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Twists in_ the Fibres
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Introduction

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.
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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.
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Did you know?

A thread is not a fibre but a bundle of fibres. You can see this in Figure 1.
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Figure 1: (Left) A cloth is made of threads (R/ght) Each thread is made of
several fibres (indicated by arrow).
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Materials required

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.

e Candle, match stick, beaker, forceps, watch glass, water.
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e Microscope, glass slide, and cover slip.
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Burning test for fibres

T Sa Aol

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.
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Textile experts across the world have been using burning tests to identify fibres. Plant
fibers burn slowly producing ash, which glows for few seconds (known as afterglow) before
cooling down. The ash roughly retains the shape of fibres but can be easily crushed to
powder.
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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 unpleasant odour, similar to that of burning meat.
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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.
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Safety: 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 fibers 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.
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Fibres under microscope
QeveINTErS) g frriieror

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.
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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.
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Figure 2: Fibres under microscope
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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.
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Q 1. What differences do you observe between the microscopic images of cotton and
polyester fibres in Figure 27 Are there any other different features of these fibres that you
can infer from these observations?
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Task 1: Known fibres

?!v_cﬁ 1: IRFIE e

Take a cotton and a polyester or synthetic thread (like nylon or acrylic).
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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.

1. IR% GTARNG gd JAT Sledi=l FRIE $R1. e |l JUrerd ST T RIvT, Ui 30T
ST 7S fehdT WRERIT 3 d BT, AT A B,

Fibre Observations (Shiny/ rough/smooth texture)
Gigl FARler0r (THBER / WRE / 93%)

2. Take a tray, and fix a candle in the middle of it. Fill the tray slightly with water. Light the
candle.

2. TP ¢ &7 M1 ATAT HeNH Udh AOTERI U a7, SHEY s UToft W1, 3111 Hore<h Uedl.

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 [Caution: Keep your head/body parts away from flame
as some fibers burn very vigourously. Extinguish flames of any burning fibres in water; do
not throw them anywhere else.]
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Note the following observations for each fibre.

U g FRIET0T Jeies daand Aigdl.
Sr. Did it melt?|Any smoke?|Smell (like|Ash/ Bead | Afterglow?
No. [(Yes/No) (Yes/No) burning paper or|formed (Yes/No)
plastic)
. |grm R HEre? ,
Braee) @Ay [T (@R /R LEIESEIN ICEISIE RN
(&ra / =) IRE D EIC) TehTRTHT RTfResT hl?
STBITHRE)

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.

3. T UodTd oS UTvl =T, foied UuR=aT ATerAT UTofl ST &1 3fehedT 3, o Usl. STTdl
T 5—6 49 a1d TSR] ST el AR fdhdT AUITER TThl. 1-2 HfHT Uid. TUR STesedt S1avmd
1-2 99 digedT foseaar fhar Mo feadar eTer sfr BIvre foiewd BrTeT=aT W d 98 8idl, o
UBT. AT STIUHE B b o Saidbrdl Ueb A9 fohar fewR gwa Slehl. IRIT Urol) fifesearer o

JTAGHT DI SfeheHT 3103, ! Aia PRI, G fpar qofl qroaTe quivoy faReesd 8!, e Brel 3131
B ISENENCERNIISREINERICH

Sr. No. Thread burnt Ash + Water (Neutral/Basic/Acidic)
HHID SICI ISR IRG + qTofl (SSRIA/3TeheH1/ATFHEHT)

4. Now observe the thread under a microscope as described below. (Did you know that
Antonie van Leeuwenhoek was a cloth merchant and had invented the microscope to
observe fibres?).

4. & AR Geoa=ares! et FRIT0r R, JeTal AT T d ®i, ATl B gd8ld
B HUSI T ATYRT BIAT M1 Ay FR1&T0T HRUIMATS] T Gewaaiial Ay Sl

A thread usually has several fibres bundled together. Using a pin or forceps, loosen out the
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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 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.

AT 3T <] TEBTIRE U Siig 8T g1l Srerviiea fhd1 fFeamean A arwile g
o5 RT. RIS Qb < WG AT BRI STV BIAUSIAR S TAR HeeR sy Sdl. 10 X Thedn
T g Geraeiiares! (1o 1. SR I gEIuATd A T4 IR braug! Hmares! sorogrrdt o
ARG, AT RHT g [ades, A BRI, FHTd Sieh AT Bradgiiles fAM iR 0.y HH.
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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.

