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Exploring science and mathematics

8.6. YT Uled
Twists in the Fibres

MNead

Introduction
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BIIATT AT, Y Y& A1 P 317G 3Nl fehal TTaT T fEATRIesT Hf3d wRi, 901 A1 4T 31 2], T e
IR EEESEICH I?Hii"l NT2Ul, Y IHd.

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.

T NS AT Ggll BT RIbTIeT SATasiies P17 T JLIAT YD, ST dravil 3foT gewa=il e araR de
STIT €T TSR ATE .

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.

T FUTS] Uhd < TG 31eb Al <8 3R, & 3TV FHGA USHAT. AT 1 92l
Did you know? A thread is not a single fibre but a bundle of fibres. You can see this in Figure 1.

JFeA 1 (STeIBS) BITS 371 E7YI1 §703es 3. (SoTdlbe) Hedd EFT 31 AGUIT FT3c3l 3.
Figure 1: (Left) A cloth is made of threads. (Right) Each thread is made of several fibres (indicated by arrow).
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Burning test for fibres
+ YU T3] g1 e ATE T TRl HRTST WG Teb w1 31T, YH ISl SR fhdl SR SR Side] o)l AT faosast Y
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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.

- 30 AT BTepR TR HTIOTST= 1 ST eT™ Tdie] g g7cl. IR T SaS I ae3 3| 1% Ud HHI AT,
B B T TBATIR T g BB BRI HU I AT HUYFTES! AES Hevell febal RS Act. He<drd! ME
TEUTS] YTFOTST=I €T STood SRIATHT HiNY STTes TR ST I I<il, ATRIRET a1 el
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.

P (AFAHHT) GR1 & i gRT SAT0T AUl €T AiedTUel Yee Uedd. 3iside Adrd o YR [adedrd,
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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.

@ Materials

* BIYH (aih), UIfSTER (fBa1 BIVEIE! B g1, SR (JFETST RIS BB MBI AT81, TR JFe! Ard! Harar
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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.

« JUTERH, JNTHTS!, AU, ferrer, Fteror 93ft, urohl, ¢, gersal, el ug! (IB1ES), STHUUS! STal.

Candle, match stick, beaker, forceps, watch glass, water, tray. Microscope, glass slide, and cover slip.

® gIaYT [GeRERY
Safety precaution

SAG AT BRAT BIcsol &1, USHeT SR fohdT ST UIT=IT Uy 3R dd¢ G JET. USacies e oISl
POTI e TPBT. BTE! tig YU A ST, 37T U e dgHe IR IS D fhdT AR AT a8 Jh T
BId. YTHRT TETEl eI AgUraTd feban S=iHed rofl Sae SdT ATf0T IR TS 1™ A1 U10dTe USesel <] gsal.

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.

geresiiarell yrai Aderor

Fibres under microscope
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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.

Polyester & Hair/Wool

el 2 A rarcs dq

Figure 2 Fibres under microscope
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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.

304, BIBR ARIREIT TSI A dT BICWS 1 aY@IhR ! M7 ISHN GRS Tque] 7 Uo7 B ariven
EREII 3l 34 (a1 S AT TG JEHRTER SEFGe Wdes RN, Ui iR s, 1 fdbar tarm i
PR HRT IT AgaRies Waes T8 81 ABAN. TS & Wdes YA AT [SAuITH! AT HHI BIdl. ATH Fad el
IEHIT (3T HIH AedS) BTe! BT ATIRTR [hdl TRAR BIATGAT0S WRERI 8135 Al

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.

T 1. T 2 HEfTs 1Y SMTOT UIfFURex AT STgHed] GeHa2IRATe ] DIV BRe [a_E AT ? AT FRIETOI JeeTel AT gt
SO pTE] dTTes! TSR] SO oS! 3Tee bl ?

