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ABSTRACT 

A driving force for rising demand in bio-based products is the growing necessity of 

biodegradable nonwovens and biocomposites in many engineering applications, such as civil, 

geotechnical, automotive and others. These materials are prepared from naturally occurring bast 

fibers such as jute, flax, hemp, kenaf, and ramie in combination with biofibers such as poly(lactic 

acid). They offer high strength-weight ratio, controlled anisotropy in fiber orientation, and 

enhanced biodegradability. Surprisingly, there is one more naturally occurring bast fiber - nettle - 

which has hardly been used to prepare biodegradable nonwovens and biocomposites. As known, 

nettle is a cellulosic plant fiber which is abundantly available in tropical wasteland areas around 

the world. The nettle family, Urticaceace, contains around 500 species. Of them, Girardinia 

diversifolia produces nettle fiber. This fiber is known to be very strong, but rigid and 

inextensible. Though nettle plant is well known for its medicinal importance among the habitants 

in the hilly areas, there is not much scientific information available on this fiber in literature. 

Also, there was hardly any attempt made to use nettle and poly(lactic acid) fibers for 

development of biodegradable nonwovens and biocomposites. It was therefore necessary to carry 

out a scholarly research aimed at improving our understanding of nettle fiber and developing an 

insight of biodegradable nonwovens and biocomposites prepared from nettle and poly(lactic 

acid) fibers. 

In this work, Himalayan nettle (Girardinia diversifolia) fibers were procured and 

characterized comprehensively in terms of chemical, structural, physical, and mechanical 

characteristics. This fiber was found to be composed of cellulose (90.25 %), lignin (1.99 %), wax 

(0.18 %), ash (0.61 %), and moisture (6.64 %). The cellulose content in this fiber was 

remarkably high. The moisture content of this fiber was found to be moderate. The fiber 
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possessed bumpy surface. It seemed to have impurities present on its surface. Its cross-section 

deviated from circularity markedly. It was quite crystalline (66.81 %) and strong (tensile 

strength: 3.33 g/den – 6.12 g/den) but less flexible (initial modulus: 105.65 g/den – 297.61 

g/den) and less extensible (elongation-at-break: 1.14 % – 3.74 %). 

The alkali treatment was carried out on nettle fibers in order to make them processable on 

a range of textile machines. It was found to play a significant role in deciding the structure and 

properties of nettle fibers. The alkali treatment did not result in reduction in cellulose content, 

but, the amount of lignin and wax reduced by alkali treatment. However, the alkali treatment 

resulted in increase of ash content, but, the increase in ash content was more in case of mild 

alkali treatment as compared to severe alkali treatment. The severe alkali treated fiber showed 

remarkably less moisture content than the untreated one, however, the mild alkali treatment did 

not cause any appreciable change in moisture content of the fiber. The FTIR spectra indicated 

breakage of hydrogen bonds of cellulose molecules and removal of lignin due to alkali treatment. 

A mild as well as severe alkali treatment resulted in removal of surface impurities from the fiber, 

therefore, the fiber surface looked cleaner after alkali treatment, however, the severe alkali 

treatment caused structural damage to the fiber. The alkali treatment also resulted in higher 

crystallinity of the fiber. Further, it yielded the shape of fiber cross-sections more deviated from 

circularity. There was hardly any difference found between the widths of untreated and mild 

alkali treated fibers, but the difference in width between untreated and severe alkali treated fiber 

was too high. A similar trend was observed in case of linear density of the fiber. The mass 

density of fiber increased due to alkali treatment and this effect was higher in mild alkali treated 

fiber as compared to the severe alkali treated fiber. A mild alkali treatment resulted in increase of 

tensile strength and elongation at break, without much changing initial modulus. On the other 
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hand, a severe alkali treatment resulted in decrease of fiber strength and initial modulus without 

much changing elongation at break. Simultaneous optimization of tensile properties was 

achieved with 10 % alkali concentration, 61.5 °C alkalization temperature, 0.5 h alkalization 

time, 30°C drying temperature and 48 h drying time. The optimum alkali treatment yielded about 

30 % improvement in tensile strength, 71 % improvement in elongation-at-break, and 9 % 

reduction in initial modulus as compared to those of untreated nettle fibers.  

