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ABSTRACT

Soda and peroxyacid pulp were prepared from different cotton baggies
and characterized by FT-IR, X-ray diffraction, TGA, and DTA therma analy-
sis. The crystallinity, thermal stability, and efficiency of peroxide pulp are
higher than that of soda pulp. Incorporation of functional groups e.g., -
COOH and -H,PO, into pulp increases its efficiency toward metal ions
uptake, The absorption of metal ions depend on the incorporated func-
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tional groupsand metal ion radii aswell aselectronegativity of metal ions.

© 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Cdluloseisahighmolecular weight linear polysac-
charide. Its properties depend on the pul ping process
and itssources. Itishydrolyzed and treated chemically
to preparelow molecular weight beside cellulose es-
tersand ethers. The mainly degraded and hydrolyzed
part in cellulose chainsisamorphousregiong¥. Agri-
cultural resduesareamixtureof complex polysaccha
ridesand lignin. Someof theisolated components of
thesemixtures(i.e., cdluloseand starch) haveincressed
valuewhen new functionality isadded. For examples,
cationic and carboxymethyl cellulosehavemany indus-
triad and commercia uses. By applying some of meth-
odologiesto un-proceeded residues, useful products
could beobtained. A potential wastedisposal problem
would beminimized becausetheseres dueswould now
have somecommercid utility aspaper industry, artifi-
cia wood and cellul osederivatives. Some of these de-

rivatives are carboxymethyl cellulose, nitrocellulose,
cdllulose phosphateand grafted cellulosewhich can be
used ashydroge andion exchangers. Celuloseaffords
materid of cost effectivetechnol ogiesof ion exchange®
4. Cdlulosegrafting with certain monomersisasimple
technique to incorporate desired active functional
groupsonthe backboneof polymer for absorption meta
ions, waterl® and enzymeimmobilization’®. Moreover
grafting or chemical reaction of cellulosegivesit new
properties, such as, hydrophobic or hydrophilic char-
acter and resistanceto chemica and biologica agentd”.

Theam of thepresent work istoinvestigatethe ef-
fect of pul ping processontheion exchange propertiesof
the produced metd. Theeffect of pulp hydrolysisonits
propertiesisaso carried out. Theeffect of incorporating
different functiona groupse.g., carboxylicand phospheate
groupsincdlulosewereinvestigated. Theprepared pulps
were characterized and evad uated by Infrared spectros-
copy, X-ray diffraction, andthermd andysis, (TGA and
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DTA). Theefficiency of themodified cellulosetoward
metd ion absorption wereestimated.

EXPERIMENTAL

Materials

Theraw materialsusedinthisstudy were depithed
bagasse delivered from Edfo Sugar and Paper Pulp
Mills, Edfo, Egypt (during depithing, bagasselost 20%
of itsweight as pith); All Reagentsused for thisstudy
were obtained from Merk-schudardt (anal ytical grade).
Metd ionsof (Cd, Mn, Zn,Mg.), dl thesemetasare
atomic absorption standard solutions (Merk).

Methods
Prehydrolysis
Prehydrolysisof raw materia was carried out be-

fore sodapul ping process using 1.5% H,SO, for 2hr.
at 110°Cinautoclave.
Pulping of bagasse

(a) Sodapulping: Raw material wascooked by us-
ing 20% NaOH solution using (6:1) liquor ratio, at
160°C under pressure in autoclave for 2 hours. (b)
Peroxyacid pul ping method: Raw materia was cooked
inpolyvinyl acetate bag using 16% peroxyacidand 7:1
liquor ratio at 85°C for 2hr.
Bleaching

It was carried out by using sodium hypochlorite,
H,O, and CIO,.
Chemical analysis

Lignin, a-cellulose, hemicellul oses, and ash content
was estimated by Tappi standard method (T13wd-74),
(T2030S-61), (T19wd-71) asmentioned el sewhered,
Degreeof polymerization

