kind permission to present this paper in the Annual & Textile Research, Vol 16; September, 213-
Meeting and Seminar organised by Indian Pulp and 217 (1991).
Paper Technical Association at Chennai during _
November, 1997. 9. Ali, F and Saikia, C N, I Scientific - &
Industrial Research, Vol 56; October,
REFERENCES 618-626 (1997).
1. Clark T F, Nelson G H, Wolff I A & Perdue. 10. Hiett L A TAPPI J, 62 : 42 (1985).

IPPTA Vol.-10, No.-2, June 1998



— 40
| (@) (b)
\ \'
30 - 30¢ '
ol o
a 1=
= 20 3 20
n [
H x
x
0r 10 +
| "— -  x P —
1 1 1 1 [l ]
035 %5 155 033 145 155
)
Prehydrolysis Temperature(C) Prehydrolysis Temperature (C)
40 ( 40
- @ _ (d)
J ' B
°.50 -1 < 30¢
ﬂ °
E 2
K 20 + -~ é 20
ax
10 . 10
’*_\lﬁ *_‘i 4 —
0 1 i i 0
: 135 145 155 135 145 155

Prehydrolysis Tem peratur e(°C ) Prehydrolysis Temperature (°C

Fig-1

IPPTA Vol.-10, No.-2, June 1996



58

(b)
T
(9]
C .
S
€
(1))
c
o
= \/\\
/\ ‘ (C)
4000 2(500 1400 800 200

-1
Wave number (Cm)

Fig-2.

[RAW MATERIALS |

IPPTA Vol.-10, No.-2, June 1998



-

700

350

175

(a)

700

350 |

Count

175

(b)

700

350 f

175 |

(c)

2 12

IPPTA Vol.-10, No.-2, June 1998

23

32

42

20 IN DEG
Fig-3

52




60

WEIGHT LOSS (%)

0
10
20
30

40
50
60
70
80
90

100

100 200 300 400 500 600 700 800
TEMPERATURE C

(a)

WEIGHT LOSS (%)

0
10
20
30
40

50

60
70
80

90
100

WEIGHT LOSS (°6)

0
10
20
30
40
50
60
70

80
90

100

[ RAW MATERIALS |

1

L

(b)

100 200300 400 500 600 700800
TEMPERATURE C

(c)

L

] 1 J i L [ 1

100 200 300 400 500600 700 800

TEMPERATURE °C
Fig 4.

IPPTA Vol.-10, No.-2, June 1998



11.

12.

13.

- 14.

15.

Ali, F, Saikia, C N and Sen, S R, J.
Industrial Crops Products, 6(2), 121-129
(1997). .

Saikia, C N, Ali, F., Goswami, T and Ghosh,
A C, J. Industrial Crops and Products, 4.
233-239.

Lodh, S B and Rao, P R, Indian Pulp and
Paper, Vol. XVIII (8); 1 (1963).

Technical Association of Pulp and paper
Industry, Standard and Suggested Methods,
TAPPI, New York (1993).

Tsuji H, Isono Z & Ono K, Bull Univ Osaka
Prefect, 16; 89 (1963).

- TPPTA Vol.-10, No.-2, June 1998

18.

19.

21.

22.

Whistler, R L, Methods in Carbohydrate
Chemistry, Vol.3 (Academic press, New
york), 34 (1963).

Joglekar M H & Donofrio C P, TAPPI J,
34 (1951) 256. :

Liang C Y & Marchessault R H, J Polym
Sci, 43 (1960) 71.

Liang C Y & Marchessault R H, J Polym
Sci, 39 (1959 269.

O'Connor R T, Dupre E F & Mitchum D,
Text Res J, 28 (1958) 382.

Parks L R, TAPPI, 42 (1959) 317.

Chatterjee P K & Conrad C M, Text Res
J, 36 (1966) 487.

61



	Page 1
	Titles
	Reeds-A Potential Source of Raw Material 
	Pulp 
	Ali F. & Saikia- C.N~ 
	ABSTRACT 
	• 
	• 
	.' 
	INTRODUCTION 
	EXPERIMENTAL 
	Raw material 
	(Council of Scientific & Industrial Research) 


	Page 2
	Titles
	• 

	Tables
	Table 1


	Page 3
	Titles
	• 
	• 
	• 
	IPPTA Vol.-IO, No.-2, June 1998 
	51 

	Tables
	Table 1


	Page 4
	Titles
	0\ 
	0\ 
	[RAW MATERIALS I 
	Vl 
	t-­ 
	t-­ 
	0'1 
	- 
	o 
	• 
	• 
	.,. 
	= 
	- 
	~ 
	- 
	..r 
	0\ 
	o 
	N 
	e 
	o 
	o 
	•...• 
	.S 
	•... 
	o 
	6 
	* 
	.. 
	52 
	IPPTA Vol.-lO, No.-2, June 1998 

	Images
	Image 1
	Image 2
	Image 3
	Image 4
	Image 5
	Image 6
	Image 7
	Image 8
	Image 9
	Image 10
	Image 11
	Image 12
	Image 13
	Image 14
	Image 15
	Image 16


	Page 5
	Titles
	• 
	53 

	Tables
	Table 1


	Page 6
	Titles
	f RAW MATERIALS I 
	• 
	• 
	54 
	IPPTA Vot-10, No.-2, June 1998 

	Tables
	Table 1


	Page 7
	Titles
	• 
	• 
	'" 
	.~ 
	.•.. 
	'" 
	tI 
	•• 
	'5 
	~I 
	o 
	~ 
	- 
	~ ~ 
	u-E 
	-.=~ 
	.•....•.• 
	:B!6 
	o 
	~ 
	+ 

	Images
	Image 1
	Image 2
	Image 3
	Image 4
	Image 5
	Image 6
	Image 7
	Image 8
	Image 9
	Image 10
	Image 11
	Image 12
	Image 13
	Image 14
	Image 15
	Image 16
	Image 17
	Image 18
	Image 19
	Image 20
	Image 21
	Image 22
	Image 23


	Page 8
	Titles
	• 
	REFERENCES 
	., 
	•• 

	Tables
	Table 1
	Table 2


	Page 9
	Tables
	Table 1
	Table 2


	Page 10
	Titles
	(a) 
	• 
	4000 
	2000 1400 800 200 
	Wave number (em) 
	Fig-2. 

	Images
	Image 1
	Image 2
	Image 3

	Tables
	Table 1


	Page 11
	Titles
	•. 
	0---"---"---"---"---"----1 

	Images
	Image 1
	Image 2
	Image 3

	Tables
	Table 1


	Page 12
	Titles
	•• 

	Images
	Image 1
	Image 2
	Image 3

	Tables
	Table 1
	Table 2


	Page 13
	Titles
	• 
	• 



