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Colour plays an Important ro le  In making fabric 

attractive  to consumers* Colour can be applied to textile s  

at different stages during the manufacturing processes the 

fibres* yams or fabrics* Colour Is  applied to Textile  

materials In the form of dyestuffs which can be used In  two 

basic forms of process« namely dyeing end printing*

Dyeing In Its  simplest form consists of the 

Immersion of the te x tile  material In  a solution of the dye­

stuffs In  hot water* when the temperature Is  raised s u f f lc l -  

entyly the dyestuff passes from the solution Into  the te x tile  

material and colours I t  uniformly* Jules Leberthe(1977) says 

that dyestuffs can be applied to Textiles by Chemical process 

to produce colour* Decorative applied designs may also be 

achieved by the applications of colours or Chemicals to the 

surface of the fabric after the fabric has been woven*

Printing Is  regarded as a specialised technique of 

dyeing Instead of one uniform colour a ll over the place* remarks
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Kale (I960)* One or more colours are printed In  a pa rticular 

form to produce a single or multi colour design effect* Print* 

Ing Is simply the controlled application of colour to selected 

areas or figures on the cloth*

According to Potter (I9fc5) the methods of decoration 

that produce colour designs ore« -  ■

Blotch printing

Roller Printing

Discharge or Extract Printing

Resist Printing

Stencil Printing

Screen Printing

warp Printing

Datfk Dyeing 

Tie  Dyeing

Composition or Paste Designs 

Spray Painting
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Mew developments* discoveries and changes can he 

quickly applied through printing  to create new designs and 

colours In t ie  fabrics* Lyle (1976) points out that p rin t­

ing of fabrics has existed from time immemorial such as the 

us® of wood or metal blocks* and dye re sist printing* these 

hand methods ere s t i l l  used in  arts mid cra fts  courses*

The ancient methods of dyeing employed one or 

another of the techniques associated with resist printing  

or dyeing* In  which the protected areas of a fabric are kept 

from being exposed to a liq u id  dyebath certain poet Ions of 

the cloth  are covered with was plunged Into  the dyestuff*

Tortora (1378) expresses that today the best known 

was re sist process Is  used for making of batik fabrics* the 

name batik originates In  Indonesia where re sist p rinting  has 

become an Important art form. An analysis of the batik method 

shows c le a rly  the a rt of re sist printing  method* This Is  the re­

versal of dyed style* The parts of the cloth which are required 

to remain white or ground colour are printed with a substance 

capable of resisting the dye*
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Clarke (1968) opines the 8attk Is  an ancient 

Javanese form of fabric pattern dyeing* The parts of 

fabric not to  be coloured are protected by a coating of 

waau Edward M ille r (1968) says that In  re sist printing 

the fabric Is  printed with a compound which prevents the 

absorption of dye. After p rin tin g , the fabric Is  dyed and 

the treated part stays undyed and the ground takas the 

colour*

The re sist or reserve style  of printing  obtains 

white figures on coloured gnund by means of printing* The 

design Is  applied on the cloth with the substances that are 

Impervious to the dye Hqufcte when these substances are 

thoroughly dried the cloth  Is  dyed* but a ll  portions covered 

w ith the resist paste or substances remain white, remarks 

Joyce Storey (197*0*

Resist materials are starch, clay and wax. Today 

Mac 1s mostly used for making the batik fabrics* Cowan (1969) 

states that the most characteristic feature of batik Is  the 

crackle effect* The vetoing effect may be obtained by using
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special waxes like paraffin and beeswax In  certain composi­