AT UTEH TUTHT. TR 3-4 T U S BIAUSIIR SH JTiles B IMOT AR i FR1eor o7,

SIS gl STl BH1 fdhar SR 317, & vl

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)?

TR 2. THe! QEHGRIIETo UTigesed gl Sirel qui SdTHR YT 318 1 HEIHR AT G161 SIebi=
I SISME] B AT BT (B UTEUIIITS] JRBTAT Dradg! Agedl Ul SIbIURIT aT SIbIudd
ARBIAT FNH) ?

Q 3. Do you observe twists in the cotton fibres?

2 3. BT 1Tl dgHed W fades o172

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

U3 4. JFETS] BIUATA] TJAL JYTAYT T TS [GHT BT 7

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

T2 5. dATATeod] el ST el JFaTe3l DI dred ?
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Now sketch the shape of the fibre observed under microscope, and write its features:

Cotton (Tq¥ febar i) Polyester (UTfo5qRex fobdT i)
Magnification (q&-erHaT) X Magnification (ge=ierHa) X
Fibre Fibre  description (straight or twisted,|Are all the fibres same or
Fi?j transparent or opaque, uniform or variable|different in shape?
thickness along . length) Hd TG PR UHARE]
SEEICEIE! (Woo/dlaal?, qRG3Idh/IURGID, BHIAIHR TS BY AT 32
THEA S/ 99)
Cotton
Al (PTI)
Polyester
JifosURey

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.

JHT AT BIGeses ol gt 37O Qi+ dBrecsed! ol aud B gl fhHT TebT diTeod ferameit

TR ) PXRTITT YT dNT.

Cotton/ il (PTYHA): Polyster/ U3 YR (HH):
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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).

T2 6. AT FRIGUI=AT SMYR, auciiory dq (Gedl) 3T uifesgeex dq () il HIordt
AR/ TUTeRT T DS, o I ?

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?

92 7. BIYH fbar el graie g qroard Aeerar (Srasedl/AehgHl) qTuare Jored geedrd.
R TR dqurg F@lcres! I 311 BIVIATE] 98 SIgad ATel. 31 H17?

Task 2: Wool/hair (animal fibre)
Fcll 2: BB / B4 (OIS <))
Take a woolen thread or human hair (because real wool is also the hair of some animal)
and perform the following steps.
T BRI IR (ETSl 4—5 FHI. BI9) fha A=rel U & &1 (BRI 3G BIhIads HTuar
&Y 3MMT).
1. By burning test as done in Task 1, check if it is natural or synthetic.
(If it is synthetic, then try finding a real wool/hair sample.)

1. il 1 JHTOT BT G STTG3T SATOT T AT Bl B2 317, o Tl

(I S AT TS SIHRIT fhdT HToTe 4 €21,

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

ST 1 [T (aTR8/ U 3MTesT 172 GR T B17? S [TeIedTaR IR TbTRMET 1SS P12 g
feam #oft 1T 3110y 1) ?

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

g fohar 7oft + uroft: ameeserdl / arepe fhar S ? RRsdT I 3 ?
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2. Separate fibres out of the thread, as done in Task 1 and observe the fibres under
microscope.

2. Pil: 1 9 HeATIHTY GRATARY < AT BT ST0T AT GG RATe | BT

Fibre (<q): Fibre (dq):
Magnification (qei-iermaT) X Magnification (G&-&re) X

Fibre description (straight or twisted, transparent or opaque, uniform or variable
thickness along length)

qd 9uH (RS a1 0@ 3RIesa3T, URGRID [dhal STURG3I®, SR UHHAT SITS! fdhar s
SIS

Are all fibres same or different in shape?

HY G JATDBIR THHHAT TS DI AT ATE ?

The science behind the burning tests

&+ IrEviEries fasm

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 GGl SaS A0l Bl TATIASTI G, FTIOTST=T €RT 3101 A GRT dRTdTedT ThR
DT ST, B AT FHGA U

- 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.