 Further, the optimum alkali treated nettle fibers were blended with poly(lactic acid) fibers 

in different weight proportions to develop a series of biodegradable needle-punched nonwoven 

geotextiles for potential slope stabilization application using bioengineering approach. The 

nonwoven geotextiles were evaluated for their tensile strength, biodegradability, and 

enhancement of soil fertility. The maximum tensile strength of 2.37 cN/tex was registered by 100 

% PLA nonwoven, whereas the minimum tensile strength of 1.92 cN/tex was obtained with 100 

% nettle nonwoven. The tensile strength of the nonwoven geotextiles was found to decrease with 

addition of stronger nettle fibers. This behavior was explained in the light of theoretical tensile 

mechanics of nonwovens. Further, the nettle fibers displayed higher biodegradability than the 

poly(lactic acid) fibers, and when buried under soil, all the geotextiles exhibited loss in tensile 

strength (30 % - 90 % after 40 days of burial in soil). Interestingly, the fertility of the soil was 

remarkably improved after biodegradation of poly(lactic acid) fibers. The maximum soil fertility 

index was obtained as 49.44 with the nonwoven geotextile prepared from 25 % nettle fibers and 

75 % poly(lactic acid) fibers. Overall, the nettle/PLA needle-punched nonwoven geotextiles 

showed high potential for slope stabilization application using bioengineering approach. 

 Furthermore, the optimum alkali treated nettle fibers were blended with poly(lactic acid) 

fibers in different weight proportions to develop a series of fibrous biocomposites employing 
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carding and compression-moudling processes. The biocomposites were evaluated for their static 

and dynamic mechanical properties, thermogravimetric behavior, and biodegradability. The role 

of carding process in determining the tensile strength of the biocomposites was analyzed. The 

tensile, bending, and impact properties of the biocomposites were found to increase initially with 

the increase of nettle fiber content and decrease afterwards. The maximum tensile strength 

(50.82±0.82 MPa), elongation-at-break (2.45±0.10 %), Young’s modulus (3.34±0.04 GPa), 

flexural strength (36.89±0.98 N/mm2), and impact strength (28.76±0.77 kJ/m2) were obtained at 

equal weight proportion of nettle and poly(lactic acid) fibers. The thermogravimetric analysis 

inferred that the biocomposites were enough thermally stable (half decomposition temperature ≈ 

350 °C) and their thermal stability increased with the increase of nettle fiber content. The 

dynamic mechanical analysis suggested that the biocomposites were extremely good in terms of 

dynamic mechanical properties. It was interesting to note that an addition of 50 % nettle fibers 

by weight to poly (lactic acid) resulted in remarkable enhancement of storage modulus from 

2.427 GPa of pure poly(lactic acid) to 4.024 GPa of the biocomposite at 35 °C temperature. 

Further, the biocomposites exhibited excellent biodegradability with as high as 25 % weight loss 

and 97 % strength loss after 20 days of burial in soil. The biodegradability increased with the 

increase of nettle fiber content. Overall, the biocomposite prepared with equal weight proportion 

of nettle and poly(lactic acid) showed high potential for automotive dashboard panel application.  

 Also, a micromechanical model of tensile behavior of composites was formulated by 

taking into account of stress-strain behavior of fiber and matrix, orientation of fibers in 

composites, and relative space occupied by fibers and matrix in composites. A simple and easy-

to-use expression was obtained for predicting the tensile stress of composites. The model was 

validated with a set of biocomposites prepared from nettle and poly(lactic acid) fibers. The 
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experimental were compared to those predicted by the model and also to those predicted by the 

well-known "rule of mixtures" equation. While the "rule of mixtures" equation was found to 

highly overestimate the tensile stress, the model predicted the experimental results (SSE = 

414.47 MPa) better than the "rule of mixtures" equation (SSE= 3270.12 MPa).  



 

 

