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ABSTRACT

Egyptian rice straw was collected from El-Delta region and subjected to
new method of treatment in order to transfer it to cellulose pulp which
would be a primary substance for many useful products. The new method
was mechanical pulping with soda process conditions, the product of this
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treatment was obtained and characterized with both chemical and instru-
mental analysis namely IR analysis depending upon some methods for

both qualitative and quantitative purposes.
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INTRODUCTION

Ricestraw till awastetill now allover theworld
and especially in Egypt, sncethereisnoway toturnit
to useful products on the wide range. So, this paper
will discusstheuse of rice straw for the production of
celulosg?,

Therearemany methodsknown for the extraction
of cellulosefromitssourcesgenerally and rice straw
especidly, thesemethods could beclassifiedintomain
three categories depending on the condition of treat-
ment, mechanica treetment, semi-chemicd, and chemi-
cd trestment methods?.

Sodaextraction method for mechanicaly devided
rice straw (semi-chemical) wasused inthisstudy. IR
analysisisundertaken to describethe produced cellu-
lose®4,

Saad, et d., inanarticleontheslylation of cellu-
lose gaveacollective assignment for theinfrared ab-

sorption spectraof thedifferent kindsof celluloseand
tabulated themainimportant bandsof each kind. Their
TABLE isactudly very beneficial for obtainingtheas-
signment of IR bandsof cdllulosematerias. Hence, this
TABLE isconsideredto beof great helpfor assigning
the IR spectraof rice straw pul psobtained under dif-
ferent conditionsof cooking of ricestraw with sodium
hydroxide solutions(pulping).

For the determination of lignin content, Issaand
Saad et al 2% developed a method for the use of IR
spectrum to determinethelignin content in cellulose
samplesfrom different sources. Therelativeintensity
values (I ) were cal culated from the rel ative absor-
bancevalues (A /A using the background cor-
rection method. The baselinewastaken between 1606
and 898 cm'! bands.

Accordingly, thelignin content could bedetermined
intheabove mentioned rangeusingthefollowing linear
equation:
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Lignin % = 9.27+3.12xI _ 1)

Also, thelignin content wasfound to be directly
proportional to theintensity of thebandsat 1510 and
1740 cmrt. Karklin and Gromov(® devel oped amethod
for therapid determination of lignin content (x) in sul-
phate pul p usingtheintensity of theband at 1595 cnt
relativetothat at 893 cm™* (M). Thefollowing equa-
tionsweregiven:

X=342M-19.3 2
(whereM=0.93-0.56), and
X=10.3M+3.0 3)

(whereM=1.90-0.93).

The above mentioned principlewas a so used by
Karklinand Kreicbergd™ to determinethelignin con-
tent in wood. The base linewas constructed by con-
necting the absorption at 1850 cm™ and 800 cm'™. The
lignin content wasdetermined from therd ations:

X=12.01M+6.23 4
(for M=1.3-3.53), and
X =424M+33.9 (5

(for M=3.53-16).

Karklin and Kreicbergd” determined the lignin
content in nitric acid pul p from birchwood by measur-
ing therelative optical density of theinfrared absorp-
tionband at 1595 cm?, calculated from aninterna stan-
dard at 895 cm* and an external standard K Fe(CN),
at 2110 cm?, and plotting acdibration curve. Marton
and Spark® showed that the lignin content can be de-
termined by infrared multipleinternd reflectance. The
intensity of the 1510 cm* lignin band relative to that of
the celluloseband at 1310 or 893 cnmr isproportional
tothelignin content.

(@ InSaad et al. method: thereativeintensity val-
ues(l ) were cal cul ated from therel ative absor-
bancevalues (A, /A,,) using the background
correction method. Thebase line wastaken be-
tween 1606 and 898 cm™* bands.

(b) Inbackground correction method®, thebaseline
was taken between 1850 and 850 cm™.

(©) Inthe baseline technique method?, two lines
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were constructed between the three pointsrepre-
senting theminimum absorbanceva ueswithinthe
2000 to 650 cm® range, namely between 1850
and 1550 cmrt aswell as 1550 and 850 cm'™.
Inthe Pidot method™, thebaselineis constructed
bel ow the absorption band considered. Thetwo
base lines were obtained by connecting the ab-
sorbanceat 1550 and 1780 cm™* aswell asat 870
and 930 cm* for thetwo bands respectively.

(d)

EXPERIMENTAL

Analysisof raw materials

Many methodsfor theanalysis of plant materials
and pulp have been devel oped and tested for their
reliability. The standard methods mostly in current us-
age nowadays arethe American Tappi Standard, the
German (Deutsche Einheiten) methods, and the Swed-
ish methods*2.

Inthiswork the Tappi standardswere used in most
of thechemical analysisof theraw materia and pulp.