(D.P) of the produced bleached pul p was deter-
mined by dissolving the cellulose samplein acopper
ammonium hydroxide, Cu concentration 13 g/l and
ammoniaconcentration 200 g/l. By determiningthevis-
cosity of thissolution, the average degree of polymer-
ization can be easily found by applying Schulz and
Blaschke, (1941) expanded Staudinger equation(®.
Lignin precipitation

Sodalignin was precipitated from the produced
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waste black liquor of sodapul ping using 10%H,SO,.
Theperoxy ligninwas precipitated fromthe peroxy acid
waste black liquor using water. After precipitation, the
precipitated ligninswerefiltered, washed with distilled
water till neutraity andthenair dried.

Hydrolysisof lignin and pulp

Ligninand pulpwashydrolysed with 5-15%H,SO,
acid under reflux for different times.
Cellulosederivative

(a) Carboxylated ligninand pul p: It was prepared
by oxidation of lignin or pul p with sodium chlorite at
70°Cfor 2hr. (b) Phosphorylated lignin or pulp: It was
prepared according to the method of Lehrfeld™. (c)
Crosslinking: Lignin or pulp was cross linked by
epichlorohydren,
Phosphor ousdeter mination

It was determined by dissolving 0.2g of lignin or
pulpinconc. HNO, (10ml). After completedissolution
thevolumewas adjusted to 25ml in measuring flask
using del onized water. The phosphoruswas determined
using ICP—AES Jobin Yvon J4/85 spectrometer.

Sor ption of metal ions

0.2g of samplewasstirred in 25ml solution con-
taining different meta ions (20 ppmfor every metd ion),
for 30 min. filter, and theremaining meta ionsinthe
filtratewasdetermined usng ICPandyzer.

Spectroscopic analysis
I nfrared spectroscopy measurement

It was carried out by using (Jasco FTIR 8000C)
Spectrometer. Thesamplewasdetermined by KBr disc
technigue. The scanning of the FTIR spectrophotom-
eter was carried out from 4000 to 500 cm™.

Thermal analysis

The TGA of samples was measured using
ThermogravimetricAnayzer TGA-7. All experiments
were carried out under N, atmospherewhere heating
ratio 10°C/minute.

RESULTSAND DISCUSSION

Effect of themethod of pulping processon theprop-
ertiesof theproduced pulp
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The method of pulping of raw materials and
bleachability of the pul p hasahigh effect on the prop-
ertiesof produced pulp. So, theion exchangeaffinity of
the produced pul p from peroxyacid and soda pul ping
of bagassewasinvestigated (TABLE 1). Itisclear that
the metal ions uptake by peroxyacid bagassepulpis
higher thanthat in case of the sodapulp. Thiscan be
attributed to the formation of carboxylic groupinthe
pulp dueto the pul ping with peroxyacetic acid which
causes someoxidation of the pul p during pul ping pro-
cess. Theformation of carboxyl groupinthe peroxy
acid pulpincreasesitsefficiency toward metal ionsup-
take. Theformation of -COOH groupsonto cellulose
increasesitsaffinity for meta ionssorption morethan
the hydroxyl groupsasshownin Figure 11,

Frominfrared spectraFigure 1, itisclear that the
peroxyacid pulp hasahigher rel ative absorbance (ratio
of intensity of absorption of any band/ intensity of band
absorptionat 1325cm )14 of carboxylicgroup at 1715
cm?(0.35) thanthat in case of sodapulp (0.062). On
the other hand, therel ative absorbance of -OH group
at 3420cm in case of peroxyacid pulpislower than
that in case of soda pul p due to the oxidation of the
cellulose which occur during the peroxyacetic acid
pulping.

From previousresults, cellulose, have appreciable
ion binding capacity whichisduethemanner by which
celluloseisprepared.

