Vigyan Pratibha Learning Unit Twists in the Fibres

LU 8.6 Twists in the Fibres
gar N
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 single fibre but a bundle of fibres. You can see this in Figure 1.
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Figure 1: (Left) A cloth is mae of threas. (Right) Each tread is made of several fibres (indicated by arrow).
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Materials required

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.

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

Microscope, glass slide, and cover slip.
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Burning test for fibres

AT Sah aATaolt

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 fibres 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
odour, similar to that of burning meat.

Y314 fhal BIehx ATARY YIS 9 STTesed ¥ idTe! IRF g7, YR AT SASIGT deres! 1 Gud
HHT 3. DB & 4T SISeAHTR o5 T B8l ATBRT HOl . YT HUAFTES! HEo HAT fbell
RREdT I, FE<dTE! MY Tl WIS g1 STesd ST AN STodedTdR ST_1 I Icll, IR 914
.

Synthetic fibres usually burn much faster than natural fibres i.e 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 precaution: 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.
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Fibres under microscope
geaaaiars! araid 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.
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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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Polyester 1§ Hair/Wool

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
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fibres in Figure 2?7 Are there any other different features of these fibres that you can infer from
these observations?

w2 1. o 2 Hedles 1gd S gifosueer Iiedn dgAed GeraRiiare! $Ivk BReb faga Iard? a1
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Task 1: Known fibres

Echﬂ 1: gRfera 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.

IRA% TS dgd T Slgis RIS 61, T I ored ST 9SG RYUI, Tid AT W3S
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Fibre Observations (Shiny/dull, rough/smooth texture)

T FRIET (FHBER/ RIS, WRERI / 7))

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

T ¢ &7 JATIOT AT HLTHE U Hora<h ST SaT. SHEY oS groft ¥R, 7T Hora<i Uedr.

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

FeFTeaIT &R Ydhg 8TTe Udh CIdh HOTARIedT SANITSTae =1 ST e aT. €T STesdt STAATT (+IR1ET0T =T
il gdies dacara FRIE Figar. grm guiqyl Secdar Aeresel IRg fhar Aol (@) el .

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

[T/ @EaRERT : YTohed] SAIATGH fdhar STUI=IT AU 31 dde g 8T BRI Hlal o Ga TN
ST, TR TSI USehed ] UT0T gSdT. USehed def $av= B Tl |
Note the following observations for each fibre.

TR g R0 YeTes daand Aiaar.

Sr. |Did it melt? Any smoke? [Smell (like burning |Ash/ Bead formed |[Afterglow? (Yes/No)
No. |(Yes/No) (Yes/No) paper or plastic) 1 / 97 TIR TS | fosTea=ar Ia R
®. |gr Idear? R FEma? |9 (BRTE / WIiRe D AT 77

@/ @A) | Secarrar)

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
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and blue). One can also do this test using 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.

UHT UeUTd AT I1of &1, foseasd Uu==am |reram= urolt Sicser™] &l sfedherd Mg, o Ugl. 31dl grvdgr
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ERECRIRNERMESINE

Sr. No. Thread burnt Ash + Water (Neutral/Basic/Acidic)
B ST T T + aTofl (SETHI/ 3Tedh e/ ATserl)

4. Now observe the thread under a microscope as described below. (Did you know that Antonie
Van Leewenhoek was a cloth merchant and to observe fibre structures in detail he used glass
beads and hence creating what was a primitive microscope.)

J¢ QiR T YeaziiRare! ardie FRIE BR1. RG] o1$H A8 B, AT BT gdasid 8l
PUSITAT ATART BIAT 7T gty dYor qrevarardt df wrordn HugieT ar9R HRId 3. 3730 UhR IRfYH
TG MY BTTHT.

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 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.

HEIY e ] YEBTIRE U Siigd °nT g-idl. Sraviiedn fhdr fomearear dsrar graniie g
TS BRI, TAI3 Ueh <] WY el DRI 0T DHIAUar S TR he@ sy Sdl. 10X IR
A geraeiare! FRIE $R1. SR O gEIuA Id T8 IR draug! Fmares! sovarandt o 9rge,
JITSATS] AP < fai e, 3 BT, PRI Sl M1 hraugiciies fhaT faR 0.5 HHT. 18T, Irdl
DIl Tl

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.
A JUrEH U, FR 3-4 I Ybd Braugiar oo ATedNiies R A0 dRes) afe fHleror o,

GRIG gl Sire! B! fdhdT ST 3178, & T,

Figure 3

el 3
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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 will have to move the slide on the stage to see it
from one end to another end)?