M oisture content of both rice straw samplesand
the prepared cellulose were determined. Also, com-
bustible organic matters and water soluble matters
were determined. The composition of therice straw
and cellulose sampleswere confirmed by elemental
analysis, IR spectra. Thetherma studieswere carried
out using TGA-50 and DTA-50, Shimadzu
Thermogravimetric anayzer (Japan), with therate of
heating 10°C/min. SEM were employed.

RESULTSAND DISCUSSION

Analysisof raw materials

TABLE 1: Theapproximatecompostion of dry ricestraw

Sample number I [ [l
Moisture 10% 10% 12%
Water soluble matters 10 % 12% 10 %
Fibrous part 65 % 66 % 62 %
Ash 5% 12% 16%

TABLE 2: Pulping of ricestraw

sodium hydroxide . . weight/volume ratio Temperatur e of
Factor ; Time of pulping ;
concentration (Wiv) pulping degr ee cent.
Condition 6% 8% 10% 12% 1hr 2hrs 3hrs 4hrs /5 1/10 /20 /50 40 60 80 100

Yidd 65 58 47 47 60 47 44

44 51 49 47 47 75 70 60 47
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Cooking conditions

Effect of the nature of rice straw on the pulp
yield

Theeffect of ricestraw nature(plant shapeand length)
was studied by subjecting the plant asawhole (varies
from 80-120 cmlength) and securingitinto small sizes
manudly (20, 10 and 5 cm) comparingwiththeplant di-
vided by mechanica ways, for cookingwith sodium hy-
droxidesolution (10%) for two hourswhen boiling. The
resultsof theseexperimentsarereportedin TABLE 3.
TABLE 3: Theeffect of ricestraw natureon thepulp yield
The

Sample hole 20 10 5 M echanical
length cn  cm cm divided plant
plant
Wt0 g. 10 10 10 10 10
witf g. 6.11 519 527 49 4.66
Loss 389 481 473 51 5.34
Yield % 61.1 519 527 49 46.6

Theindustria conditionsof pulping ricestraw usu-
ally operatesin batch reactors with atemperature
between 160 and 180 °C and a cooking time be-
tween 4 and 6 hours. The raw material is treated
with ahighly alkaline solution of NaOH (12-15%)
concentration.

From the results obtained in TABLES 2 and 3,
cooking conditions could be reduced to 10% sodium
hydroxide solution for 2 hours boiling when it isme-
chanicaly devided (semi-chemicd pulping). Thisreduc-
tion did not affect the yield of the produced pulp so
much, these conditions would give yield of about 47%
with cellulose not less than 90%.

Alphaceluloseestimation

Theterm a-cdlulosedlowsusto describethe qual -
ity of theraw materialsand its competitivenessinthe
field of rice straw usage especially for paper produc-
tion. From theresultswe observethat ricestraw islow
in a-cellulose content (28%) but it still hasitsimpor-
tanceinthisfield. Cooking with sodium hydroxide af-
fectsthe a-cellulose content of ricestraw. It risesit ill
about 90% when boiling with (10%) sodium hydroxide
concentrationfor 2 hours.

TABLE 4: a-cellulose content of rice straw and pulp from
ricestraw

Sample no. I [ 11 v v Vi

a-cellulose % 28 29 28 65 75 90
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Figure2: Therelation between sodium hydroxide solution
concentration and thelignin content deter mined by different
methodsfrom R chartswhen pulpingfor 1 hrours
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Figure3: Therelation between sodium hydroxide solution
concentration and thelignin content deter mined by different
methodsfrom IR chartswhen pulpingfor 2hrs
where:
A) The lignin content determined using Saad et. al. method.
B) Thelignin content deter mined using the background correc-
tion method.
C) The lignin content determined using the base line tech-
nique method.

D) The lignin content determined using the pislot method™Y.

TABLES5: Therelation between sodium hydroxide solution
concentration and thelignin content deter mined by different
methodsfrom IR charts

Sample

no. 1 2 3 4 5 6 7 8
Time 1hr. 2hrs.
héi?? 4% 6% 8% 10% 4% 6% 8% 10%
A 1161 1159 11.02 1083 1096 1033 1012 10.10
B 1161 1159 11.02 1083 1096 1033 1012 10.10
C 1367 1345 1251 1179 1385 1358 1248 12.38
D 1236 1161 116 11.02 1214 11.05 1095 10.33
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Infrared spectrophotometric study of cellulose
from high yield sodaricestraw pulps