Lkkj 

 

flfoy] Hkw rduhdh] vkWVkseksfVo vfHk;kaf=dh bR;kfn tSls vfHk;kaf=dh vuqiz;ksxksa esa 

ckW;ksMhxzhMscy ukWuOou vkSj ckW;ksdEiksflV tSls mRiknksa dh c<+rh vfuok;Zrk tSo vk/kkfjr 

mRiknksa dh c<+rh ek¡x ds fy, ,d izsjd “kfDr gSA izkd`frd :Ik ls feyus okys ckLV js”kksa] 

tSls fd twV] lu] jSesas bR;kfn dks tSo js”ks] tSls ikWyh ¼ySfDVd ,fDlM½ ds lkFk lfEefyr 

djds ;s mRikn rS;kj fd;s tkrs jgsa gSaA ;s mRikn mPp et+cwrh vkSj ot+u ds vuqikr] 

js”kk vfHkeq[krk dh fu;af=r vle fnXorhZ vkSj of/kZr ckW;ksMhxzsMsfcyhVh iznku djrs gSaA 

gSjr dh ckr gS fd ;gk¡ ,d vksj izkd`frd :Ik ls ?kfVr ckLV js”kk miyC/k gSA ftldk 

uke usV~Vy gSA ftldks eqf”dy ls ckW;ksfMxzsMscy ukWuOou vkSj ckW;ksdEiksflr tSls mRikn 

cukus esa mi;ksx fd;k x;k gSA tSlk fd usV~Vy ,d lYyqyksfld js”kk gSA  tks fd nqfu;k 

ds m’.k dfVca/kh; ctaj {ks=ksa esa izpwj ek=k esa ik;k tkrk gSA usV~Vy ¼mVhZdslh,ll½ lewg 

esa ik¡p lkS ls T+;knk iztkfr;k¡ miyC/k gSaA muesa ls ^^fxjkfMZuh;k fnosjlhQksfy;k** tkfr ls 

usV~Vy js”kk feyrk gSA ;g ik;k x;k Fkk fd ;g js”kk cgqr et+cwr] dBksj vkSj de 

,DLVsaflcy gSA bl js”ks vkSj blds ikS/ks dks cgqr mRiknksa esa bLrseky fd;k tkrk jgk gSA 

fQj Hkh lkfgR; esa usV~Vy ds ckjs esa T+;knk oSKkfud tkudkjh miyC/k ugha gSA lkFk gh] 

uSV~Vy vkSj ikWyh ¼ySfDVd ,flM½ js”kksa dks ,d lkFk mi;ksx djds ckW;ksMhxzsMscy ukWuOou 

vkSj ckW;ksdEiksflr ij “kk;n gh dksbZ mRikn fodflr gqvk gSA blfy, ;g t+:jh Fkk fd 

,d oSKkfud vUos’k.k fd;k tk, ftlls uSV~Vy js”kk vFkok usV~Vy vkSj ikWyh ¼ySfDVd 

,flM½ js”kksa ls fufeZr ckW;ksfMxzsMscy ukWuOou vkSj ckW;ksdEiksflr ij xgjkbZ ls v/;;u 

fd;k tk ldsA 

bl “kks/k esa fgeky;u usV~Vy ¼fxjkfMZuh;k nsosjlhQksfy;k½ js”ks mi;ksx fd;s x, Fks 

vkSj bldk jklk;fud] lajpukRed] HkkSfrd o ;kaf=d xq.kksa ij O;kid :Ik ls o.kZu fd;k 

FkkA ;g ik;k x;k fd bldh lajpuk] lsY;wyksl ¼90-25 %½] fyfXuy ¼1-99 %½] oSDl ¼0-

18 %½] ,s”k ¼0-61 %½ vkSj ekbLpj ¼6-64 %½ ds feJ.k ls gqbZ gSA bl js”ks esa lsYywyksl 

dh ek=k /;ku nsus ;ksX; FkhA bl js”ks esa ueh dh lkexzh e/;e ikbZ xbZ FkhA bl js”ks dh 

lrg mcM+ vkSj cgqr efyU; n”kkZ jgh FkhA bldh vuqizLFk dkV Li’V :Ik ls xksykbZ ls 



 