T2 2. IRl geHaRI e gIfeoiedl gl Sire! Ul Bidi¥R UhHHAT 3iTe B HegHIN A0 GIel Sl
T SIISHE e 3ATE BT (B UTSVATATS! JFalel] BIaug! el Gebl SIbTURIT E=dT Clbudd ARabTd!
BRIH)?

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

U3 3. TRTAT 1T A9l Y [GHe H17?
Q 4. Do you observe folds in the cotton fibre?

U3 4. RIS BIIHTT AJHE LAY TAT TS vl fadedl P17
Q 5. What can you say about the thickness of various fibres?

3 5. Ao el SIS JreTesl B dred ?

Now sketch the shape of the fibre observed under microscope, and write its features:
3T GeHe=A T UTfeered S 2 srer 3o i afires feser.

O C

Cotton (P19 T eih) Polyester (YIfe5QReR fehdT o)

Magnification (qe=erHan) X Magnification (d&-ierHaT) X

Fibre Fibre description (straight or twisted, transparent or [Are all the fibres same or
Eiq opaque, uniform or variable thickness along length) |different in shape?

g v (WRe/NIBER, URE3Idh/URG3N®, SIAIWR |4 T 3MBR THARE] e B
Uh AT SITS]/STSIHER 9a05) CRCHCI RIS

Cotton

et (P199)

Polyester

gifesuRex

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.

T RRHT DBIShed o UBT AT i1 BHISesed] Gl aud B Al [BH TabT diTedT =T
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B0 o BISUITAT T BI.

Cotton/ eIl (HTTH): Polyster/ Tfo5 Qe (H3H):

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. GHT FRIEOIEAT SMER, aeRudioT= o (ol 3071 gifesgRer o (HI) At PIv Jorerd
BT TS, o FI?

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?

W2 7. BTYY fdhar el eyl g o Aawedrar (eesel/iehedl) ITugrd Jured deoidrd. Ig
U5 Qe IJUTg fHaleres! X1 34T HIUTE] g8 QIgad el 3T P12

Task 2: Wool/hair (animal fibre)

Pell 2: BB / B (AT <))

Take a woollen thread or human hair (because real wool is also the hair of some animal) and
perform the following steps.

U BIDHRIT G (ST 4—5 WHI. &I fdhd AT Ub b4 BT (PRI IJE BIbRadles AvIATEl 4
ST ST qeies el .

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.)

it 1 TFATOT BT ST STTesT AT &R 4 RTes @l i 3172, < T,
(IR 3 ST 1A BIbdT fohdT ATodTa & €1.)

How did it melt (smell, smoke, afterglow, ash/bead formed)? _ _
RN ST fAd@ e (aM/SU JATSHT B12 GR FETeT B1? ST fASTed =R IR TH 1= JMfee] b1? Ikg fhar
Hoft ferAior 31T h1)?

Ash/b_ead + water: Acidic or basic or neut_ral? Crushable?
NEE] |a55|I II'Uﬂ+ qTol] : STFAYHT / 3TeheH| m)CH SN [H? RISl g A3 17

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

il 1 7 HeATIHTI GIATARI <] dTTebT DR AT ol GeHa=ETes! el
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O O

Fibre (AQ): Fibre (@@):__
Magnification (GEi=&TeT) x Magnification (Gei&re) x

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

A AU (AR fhal 1ies SIS, TRGRID fhdT STURGE3I®, BidIHR UHHH Sirel fdhal SIFH Sire!)

Are all fibres same or different in shape?

e I SBR YHHHATT T2 D! IITATET 3TS?

The science behind the burning tests

SI&+ Iraoiarites fasm=

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

AU HTET G SIS AT DBl TAIATST= T, UMY &1 AT DA €1 AT TebTR Dl
STBTT, & JTIUT FHS[T 6S,.

- 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.