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

et 1: aRF am

Task 1: Known fibres

>

HIERUTIU] 5—6 Y. B Gl (HTIATET) ST Geb bS] 30T UTTe5Tex (fhdT DIVTET B 8RS, IS fdhar
3ffehebien) ST Udh Jehol &l
Take a cotton and a polyester or synthetic thread (like nylon or acrylic).

1. IS gRARNS dgd AT SIedi=l FRIET HR1. Jid Wik et SR THhaRYYI, I M7 IS 7, e
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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| e (FHemeR/ s/ araEdia/ %)
Fibre Observations (Shiny/dull/rough/smooth texture)
GCSIN
Table 1

2. U ¢ T IMOT ATAT HUTHY Ueh Hora<i ST ST, SHEY TS TofY ¥RT. 31T Hore<it Uedr.
Take a tray, and fix a candle in the middle of it. Fill the tray slightly with water. Light the candle.

eI 8T Udrg A 87T U €1 HUIERITT ST ToTa6 T3 G U dl. ST STesd STATHT FRIErr -7 101 §eiles
TaaTd FAleor Figdr. rT qoiuel STaedTar faTeses! I-d fdhar 7ol (IRF) TTesT B
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.

[AET/TaRERT : USosed] SARITURGA fhal ST SqURET 36T a6 R R8T BIRYT Ble tq YU @R+ STebwd.
RS TSI YSoies i UTuTd T, UToies o Sav A 1 A1l ]

[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.]

TAH dqd e §dies daeard Aiadl.
Note the following observations for each fibre.
T faas o ¢R fremen I (HTTE / BICEH g / At e e
®. @/ =) (Era/ATE) SIBCATHIRET) TIR 1S SBTSrT <R BT
Sr.No. | Did it melt? Any smoke? Smell (like burning Ash/ Bead \
. Afterglow? (Yes/No)
(Yes/No) (Yes/No) paper or plastic) formed

dddr 2
Table 2

3. UHhT YcdTd TS urol) &1, foseasy UuR=T AT UToft ST erdT &bl STedherd T 31Tg, o U=T. 7T Yo 5—6 39 ffefor

92N S5l AR febgT HUATER eI, 1-2 M e, TR HTesed] STUITd 1-2 909 digsa feseHdaR fdhar o
fOScHAaR ST T PIOTT fSeHT BTN I 95 BIaT, o U&T. I-ILAT STIUiFe BelehA 19 Sl dbrdl U A9
fhar R g <Tdl. IRIT 1ot @ eTaR < SIFaeHl &1 sTedhed! $iTes, AT Al HR1. IRF fhar 7ol grogTa
quUigO] faREed ATE!. AT BTl 3fa UTodTd 7 faReed awie 8.
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). 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.

HHID NICEIE I I + groft (STRAA/ sTcdheril/ et
Sr. No. Thread burnt Ash + Water (Neutral/Basic/Acidic)

dddr 3
Table 3
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4. gIgTE Y& AiTTeATyHToT Geraiaes! FRIET0 61, IS ST TS B, ST B gd-g(d 8l Husidl TR
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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.)

HEIIO 3 <), TR Yebl SilgH 1 g1, Srarvie] fohdr ferresirean s arariies ) a7 $Rl.
Wwaqaiﬁéﬂmwaﬁm@wéwwmw 10X IRIFATIH e gewaaiare! e
PRI, SR A EMIATT I TS IR raug! RTRETeS] A0St o ARIYS, AT ARDB A i G, I PRI
R e JTOT BT e fhHT SR 0.5 WHI. T8I, T Bldoi] &l

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.

TG TJOTERT TUTET. TR 3-4 TG U HTAUSIAR SH I B M7 ARresl A e 11, WRid<ad dgat
SITS! B} fhar SR 3112, & Uel.

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.

TR 2. IRl geuaRidTe! Uifgesedn dgdl Sl quf SidiwR Uhaar e &l
HEHTY AT LT SIHTT AT AL B MME BT (T IEVINTS RT3
BTAIE TgeT Tl SIBTITA AT CIBIudd DB BHIGH)?

