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ABSTRACT

A new cationic modifier was synthesized using trialkylamine and epoxy
chloropropane, it was used to modify surface’s morphologies of the ramie
fiber. The modified ramie fiber was characterized by FT-IR spectroscopy
and scanning electron microscope (SEM). Then modified ramie fiber was
dyed with reactive dye and dye behaviour of the modified ramie fiber was
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measured. Results shown that the dye uptake of the modified ramie fiber
can be controlled by changing the cationic modifier content. K/Svalue, the
colour fastness and the dye uptake of the modified ramie fiber were greatly

improved. © 2009 Trade Sciencelnc. - INDIA

INTRODUCTION

Theramiefiber isanimportant textilé2 with good
properties, such as high tensile strength, excellent
therma conductivity, coolness, ventilation function, mois-
ture absorption, antibacteria function, and soon. The
native cdlluloseisalinear macromoleculeformed by 3-
D glucoseunitslinked together by 1,4-glucos dicbonds.
Theramiefiber iscomposed of apartid crysalinephase
wherethecellulose chainsarefirmly tied through hy-
drogen bond, aninterfacial region next tothelateral
facesof thecrystdlites, and an amorphousregionwhere
chain segmentsare believed to berandomly oriented.
Experimentsshownthat thehigh crystalinity and orien-
tation of theramiefiber resultsin the comfortlessness
on dressbecause of the scratchinessof ramiefibert®9,
it also affected the dye uptake of reactive dye on the
ramiefiber, dye uptakeisnot highingenerd.

Inorder toincrease acting force of thedyeson the
ramiefiber cellulose, moderated ectrolyte such asNaCl

and Na,SO, was added in dyeliquor to reduce repul -
siveforce of the negative charge ontheramiefiber’s
surface!®. However, add el ectrolyteto thedyeliquor
wouldincreasetheacidity of dyeliquor and producea
new pollutiontoenvironment. Therefore, improvement
of dyeing wasstudied for theramiefiber in neutrality
solutionwithout e ectrolyte.

In order to improve the dyeability and some prop-
erty of theramiefiber, chemical methodswereintro-
duceinto modification™ of ramiefiber. Not only the
surface propertiesbut a so thebulk performance of the
ramiefiber, can bemodified by choosing proper chemi-
ca's. A method for chelating cotton fiber with ethylene-
diaminewasdeveloped by D.L.Orden*3, Z.T.Liuand
Y.Yang™ has used ethyl enediamineontheramiefiber,
forexample.

Thus, inorder toimprovethedyeability of theramie
fiber efficiently, it is necessary to introduce reactive
groupsontheramiefiber. Inthispaper, anew cationic
modifier was synthesized using triakylamineand epoxy
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chloropropane. The cationic modifier was used to
modify ramiefibers, relationship between themodified
conditionandthemodified effect of theramiefiber were
Studied.

2.EXPERIMENTAL

2.1. Instrumentsand reagents

Tridkylamine, sulfuric acid, epoxy chloropropane,
acetic acid, ethanol (Analytical reagent, China). 36°
ramiefiber textile(China). reactivered X-6BN, reactive
yellow X-4ANR, reactive black X-BN (Technicaly
pure,China).

IR andyses of themodified ramiefiber and theun-
modified ramie fiber were carried out using a
Fouriertransform infrared spectroscopy (FI-IR). Sur-
face structure of theramiefiber wasanalyzed with a
scanning electron microscope (SEM, S-570, Japan).
Colour fastness of theramiefiber wasmeasured by the
GB 3920-83textileand Y571B dry friction fastness.
TheK/Svauesof theramiefiber were measured by
SCT(Dataflash 100, U.S.). Thedyeuptakeof theramie
fiber, the absorbency of theorigind dyeliquor andthe
residud solution after dyeing weremeasured with UV—
754 spectrometer.

2.2. Synthesismethodsof the cationic modifier

0.50 mol tridkylamineand 60 mL de onized water
were added to a250 mL three-necked flask equipped
withaspherical condenser and an agitator£-0.1mol.L-
taulfuricacidand 0.1 mol .L*epoxy chloropropanewere
dowly added into the three-necked flask for aperiod
of 0.5h. Themixturewasstirred for 3 h at 50-55°C,
onekind of dight yellow product wasformed, thenthe
residuasin the product were removed under vacuum
at 50°C. The cationic modifier was obtained.

