April 2008

Trade Science Ine.

Volume 4 Issue 1

Macromolecules

A Tndéian Yournal

— Pyl Paper

MMAIJ, 4(1), 2008 [20-24]

Synthesis and characterization of nitrokonjac glucomannan

Zhengguang Zhang, Xuegang Luo*, Xiaoyan Lin
Collegeof Life Scienceand Engineering, Southwest Univer sity of Scienceand Technology, Mianyang,

Sichuan-621010, (CHINA)
Tel: +86 816 6089009
E-mail: Ixgxg@my-public.sc.cninfo.net

Received: 30" May, 2007 ; Accepted: 4" June, 2007

ABSTRACT

Using Konjac glucomannan, which is abundant and renewable in nature
astheraw material, Nitrokonjac glucomannan(NKGM) was synthesized in
the system which was mixed with fuming nitric acid, concentrated sulfuric
acid and phosphoric anhydride. NKGM is water resistant, but it can dis-
solve in organic solvent such as acetone. The nitrogen content, structure
and properties of NKGM were measured and characterized by elementary
anaysis, FTIR, SEM, X-ray Diffraction and TG-DSC. Theresultsindicated
: the nitrogen content of NKGM could reach 13.59% due to the presence
of -ONO,; aloose network structure was formed in NKGM and it had a
higher degree of crystallinity compared to original KGM; NKGM decom-
posed at the temperature of 161 and it had a big exothermic peak; NKGM
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had the properties of energetic material.
© 2008 Trade Sciencelnc. - INDIA

INTRODUCTION

Dueto potentia limitation of petroleum resources
aswdll asincreasingly environmental concerns, poly-
mersderived from renewabl eresources have attracted
much attention as potential raw materialsinthe 21st
century*®l, [tiswell known that the natural polymers
areenvironmentdly friendly and ssfeduringuse. Konjac
glucomannan(KGM), oneof theoldest and richest natu-
ral polymer on earth, can bederivatizedtoyield vari-
oususeful products. It isahigh molecular weight wa-
ter-soluble non-ionic glucomannan found in tubers of
the Amor phophalluskonjac plant. KGM isalinear
random copolymer of 3-(1—4) linked D-glucoseand
D-mannoseinthemolar ratio of 1:1.6 withalow de-
gree of acetyl groups (approximately 1 acetyl group

per 17 residues) at the C-6 position®?, Therearea
lot of very active primary hydroxyl -CH,OH at the C-
6 position of every constitutiond unit ), under certain
conditions, many chemica reactionscan happen at this
position, such as esterification*?, etherification™, ni-
tration™™, graft polymerization*>¢ etc. Fromthesere-
actionswe can get theramification of KGM with high
energy and finethermoplaticity. Itisattractivefor in-
dustria use because of itsrenewability, biodegradabil-
ity and low cost. At present, many investigation related
to KGM arefocused onisolating and characterizing
propertiesof solutionand solid, itismainly usedinbio-
chemical, medical and food fieldd-2%, Theinvestiga
tion of konjac glucomannan used asan energy material
has not been reported so far.

In this work we prepared the nitrokonjac
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glucomannan(NKGM) inthesysemmixedwithKGM,
fuming nitric, concentrated sulfuric acid and phospho-
ric anhydride. And the nitrogen content, structureand
propertiesof NKGM wereinvestigated in detail.

EXPERIMENTAL

Materials

All chemical reagents used were obtained from com-
mercia sourcesin Mianyang, China. Anddl areof ana-
Iytical grade. Theraw KGM sample(Rs) wasagift from
Mianyang Konjac Co.(Sichuan, China) and wasfur-
ther purified by following proceduresgiveninthelitera-
ture?, A 1.5%(w/w) solution of KGM was prepared
inwater and the sol ution was centrifuged to removethe
insolublematerid. The supernatant liquid was poured
into an equal volume of ethanol to precipitate KGM.
The solid wasthen filtered, redispersed in water and
freeze-dried. Thisyielded afluffy whitematerial, ap-
proximately 95% of the original powder, whichwas
used for thisstudy.