Hydrolysisof pulp
Hydrolysisof celluloseis heterogeneous reaction.
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Figurel: Infrared spectroscopy of soda, per oxyacid and hydr olyzed bagassepulp

Reaction influencesby physical factor conditions (acid
concentration and temperature), aswd| asphysicd seae
of cdllulose. The sudden shift of physical structureand
reaction patterninresponseto acid concentration and
temperatureindicatesthat the main factor causingthe
changein cdllulosestructureisdisruption of hydrogen
bonding. Theacid hydrolysishasahigh effect onthe
cleavageof -1-4 glucosdicbondin cdlulose. Theion
exchange affinity of hydrolyzed sodabagasse pulpto-
ward metal ionsuptakewasstudied (TABLE 1).
From TABLE 1itisclear that the hydrolyzed pulp
hasdightly lower affinity toward metd ionsuptakethan
the unhydrolyzed pulp. Thisisduetotheincreasein
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crystallineregionsand lower of theamorphousregion
whichismoreactivethanthecrystallineregion. This
can be confirmed by theinfrared spectroscopy from
whichitisseenthat crystalinity index (ratio absorbance

TABLE 1: Metal ion uptakeby different functional groupsin
bagassepulp

Absorbed metal ions pmol/g

Material
Cd Mg Zn Hg
Soda pulp 264 739 162 48
Peroxyacid pulp 29 784 189 5
Hydrolyzed
pulp* (100°C,3h, 10%HCI) 248 714 16 461

*using 10% HCI at 100°C for 3 hours
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of band of CH, vibration at 1425/absorbance of band
CH vibrate at 900 cm™)1*3, It isfound in case of hy-
drolyzed pulp (2.25) whilein untreated pulp (2.03).
On the other hand, the mercerization depth (ratio of
band absorption at 1375/band absorption at 1325 cnr
1 of thehydrolyzed pulpislower thantheunhydrolyzed
pul p*¥ due to the decrease of amorphous part by hy-
drolyss.

Function groups

TABLE 2 showsthe metal ions uptake by phos-
phorylated and carboxylated bagasse pul p. Itisseen
that the phosphorylated and carboxyl ated bagasse pul p
hasahigher affinity toward metal ionsuptake than the
untreated pul p. Onthe other hand, the phosphorylated
bagasse pul p hasahigher affinity for metal ions sorp-
tion than the carboxylated bagasse pulp. Thiscan be
dueto thehigher power of phosphate groupsto absorb
metal ionsfrom their solutions. Multiplefunctional
groups may be placed on the same repeating unit on

H> Oxidizing agent
R—C —OH —_—
H

2
R—C —OH+ POCl; —————»

= Pyl Paper

onein closeproximity. Thesereectivesitesmay lead to
some degree of selectivity rejection of cationshaving
largeionicradii dueto the steric hinderancefactorsor
sel ective adsorption dueto the pol ydentate bonding.
Theorganicderivative prepared from thebagasse pulp
and oxidizing agent to form carboxylate cellulose hal f
ester. Phosphorus oxychloride can react with bagasse
pulp at asingle site and the produced phosphate can
remain asadianion, or it react with two siteson the
(OH) bagasse pul p backbone, forming monoanion to

TABLE 2: Effect of different function groupsincor por ated
ontopulp

Absorbed metal ions pmol/g

Material
Cd Mg Zn  Hg
Soda pulp 264 739 162 48
Carboxylated pulp 432 918 201 59
Phosphorylated pulp 177 957 274 715
Crosslinked
Phosphorylated pulp 21.1 1003 291 86
@)
H, I
R—C —O—C—OH
RH,C—=0-__ /O
P Dianion
o ow

+

- @]
RH,C o\P/
-~ \OH Monoanion

RHzc_O

Scheme 1

react with acation (Scheme 1)1,

From TABLE 2, itisclear that, the cross linked
phosphorylated pul p hasahigher affinity toward metal
ions uptake than the not crosslinked phosphorylated
pulp. Thisisbecausethe crosslinking of thepulp with
epichlorohydrin before phosphoryl ation decreasesdis-
solution of the pul p during phosphorylation process.
Also, thecrosslinker of pulpincreasesthechainswhich
attached with cellulose and increasesthe-OH group
and consequently increasestheincorporated phosphate
group, whichitisfoundinthe phosphorylated pul p 85
ppm/gwhileitisinthe crosslinked 96.4 ppm/g.