tion* The delicate net work of thin line effect can be 

developed throughout the design* when the dye Is  allowed to 

seep Into cracks In  the waxed areas*

Russ (196*0 suggests that Batik can be dyed In  

any of the cold dyes like  naphtho! dyes* vat dyes* proclon 

dyes and Indigo dyes* The dark background gives good 

appearance and beauty to the fabrics* Multicolour effects 

are possible by Immersing the fabric In dyebaths of different 

colours* Batik p rin t Is  tra d itio n a lly  done an cotton* s ilk

and wool* Of synthetics* only viscose rayon can be dyed 

successfully*

The art of Batik dyeing Is  one of the simplest and 

useful methods when compared to other printing methods because 

I t  needs So machinery and e le ctric ity *  Labour* knowledge and 

o rig in a lity  Is  more Important In batik printing and I t  gives 

employment to the persons Individually*
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Bence, the Investigator has made an attempt to 

find  out the effectiveness of paraffin wax and beeswax on 

batik prin ting  both ind ivid u a lly  as well as the elimination 

of the same. She has trie d  out hatk p rin t on viscose rayon 

In  three different dyes namely naphthol,  vat aid procian,

I t  Is  hoped that this study would benefit the manuf aeturer s 

of batik fabrics.
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A* The Art of Batik Printing 

B* Origin of Batik Printing 

C# Characteristics of Batik Printing 

0. Design In Batik Printing 

£• Application of Design on Hatorlei 

f# Materials used for Batik Printing 

CU Types of wa&ces and Dyes Used 

H. Equipment Needed for Batik printing 

I«  Method of Dyeing 

J« Dewaxing

K# Recent Trends In Batik

W* of aatlk Printing

The Art of Batik, Stauart and Patrlca (1970) defines 

Is  a re sist technique for producing designs on fabric* The 

re sist substances may be wm or starch* Making coloured patterns 

on cloth  by the known as batik Is  an Indonesian A rtt views 

Norma Jameson (1970)*
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Hor*  C W 9 ) says that I t  la  a paste re sist technique 

which enables one to have a lig h t coloured or white motif on 

a coloured ground*

Corbman (1975) states that the re sist dyeing process 

whereby designs are made with wax on a fabric which Is  subse­

quently Immersed In  a dye to absorb the colour on the unwanted 

portions Is  known as batik dyeing*

Saker and Stran ( —  ) point out that f t  Is  a

method of drawing or painting with wax or clay upon a fabric* 

after which the material Is  dyed and the wax removed*

0atfk printing* as Sarbhalya ( t m )  states Is  the 

wax p rinting  which protects the portion of a materiel I t  

covers from taking the dye, thus leaving a beautiful pattern 

or design on the material when I t  Is  removed after dyeing*

Hurst (1952) considers that I t  Is  a peculiar kind 

of resist work*
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Harsh 0958) says that the resist or reserve style 

enables white or coloured patterns to be produced on dyed 

groundsi I t  re lie s  on the printing  on white fabrics of a 

resisting or reserving substance which prevents the production 

of colour during the subsequent dyeing operation, resists are 

not limited to dyeing, for I t  Is  possible to apply them to 

printed patterns and so create great variety of effects.

The a rt of SatIk simply Is  fa b ric , wax and dye, 

shaped patterns and lines are drawn d ire ctly  on to the fabric 

with molten wax, opines John Houston (1975)*

The basic principles of batik (re s is t) p rinting  Is  

the protection of certain  areas of the fabric by some means 

device to prevent colour or dye penetration says, Hess,(1969).

3. Origin of 3at1k P rintin g«

Satlk 1s an Indonesian word describing a form of 

re sist printing  which although known and practised as a native 

c ra ft 1n South Cast India* Europe and parts of A frica , has



Page « 10

achieved an unravelled degree of craftaanshtp In  the Island 

of Java* Practical Manual for use In Laboratories (1967).