Samplepr epar ation*4

4g of KGM and amixture of 70ml of fuming nitric
acid, 6ml of sulfuric acid, and 42g of P,O, were added
to around-bottomed flask equipped with amagnetic
forced girrer. Theflask wasplaced inaice-water bath
and cooled for 2h. Then thereactionwas controlled at
25°C for 60h. The resulting solution was poured into
excesswater to precipitatethe NKGM, and the solid
wasfiltered. Thiscrude product was dissolved with
acetone and then was preci pitated and washed 3times
with water. After vacuum-drying at 50°C for 8h, 5.4g
of white powdered NK GM was obtained.

Characterization

Thedemental anaysisof KGM and NKGM was
performed using on an element analyzer (Carlo Erba
1106, Italy).

TheFT-IR spectraof the KGM and NKGM were
recorded with aspectrometer (5700, Theromo Elec-
tron Co., USA) using KBr-pelletsat room tempera-
ture, and the datawere collected over 16 scanswitha
resolution of 4cnt,

The surface of KGM and NKGM powder were
coated with gold, and then were observed using ascan-

= Pyl Paper

ning e ectron microscope (440, LeicaCambridgeL.TD
Co., Britain).

KGM and NKGM wereanayzed usingaD/max-
3A X-ray(Hedth PhysicsCo., Japan) powder diffracto
meter equipped withaCuK atarget a 35kV and 60mA.
WAXD patterns at adiffraction angle ranging from
20=3°C to 75°C were recorded using a scintillation
detector.

Thermogravimetry(TG) and Differential scanning
ca orimetry(DSC) experimentswere performed using
atherma andysssystem(STA449C, NETZSCH Co.,
Germany) equi pped with ahigh-temperature air heat-
ing gpparatus. All the TG-DSC scanswere carried out
under air purge at aheating and cooling rate of 10°C/
min. Thed uminum samplepansfor the TG-DSC mea
surements contai ned between 3 to 5 mg of the KGM
and NKGM samplesand werehermetically sed ed.

RESULT AND DISCUSSION

Elementary composition and molecular structure

Thedementary composition of KGM and NKGM

ispresentedin TABLE 1:
TABLE 1: Resultsof element analysisof KGM and NKGM

Elements C O H N
KGM 42.23 49.82 7.95 0
NKGM 23.83 60.15 243 13.59
Theaveragedegree of substitution of NKGM (DS)
was calculated by formula(1):
162x Wn
PS= 14 a5xwn @

Whinformula(l) istheweight percentageof nitro-
gen. TheDSvalue of NKGM wasfoundto be 2.8.

TheFT-IR spectraof KGM and NKGM areshown
infigure 1. The broad stretching band of -OH groups
around 3429cm* for KGM was sharply decreased in

Figurel: FT-IR spectraof KGM and NKGM

—r—,  \lBCromolecules

Au Tudian Journal



22 Synthesis and characterization of nitrokonjac glucomannan

MMAIJ, 4(1) April 2008

Full Paper ===

the spectrum of NKGM, indi cating that the hydrogen
atoms of -OH groupsin KGM were substituted by -
NO, groups. At the sametime, the sharply decreased -
OH groupswhicharehydrophilicexplanedwhy NKGM
isinsolubleinwater. 1680~1640cnT? isthenonsymmetric
vibrationsof -O-NO,. Around 1280cm, itisthesym-
metricvibrationsof -O-NO,. 1070~1000cm™* isthekey
chattering of =C-O-NO,. 840cm* istheflexura vibra-
tion of C-O-NOQ,. 750cm* isthe rocking vibration of
=C-O-NO,.And 690cm* istheflexural vibration of =C-
O-NQ, inaflat®d. Accordingly, thesix obvious absorp-
tion bands, at 1655cm?, 1280cm?, 1070cn?, 839
cmrt, 745cm® and 690cm were assigned to the -O-
NO, groups, indicating that water-insolublenitrokonjac
olucomannan had been synthesized.

Surfacestructureof KGM and NKGM

The SEM micrographs of KGM powder and
NKGM powder are shown in figure 2 and figure 3.
The surface of KGM and NKGM are very different
from each other. The pure KGM powders are spheri-
cal granuleswith ruleless apertureand small particle
size. But after modified the NKGM powdersareschis-
tosewithloosen and regul ar network structure. This
indicatethat themolecular chainsof KGM arebroken
at thenitrification processand the-OH groupsin the
KGM molecular chainsareexposed, itishdpful for the
nitrification and thedehydration reaction of themolecu-
lar. Dueto the strong dehydration agent P,O, and con-
centrated sulfuric acid, dehydration reaction happened
insg deand between the KGM molecular. Thismadethe
KGM molecular crosslinkswith each other, the net-
work structurewasformed, and theinsertion of -NO,
groups madethenetwork structure very loosen.