TGA studiesof cellulose samples

ThelR spectraof cellulose materia swerethe sub-
ject of many studies®¥. |saa, Saad and Fahmy™, inan
aticleontheslylation of celulosegaveacollectiveas-
sgnment for theinfrared absorption spectraof thedif-
ferent kindsof celluloseand tabul ated the mainimpor-
tant bands of each kind. The band assignmentsgiven
by previous authorsin many studieswere helpful in
obtaining the correct assignment for thevarious bands
inthe IR spectraof rice straw pulp samplesobtained
under different cooking conditions®. On comparingthe
spectrum of theraw material with thoseof highyield
sodarice straw pul p thefollowing can be pointed out:
a- The broad 6OH band at 1600 cm™* tendsto beless

broad in the spectraof the pul ps, meanwhiletheband
envel opesbecomemoresymmetrica. Thebandsdue
tothestretching vibrationsof the CH-groupstendto
be sharper inthe spectraof the pul pswiththeloss of
absorption on the higher frequency sidewherethe
bands dueto aromatic CH-groups appear. Thegroup
of bandswithinthe 1400-1200 cm* becomes sharper
with rise of either NaOH concentration or cooking
temperature. Theintensity of most bands decreases
inthesamedirection whilethe peaksat 1630-1370
cmtendto be sharp and display adight increasein
peak intensity. The bandswithinthe 1200-900 cm't
region tendto belessbroadinthespectraof the pulps,
yet themost obviouschangeinthisregionistheap-
pearance of some sharp peaksnear 1100 cm®. These
changesrecdl moreor lessthose observed with mer-
cerization of cdluloseand can besimilarly accounted
forl*, Theabsorption bandswithinthe800-625 crm
! region show someintensity changeson cooking rice
straw with NaOH. These spectral changes can be
duetodissolutionof ligninand aswdl astheremova
of somelow molecular formsof carbohydratesfrom
ricestraw during the pul ping process. Thisisaccom-
panied by thelarge decreasein theintensity of the
absorption bandsdueto such componentsinthevari-
ous regions, hence the other absorption bands ap-
pear sharper. The sharpness of thesebandsismore
obviouswith samplescooked for longer timesor when
theNaOH concentrationwasincreased. Alsotherise
of cooking temperaturebringsamost Smilar effects.
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b-Thestrong band at 1735 cm?, assigned to thestretch-
ing vibration of the C=0 group of the acetyl residue
from polyurinoid of the hemicelluloses, displaysan
obvious decrease in intensity when rice straw is
cooked in 6 % NaOH for one hour at 100 °C on
increasing thetimeof cooking to two hours, theband
isturned to avery shallow broad onebuit it vanishes
completely when therice straw is cooked with 8 %
NaOH for 2 hrs. at boiling. The band appearsasa
rudimentary peak in the spectrum of samplescooked
for onehour at boiling temperaturewith 8 % NaOH.
Alsothisabsorption peak isnot observedin the spec-
traof samples cooked with 10 % NaOH. The de-
creaseof C=0 band intensity anditsvanishinginthe
spectraof the pulpsisdueto the hydrolytic rupture
of theacetyl linkage between ligninand hemicellu-
lose during the pul ping of rice straw with NaOH.
Theremova of theacetyl group fromricestraw in-
creaseswith cooking timeor rise of NaOH concen-
tration and a so by increasing thetemperature of the
cooking.

c- Thebandsat 1595-1600 cm'?, which correspond to
theskdeta vibrationsof thearomaticringsof thelig-
nin part, show agradual decreaseonincreasingthe
cookingtimeor withriseof temperatureand or dkali
concentration. Thedrop in theintensity of thisband
denotesthat thelignin content of the pul psdecreased
during cookingwith variousdegreesdepending onthe
prevailing experimenta conditions.

Thewholericestraw startsto degradethermally
at about 250 °C. But in the temperature range 300-
375°C, themgority of the carbohydrate polymershave
degraded and only lignin remains. The hemicellulose
components start to decompose at about 225 °C and
areamost compl etely degraded by 325 °C. Thecdlu-
lose polymer ismorestableto therma degradation until
about 370°C, and then decomposesa most completdy
over avery short temperaturerange. Thelignin starts
to decompose at about 200 °C, but is much more
stableto thermal degradation ascomparedto the car-
bohydrate polymerg®.

Figure 4 and TABLE 6 show that there are three
different thermal lossstages. Thefirst stagerepresenting
aweight loss of 11.801, 14.979, 6.123 and 7.505%
which may beattributed to thelossof moisture content
from samples 3, 7, 8 and 10 respectively. The second
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stage at 300-325 °C issuggested to be dueto thether-
ma degradative oxidation of the carbon content, itsra-
tio reached 30.35, 35.582, 57.790 and 57.731% of
thetotal weight for 3, 7, 8 and 10 respectively. Thethird
stage at 470-1000 °C involvesweight loss of 25.619,
21.785, 22.891 and 28.24% which may be dueto the
complete oxidation of theremaining organic métter.