2.3. Modified method of ramiefiber

Theramiefiber was added in asolution with ap-
propriate amount of the cationic modifier, soaked for
60 minutesat aoptima temperature, thenwashed with
water and 0.05mol L acetic acid solution, respectively.

2.4. Dyeing of theramiefiber

Themodified ramiefiber was dyed with 3%(wt.%0)
reactivedyeliquor, (Thefabric and thedyeliquor ratio
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of are 1 to 20). The temperature of dye liquor was
gradually raised to 40°C over 10 min. After dyeing, the
dyed ramiefiber was squeezed, rinsed thoroughly with
water and dried at 60°C. But 0.05mol-L-*sodium phos-
phate solution wasadd in dyeliquor during dyeing of
theunmodified ramiefiber.

3. RESULTSAND DISCUSSIONS

3.1. Sructural characterization of theramiefiber
1. FT-IR analysis

Infrared spectrum of theramiefiber exhibited O—H
stretching absorption around 3210-3650cm?, C-H
stretching absorption around 2890-2990cm, and C-
O-C stretching absorption around 1100-1230 cn?.
These absorptionsare cond stent with those of thetypi-
cal cellulose backbong4, After modification with the
cationicmodifier, thepeak intengty of themodifiedramie
fiber at 3360 and 2940 cm'* increased dightly, whichis
attributed to theintroduction of the alkyl, the epoxy
groupsand aminegroups.

2. SEM analysis

The surface’smorphologiesof theramiefiber are
showninfigure 1 (unmodified) and figure2 (modified).
Theunmodified ramiefiber hasasmooth and compact
surface, but the surface of themodified ramiefiber is
uneven, theorigina smooth surfaceof ramiefiber turned
thestrip shapeor filiform.

Ramiefibersusually haveahigh crystalinity and
rough surface?. Because, the cationic modifier con-
tains the epoxy groups and amine groups, surface’s

Figurel: Scanning electron microscopy photo of thethe
unmodified ramiefiber
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morphol ogiesof theramiefiber can beimproved through
forming theether bond between thehydroxyl groups of
the ramiefiber and the epoxy groups of the cationic
modifier. At first, modification of theramiefiber inthe
presenceof cationic modifier isasweling process, then
isgrafting processof cationic modifier ontheramiefi-
ber cellulose. Among swelling process, the capillaries
wallsof theramiefiber were extented, the surface’s
morphologiesof theramiefiber wereimproved through
swelling, resulted inthe surface areaof theramiefiber
(includinginternal surface) and molecular linkage spac-
ing wasincreased, then it would reduce the hydrogen
bond intensity and even break the crystal lattice of the
ramiefiber. Somegroupswaswrapped upintheramie
fiber can appearence through swelling, increased the
response active spot of theramiefiber, it isadvanta-
geousto form the ether bond between the hydroxyl
groups of theramiefiber and the epoxy groupsof the
cationic modifier, the ether groups arereactiveinter-
mediate of theramiefiber for dyeing.

Softnessof theramiefiber can beimproved through

Figure 2 : Scanning electron microscopy photo of the
modified ramiefiber
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destruction of theramiefiber crystal latticeinthe cat-
ionic modifier. Sothat thecationicmodifier canimprove
the response performance and softness of the ramie
fiber cellulose.
3.2. Effect of cationic modifier content to ramie
fiber

Theeffect of thecationic modifier totheramiefiber
wastested at an optimal temperature for 60 minwith
different cationic modifier content, ranging from 0.1%
to 0.5 %(wt.%). Experimental results as shown in
TABLE 1. Resultsindicate, when thecationic modifier
content from 0.1% to 0.35%(wt.%), the K/S values
and thedyeuptake of themodified ramiefiber increased
amogt linearly with theincrease of the cationic modifier
content, then it isabout the same with the further in-
crease in the cationic modifier content above
0.35%(wt.%). Col our fastness of themodified ramie
fiber isabout the similar at cationic modifier content
from 0.1% to 0.5%(wt.%). The relationship between
the cationic modifier content and the dye uptakeof the
modified ramiefiber can be explained with the epoxy
group and amine group of the cationic modifier. The
hydroxyl groups of the ramiefiber can be combined
with theepoxy group of thecationic modifier, they were
transformed into reactiveintermediateether groups, then
theacidic groupsof thereactive dye can combinewith
theaminegroup of the cationic modifier by ionic bond,
thischemical interactionsisadvantageousin enhances
the dyeuptake of theramiefiber, so the dye uptake of
the modified ramiefiber wasincreased. When the cat-
ionic modifier content isbel ow 0.35%(wt.%0), increase
of cationicmodifier content provide moreepoxy groups
and aminegroups, thereforeresult inanincrease of the
dyeuptakeof themodified ramiefiber. However, when