Analysisof XRD

Figure3: SEM photographsof NKGM

Further evidenceof configuration formationwasob-
tained from X-ray diffraction. Figure 4(A) showsthe
X-ray diffraction patternsof KGM, it wasamost amor-
phous and was very consi stent with the hypothesi s of
N.Kishida?®, whichindicatesthat KGM isan amor-
phous powder whichisbuilt upwith radial arranged
micelle. But thereisastrong pesk at about 12.28°C(20)
iInWAXSdiffraction patternsof NK GM, and the pesks
at 22.56 and 24.14 are notabl e, thisindicate that the
crystd intensity of NKGM isimproved and an obvious
crysta regioniscomeinto being, ap-Spectrumformis
obtained.

Mesophaseformation in polymersismainly attrib-

Figure4: XRD of KGM (A) and NK GM (B)
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Figure6: TheTG-DSC curveof NKGM
uted to the backbonerigidity ashasbeen observed for
severd polysaccharides. Thevaueof a, inthe Mark-
Houwink-Sakurada(M-H-S) equation rangefrom 0.5
for aGaussiancoil to 1.8 for rigid rods. Themolecular
weight(Mw) and conformation of NK GM were deter-
mined by H.Torigatad®! by theway of light scattering
and viscosmetry. TheMw and M-H-Sof NKGM are
2.7x10° and 1.160x 103 separately, and the a values is

0.95, these can indicated that NKGM isarigid mo-
lecular.

Thermal properties

Thermogravimetry (TG) and Differentia scanning
caorimetry (DSC) have beenwidedy used in energetic
materid for itssecurity and compatibility; itisoneof the
main methodsfor evaluation of thermal characteristics
of energetic material. Figure 5 showsthe TG-DSC
curve of KGM; we can get from thefigurethat the de-
composition temperature of KGM is253, and the de-
composition temperature of KGM can bedividedinto
three stage: thefirst stageis253~350, theweight loss
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of KGM was 50.39%; Correspondingly, there’s a
faintish exothermic peak at the DSC curve, thisisthe
exothermic decomposition of KGM. Theresultiswell
consistent with thefindings of Y.Wang?. The second
stage and third stage are 350~465 and 465~533, the
weight lossare 22.4% and 15.28% respectively. And
there are two obvious exothermic peaks at the DSC
curve; they arethe exothermic decomposition of KGM
at high temperature. But we can seethat the TG-DSC
curveof NKGM isvery different fromKGM fromfig-
ure 6. The decomposition temperature of NKGM is
161. Compared to KGM the decompositiontempera
tureof NKGM is92 lower. Thisindicatethat the acti-
vation energy E of therma decompostionof NKGM is
dropped. Itisdueto the sharp decrease of —OH groups
inthe KGM molecular after modification and the de-
crease of hydrogen bonding between KGM molecu-
lart®, Theweight lossof NKGM reaches81.57%ina
minor temperature range (194~199). And thereisa
narrow and specul ate exothermic peaks at the corre-
sponding DSC carveat 197.5. Itis caused by thein-
stantaneous combustion (explosion) of NKGM, this
shows that NKGM possesses the property of ener-
geticmaterid.

CONCLUSION

NKGM with highDS(DS=2.8) was obtained from
thenitration. It iswater resistant, but can dissolvein
organic solvent such asacetone. Themodified NKGM
material hasregular network structure, obviouscrystal
region, and enhanced crystdlinity.

The decomposition temperature of NKGM isob-
vioudy decreased when compared with KGM. Thein-
sertion of -NO2 groups changed the decomposition
process of NKGM and promoted the burning speed
evidently.

KGM isan abundant and renewableraw material,
the blast temperature of itsmodified material NKGM
isaround 197.5 and it can be compl etely decomposed
toNO,, CO, and H,O, whichwill do no harmto envi-
ronment. Based on the property, NK GM would beused
asanovel and green energetic material for the propel -
lant and explosives.
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