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)?

T3 3. JRIAHT BIIATT el Ule faqes 3172

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

T2 4. TRTS] DIANT (el LTI TSl TS esed] faded 17

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

T2 5. AT AT SIS Rigd JFRTST HI dTe ?

Q 5. What can you say about the thickness of various fibres?
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ST GeH AT UTfeesed g fer e oy i df¥ees fosar.
Now sketch the shape of the fibre observed under microscope, and write its features:

D19 fehar Felt (Cotton) qTfosqeeR fhdT B3 (Polyester)
GEIFIEAAT (Magnification) X GEIFI&THAT (Magnification) x
A9 AU (WRS/TNBER, TR/ ATRSAD,
g BEHR THEAM TS/ TS 986) | AT MMBR THARET 3ME B RIS 3MT?
Fibre Fibre description (straight or twisted, transparent or | Are all the fibres same or different in shape?

opaque, uniform or variable thickness along length)

el (1Y)
Cotton
TifesuRex
Polyester
dd<dT 4
Table 4

T TR o5l o ueT Sfor il drecsedn Jell ard Hid dq=a fBH UaT diredn e Jee
PISTTIT UYT OXI.

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.

el (BTYH) / Cotton 9IS TEeR (HM) / Polyester
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T2 6. JAedT FRIETOT=aT SME, aaciorg o (geih) AT UTfesuRex o] (B3 AN BI0K IUTeH Tl My, o T2
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 7. 1Y bl Jell el g Uo7 @ edTer (FaEH!/3Teha ) ITugT JUred gaadd. UNg U gees dagqurT
HeTeses ! RIT STT DIVTTE] I8 e3 TG Tal. 317 P12

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?

S Felt 2: AR [ FE (wfors=a d)
Task 2: Wool/hair (animal fibre)
T BB I (Tl 4—5 T, B fdvdT A Uh 53 BT (BRI IF BIhRad I AU B M ) MM Y& Pell D1,

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

1. il 1 IO BT ST ST STOT T T BT 2 M2, T Tl
(I B34 AT A BB fehaT JTodTan &4 €. )
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.)

g HET f[ATBST (aT1/U AT H17? R 1T 1?7 R [Asred=ar e
B TRIHT RTfe et 1?2 X% febar oM fHior $17es br) 2

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

g fohar 7oft + grof} : aFaerl / sredmer! fdhar IERERI
ISR ? I$ M2
Ash/bead + water: Acidic or basic or neutral? Crushable?
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2. il 1 HEY HITIHATOT ST < I BT ATOT A1 FeHa3I Ao ! UgT.

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

OR®

<] (Fibre) <] (Fibre)

E[?j:l?ﬂ'q?l'[ (Magnification) X E[?jH&THFIT (Magnification) X

g AU (R (a1 1 a1, URG3ID [l 3TURG3Id, B ThHAT SIre! fdhdT ST STTe))
Fibre description (straight or twisted, transparent or opaque, uniform or variable thickness along length)

| AT ATHR THAATT 31 D AT TS ?

Are all fibres same or different in shape?

Saol IrEviETie A=

The science behind the burning tests

3ITIUT HTET GRATE! SR ATV BT, TSI TR, FIOTST= €T ST B GRT T TSN BT SIS, & 907
HHAGA U

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

- IR STITHE (BT, TSN, W, ¥ 30T INT) HISHT FHTITER HegA ol AT o FEol ST, A1 i

PTE! TV RIfGIT @ 8T SIS (~0.1—0.6% TRIAMIGAR) T (~0.5—1.2% TRIAMGER) A1 BIh. & &my
TRT T I ST SN STebelTe]. STegT SN [l TegT T 31RTc3es ! Rafo3ehT AT EMege WY Taes o] hlosTIHTON
THTRTH feAdTd. SIRIST STBG T ST fhar I 2€ B, T 81 THRIHAT HHIGHT BId ST, fasieT 31TfoT 2rac
R bl fesd.
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.