TABLE 1: K/Svalues, dyeuptakeand colour fastnessof the modified ramiefiber with thecationic modifier content

Reactivered X-6BN

Reactive yellow X-4NR

Reactive black X-BN

thcg :][ggitf?; K/S Dye Colour K/S Dye Colour K/S Dye Colour

values  uptakes fastness values uptakes fastness values uptakes fastness
0.1% 10.05 43.51% 3-4 9.36 42.96% 3-4 10.59 47.81% 4
0.15% 11.25 50.35% 3-4 11.08 49.01% 3-4 12.92 54.65% 4
0.20% 13.93 57.74% 3-4 13.11 54.03% 3-4 14.21 61.45% 4
0.25% 14.85 61.53% 34 14.27 57.72% 3-4 15.13 64.74% 4
0.30% 15.78 63.85% 34 15.23 59.67% 3-4 16.61 67.56% 4
0.35% 15.91 65.71% 34 15.25 61.21% 3-4 16.62 69.61% 4
0.40% 15.92 65.79% 34 15.24 61.40% 3-4 16.64 69.96% 4
0.45% 15.90 65.87% 3-4 15.27 61.51% 3-4 16.65 70.12% 4
0.50% 15.91 65.92% 3-4 15.25 61.49% 3-4 16.65 70.16% 4
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TABLE 2: K/S values of the modified ramie fiber and
unmodified ramiefiber

Modified ramie Unmodified

Dye fiber ramie fiber
Reactive red X-6BN 15.91 9.67
Reactiveyellow X-ANR ~ 15.25 9.02
Reactive black X-BN 16.62 10.06

TABLE 3: Dye uptakes of the modified ramie fiber and
unmodified ramiefiber

M odified ramie Unmodified
Dye

fiber ramie fiber
Reactive red X-6BN 65.71% 45.2%
Reactive yellow X-4NR 61.21% 44.1%
Reactive black X-BN 69. 65% 49.7%

TABLE 4: Colour fastnessof the modified ramiefiber and
unmodified ramiefiber

Modified ramie  Unmodified ramie

fiber fiber
Dye Fastness Fasthess Fasthess Fastness
to to to to
crocking soaping crocking soaping
Reactive red X-6BN 4 4 4 34
Reactive yellow X-4NR 4 4 4 34
Reactive black X-BN 5 4 4-5 34
TABLE 5: Theabsorbency of theresdual solution after dyeing
M odified ramie
Dye fiber Unmpdified
(0.35% the ramie fiber
cationic modifier)
Reactive red X-6BN 0.102 0.198
Reactive yellow X-4NR 0.112 0.211
Reactive black X-BN 0.097 0.187

cationic modifier content above 0.35%(wt.%), the ep-
oxy groups of the cationic modifier areexcessinthe
ramiefiber, so that K/S vauesand the dye uptake of
themodified ramiefiber areclosetothesmilar level.

3.3. Dyeing analysis of reactive dyes with the
modified ramiefiber

Experimentd results(TABLE 1-5) shownthat K/S
valuesand dye uptake of the modified ramiefiber are
greater than theunmodified ramiefiber inthreediffer-
ent dyeliquor: 1) reactivered X-6BN, 2) reactiveyel-
low X-4NR, and 3) reactive black X-BN under the
same conditions. TABLE 2 showsthat K/S vaues of
modified ramiefiber wereabout 1.5t0 1.6 timesgreater
than that of theunmodified ramiefiber. TABLE 3 shows
that dye uptake of themodified ramiefiberisabout 1.4
to 1.5 timesdeeper than that of theunmodified ramie
fiber. TABLE 4 showsthat colour fastnessof themodi-
fied ramiefiber alsoincreased dightly. TABLE 5re-

ved ed theabsorbency of theresidua solution after dye-
ing wasgreatly reduced. For comparison, parallel ex-
periments showsthat theresidual dye of themodified
ramie fiber in the dye liquor was about 20% to
50%(wt.%) lower than that of the unmodified ramie
fiber. Experimenta resultsdemonstrated apotentia re-
ductionin the amount of materials needed and there-
foreacost can bereduced in manufacturing.