Batik work Is  found 1n South East Asia* India* 

Europe* and Africa, but I t  reached Its  highest development 

In Java* The word Is  possibly derived from root of t lk  

which 1s thought to be an onoraatopaetlc word meaning 'draper 

dot*'  Records of Smg dynasty we find that batlked cotton 

cloth  from Java was vary highly prised and made presents for 

Princessly Joyce storey (197*»)«

Chftrangada Krishna (1977) says that Batik 1s ai 

ancient art* nearly 2*000 years old* The Egyptian and Persians 

used to wear batlked garments* in ehlna f t  was there as aarly 

as the seventh century A*0* The Modem Textile and Apparel 

Dictionary (1978) states that th is  method of hand colouring 

fabrics originated In Netherlands end Indies* Corbman (1975) 

say that I t  has been done In  the o rie n t, notably India and to 

some extent 1n Japan for many centuries*



Page « I I

Houston (1975) says that Javanese batik Is  re la tive ly  

modem f i r s t  appearing In Dutch texts In the early seventeenth 

century* I t  devices from arabatfk which refers to the whole 

range of a c tiv it ie s  of drawing, painting, tatoolng and writing*

In 1835 Dutch firms began to Imitate batiks aid 

trie d  to set! the In  Java* in  England and Switzerland huge ro lle r  

prcsser printed batik designs complete w ith  design Irre g u la r!*  

ties and Im itation velnfng* In Holland wooden blocks produced 

a close Imitation of a new technique Introduced to Java In  the 

middle of 19 th century* This method used to tjcxp f a block 

set w ith a raised upper pattern used to p rin t the wax re sist 

on the flo ut and back of fabrics, explains Houston (1975)*

•Satfk* -  This ancient Asiatic word one of the 

oldest cra fts  of the orient* in India , Java and Japan the 

highest made a great art of coatumrlrig* Each caste, re lig ion  

and festival required Its  special garment by Wright (19b9)*
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£. Character is t ic s  of Batik P rintingi

Batik decoration is  free from lim itations that 

re s tric t  mechanical print* I t  1s a characteristic of the 

Java batik that the resist Is  obtained by applying wax to 

both sides of the fabric* Dyeing is  then carried out in  

the cold to  avoid melting the wax thus confirming the 

colouration to the unwaxed area* Selective further wet*

Ing and redyeing allows variety of colourings of Increas- 

1ng depth to be b u ilt  up edditively9 says Baker*( )

Its  main character is  that the application of 

colour should be from lighte st to darkest* because each 

colour w il l  affect* the most colour dyed aver*it* I t  is  

a jay of discovery* states Cockett (1955)*

Wingate (1976) points out that the most characteri­

s tic  feature of batik fs the crackle* the delicate net v/ork 

of pair thin lines which develops throughout the design when 

dye is  allowed to seep into  cracks In the waxed areas* This 

effect has the seductive charm of a happy accident* Yet i t
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Is  possible to control and vary this subtle* velnlng by the 

use of special wm or by applying dye with a brush rather 

than Immersing fabric In the dye*

James Pother G111 (1952) expresses that the characteri­

s tic  feature of typical batiks Is  tbs appearance of fine veins 

of colour running Irre g u la rly  across the reserved parts of the 

pattern*

This can give ve rtica l folds or horizontal folds or 

crush so ftly  a ll over the materiel* I t  can be achieved symmetri­

c a lly  1f the weaker has the patience to do It* Uefore giving 

folds f t  would be best to dip the cloth In  a l i t t l e  cold water 

so that the warn hardens a bit* this makes I t  easier to got the 

crackles* reveals Ja rjory (1966)*

P, De»1an» In Batik P rinting.

