Vigyan Pratibha Learning Unit Twists in the Fibres

Twists in the Fibres
g i
Overview

EIESIIGE

This unit is about understanding fibres as materials. The techniques described here are used by many
textile experts throughout the world to identify the fibres that a fabric is composed of. The ideas that
have emerged from the use of such techniques have led further to the development of modern
materials based on new polymers and mixed polymers. This unit explores how various fibres —plant
fibre (cotton), animal fibre (wool or silk), and synthetic fibre (polyester) look under the microscope. It
also explores the burning properties of various fibres. It discusses how the diversity of properties makes
specific fibres useful in specific contexts and makes them important to the livelihoods of numerous
craftspersons and practitioners.
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AYTITET YA B3l ATe. fAfde ThRA gN S STdTd, B81 T HThId IR ATe. Grgid JureH
e AGTadles SRIfdd BRUMATS! fAfRIE YR 8F BT auRes ST 301 Aiedrdies fafqear
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Minimum time: 4 sessions of 40 min each.

3Ifarg fraTa do: wo Ml ez ye) ¥ ailre!

Type of unit: Laboratory
YT ITH I UBIR: TINTRITST-3MTRT

Unit-specific objectives

I T Hhrdl e

(i) To identify materials by macroscopic characteristics and correlating them with microscopic or
chemical characteristics.

Faw Sl U= qureHiae geTef @Evar BiRcd [AERId HRo ST e dey
(i) To identify fibres through controlled use of combustion (this test can be extended to other materials

as well with suitable modifications in design).

PRI Sae fohdeam amuR Siexg-areol U &RUl (AT Iravfid AT 986 dad saval uaref

ST U3, AN ).

(iii) Learning to use a microscope to observe fibres.
a3 it FRIEv B Brard, g Rido.
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(iv) Relating ash to metal oxides and silica, and oxidation of non-metals to gaseous products
RGET Gag it (Rifsaia Srasiiaargs) AT g ATaTgs ATzl SIS, TUd LT
JTeaTg STl Y Ry ScqTiadizi Sireul,

(v) Observing (qualitative) microscopic and chemical differences between fibres.

g’ Gea3iTa o IrAraf-en JorgHi fR1eror 6o,

Links to curriculum

JIRIHHATT g

The topic of fibres runs in NCERT science text books from Classes 6 to 8, with plant-based fibres
discussed in Class 6, animal-based in Class 7, and synthetic fibres in Class 8. The burning test has
been suggested as an activity in Class 6 science textbook (Chapter: From Fibre to Fabric). This
Learning Unit connects to these and other topics in Class 8 science textbook (Metals and Non-metals,
Combustion and Flame).

g1 AT fAvraeHTar FHTda TR AR fAem el e JRIhiHed AeldIurg ATSaIadd hosoil
3R, AT RIS gl AWITH T ST, HTOSTT grgian IR AIaed] $a<id, a) Bl
R IR JATSAT TN h3] Sl GG ST 81 ell AT [T UISIYKIbId AT
(UTS: YTATITGT HIUS). RIe3 Uroiqdles 3 faugered ol srsdrear f[e dreag&iaiilies o
3 YR (ST AT AT, SA3 ST AN FAT YTl BRUIATAT YA AT LTI HSHIGIR B3l
3178,

Introduction

MNzq

Has anybody in your family bought silk or wool and found later that it was not pure silk or wool?
Although we use bags, ropes, clothes, and items made from different fabrics, it is difficult to ascertain
the purity of the fabric by touch, texture, or weight alone. A fibre or yarn may look like cotton but it may
be synthetic. One cannot trust appearance alone.

AT BRI QET eI 314 [Hhal SR T TETE BIIs [adhd Hded M0 SR i1 J G
) fhaT STIE A8l & Boves, I HEl 3103 312 BT? SN Qe Sia-Td dIas, =T, fOzrer, aad
ATHABISATS] BTTUMAT I STGUITAIST 37T fAfde JehRel €T a1uRe 31!, TR AHI0l ToiR,
R a1 Al arail gl AE@o HoI0 . Ial., THEIRT GN AIATAT SIS Geil
FEUTSTE BIIATT a1 ATdball, Y Y& 1 P 3] 3Dl T b del wRauTaR [adgT 780,
1Y T,

Would you like to learn simple ways to identify fibres? In this learning unit, you can explore this through
two techniques: burning test and microscopy.

I BRI AT Ugell JBTAT RIere] Aasdies B17? AT AT TSHId, Sac araofl T

GeTaal] il aTuR e Y] 1T SBEUR 3B

Did you know?

JeTesT AIB I 3118 P17

A thread is not a fibre but a bundle of fibres. You can see this in Figure 1.

IR WU U g, TG Ui [SoFed 3rdh dqdl 28 4], B JFelal Aeld 8l ®17? Yeia = 1
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qreT.

Figure 1: (Left) A cloth is made of threads. (Right) Each thread is made of several
fibres (indicated by arrow).

Rra 1: (STAEHS)BIIS 3771 i1 FIcses 3. (SoTdIds) HH eI 3T

Materials required
HARITS SRTUMR ATfed:

e Threads: cotton, polyester (or any other synthetic thread), wool (if you don’t get real wool, a broken
hair can also be used), and a thread made of unknown fibre. The fibres should be clean, so that
any other substance sticking to them does not affect the observations.

DI (Feih), UITSTER (fhal DIVCTES! P €T, B (RIS IS BIbY HBTH! A8, TR
Jwe! AIdl HATET JheTe! a1ua 2 ) Iid °NT, Teb AR €N, GHATHT ok Dlal gared
e eies SRIeIT FRISTUIT BRd g 2Adhdl. T I GR T AT

e Candle, match stick, beaker, forceps, watch glass, tray, water.

¢ Microscope, glass slide, and cover slip.
[aY C —~ o
ﬁ&ﬂ?{?ﬁ, BTl Ug! (T35S, heax oy gedTsl.