The produced ion exchanger absorbed the metal
with different ranges. Thisisdueboth steric and el ec-
tronic effects. Also the efficiency of the producedion

exchangerstoward metal ions uptake can be affected
by theradiusof metal ions. Boyd* concluded thation
exchangeabsorption affinitiesaredetermined chiefly by
themagnitude of the charge and the hydrated radius of
theioninthesolution.

Soda pulp and sodalignin

TABLE 3 showsthemetd ionsuptakeby pulp pre-
pared by soda pul ping and the preci pitated lignin from

TABLE 3: Sorption of metal ionsby sodapulp and sodalignin

Absorbed metal ionsumol/g

Material
Cd Mg Zn Hg
Soda pulp 2.64 73.9 16.2 4.8
Sodalignin 0.77 70.6 6.2 3.9
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the produced waste black liquor from the pul ping pro-
Cess.

Fromthetableitisclear that the bagasse pulp ab-
sorb metal ionsmorethanthelignin. Thisisduetothe
differenceinphysicd sructureof ligninand pulpinwhich
thecellulosein pulpisarranged as chainsabove each
other. Thischainshas crystalline part and amorphous
part that wasactivefor penetration of metal ionssolu-
tion whichincreasethe contact between metd ionsand
pulp, and consequently increasesthe sorption of metal
ions. Butincaseof ligninitisfound aspolymer not as
chain which crosdinkes mol ecul esof phenyl propane

O

unit which decreasestheaffinity of ligninto sorb metal
ions. Also, thecdlulosehasmorehydroxyl groupswhich
link moremeta ionsthanlignin.

Ingenerd, thehydroxyl functiondity onal of pro-
duced pulpisenabling to subgtitution withawidevari-
ety of eectrophilicreagents. Multiplefunctiond groups
as-OH, -COOH, - H,PO, may be placed onthe same
repeating unitsor on onein close proximity. Thesere-
activesitesof different functional groupsmay haveto
somedegree of the selectivereaction of cations, alarge
ionicradii dueto steric hindrancefactorsor selective
absorption.

OH

NH,OH

R—OH +H,C——CH——CH,—C|———>R—0—CH;,-CH—CH,0H

X-ray diffraction

To givemoreinformation about the effect of hy-
drolysisfor bagasse pulpwithHCl, besidetheinfrared
spectroscopy, X-ray diffraction for unhydrolyzed and
hydrolyzed bagasse pulp were applied. The X-ray dif-
fraction patternswererecorded on X -ray diffractometer
by reflection method.

Thedifractogram of cellulose Figure 2 Showstwo
peaks with 6-range 21-23 corresponding to crystal
graphic from of cellulose and broaded peakswith 2 6
range 15-19°. Thevalueof 2 6 angleat whichthegiven
peaksare observed and are changed during cellulose
hydrolysis. Thecrystalinity of cellulosewas estimated
by segal, et d*® using thefoll owing equation.
Crydtallinity index =1 (I ) 1,X100

OOZ-Iam

Where 002 to the peak intensity corresponding to 002
planeat 20 =27.8for cdllulose. | | isthepesk intensity
of the amorphousfraction at 2 6 =16. In our experi-
mentsthehydrolyzecdlulosehasmuch higher crysdlinty
than unhydrolyzed cellulose (TABLE4).

FromTABLEA4, itisclear that thecrystalinity in-
dex of hydrolyzed bagasseishigher than unhydrolyzed
one. Thisisdueto the degradation of amorphous part
during hydrolysisprocess.