-

Figure4: TGA ther mogr aph of samples3, 7,8and 10
TABLE 6: TGA analysisfor cellulose samples

Weight loss

Temperature

range Sample Sample Sample Sample

3 3 3 3

35-100°C 11.801 14979 6.123 7.505
300-325°C 3035 35582 57.790 52731
470-1000°C 25619 21.785 22891 28.24
oAwaot 67052 7572 8344 89.698
Remainedash 32.048  24.28 16.56  10.302

Thepositionsof weight lossonthe TGA tracesare
shifted to higher temperatures, for increased process-
ing stagesfrom pre-washed to chemically treated rice
sraw indicatingincreased thermd gability. Thisincrease
of thermd stability could beduetothedecreasedlignin
and hemicdlulose content.

Differential thermal analysis(DTA) of cellulose

In Figure5 thereisan endothermic peak at 90 °C
which is due to moisture content loss, and there are
two exothermic peaks at 350 and 470 °C which are
assigned to oxidati ve degradation reaction. Also, both
TGA and DTA analyses confirmed each other. Thus,
ricestraw and rice straw pul p samplescompostion are
about 10% moisture, 15% ash and 75% organic por-
tionwhich areoxidized a two stepswiththeportion 45
at thefirst oneand 25 at the second step.

Rice straw application for useful products throughout chemical treatments
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Figure5: DTA thermograph of ricestraw pulp sampleno. 8
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TABLE 7: Kappano. of pulp fromricestraw according to
relativeintensity

Sample
no.

Kappa no.

1 2 3 4 5 6 7 8

304 302 298 296 298 298 296 294

Figure 6 showsthe relationship between the ex-
tentsof ddignification (Kappanumber isthevolumein
millilitersof 0.1N potass um permanganate sol ution con-
sumed by one gram of moisture-free pulp) under the
conditions specified in this method. It isfound that
delignification of ricestraw can bedonesuccessfully in
all casesof cooking conditions.

SEM investigation!®

SEM isapowerful and effortlesstechniquetoim-
agethefibersinmicrometer scale. Thephysica trends
liketheremovd of finesandfillers, or thedifferent na-
ture of hardwood and softwood fibers can be visual -
ized with SEM. In fact, SEM measurements had the
strongest link to the bulk propertiesof the pulp samples.
From theresultsof thispart we can concludethat rice
straw can have qualities compared with virgin fibers
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when processed correctly!").

The super molecular structure of the blank (me-
chanically dividedricestraw) and that treated with so-
dium hydroxide sampleswere studied by e ectron mi-
croscopy Figure?7.

Figure7: SEM of ricestraw pulp samplesnos. 1,5and 8

When thesamplesweretreated with different con-
centration of alkali, thefiberstended to agglomerate
gradudly intosmal andlargebundles.

Alkali treated sampleswith 4% and 10% akai con-
centrationsrespectively showed that many bundlesag-
gregation showed the decrease of voids between them
which confirmed theincreasein the degree of polymer-
izationand crystdlinity.

Increasingtheadkali concentration, the degradation

M.Morsi Abou-Sekkina et al.
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products were more pronounced with large spaces
between them asin caseof akadi treated pulpwith 10%
(Figure 7). The appearance of dotes are most likely
tiny degraded productswhich have been formed onthe
fracture surface of the cellulose pul p.

Sampleskey

0 Ricestraw sample

1 Ricestraw sample treated with sodium hydroxide
solution (6 %) for 1 hr.

2 Rice straw sample treated with sodium hydroxide
solution (8 %) for 1 hr.

3 Rice straw sample trested with sodium hydroxide
solution (10 %) for 1 hr.

4 Rice straw sample treated with sodium hydroxide
solution (12 %) for 1 hrs.

5 Rice straw sample treated with sodium hydroxide
solution (6 %) for 2 hrs.

6 Rice straw sample treated with sodium hydroxide
solution (8 %) for 2 hrs.

7 Rice straw sample trested with sodium hydroxide
solution (10 %) for 2 hrs.

8 Rice straw sample treated with sodium hydroxide
solution (12 %) for 2 hrs.

CONCLUSION

At first, from the anal yses above we could con-
cludethat rice straw isoneof themost rich sourcesfor
cellulose production and with very easy method we
could transfer it into cellulose pul p with appreciable
degreeof purity for many industrial purposes.

Secondly, mixing between chemical and mechani-
cal trestment for transferring agricultura wastein gen-
eral and rice straw especially isagood method as it
reduces both thetime of treatment and the amount of
chemicalsused and hencethe produced black liquor as
thewaste of that industry.

Thirdly, by usngthelRanalyss, TGA, DTA andy-
sesand SEM for both quditativeand quantitetive anay-
sesfor ricestraw and the produced cellulosefromthe
four proposals already mentioned above is a useful
manner.
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