Burning test for fibres

TSI+ Areoft

There is a popular saying in Hindi “Rassi jal gai, par bal nahin gaye.”, meaning “the rope got burnt, but
the twists in the rope have remained (in the form of ash). This is a property of ropes that are made of

plant fibres, which on burning produce ash in which twists can still be seen. Figuratively, it also refers to
someone’s personality traits that did not change even after facing a lot of difficulties in life.

"G STe1 g Gles ATE! AT 37T ARTST W1 Ueh ¥ 0T 3778, YW w80l &R fhal ST, SR Sovesr vl
TS et die IRgea TRUTe! B I(8dl, A1 1 wgoiar 3 3me. g edi=dn aqurgH
gIgT SR & U dfred 3G SR SioedHaR 989l IRddel Rl We fage Idl. “Sieard
fpdIg! e JMMohl, ANt TWTE AR MUIT XGHTITd fehdT aRTUATd BIvIdTe! 9805 81 [T Arel”

I T FRIGE S T ST UfAB TS RT dRIeh T 0T IR ST ST,

Textile experts across the world have been using burning tests to identify fibres. Plant fibres burn slowly
producing ash, which glows for few seconds (known as afterglow) before cooling down. The ash
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roughly retains the shape of fibres but can be easily crushed to powder.

BIIS SN Toel Ul Mg HRUYNATS! HRATT G bS] Sd- Yrgdled. davgeiid g
BRE® ST ST IRG [0 BRAN. © T TSR PIel &1 JhRFT I8 g TR (3]
ST, MMTUCKTS BISl STaedar [IsTudianel Brel Bl YhRMAM I8 T Jrl Ul

JAGE. gl IRG I YIEed! TR STaesedT grgrdT Yl fag Al gur dici+l Fesl Hoedrd )
YH! TIR BN

Animal-based fibres such as silk and wool also burn to give ash but in much lesser quantity. Sometimes
they burn producing a small bead which gets crushed easily. Moreover, they burn with a very strong
odour, similar to that of burning meat.

31 fdher B AFARE HIOSTT G1 ST Fidial G g4, IR Il SIS 7ol 1
GUd HH! . BB 8 9T STdedaR e d S8l AThRTE AUl g1, AT HUAHTET HEST Heodll
fhar frear . A8 MY WS WO 8T STad  SRIAMT HiY STicdTa) ST ard I,

IR 9T Il

Synthetic fibres usually burn much faster than plant or animal fibres. When exposed to flame, they melt
and then decompose, producing a lot of heat. These do not form any ash but form a bead which is not
easy to crush.

S (AT grl 8 GRyeioT= g 107 YToiTST= G ATeATUe] Uedh- Yedld. JARMode dard

(el al

d T e, Fa) f[edia siard il wRYR ST FH10 SR, T SASHGT BIVRIe! I
TIR Bl ATE]. I SSedHaR e d S8l AUl IR Il 3701 d Feardesil Ao fhdl RRSH]
EISRIES

Safety precautions: Be very careful while doing the burning tests. Do not be too close to the flame
or the burning fibre and do not throw burnt threads around. Some fibres burn very vigorously and
their melts can also cause burns or damage to surrounding objects. Keep water in a watch glass or a
container nearby, and put the burnt fibres in the water.

RIS SUR: SIS =Eo] HRAMT [RIY Bress] &1, Jedl S fdhar Sied o T dd9¢
ARG R Sd1. UTehes <], ATSEISAT DISE! Wy Tl BIEl <], TSHT STedelldl. FRT STBUI=T
dqge INR HIS] 3B fhal AN SMSETS[d] axRd JHH &S 3D, JTFIS! YEE e

AT febell SHEd aroft ST ST ST RS TS edT_ AT YTvgTe Y esesl <) gl

Fibres under microscope
qeveaidTe! grard e

Different fibres have different shapes and surface features that can be seen under a microscope.
Depending on the conditions in which the fibre has formed (shape of original plant cell or animal cell(s)
and how the fibre was dried), it can have a circular, elongated, or irregular cross section. Cotton fibres,
in particular, have a non-circular cross-section due to which the twists in the fibres can be easily
observed under a microscope. Plant fibres generally have rough surfaces. In a bundle of natural fibres,
fibre thickness may also vary from one fibre to another.

FRFRTeaT g G 3for ge9rT At dRIEET dTdiel SR, S GeHaREre! 3Tl urg
T, gRATE AFAT el U=it fdhar uroft U2i aiea e RITHR 31 & Y dcses 31ed, ATTAR
3. gTITET BICVT (ISl B, cross section) IGRTHR, Bl e rf-rafiyd eaxauren 31y 3.
QDT DIIAT] al PICBE gYBIDR THT IT el Yles FeaaRdTes] Feol AT01 Wy foyg
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3hAl. AT Al YSHIT Hed] Wedsid [l THR D grdiciics Ul gl SIre! ga=aT dquel

TGS 37 2Tl

Synthetic fibres usually have circular cross-sections and smooth surfaces because they are formed by
passing molten polymer through circular holes, similar to the way noodles are made. Thickness of a
synthetic fibre is uniform along the length of a fibre, and is also the same for different fibres in a thread.

HIFM dgaT BICve FEAT qYoIhR Al AT ATal JSHH HS IAF<l. S0 AT TIR
PHRUYIATS] AR AT g i<l ArediqegT 4S8 Shoses ST, TATIHATY B T TIR HRAT 5d
RS TgAIRSD ThaAT (STl ATy M. AR B dgdl SISl RIS SR
T AT, T A3 AJURL 5ol AT eSS Tt dgdl STTS] UehHT 379l

Polyester . Hair/Wool

Figure 2: Fibres under microscope

forat 2: eAITETS! T
Animal fibres such as wool and silk have circular cross-sections and surfaces smoother than plant
fibres but rougher than synthetic fibres. Wool/hair also have scales of the surface (which may not be
observed if the wool/hair has been treated with strong bleaches, dyes, or chemicals that damage the
hair scales). However, all fibres on use (even synthetic fibres) usually develop surface roughness due
to wear and tear.