- P IgH) ATl RAfesent fahaT &1 THdTd. < 95T Bl ARSI, fTaasT T SRS STa! STIUT
IS T IEARBIURGA TR by S, & 8T BT ATIHMTS] faieserd. B[ o SATIAHIR 8R03 31T, o faqoser

31O i frere T BT, P2 8N STTeedT HRYR ST FH101 814 i, O &R fHHior 81l febar g1t -ret (gRT< 90T

IEARBIHE] A5l PIe-Ted] FHIUTER TS 3. BIaTd Ul ST STCART T FWUIR Bl SIS TS SHED
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BI. AT BT YAV HROR AT ITeT WYUT SAGSATh R i frqor dHH1 gsdl. TRUMHT 3fefae STacses drad HoT
30T SR e UeTifge oR TUR 8ld).

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).

ITOTST= < (BIHR, =) & TRIATIRET (BRIEH) Fc3es SRICAT o SIS HiAgaR] Ae Tarel ST STl ard
Yell, R 91 AUl

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.

oelt 3: sraRfAa umm

Task 3: Unknown fibre

. QTR TR grardt 4—5 S, SidiaT ol w1, 0T Stadi-l & fFeror =1 onfor ot 39 one @t B

Take a thread of unknown material. By observing this thread with the naked eye, guess if it is a natural or a synthetic fibre.
HAID e Tafite/HHm
Sr. No. Observations Natural/Synthetic

dqadr 5
Table 5

. Pl 1 ALY ARSI g Sa ATof BT 3707 A1 AT B HEM, 7 el [|ae/ aRaR! : el

ST fehaT ST UTT=IT AGUTRE 2RI Tde GR Y81 BRI BIa] e U @R STobelld. TRST TSR Y eses dig] ITudTd
gSal. YTosos o gaval B el |

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.]

. Pl 1 HEY BITHHTYN GRATARY it ITeT BT ST GeraaiaTes] FRleror 1.

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

Sketch Describe a single fibre Variation in a bunch of fibres
dadr 6
Table 6

LI JATDS S UTTTe YebTUal] SR i) A6 A1, & TUTHT. 3RICAT, Jrelodl &lvol HepRedT g d JUed qIeTiel
fArcseiTes, ST <] STTeb TR J1%g 31107 HOfY, G121, JReTT e Areheiel.

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.

10
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4. Y grITET THAT Frpear fdhar ues B,
Paste/staple a sample of the thread here.

S et 4: YT STfoT HHIST
Task 4: Fibres and Society

T UTedh BU[H IS Tgie WY HIB I R0, TRoid JATe. Iy MYV Sf gH a10Ra] iR ST Blebid! SUfAIIapT
T, ATAT [TAR JATI0T DT BesedT ST

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?

T2 1: AT WIS osed e MRTIUREA I SR adosed] a%] (PTIs, 8T fhal TR B ) ITSTRT AU SATq0T T

YIRS PR AT PIOTHIUT BIh TS eres AT, AT ATST BRI,

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?
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W 2: ] ST URTET AT T e dgul TR 81 172 srRreany, CATITRET IO [VTAT R (PTIS, SR fhar gaR BTE)
ER\_‘D §1ddId, Jrgde] drelol CARIRSIRIG] QQ(’O D17 grelol HraId ST, \‘I@LIN;L"I & TAR HRUATT A G AT ATSHITd
el .

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.

T3 3: WU, AT fQd ATATST SITIMAT ATl i GATIRIT Fa Aciies b1?

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?

W2 4: 9Tl 9990 € HIYY (A U HETaTd HIRUT TR, BITATIRG FIUM=AT AT aTciiar Dol gy facrgH
AT, o T Tch BT?

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

12