I t  Is  considered more as a practical s k il l  than as a 

decorative art* The Javanese batik has developed and unequalled 

delicacy and precision* mashing finely  detailed silhouettes 

of birds* flowers and animals Into densely packed geometric 

frames empresses John Houston (1975)*



Page * H

Codectt (1955) points out that shaded orô bvG. effects 

may be obtained In batik by spraying or allowing portions of a 

fabric to be immersed In a dye bath*

B lrro ll  (1959) views that the best batik designs 

are snail ornate a ll  over patterns In  which minute dots plays 

an Important part* Every conceivable type of dssijn scenic# 

flo ra l or abstract can also be executed in  batik*

Harries (197%) expresses that the designs and 

quality remained unchanged, being practised only by the Javanese 

women and g ir ls  of the upper classes and the nobility*

According to a guide to printing techniques (1978)# 

the patterns are generally 1n geometric# flo ra l#  b ird  or 

animal motifs# but the a rtis ts  imagination may introduce other 

fanciful designs* The motif is  dram  on fabric by matted wax*

L«_»*aterl at fJjsed for.Batik Printing »

Hersk (1975) recommended that cotton# cotton broad 

cloth  silk# organdy and linen are preferred for best printing
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of batik* Viscose rayon is  good for making scarves, sarees, 

because of i t s  sheen* Most synthetic fibres do not 'take* 

chemical dyes. He further expresses that the fin ish  and weave 

of the materia! wi 11 greatly effect the batik* Smooth, closely 

woven material w il l  absorb wax and dye evenly, before waxing, 

desizing, washing and ironing are required* This is  essentia! 

step because the dye w il l  not ‘ take* evenly i f  any sizing re­

mains in  the fabric*

Chitragada Krishna (1977) says that cotton, lawn, 

c a lic o , s i lk ,  vo lts  are suitable for batik work* Materials 

of synthetic f in is h , non-iron, non-crease resistant are not 

suitable as the dye does not work well on them* 3ut in  syn­

thetics, rayon 1s the best one to absorb dyes well to a ll 

parts of the fabric*

f .  Application of Option gw Hater la U

The wax can be applied by tja n tln g , blacks, tty 

drybrush cutout paper shape method and freehand method, for 

producing groups of spots, double lines and rosettes, mraber
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nmber of spouts are used* To fa c ilita te  the waxing process 

the cloth  Is  stretched over a bambooframe and the wax kept on 

a smell charcoal stove*

3arbha1ya (196*) says that I t  Is  Interesting to do 

a multicolour batik painting* The usual painting done on paper 

by different colours can be done on the cloth* ,

In Java* the traditional designs and standard 

patterns drayn on papers are available to be purchased* The 

paper designs can be perforated to make stand Is  which can 

than be used on the cloth to transfer the design with char­

coal pounehfng* I t  1s also possible to f ix  such papers on the 

cloth  by pins and outline the design holding I t  against lig h t 

experienced works slnply hang the design before them and work 

f t  on the cloth* Freehand wooden stanps arc* put to use in  the 

case of re petitive  designs* reveals Clarke* (1968)*

31rre 11 (1959) says that the variations of batik are 

outlined and tinted batik* Crackle batik* Crayon batik* white
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Hne silhouette Batik and Pin point batik*

Chltrangada Krishna (1977) suggests that the dry 

brushing technique of applying wax on the cloth  one can get 

sarae lovely textures* Further he expresses that there are 

two different ways of dry brushing namely the dab method and 

the cutout paper shape method*

G* Types of Maxes and Qyes.Used.

Hersk (1975) Indicates that there are four types of 

waxes used for batik*

Parafflnwaxt

Paraffin wax Is  b r it t le  and Is  used to achieve more 

crackling affect*

m i j i m  ,

far bolder and big designs this wax Is  used* I t  Is  

more fle x ib le  than paraffin and melts at a higher temperature*
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I t  can be mixed with paraffin to minimize crackling e ffe ct.

S S M g Jff lU

Sticky wax 1s a petroleum product. I t  1s an In­

expensive substitute for beeswax having a nature very close 

to that of beeswax. Like beeswax melted sticky wax saturates 

Into  the material and creates or complete re s is t. I t  can be 

combined with p a ra ffin , 5$$paraff1n to 50& sticky *** depend­

ing on the amount of crackle that Is  desired.