3 AT SR ARIREIT AT TGl DICBE BT adlDbIR IR ATl FSHNT RIS Ut
S YT P GTITUE WRERIT 3. BB fhdl B AT el YSHNTER BEFAB Wdes JAN
(IR TeR faRSTep, T feban AT A fshdqes AT Agavics Waes T8 81 2AD. UHD & Wdeh
GG SquATdl 2T BHI BId). AT a9 dgal YSHRT (3R] B Aadles) HIel Bl
ITIRGATR fdhal TRAR BTG AT WRRENI 81 3.

Q 1. What differences do you observe between the microscopic images of cotton and polyester fibres in
Figure 2?7 Are there any other different features of these fibres that you can infer from these
observations?

u3d 1. 3 2 Hedles BIYd 3N Uifesueer AT el Gewaalivdles] BIvk BRe [T Jdra? Al

RIS T AT Sl SITURE! BT] ATt AR SITvrdes! 3iTed 1?7

This question is to familiarize students with seeing differences in fibre shapes, so that they can easily
notice these features while observing the fibres under a microscope.

dTITET el BRI BRBIhS feneata wer Jees S, A1 LA e 73 R e 3.
o faerell Geraaaiared! g aRPTS UTeiics, i3l U 3178,
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Task 1: Known fibres

5t 1: aRPr am

Take a cotton and a polyester or synthetic thread (like nylon or acrylic).
HIIROTIUT 5—6 HHT, S Fell (HTIATT) ST Yo Jebel AT Ufsqeex (fdhar dIvrare! HiH g

S, ARSI fdhar ffhoiir) grarel U sl &,

1. Observe the fibres in each thread with the naked eye. Note their physical properties such as shiny,
rough appearance, and if they are smooth or rough to touch.

TS GRARIS dqd TN SlodiHl [FRISTT BT, i |l orer] S THSHEIRYYT, UId AT

Fibre Observations shiny/dull/ rough/smooth texture)

g FRIE (TSR / WRE / )

2. Take a tray, and fix a candle in the middle of it. Fill the tray slightly with water. Light the candle.
Tdh ¢ BT JMTIOT IT=T HEITHE] Ueh Houre<il I ST, HeY TS qrof} ¥RT. 37T Hore=it Yedr.

Hold the thread with a pair of forceps or tongs and bring one end of it close to the flame. Note your
observations about the thread burning in the following table. Collect the ash/bead formed on a watch
glass [Safety precaution: Keep your head/body parts away from flame as some fibres burn very
vigorously. Extinguish flames of any burning fibres in water; do not throw them anywhere else.]

ST 91T Uehg GTgTd U Cldh HUTGRITeA] SYIiToTae =8+ ST Uedl. ST STesdl AT fH-eqor
DR AT GedTes craranel FRRIeror ST, 8T Uiyl STediTaR [HeTesost X1 fohar #ofl (I el .
[gRfara Iurd: Sqor- Arofl BRAT Bressil Bl USehed] SARITIRET fdhal SIeu=iT dqurg 3
g R VE1. YTdeiel dq JITSATS[e] BISE! thep eI, DIl ool WU R ST, 33N e ggos
IR TS A bl AR STTS[ETS[=AT a8 JHATT Bl ATHNAT YT S8 Fgurand fdbal
F2iwed) gTofl STae ST 3101 TRS ST I1 91udTd USos s < gsdl. |

Note the following observations for each fibre.

IR A FRIET0T YeTes daeand Aiadl.
Sr. Did it melt? | Any smoke? | Smell (like burning | Ash/ Bead formed| Afterglow? (Yes/No)
No. (Yes/No) (Yes/No) paper or plastic)
D G R fremen? CINECINEY, NG / Ao TR | fasTea™oR UaRMEm™
fadee1? | (Br/AEDD FIREH B RIS H17?
(81 / ATED) STBIRARET)

Due to excitement, students may start burning too many fibres at once, which increases the risk of
accidents. Only one thread should be burnt at a time. Any burnt fibre should be put in water.

CC-BY-SA 4.0 license, HBCSE 6
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IATETT MR el faendl Udbrda dadl 3 8rl Sa@vdrdl 9ae] HRele. ges TR gIuard]
3T ST FEU[A UbTdod! GRATAT Uehd JaST STTeT 37107 3fefae fohaT ot Sidcses 81T ot SIehl.

3. Take some water in a glass. Check if it is acidic or basic with a litmus paper. Add one drop of water
to the ash/bead on the watch glass. Wait for 1-2 minutes and check with litmus papers (red and
blue), a drop of phenolphthalein solution, or a pinch of turmeric. Has the water become acidic or
basic on contact with the ash/bead? Note: Ash or bead will not completely dissolve in water; some
solid will remain in both cases.

THT UdTd TS uTofl &1, foseusy UuR=ar AR uroft et &l JTedherdl 3ig, o UT8T. 31TdT
oI 5—6 A9 a1d TSI Saohed] IRIAR fdvar FoameaR erent. 1-2 fAfe ofer anfor TR simesean
STIUIT 1-2 A9 digear faeaar ofor fdhar Meat foeavax eTal. 3T SEauiael Bhalem IS
3D U 49 fhar RFEHR goa STl AT Fiedl WM 9865 M1 b1, o Ur8l. Id arofl
@ eaTaR < SFsedl ®1 Tehad! ST, Il Aig 1. X1 fhat 7ol arogre quivoy fiveresd et
T BT 3 YToATd - faReesdT a9 .