 

HkVdh gqbZ FkhA ;g dkQh Ø;Lrfyu ¼66-81 %½ vkSj et+cwr ¼Vsafly LVªsaFk % 3-33 जी0/डेन0 

& 6-12 जी0/डेन0½ Fkk ijarq ;g de yphyk ¼buhf”k;y ekWM;wYl % 105-65 जी0/डेन0 & 297-

61 जी0/डेन0½ vkSj ,DLVsaflcy ¼,yksxs”ku ,sV czsd % 1-14 % - 3.74 %½ Hkh de FkkA 

usV~Vy js”kksa dks VsDlVkby e”khuksa esa izkslslscy cukus ds fy, vYdyh mipkj fd;k 

x;k FkkA ;g ik;k x;k Fkk fd ;g usV~Vy js”kk xq.kksa vkSj lajpuk dks r; djus esa egRoiw.kZ 

Hkwfedk fuHkk jgk FkkA vYdyh mipkj ds QyLo:Ik lsY;qyksl dh ek=k esa dksbZ deh ugha 

ikbZ ijarq fyfXuu vkSj oSDl dh ek=k essa deh gqbZ FkhA Q-Vh-bZ-j- LisDVªk n”kkZ jgk Fkk fd 

vYdyh mipkj ls lsY;qyksl v.kq ds gkbMªkstu ca/ku gV ds vyx gq, vkSj fyfXuu Hkh 

gVkA lkSE; vkSj xaHkhj vYdyh mipkj ls usV~Vy js”kksa dh lrg ls vokafNr inkFkZ gVs FksA 

vYdyh mipkj ds ifj.kke Lo:Ik usV~Vy js”kksa dh Ø;Lrfyfurh dh ek=k esa o`f) gqbZ vkSj 

vuqizLFk dkV Hkh xksykbZ ls T+;knk HkVdh izrhr gqbZ FkhA izkd`frd vkSj lkSE; vYdyh 

mipkfjr js”kksa dh pkSM+kbZ vkSj yhfu;j MsaflVh esa dksbZ [k+kl fHkUurk ugha ikbZ xbZ FkhA 

ijUrq xaHkhj vYdyh mipkj ds ckn bu xq.kksa esa Li’V fHkUurk ikbZ xbZ FkhA lkSEy vYdyh 

mipkj ;g n”kkZ jgk Fkk fd js”kksa dh Vsafly LVªsaFk vkSj ,yksxs”ku v~r czsd c<+s Fk s ijUrq 

bfuf”k;y ekWM;wYl esa dksbZ lkFkZd cnyko ugha feyk FkkA nwljh vksj ,d xaHkhj vYdyh 

mipkj ;g n”kkZ jgk Fkk fd Vsafly LVªsaFk vkSj bfuf”k;y ekWM;wYl de gks jgs Fks ijUrq 

byksxs”ku vr~ czsd esa dksbZ lkFkZd cnyko ugh feyk FkkA Vsafly xq.kksa dk ledkfyd 

vuqdwyu 10 % vYdyh dalUVªs”ku] 65 fMxzh lsYlh;l vYdykbZts”ku rkiØe] 0-5 ,p0 

vYdykbZt+s”ku le;] 30 fMxzh lsYlh;l “kks’k.k rkiØe vkSj 48 ,p0 “kks’k.k le; ij 

gkfly fd;k x;k FkkA 

izkd`frd usV~Vy js”kksa dh rqyuk esa ledkfyd vuqdwy vYdyh mipkj 30 %  

Vsafly LVªsaFk esa c<+ksrjh] 70 % ,yksxs”ku v~r czzsd esa c<+ksrjh vkSj 9 % bfuf”k;y ekWM;wYl 

esa deh n”kkZ jgk FkkA vkxs] ledkfyd vuqdwy vYdyh mipkfjr usV~Vy js”kksa vkSj ikWyh 