- AT gIEe (14, JAATS], Wi, 4 MM ART) AiSAT JAVIER AN SR Jd FEol
ST, AT Jid Bral T Rifeset g a1 s (~0.1—0.6% IRIAFITER) IRd (~0.5—1.2%
RIAFTIAR) 01 BI. & GRT GIRIT T G 8T SARI STadTd. Steal SAId (a1, AT T 3RIe ol
RafosepT SO G et YT A5 edT DIobNTIHATY Feh T fHdTT. SIS STwoyesl G fhdT Ig o'
B, T B HBTRHATAT HHIBH! Bl SIS fasTd 3107 AT =l Yebe | fHesd.

- 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
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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 gAY AEaY Rafeset fhar o1 AT, o 9881 BrEH, TGS, Ao AT FRIgISTT
SATR! AU T3 TEARBIUGA TIR Hes S, & GR HH AIAHTS] fadesdrd. ®=uE o
AR 8R03 319, o fadaard i1 & faged 8. M g T ¥R Wil FEir g1
FSI, TR R FFHAor Bl fhar g1 AT (YR YA JgaRGBHL ST Bl FHIMER A
3. BT IUT ST ST T @I Ble+ SRISTFATgSHE] Bkl ATH HIeTd JHTI HRYR 3RIITH
IreAT AUl SASTHINAT fqsT HHl gedl. TR fLae Sweses bla-Td BT AT SR Faelid
JET1H0s YR TAR BIdl).

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

TS I (SR, M) & TR (BRISH) Fe5es AT o ST WA HiGes garel STadl
ST 9T AT, ARG a1 Il

Task 3: Unknown fibre
eit 3: srafRfera emm

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.

QT AR &TvgTe 4—5 HHI. BT Jehel ST, TaT Sloadi=l aTe fARIeror -1 A1for a1 44afiTes
312 B B 1L, ITT AT .

Sr. No. shHIh Observations =<ieror Natural/Synthetic =R EE/@%P?

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

Pclt 1 AL FIRTTATIHTO! ST ST aTevil 61 0T A1 TFRTd B B, T e,
[HEET/@EaRER] : YTosed] SAIUTGA fdhar STRUI=IT AU 31 ddae G 8T BRI Hlal o Ga TR
TSI . TR TSI USeies ol UTuaTd g8 dl. Ueohes < SR thep e ]

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

il 1 FE BT TRATARLA < d9TeT BT 3T GeTaaiaTes! fFRieror o,

Sketch Describe a single fibre Variation in a bunch of fibres

3Tt QT g Ui BT SR CUNCREER]

Note: Do check if the thread you have is mixed (i.e., if it consists of more than one kind of fibres)
and hence may give properties of both kinds of fibres, such as giving both ash and bead on
burning.
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I : JHRATRS A¥ered] HITd YhTUET SR <o, 181 T, § TUTHl. 3R, Jrelel Gl TRl
A UIEH UTBTIAT Has<Ies, ST <, STTeseaT=ic] 1% 311101 Hofl, SIvel, JreTeil f¥es areherd.

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

IS ATIT T ERTT SNSEUITIT T BT : N0 hoy T ST I BT

4. Paste/staple a sample of the thread here.
A grgTET T fadhed! fhd1 Tues B.

Task 4: Fibres and Society
el 4: TR IFOT 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?

T AT U AITA] T W@y ATSI 0, TR ATe. Y MYV S &7 IuRd] faR S
BIhTdl SIRTTIDT TTedd, ATaT fAaR S99 Bidd hosaT 3Tal.

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?

T2 1: IV UlfEesedT et Mg d araiagd a9dcsed] 9% (P19, °rl fhal TR HUs)

EININGEING 3T AT TWRET HRYAT AT BIVTHIVT B TS heh AT, U IR CIG

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.

3 2: JHET STa@URTel WHITH Qe dqgdl FRTT 81 $12 ey, QMR BIvhIvel 9% (H1Us,
SR fhar goR BIEl I]) 4N, ATHGE JFBTAT BIel AT Ases BI? JFeTal ATB I AT, TGUTgH
IR TR HRUGTT Y AT ATSHRITe Hfeeil |,

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?

2 3: AT, T3t fod AT ST aTell i3 arviar_g g7geT Aciles B2

Q 4. Use in wick-making continues to be an important reason for the sale of cotton. Name other
occupations, other than clothing, that depend on the use of cotton
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