Sr. No. Thread burnt Ash + Water (Neutral/Basic/Acidic)
HHID RICEIGII R + Yol (SSTHI/ b e/ 3Tseril)

It is important to test with both blue and red litmus. If only one type is available, then you can convert
one into the other. To convert blue litmus paper to red, dip blue litmus paper in a dilute acid solution,
wash it with water and use. Similarly, to convert red litmus paper to blue, dip red litmus paper in a dilute
alkaline solution, wash with water and use. Acid/ base/neutral nature can be confirmed by using both
blue and red litmus papers.

RIS SIS TS 30T T, S8 f3eHE BRTET ATevll Bl HE<aTd IATe. FH, JHThS Uhd
JHRAT f3eHd BT A1E, TR AT S@UiAR AT YHRAT f5eHd BRI &Rl Id. e foeqad
[UTR dig<a] fheHaAE] HRUGMTST Sl W1 eI (el fosed a1, e 3 dide] 85 e.
g1 digel fosewsd qruar g+ =1 A0 9IaR1. I3MMa YR dids] feseqd Hrre o fesecaaqed
[UTARIT BRAT . AT [SeHY IR 3Tethos el gedT, TN I 3T Bls 5. 81 M feseHy uruar
&1 1 JATOT ATART. RS, Sfeeherdl fhdl SR YUIEH NS UIATST SIvel YR, digsl g el
foscHs, BTTG aTy=aT Idrd.

4. Now observe the thread under a microscope as described below. (Did you know that Antonie van
Leeuwenhoek, considered to be a pioneer of microbiology, started his journey as a cloth merchant.
He started using self-made lens arrangements to observe the quality of fibres in his shop. This
setup of lenses was a rudimentary microscope which later also helped him to study animals and
organisms in detail.).
q¢ FiRTTITHATY GeAa3IRaTes! 8T PRI ST, BT ARl 3718 &, T & Sledsld

T GEASIG3ITD JOT HIFe3 ST, i1 BIIS TART FUH T3] BRDIG Y& bosl. el
BT, GTYT! IUTeR] YIS UITATST T WIel: fTt 91 et FHTit 81 9T SIgasHT Uah]

A thread usually has several fibres bundled together. Using a pin or forceps, loosen out the fibres in a
thread and pull out a fibre. Put the fibre on a glass slide and cover it with a cover slip. Observe it under
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10X objective. If you are not able to focus on the fibre, make sure that the fibre is under the objective
lens and while focusing, the distance between the lens tip and the cover-slip is around 0.5 cm.

HMATII0] 3 < EBTARYY Yeh= AR IFHT e 9 g97d1. Sravii=a fidr feedr=ar Qe
AT <, d¥T6 b1, AT Uab cie], W ITe] BT STVT PHTaIgiar S QTaR SAHUTIE! 3dl. 10 X
TG dqa geaeeiars Fleor o1, SR O g¥Ived 99 e dR bradgl fmare
JATUTUYTATST < ANIYS, T[] AR il fades, 31 BRI, T leb MO Braugiciics fhHr
IR 0.5 Y. MBS, AT BIdoll &l

Note the features of the fibre. Next put 3-4 fibres together on the slide and observe the variation in the
thickness of different fibres.

=T QUIEHTET Al DRI, TR 3-4 T Yhs BrAUS AR S FiedTkiies BhReb MM afdrees) Fer fAieror

BRI, WA AGdl SISl BH! [dhal SR 3MTE, & YTl

It is important to emphasize that threads are not fibres. Particularly for microscopy, if students put whole
threads on the slides, then they will not be able to see individual fibres clearly (in some cases the
bundle of fibres may block light completely from entering the lens). Students may need guidance to pull
out the fibres from a thread.

ST STTTOT <] AAT/ AR B, & THOA SUITAR MMISATST WR TG 8. WD GeAazi <l
qrecid, fereneai= FerAaaiare! sR=ET gNT Braugia’ Saedd o Ydhd g, TWEYU UTg ABUR AT/
(P18 Ia3T, A=l Yol e [T YVIRT TehTal IRIST ST, Al ). AT faemea i gy

] 708 BRUATATST HE ! TR Ug el

Since some of the students may be using the microscope for the first time, they may need some
guidance about what to observe even on a focused slide. Sometimes, students just see the dust
particles and imagine that to be the cross section of the fibre. If they have not been able to focus on the
fibres and are looking at unfocussed slides, such confusions may increase.

HRUYTATS] ANIGRATE! TR Ug 3. Brel dol [qeneil RaTsl haew geid Hor g 3l ded-r
HRATS DI I AT PICWe TS M. T i+t =i Gqar e Siad dHeses T AT biad 7
PSS ] BTAYE! I UTET AAATe3 AR NieTed TR aTg A,

Figure 3
o= 3

Q 2. Is the fibre that you observe uniform in thickness along the length or is the thickness different at
middle and ends of the fibre (To see this, you may have to move the slide on the stage to see it
from one end to another end)?

U3 2. ] GeAS3IETo! UlfeesedT Iiqdl Sirel gul SR UHHHT 3iTe B HEgHIN AT Gva! SIbie
AT SIS BRe ATE (T UTBUATATS! el Ul SIBIIGA GAIT SIbTIId Jreles] hraug]
ARDIA] BT b)) ?
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Q 3. Do you observe twists in the cotton fibres?

U3 3. RIS BIaTd] dgAed Ues fad ey d17__

Q 4. Do you observe folds in the cotton fibre?

U3 4. JRT51 PITAT] TqHE JYTHY TSI TS 3ol faded] Bl ?

Q 5. What can you say about the thickness of various fibres?

3 5. Ao AT STTSIaH! JHTAT BTy dred ?