¼ySfDVd ,flM½ js”kksa dks vyx&vyx ot+u vuqikr esa feJ.k ls ,d ckW;ksMhxzsMscy ukWuOou 

dh Ja[kyk fodflr dh xbZ FkhA ;s mRikn tSo vfHk;kaf=dh n`f’Vdks.k ls f<+ykbZ fLFkjhdj.k 

ds bLrseky esa vPNh {kerk n”kkZrs gSaA ukWuOou Hkw&VsDlVkbYl dks mudh Vsafly LVªsaFk] 



 

 

ckW;ksfMxzsMsfcfyVh o feV~Vh dh moZjrk tSls xq.kksa ds vk/kkj ij ewY;kadu fd, x, FksA 100 

% ikWyh ¼ysfDVd ,flM½ js”kksa ls fufeZr ukWuOou ds fy, vf/kdre 2-37 सी0 न0/टेक्स0 

Vsafly LVªsaFk ntZ dh xbZ FkhA tcdh 100 % usV~Vy js”kksa ls fufeZr ukWuOou ds fy, 

vf/kdre 1-92 सी0 न0/टेक्स0 Vsafly LVªsaFk ntZ dh xbZ FkhA ukWuOou Hkw VsDlVkbYl dh 

Vsafly LVªsaFk et+cwr usV~Vy js”kksa dh ek=k ds c<+us ds lkFk&lkFk de gksrh ikbZ xbZ FkhA 

bl O;ogkj dh O;k[;k ukWuoou dh ^^lS)kfUrd Vsafly izfØ;k** dks /;ku esa j[krs gq, dh 

xbZ FkhA vkxs] tc bu ukWuOou Hkw VsDlVkbYl dks feV~Vh ds uhps nck;k rks ikWyh ¼ysfDVd 

,flM½ js”kksa ds eqd+kcys usV~Vy js”s T+;knk ckW;ksfMxzsMsfcfyVh n”kkZ jgs Fks vkSj lkFk gh lHkh 

Hkw VsDlVkbYl Vsafly LVªsaFk esa deh n”kkZ jgs FksA fnypLih ls ikWyh ¼ysfDVd ,flM½ js”kksa 

ds ck;ksfMxzs”ku ls feV~Vh dh moZjdrk esa mYys[ku; lq/kkj gqvk FkkA  

 leIkw.kZr% usV~Vy vkSj ikWyh ¼ysfDVd ,flM½ js”kksa ls fufeZr ckW;ksMhxzsMscy 

ukWuOou tSo vfHk;kaf=d n`f’Vdks.k ls f<+ykbZ fLFkjhdj.k ds bLrseky esa vPNh {kerk n”kkZ 

jgs FksA vkSj Hkh] ledkfyd vuqdwy vYdyh mipkfjr usV~Vy js”kksa vkSj ikWyh ¼ysfDVd 

,flM½ js”kksa dks vyx&vyx ot+u vuqikr esa feJ.k ls dkfMZax vkSj dEizs”ku ekWfYMax 

izfØ;k dh enn ls ,d ckW;ksfMxzsMscy ckW;ksdEiksflr dh Ja[kyk fodfly dh xbZ FkhA 

daiksftV~l dk eqY;kadu mudh ;kaf=d fo”ks’krkvksa] FkSjeksxjfoesVªhsd O;ogkj o 

ckW;ksfMxzsMsfcfyVh ds vk/kkj ij fd;s x, FksA ckW;ksdEiksflr dh Vasfly LVªsaFk ds fu/kkZj.k 

ij dkfMZax izfØ;k dh Hkwfedk dk fo”ys’ku fd;k FkkA dEiksft+V~l dh Vasfly] csfUMax vkSj 

bEiSDV fo”ks’krk,a izkjEHk esa usV~Vy js”kksa dh lkexzh c<+us ds lkFk&lkFk c<+h Fkh vkSj ckn 

esa ?kVuh “kq: gks xbZ FkhA usV~Vy vkSj ikWyh ¼ySfDVd ,flM½ js”kksa ds leku vuqikr ij 

lcls T+;knk Vsafly LVªsaFk ¼50-52 ± 0-82 मगेा पास्कल a½] ,yksxs”ku&v~r&czsd ¼2-45 ± 0-10 