Usudly, thereareaninherent attractionfor onean-
other between reactive dyes and theramiefiber. Reac-
tive dyes are attracted to the ramie fiber molecules
through chemicd interactionsbetween thereactivedye
molecules and the ramiefiber in the dyeing. In fact,
dyeability of ramiefiber can beeffected with substrate
variation of theramiefiber. Thematureramiefiber can
haveamgjor effect on dyeability. Characterical detects
discover£dueto the presence of smal number imma:
tureramiefibersrangefrom the presence of clumpsof
white, unmodified ramiefibersto off shadematerias
resulting from differential dye uptake of the different
reactivedyesin thedyeing. Sinceeachindividua sec-
ondary bondisre atively week, multipleinteractionsare
needed for agood bonding between asinglereactive
dyemoleculeand theramiefiber molecul es. Because
the capillarieswalls of theramiefiber were extented
through swelling of the cationic modifier, the active
groupsof theramiefiber werefurther developed£—the
aminegroupsand theepoxy groupswerefurther grafted
onramiefiber at the sametime, the secondary wall in
the matureor immature ramiefiberscan bedevel oped
through modification of ramiefiber.

Generdly, dyeinginvolvesthetransfer of dyemol-
eculesfrom bulk solution acrossaporoussurfacelayer
of theramiefiber, then penetrateinto thebulk fiber. In
dyeing of theunmodified ramiefiber, most of dyemol-
eculesarephysical adsorption or weak chemica inter-
actionswith ramiefiber. Only aportion of dye mol-
eculescanfirmly link to ramiefiber through covalent
bond. The possibleinteractionsbetween dye molecules
and theramiefibersarethrough éectrostaticforce, van
der waalsor hydrogen bond.

But theramiefiber mol eculescaninducetheamine
groups and the epoxy groups after the modification,
somereactivesitesfor chemica and physicd binding of
ramiefiber moleculesarecreated. In dyeing of themodi-
fied ramiefiber, dyemoleculesfromthedyeliquor pen-

BIOCHEMISTRY (mm—
A Indéan W



BCAIJ, 3(2) June 2009

Song Xinrong et al. 47

etrateinto the cellulose, aminegroupsof themodified
ramiefiber can be efficiently reacted with thereactive
groups of the dye molecule, anionic bond can form
between theamine groups of modified ramiefiber and
theacidic groupsof reactivedye. Theseionicbondis
stronger than hydrogen bond or van der waals, there-
fore, grafting of the cationic modifier moleculesonthe
ramiefiber isaso hindered giving themthe potentid for
better dyeability and colour fastness properties, reac-
tivedyeswhichformionicbond or covaent bondswith
themodified ramiefibers. Resultsinthe dyeability of
the modified ramiefiber isimproved, So that the K/S
values and dye uptake of the modified ramiefiber in-
creased Sgnificantly.

Since reactive dyes which form ionic bond or
covaent bondswith themodified ramiefibers, thebond
is very strong and resistant to cleavage, the colour
fastnessof themodified ramiefiber isenhanced. sothat
themodified ramiefibershave excelent washfasness.

Theramiefiber moistureaosorption mainly occurs
in the amorphous area. After the ramie fiber was
modified, thecrysta latticeof theramiefiber cellulose
would bedestroyed. Crystdlinity of themodified ramie
fiber wasreduced, moistureabsorbability of themodified
ramie fiber was improved through hydrogen bond
between aminegroupsof themodified ramiefiber and
water. Therefore, themoi sture absorbability and softness
of themodified ramiefiber isbetter than theunmodified
ramiefiber.

4. CONCLUSIONS

A new cationic modifier was synthesized and used
to modify ramiefiber. Results shown that the surface’s
morphologies of the modified ramiefiber have been
changed by the cationic modifier. The dyeing of the
modified ramiefiber wasrdatively smple. TheK/S
values, the colour fastness and the dye uptake of the
modified ramiefiber increased significantly withanin-
creaseinthe cationic modifier content. Parameters of
the modification wereoptimized. Theoptima cationic
modifier content isabout 0.35%(wt.%). Theabsorbency
of theresidud solution after dyeingwasgreetly reduced
and softness of ramiefiber wasimproved.

— Regdular Peper
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