Now sketch the shape of the fibre observed under microscope, and write its features:
ST Gera=IETes | Tfeesed g ol Hral AT Qi didrees fesst.,

Cotton (1Y fdral el Polyester (Tifesgve faar H137)
Magnification (TefFecTI) X Magnification (&8 X
Fibre description (straight or twisted, transparent or|Are all the fibres same or
Fibre opaque, uniform or variable thickness along length) |different in shape?
aq dgd AU (WRD/NDER,  URGAD/IMUARSIID, [Fd TG ATBR THaRE]
SR THAAT SITSI/STE ML 986) 318 I T ATR?
Cotton
el (1Y)
Polyester

Cotton fibres should have varying thickness across the length and also across different fibres, whereas
synthetic fibres should have the same thickness across length and across different fibres. While
sketching, students should focus on shape and features of a single fibre instead of drawing too many
fibres.

BIIATIIG STesed] el FIHe QUi STaIHR ST fShTof ST diTdiTed! ST 30T aTaTes
AT STST AT 1Y 3], DI GFIHE] YUl SR @] ST UhHATT 3T, TA ST Tood]
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e SITS! U AT 31/ 3Thcl! Dl ST (A=l 3 g XS UINGS! YebTd Al ATBIR

JTfoT If3reee ATdR 8T Bhigd BRI,

See the sketches done by your classmates and copy here at least one different sketch of cotton and
polyester as drawn by one of your classmates.

SR PIGAS! [ UTST TN AT @IS o5edT el Td B i [hAT Geb diTes o3 SR o
BISUATAT YT BRI,

Cotton/ ﬂ?ﬂ (PTYX): Polyester/ TTf5UECY (?%l’q)

Q 6. Based on your observations, what features/properties can you conclude about the features of
cotton (a plant-based fibre), and polyester (a synthetic fibre).

w2 6. JeredT FARIeTuriea e, Ry ioT= g (Jeih) AT Uifsueex o (HHm) g aRreiqe s
T BV fepy PreTes ?

Here, the students should write about presence/absence of twists, thickness, colours, of fibres. They
should also note if the fibres look opaque, transparent, smooth or rough, or any other features they
observe.

feremei=t 21 I dies (31 foharr 18T, T8 SIS}, ¥4 Afaraa Arfed! fosgior srufard are. ARINIST <
JURG3IPB BT YRS D, TS, Bl WREIIT fhdl Uifigered! sax dfre fSgiur srufard ane.

Q 7. Why do you think the ash obtained from burning cotton changes the (acidic/basic) nature of water,
and the bead from polyester did not?

U3 7. B9 bt Geft araidt I qvard s eraR. (sl sTedmerHt) ToaTe U geedrd.
IR UTfes Uy AU A@To et IRIeS 3TT DIVCTE! 983 BId ATE!. 3 BI?

Here students should relate the presence of metals in cotton, which can convert to oxides or other salts
during combustion, which can make water alkaline. This feature arises because metal compounds do
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not escape as gases during combustion. Polyester fibre has no metals in it. When kept in flame, the
polymer melts and forms another cross-linked polymer which does not react with water. Hence, the
molten bead doesn’t change the property of water it is kept in contact with.

B b Gell avaived g1 AN, 31 €T STdes AT I 3ifeRgs fdhar &R aard. &l
sifTSe IvaTd fwedrge o uTofl sedheadl a9d, ordT Hdy Y fyemeatit Sireur smfara e,
IS BRI 3 D1 SIS b Gl WY IR A de) Ued ATeid. UfauRes fhdr $im
IR g A, U=l gl Swl el ol o f[adedrd ST igd gar T4
IgaTR® AT B, S UTUYTERIER HIUiE! SATHAT B A8l B fddweses HUll YToaredl AU

31Te AT UTogTT I[UTeR JE o5 ATel.

Task 2: Wool/hair (animal fibre)
Pelt 2: BIHY / B4 (MO <))
Take a woollen thread or human hair (because real wool is also the hair of some animal) and perform

the following steps.

T BBl IR (IQTSl 4—5 FHI. Bid) fhal ATSTET U H &1 (BRYT G BIhRadS ATuIT]
B 3MMR).
1. By burning test as done in Task 1, check if it is natural or synthetic.

il 1 FHTOT BT ST STTT SO ST AT 1 P AT, o Tl

(If it is synthetic, then try finding a real wool/hair sample.)
(G B AT S BB IT [dhal HTuaT=l 4 1)

How did it melt (smell, smoke, afterglow, ash/bead formed)?

o\ L

T BT fITIST (A MTe3T B17? R FETest H17? ST fAsied=ar G YoRM 18] B17 19
T 7Ol g7e3T 1) ?

Ash/bead + water: Acidic or basic or neutral? Crushable?

IRg febar qoft + arof): arraserdt / aremed! fhar Ser=? fRRedr Ao 3if?

2. Separate fibres out of the thread, as done in Task 1 and observe the fibres under microscope.
Pl 1 HE BEATIHTOT HATIRG i), 63T BT SATOT 1 G2 RATes! UTaT.

CC-BY-SA 4.0 license, HBCSE 11



Vigyan Pratibha Learning Unit Twists in the Fibres

Fibre (Fq): Fibre (Tg):
Magnification (Tef-T&r ) X Magnification (Jefera) X

Fibre description (straight or twisted, transparent or opaque, uniform or variable thickness along
length)
A auie (AR fhdT Gl 3RIeS AT, URG2ID fohal URGRID, BiaIHR ThaAT STl fdhar e

STET)

Are all fibres same or different in shape?

Hd AT DR UHHHT 318 DI AT 3778 ?

Note that students can see features that are not observed in above pictures of wool, polyester and
cotton above. Make sure they draw features that they see under the microscope and not what is shown
in this unit.

SHUIT JrET AiG BT DI MUY BT, YITAYREY, Gl MM dgdl 3 faosed! med. A1 Biel deol Al
RraHeA gl drel dRkes faemea i SuMuR ArEid. w29 < GeaaIRdTe ] qTgr=1 1 &1 dgdr
afire faemell urg Freard. I faenegiH ueer gereiiRare! diece! dRIe YETerd! 3ied.