%½] ;ax*l ekWM;wYl ¼3-34 ± 0-04 गीगा पास्कल½] Qslqjky LVsªaFk ¼36-89 ± 0-98 न0/स्क्वायर 

म0 म0½ vkSj bEiSDV LVªsaFk ¼28-76 ± 0-77 के0 ज़0/स्क्वायर म0 म0½ izkIr gqbZ FkhA 

FkSjeksxjfoesfVªd O;ogkj ls ;s vuqekfur gks jgk Fkk fd ckW;kssdEiksdftV~l dh m’ek bdkbZ 

¼vk/ks vi?kVu dk rkieku&350 fMxzzh lsYlh;l½ ds Lo:Ik iz;kIr fLFkj Fks vkSj bldh 

m’ek bdkbZ dh fLFkjrk usV~Vy js”kksa dh ek=k ds c<+us ds lkFk&lkFk c<+ jgh FkhA xfr”khy 



 

 

;kaf=d fo”ys’k.k ;g n”kkZ jgk Fkk fd ckW;ksdEiksftV~l dh xfr”kh ;kaf=d fo”ks’krk cgqr 

vPNh FkhA ;g /;ku nsus esa fnypLih c<+k jgk Fkk fd usV~Vy vkSj ikWyh ¼ysfDVd ,flM½ 

js”kksa ds leku vuqikr ¼50%50 ot+u }kjk½ ls cus ckW;ksdEiksflr 35 fMxzh lsYlh;l rkieku 

ij “kq) ikWyh ¼ysfDVd ,flM½ f>Yyh dh rqyuk esa mYys[kuh; o`f) n”kkZ jgs FksA blds 

ckn chl fnu feV~Vh esa nckus ds ckn 25 % ot+u esa deh vkSj 97 % LVsaªsFk esa deh ds 

lkFk daiksftV~l vfr mRd`’V ckW;ksfMxzsMsfcfyVh n”kkZ jgs FksA ;g usV~Vy js”kksa dh lkexzh 

c<+us ds lkFk&lkFk c<+ jgh FkhA O;kid :Ik ls usV~Vy vkSj ikWyh ¼ysfDVd ,flM½ js”kksa 

ds leku vuqikr ls cus daiksft+V~l eksVj okgu MS”kcksMZ iSuy mi;ksx ds fy, vPNh {kerk 

n”kkZrk gSA& 

lkFk gh js”kksa vkSj eSfVªDl ds LVªsl&LVªsu O;ogkj] o daiksftV~l esa js”kksa dk 

mUeq[khdj.k vkSj buesa js”kksa o eSfVªDl }kjk vf/kd`r txg dks /;ku esa j[krs gq, daiksft+V~l 

esa Vsafly O;ogkj dk ,d ekbØks&eSdsfudy ekWMy rS;kj fd;k FkkA daiksft+V~l ds Vsafly 

LVªsaFk dks izsfMDV djus ds fy, ljy vkSj iz;ksx djus esa vklku ,Dlizs”ku izkIr fd;k FkkA 

ekWMy dh iqf’V djus ds fy, usV~Vy vkSj ikWyh ¼ysfDVd ,flM½ js”kksa ds feJ.k ls cus 

daiksftV~l dh ,d Ja[kyk rS;kj dh FkhA iz;ksxkRed urhtksa dks bl ekWMy vkSj tkus&ekus 

lehdj.k ^^:y&vkWQ&feDlpj** ls izsfMfDVM ifj.kkeksa ls rqyuk dh xbZ FkhA tcfd 

^^:y&vkWQ&feDlpj** lehdj.k ¼,l-,l-b-Z&3270-12 मगेा पास्कल½ dh rqyuk esa ekWMy 

¼,l-,l-bZ-&414-47 मगेा पास्कल½ iz;ksxkRed urhtksa dks csgrj izsfMDV dj jgk FkkA 
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