- JAAIST gTIAE (BTYH, TN, 33T, H AT IAGTST) HISAT THIUTER ARSI AT o FEol
ST, A3 i BTl FHATUNG RIfe5T a €1 ST (~0.1—0.6% TRGAMIHR) I (~0.5—1.2%
RIAAIFER) 101 BT, & gr iRy WA g S8 Sk Siedrd. S|l S fasid, de@r @
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oot Rafesapr amfo Iy dd Q‘iﬂ‘l TS T BHIGIATIHTT YHRM fEIdrd. STIoN STBASBT EM

fehar I i€ BT, T 1 TbTRHTT BHIDH! B SIS i 311107 3 IRG Yebe | Ao

- 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 TGHL A0 RafoseT fdhar ere TR, J g1 Ble, TS S, JATfaasT 30T grIgioT
SR YU 73T IgaRBIURIT TAR Phes ST, 8 g1 HHI AMIAMTST fadesdid. B o
SAIAEAR 8)e5 31, o fadesdia JMfor i fae 8. B gnl Sieedr YR I {410 81
3!, T GR THT0T BIT fdhar 81 ATET (YRT THIVT IgaRBIHE RIS BleTed] THTUER AT
. BT YUl SIS SN T [/AR Ble SIIATFATgSHE] BId. A3 Bla-Td THUT WYY
AT T AYUT STATD AT RIS HH! TSl TR 3fefae Sasesed Dla-d bUl JATOT §AR

el UeTIigos gR TAR BIal).

Animal-based fibres (wool, silk) are predominantly made of proteins (such as
keratins) which burn with a very unpleasant smell, similar to obtain from
burning of other proteins such as meat.

IIOTST g (BTHY, Y3 & TRMARA (HRIEH) TS M o STarl IR ARIe 9ared
STSATHT ST IR A, ARIRETE JRIT SToddTd.

Task 3: Unknown fibre
it 3: saRfra g

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.

1. QTR STURIT gRATel 4—5 1. ST Jhsl &1, THT Sloodi=l g Feror &1 3mfor ar
T 312 BT B 32, AT TS BRI

Sr. No. Observations Natural/Synthetic

hHID Frleror TaNTE/H

2. 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 fibers burn very vigourously. Extinguish flames of any burning fibers in water; do
not throw them anywhere else.]

2. il 1 e AT ATIHTOT gIATe ST ATof BT SO A1 AA (T Bt S, § i,

[TaeT/GaRaR]: Sqe3 ATl BRI Dlodoil BT, YSosed] SAIARIH fhal STRu=T Gy 2
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e GR YB1. UTdesed g SIS BIoE! thep eI, DIl g U R ST, 37T Ul Tggod
AR A1 2D fhar AMMges TS aRjd A B, bR TETE Be dgurara fbar

gRIaed] qTofl ST SaT S1foT IRS TS eT_T A1 UTvdTd Ueoesl < g<dl. |

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

3. Pell 1 HEY BITHHTYN GTITITR <] dTTe8T R STIOT GawaliRaTes! (FIeor .

Sketch Describe a single fibre Variation in a bunch of fibres

3Meht TehT <l U DRI SERINEIRICIEER]

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.

G JHATDS Aqered] GIAT ThTUET ST <iq] ATeId 1, & TUTT. AT, JeeTe] el HpRel
I urer BT ST fesdies, ST T STTe e 1™ 101 707, Sivel, JraTal e .

Based on the above tests, try to identify the fibre: The observed fibre is
because

RIS ATIUITIRET T SNBGUITAT T BT FARIETOT Bos T & 3 HRU

4. Paste/staple a sample of the thread here.
4. A grgTe T fehedn fhdr T ues B,
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Task 4: Fibres and Society
el 4: T ST AT

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?

SATIOT HESTT & TN ST dideses BUS araRal. U U8 U AIATAT gFATd W@y A8l
3FUI, IR 3. R ATV S I IIIRE] TR ST Blebial SufSifdeT aresd, arar faem s
PIeIad Byl L.

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: AUV RS> el MR o graiaRgT adcied] avq, (H1as, °nl fdhar gemmaro)
SISTRIS ST AT T WRET U il DIUDIV Bleb SIS eres SR, It ATal B

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: I STIQSUME=T WG UETer dogal A 81 617 3RIedT™, TATURL BIUThI0red] aw]
(P98, SR fhal SR B8 9K]) AN, ATHGH JBTAT ARl 5 D127 eIl AT JHT,
UL G TR HRUITAT AfbAaTed ArSaard Al |

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: AU, 5T fd AIRATST SITOMAT ITell = SRATIRI e Aches, 3 BT ared 1?2

Q 4. Use in wick-making continues to be an important reason for the sale of cotton. Name
the professions that depend on the use of cotton in wicks.

U3 4: 9Tl §I907 IT HE<ared] BRUMATST HIqH fdbes1 SITdl. DIYATIRLT g0m=a1 elredl aiciiar
DIVTRIVIT HTATY AT AT, I AT g3 DI ?
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