The science behind the burning tests

SIS AU fosm=

Now that you have done some burning tests, let us try to understand why plant-based, animal-based,
and synthetic fibres burn differently.

YY1 HTET G a3 ATl B3l TATIASTI G, JTIOSTRT €T SAT10T B GHT dRIaTedT b
BT B, & YT FHT 6, T

- Plant-based fibres (cotton, linen, hemp, sugarcane, jute) have high amount of cellulose which burns
easily. However, these also have some amount of silica and metals (~0.1-0.6% by mass) which lead
to ash formation (~0.5 — 1.2% by mass). These fibres burn slowly with a flame. When the flame
goes off, the remaining silica and metal compounds glow red like burning coal. As the burnt
fibre/ash cools down, the afterglow disappears and fine ash is obtained.
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JAIST gAY (BTG, T, AD3N, S 307 SAGTST) HISAT JHTUNER A SIS AT o
BT SToeITd. |3 il PTel JHIUI RAfesehT d €1 3T (0.1—0.6% TRIHAMTHR) 1 (0.5—
1.2% TRIFITER) FH707 819, 2 911 €191 T 9 SeM KA STedrd. Siel Sard fasrd, del
T 353 RAfesepT ST et |G AT s o HIGBRATIHTO] JehTRIHT (ST . SRISY ST 03 o]
g fhaT IRG oS B, THTH &1 TR HHIGH! B SIS (i M1 2GSt I Yhel
Al

- Synthetic fibres usually do not have silica or metals. These are often produced from polymers made

of non-metallic elements such as carbon, nitrogen, oxygen, and hydrogen. These fibres have low
melting temperatures. Therefore when exposed to flame, these melt and then decompose. Burning
a synthetic fibre produces a lot of heat but may or may not form smoke (Smoke formation depends
on percentage of carbon in the polymer. If carbon percentage is high, then all of carbon is not able
to get enough oxygen to form carbon dioxide, and hence particles of unburnt carbon and related
substances are formed which become smoke).

B dgaed A=Yl fafoset fhar o A, O 9891 Bled, ARG, SiffaRaeT 3T
BIIGIST STl AU T3l dgaRBIURIT TIR bey K. 8GR BHl ATIHHTST
[T, U o SRR €-e5 391, o fadedrd AT @i fee 8id. S gnl SeedT
YRR ST FHT0T B1d 31!, TR R FHior S1ell febam B 81 (R JHI01 agaRBHE RT3
PBIETT JHTNER AT . DIaTd JUi Sqe e AT WUIR Bl SIS SHE]
BI. ATH BIETd YATIT HRYR ST T HYUT SASATh N AT RIS HHl gsdl. IROmHT srgfae

ST@Beses BIaTd BT AT SaR HeelTd ITIiHes R TR BIal).

- Animal-based fibres (wool, silk) are predominantly made of proteins (such as keratins) which burn

with a very strong smell, similar to obtain from burning of other proteins such as meat.

IO <, (BIBR, R2AFT) & UL (BRISH) Te5es AT d STl T AAS
T ST ST T AT, TR aTd Il

Task 3: Unknown fibre
it 3: IR arm

1.

Take a thread of unknown material. By observing this thread with the naked eye, guess if it is a
natural or a synthetic fibre.

T AR arren 4—5 HHl. Siden Josl =1, a1 Slodil grd FR1eror HR1 3oy af

Sr. No. Observations Natural/Synthetic

ERIEd fFrleror TARTE/ B

Conduct the burning test for the thread as done in Task 1, identify if it is natural or synthetic.
[Remember the precautions of keeping your head/body parts away from flame as some fibres burn
very vigorously. Extinguish flames of any burning fibres in water; do not throw them anywhere else.]

Fll 1 7Y ARG g S| arault dR1 ST 1 IRTe & i, T ool
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[RI&TTce U SI& aravll BT Blesi] BT, YSosed] SAIREA fdhal STeur=aT TgqurgH
IR A9 R VB BTl g YU UCHT S3dld. YSHedl BIVATE! dogal 3 fasrauarardt qroft

qTRT. Yed < PISe! SATSETS[T b T |

Students may not be able to identify the fibre correctly and may give multiple possible identities of
fibres, which is acceptable at this stage. Many natural fibres such as silk and even processed cotton
may look like synthetic fibres under the microscope. Hence, correct identification of fibres is possible
only with a combination of multiple tests.

3T 8IS, 2 Dl faermealHT araidl e HROT HISIV SIS ST T o ST FTTes! 19 Siles,
S AT TWITIR YU 3ATe. fhedep AT ST ST/ X2l UishaT dhesos Jell el GeHa3i o] P fagg

AP AId. FUIT Gl AP YU JBEuIrTS! fafder grarva DU, TR 3.

If different fibres are blended in a thread, the burning test may provide confusing results. Under the
microscope, looking at multiple fibres from the same thread may reveal this mix of fibres.

SR U G STeTeodT Sl Ifdesedl 3T R S5+ arauiiies TMeesld SThUNN f-eepy e srepdra.
IR A T GEAGRETo UIEedT™, gt fARIeeses dIaiTes < Fel ST .

If the fibre is from an old and used cloth, it may look very different (more rough and damaged) under the
microscope than a new fibre. Hence, try to use a new thread/cloth if possible.

SR U5 < T fhdl aruRoyedT BUSHiciies 3T, IR QAN ETe! Al T TJUell ST el
(G wREI, faafaiia T faveren) fay 2rel. U 2 S-qeaT™d, Tdie €T fhdl BIds arRTd.

3. Separate the fibres out of the thread, as done in Task 1, and observe the fibres under a microscope.

Pl 1 e AT GRATARYL <], IR BT ST10T GEHGA T [IR1eT0T .