Thermal analysisof different pulps

Thermal analysisof the sodaand peroxyacid ba-
gasse pul pswasdetermined to show theeffect of pulping
method onthetherma propertiesof the produced pulps.
Thethermal degradation of sodaand peroxy pulpin
nitrogen atmosphere hasbeen extensively studied. The
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Figure?2: Thex-ray diffraction of unhydrolyzed and hydrolyzed pulp
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TABLE 4: X-ray diffraction of unhydrolyzed and hydrolyzed
bagassepulps

Position of 20

Material ———————— Crydtallinity
001 002
Bleached bagasse pulp
(unhydrolyzed) 15.465 22.692 46
Hydrolyzed bagassepulp ~ 14.999  22.770 52

degradation of the pulp iscomposed of set of concur-
rent and consecutivereaction. Therate of thermal de-
composition of theperoxy pulpislower than sodapulp.
Thiscan beattributed toitshigher crystallinity and in-
corporated —COOH which produced in cellulose dur-
ing peroxyacetic acid pul ping process.
Theexperimentd results show two decomposition
temperatures oneisminor decomposition temperature
at which the pul p began to degrade and combustion.
Fromtableitiscdlear that theminor decomposition tem-
perature of peroxyacid pulpis300°Cishigher thanin
case of soda pulp (280 °C) and the loss of weight at
thesetwo temperatureswas 6 and 10% for peroxy acid
pulp and soda pul p respectively. On other hand, itis
found another decomposition temperature (major de-
compositiontemperature) a which thepyrolysisof pulp
and formation of gasisfound. The mgor decomposi-
tion temperature of the peroxyacid pulpishigher than
the sodapul p. Thismeansthat the peroxy acid pulpis
more stablethan the sodapul p. Thedifferentia therma
analysiscurvesof the peroxy acidsand sodapul p was
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Thedifferential thermal analysis(DTA) curvesof
the per oxyacid and soda pulps

Fromthefigure, itisclear that DTA in caseof soda
pulp have three peaks, one endothermic a 50-60°C
whichisdueto the evaporation of the humidity and the
other two exothermic at 333°C and 461°C. In case of
peroxyacid three peakswerefound, two endothermic
and one exothermic, oneat 60-65°C whichisrelated
to thewater evaporation and the second endothermic
peak at 340°C. Thethird one is exothermic peak at
471°C. Itisclear from DTA curvesthat thetempera-
tureof peaksin case of peroxyacid pulpishigher than
that of sodapulp.

CONCLUSION

Efficiency of bleached pul p toward meta ionsup-
takeishigher thanlignin, i.e. themetal ionsuptake by
pulp washigher thanthat of lignin. The hydrolyzed pulp
haslower efficiency toward meta ionsuptakethan the
untreated pul p. Peroxyacid bleached pul p hasahigher
affinity toward meta ions uptake than sodableached
pulp (Thekind of raw materials (agricultura wastes)
and the pul ping process have ahighly effect onthe af-
finity of lignocellulosic materia toward meta ionsup-
take). Metal ionsuptakeishighly affected by thekind
of functiona groupsincorporated onto the cellulosic
materia (Incorporation of different functiona groups
e.g. carboxyl and phosphateinto pulpincreaseitsaffin-
ity toward metal ions uptake). Cross-linking of cellu-
losewith epichlorohydrinincreasesitsefficiency toward
metal ions sorption. Crystalinity index of hydrolyzed
cellulose is higher than un-hydrolyzed cellulose
(Peroxyacid and hydrolyzed pul pshave higher crystal-
linity than sodapul p). Incorporation of phosphategroups
onto cdluloseincreaseitsefficiency toward metal ions
uptake more than carboxylated groups. Thermal sta-
bility of cdllulosederivativeshasthefollowing sequence:
cdlulose phosphate>carboxyl ated cdllulose > untrested
cdlulose. Al so, peroxyacid pulp hashigher stability to-
ward thermal treatment than sodapul p.

Theabsorption of metd ionsby ion exchanger was
depending on theincorporated functiona groupsand
metd ionradii aselectronegativity of meta ions.
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