Sketch Describe a single fibre Variation in a bunch of fibres

3Tl TepT il aUI D] SRR NCAEER]

Note: Do check if the thread you have is not mixed (i.e., if it consists of more than one kind of fibres)
and hence may give properties of both kinds of fibre, such as giving both ash and bead on burning.

GIT: JATDS 3Tl AT YebTUel SR YehRd < ATeld 1, & TUTAl. 3 AU, JBTeAl
SIvel UbRT dgd YU Ieraes fedies, ST e SiecdTedx g JAT01 7071, Tiel, JwTal A
AT

Based on the above tests, try to identify the fibre: The observed fibre is .
Ny IEvgigEd gRT MeWuITEl WISl BNl PRI hosdl O

3e.

Because
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4. Paste/staple a sample of the thread here.
Y grgTET T b dn fhd1 Tues B

Task 4: Fibres and Society
et 4: T ST TS

As a customer, the nature of fibres is important to us. But have you thought about how the livelihoods of
millions of people depend on the fibres that we choose to use?

WWWWHI‘UNN;H 7933 HIS AR TP AT8 D U MMIITAT ETAT WRY qreld

U, TR TR, YR AT S 9] IRl AR SR Siebiel] SufSIfdepT AT, JraT e gt wefl

$HAT 3N BI?

Q 1. For each of the fibres that you identified, list the people who are involved from the production stage
of this fibre to the sale of final product (fabric, threads or garments) when you buy them?

TR 1: 3MUY Mol dgedl MR O araiugT didoedl aw=l (BIs, gnl fhar
FEITARON) fIHIId A BBV Bieh SrSched ST, ITT JTaT BRI,

Q 2. Do you know of any fibres that are produced in your locality and are used for making textiles,
ropes, or any other materials? If yes, briefly describe the process used to prepare the threads
from the fibres.

U3 2: AT STdQUrad] HRId Qe gl Ml 81 31?7 A, U DIUhI0red] av]
(P9, IR fHar aR FE aK]) JAAAd, I RIS Al 3T B1? JRIAT AR
AT, AU O] TR HRUAT] HfBAdTad TSI HATfe<d! Fi.

Q 3. Based on what you have learned above, can you say if the wicks for candles and oil lamps can be
made using synthetic fibres? Why?

3 3: ATATY STesed] Idaa AU, doTd fad JRTST STt il Bz SraiaRE e I
BT D7 HIATI™T?

Q 4. Wick-making continues to be an important industry which uses raw unprocessed cotton. Name the
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professions that depend on the use of cotton in wicks.

W2 4: Gl G990 BT Yeb Hgcardl SENT G IS DIUATET UfshdT 7 Hoyesl HIYH TR STl
BTIATIIG FUMAT AR DIVTDIUTT ATATI JAe G AN, < AT IS DT ?

Social importance of fibres

YT IS Ha<d

Why should so many students in the country study the properties of fibres? A simple answers is:
because fibres are a source of livelihood to millions of people—farmers, sheep rearers, workers of fibre
processing mills, the traders of fibres, weavers, dyers, fashion designers, industrialists who produce

raw materials for these industries, tailors, retail and wholesale dealers of fabrics and garments,
research scientists and engineers working on fibres.

3MMIeAT T3NS s fremeafH et Toa arvai=aT UremiaT ST 6T HROT, TROTT M ? BRI 91 B
PRUR SEFE-AIS ATIRY, fAurex, T, B34 FS3m-, el AT STeH HRUR Seloidh, R,
BIISTI IR, WD, IS, AT ST BTN Sf FTITAR BTH BT,

Secondly, fibres can be a tool to learn a lot of science as we have seen above

SR, AT AT YT el TR EFT & U 08 [I=iT RIehvdTe Tah |re a9+ 2.

Moreover, even though we have so many varieties of synthetic fibres, natural fibres still have a lot of
value in our lives. For example, we cannot use most synthetic fibre to make wicks for candles and oil
lamps. There are two main reasons for this. One of the reasons is that the fibre should have an affinity
with the fluid (oil or molten wax). Many natural fibres have better affinity with fluids acting as fuel. And
the other reason is being able to sustain high temperatures. The temperature of a flame is more than
500°C. Most synthetic fibres start melting at such high temperatures. Whereas natural fibres, due to the
presence of minerals (metallic salts, silica, etc.) can retain their structure in such high temperatures.

JAMIRTHS HIEH G 3D ThR IUGE 315 IR THRTh g IS Siiard Ae<d fCp
3ITE. ISTBRUNS, HUTGRAT 0T TSI [ aril STauaTaTS! 3TIvT HiH GNT ard=a b ATe!.
T S H&F BRI 3Td. ATD] Uh BRI 3R D] gRAHL 59 (T fdhal f[ademeses HoT) Yahoild &1
ST, S99 WU a9} SIVIR &9 Igd131 9 grAiRll A& Yol 8. Gav SR TSl I°
ATIHTTGT e T8I AN AT 50009 Uell SRR 31T, Igizl P ST F21T ATTAT e
ST, TR 4R 91 M SR Wi (A &R, Rfodr $.) 31 arusTTeT i)
AT fEhg Sg AP,

This activity may be extrapolated to explore answers to the following questions-

IEie gl ST isfavarardt aie gedtan faaR &-ar 3%, srdwal:

1. What kind of materials would generate ash when burnt? Here, you can extend the general principle:
the materials that contain metal compounds and silica would generate ash. Most natural materials
such as wood, leaves, feathers, etc, have this property. In some cases such as processed cotton
where all metals and silica are chemically removed, no ash may be obtained.
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HIOTT | U Sieey AT IRg fAfor 819 2rdd ? A 30T U AATERYT d<d 10
Feball; ST YT ergel HgA ATfor Rifesept 31ad, T YeTAf=al Saa-Ige X1 i 8. ager
|9 TAfiTe e S F1gps, UM, U8 s 81 UgH Secdl. dlel dal, ST IRD
TfshdT FHosedl HITAHEA a1 M1 RifesdT e Foves ST AT SIS I”d 07
glsad, 3 T8,

Which fibres are easier to tie a knot with, and which are easy for weaving? Fibres that have smooth
surface are easy to weave with as threads pass over and under each other easily. But some amount
of friction is desirable even there to hold the fibres and thread in place. In contrast, if the fibre
surface is too rough, then weaving using their threads requires lot of force to slide one thread past
other threads. Threads may also break frequently during such weaving. For knots, surface
roughness helps in keeping knots in places. In thread made of smooth fibres, knots loosen due to
surface smoothness. Thus, a knot in jute rope is much more stronger than a knot in nylon rope.

DIV G fAUTBTHTATST AR AT ATOT HIUTCT FehTR ET TS T ST G5 AT 2

S USHRT 3503 8T [AUUITATST S<TH SRATT BIRT fAUIATT © €R1 YA el ava fehal T
AU NG <. TRIET TR 2T BRATT AT TebT ST i1 [RUR SATT ATSHR =q0]
3D AT, IISHC, Y YIHNT TR AT GRT fAUITT fqurenRi= g sievarare!
YU g3 STaTd SFRI. 3R IS ATebal 811 g 3D, S ARFR Il UebT SN [RUR 78741,
UL GRRI YU 3e5er IR SUGER] SR, HS STATIRIT S-dored] graied Mot GeudT]
BRI 79T, TVl M QIR TS A1 &R TSIUe SAferes Hotg 3Tl

Understanding the burning process

ST Ffsha1 THSH 9ol

Burning of fibres or any other material is a complex process and usually involves many steps:

I ST fdhal 3av g Sae 81 Geb YRl UfshadT 31 AMfor A e fhar/cd agH
BRIGE

1)

Decomposition of the constituent substances: During burning, heat leads to breakdown of the
substance molecules into smaller molecules. These smaller molecules may remain as solid or liquid
(depending on temperature of flame), may get oxidized if oxygen is available, or may escape as
gaseous products.

HTH GTITH STTEC: Sa& (shdd, IWHes UG YA ATECH Bl 3 B8l I IR
BIAM. T B8 U] WY fhar 5d 7awid a1 (ST ATYHMIER 8 Jdeg ). ifaaor
UG ST IT V[ JATRITSIHTT BId, J=IAT I IIJAUT ol BTl

Melting of the constituent substances: If the melting point of any substance in the burning
material is reached within the combustion conditions, it melts and may start flowing. In some cases,
such as cellulose (in cotton), melting is not observed during burning because cellulose starts to
decompose at a temperature below its melting temperature.

FTH GeTIId fAqwm0l: USHT QT iies hIurcdTel UaTie f[ddqeidg saa R s raer, av dl
ueref facesdl 31O aTg SHTAL. BIe] ugriiear aiadia S, HIUTdIe Hege sl ol f[ddooel

fea 18T, RO faqeidgea e AegeIora ATee Tg Ud.

Oxidation: If oxygen is available, the substances available combine with oxygen to form oxidized
products. If the supply of oxygen is sufficient, the non-metallic substances may be released as
gases such as H,0O, CO,, SO,, NO,, etc., and the metallic and metalloid elements form oxides such
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as Na;0, CaO, SiO,, etc. These oxides may combine with CO, or SO, to form carbonates, sulphites,
etc.

SiffrrSiaer: Jfifeae Sucel e ueriidr ffaraer 1zl FanT 8 ffeasiaore gare
IR BIAT. JATRASTT YRAT J AT, JETIHY U1 gy a8’ TTdhes S (S H,0, CO,,
SO,, NO, §.) 307 &7q], TG S SATIG 3iTRITSS TIR Bl (S Na,0, Ca0, Si0, 8.). AT
sifeRITg ST CO, fhdT SO, IT AR[ERTER AT BISHT BIAIC, Geblsc ScATal AT 8IS .

Suggested readings

3rferep Afe<Td

1. Sara J. Kadolph (2009). Textiles, 10" Edn, Dorling Kindersley India Pvt. Ltd., Delhi. For a very good
review on different kinds of plant, animal and synthetic fibres, this book is a useful read and is
available in Indian Edition (burning test has been described on page 35).

FTfre=, WS TR S grate R el TeRMH IuYe 9 ara-iag Al Sara J.
Kadolph (2009) Textiles, 10th Edn, Dorling Kindersley India Pvt. Ltd., Delhi JdT Y bId faoras! oTg.
T GRIBTA! AR 3T SUSE G Grgidl a1 aravll gs 35 o Fiflides! e

2. Philip J Wakelyn et al. (2007) Cotton Fibre Chemistry and Technology, CRC Press, Boca Raton,
Florida. For a detailed understanding of the structure and properties of cotton fibre, this book may
be read, also available as a soft copy on internet.

BHIYFTT GG HRT 0T G U geTa Taed AR ATl Philip J Wakelyn et al. (2007)
Cotton Fibre Chemistry and Technology, CRC Press, Boca Raton, Florida dT ¥ dId . B RASSEZ
geRTCaReE @ SUGE 38,

3. Textile industry has created an online knowledge centre for professional and researchers
(http://www.teonline.com/knowledge-centre). This website gives a very detailed description of fibres,
their processing, and their characteristics written in very simple language. A detailed description of

burning tests of fibres is available at http://www.teonline.com/knowledge-centre/fabric-
identification.html.

PIIS SN ATTAI S THT FANTH JTARITST http://www.teonline. com/knowledge-centre &
ISR Al3oT Hex G e 3. T AR AT, RIiaR HedT ST Ufshdn, grare
IR IgEdE Wil A9 Fied. grgiar Saoe 9l |fawR wfed
http ://www.teonline.com/knowledge -centre/fabric -identification. htm! T HdhaRIBTER 3TTE.
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