Batik wax is  a combination of paraffin and beeswax 

This combination can easily be made by melting 2/3 beeswmi to 

1/3 pa ra ffin , adding more or less paraffin  depending on the 

amount of crackle desired. I t  Is  especially good to be used 

In  tjanting.

Host commonly p&rsffin and beeswax Is  used for batik 

work. A suitable mixture Is  one of four parts of resin with 

one part of paraffin wax or three parts of resin with one part 

of paraffin wme should the resin be a high melting va rie ty . '
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The higher the properties of the paraffin wax In  the mixture 

the store b r it t le  becomes thr p rin t and more pronounced the 

"cracking."

In Java* hanane leaves previously soaked In dilute  

caustic soda are used as the wax w il l  neither adhere to these 

nor penetrate Into them* The wm  1s applied by a special form 

of printed block* C assay a starch paste Is  used as the re sist 

In  Java*

Kathleen Monk (1969) says that either decorators 

paste or flour paste and starch resist can be used for the 

resist*

Dyestuffs suitable for this week must be capable 

of being applied from a cold dye bath* since a heated dyebath 

would remove the wax resist* a practical Manual for use 1n 

laboratories (1967)* The following classes of dyes are of 

Interests

1* Indigo and other cold dyestuffs 

2* Vat dyestuffs

9* Arucolc (3rentho1 for naphthol )dyestuffs 

*»« Proclan dyestuffs 

5* Soledon dyestuffs*
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Stephan Russ (196*) says that batik can be dyed 

In any of cold dyes and as 1t 1s H gnt on dark s ty le , the 

darker the background, the better riuI tlcolour effects are 

possible by Immersing the fabric In a succession of dye- 

bathes of different colours*

Heeded for fa tlk  Printing*

According to Heel Dyranforth (1975) the standard 

materials for working 1n batik are as follows*

1* An plea trie heater or stove 

2* Enamel bowl or saucepan to heat wax 

3* Oeslzed viscose rayon material 

*• wide and narrow b ris t le  bushes 

5* Adjustable frame 

6* Paraffin wax 

7* dees wax 

8* Detergent 

9* Rubber gloves

10* Washing soda

11* P lastic container cleaning f lu id

12* A sheet of asbestos to keep under the 
stove for safety measures*
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13* Tools like  bfusiws and blocks to 

to the printing and painting •

1'** Sand with wooden table*

Jameson Cl970) states that different coloured 

tissue papers are useful when testing one colour against ano­

ther* Transparent coloured cellophane can also be used* 

Colour In  batik can be Imaginative and unique* Indigo Is  

a professions Java*

of

Dyeing Implies some a ff in ity  between the fibre  and

the dye*

Watford (1969) suggests that cold water dyes such 

as the Dylan cold dyes or the praclan M range of reactive 

dyestuffs can be used for dyeing* Mordant colours are easily 

resisted*

Johnson 0 9 W  opines that a l l  dyeing for batik must 

be done In cold water dye bath as any heat for fix in g  the dye
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would melt the waxed design and render I t  useless* Also he 

expresses that one should he careful not to squeexe the waxed 

material as the wax may crack and penetrate with the fib re  

and give a path effect*

Jameson v/atson (1970) views that by the use of 

re s ist methods of printing  I t  Is  obviously possible to  produce 

the riwtttmxtauraiJ patterns on coloured grounds*

Stephan Russ 0964) points out that the re sist paste 

1s removed from the fabric either by heat boiling water or by 

the use of solvent*

Stuart and Patrlca Robinson 0 9 70 ) raanaemis 4 ways 

to  remove the wax by boiling off by Ironing out* by the use of 

solvents (Oenlene IC I benzene or p e tro l) and by dry cleaning*

Othart (1964) te lls  that the cloth Is  pressed with 

an iron between newiposer or b lotting  paper sheets* Thus the 

melted wax is  absorbed by the paper*
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Linton (1978) recomasnds that the wax however w il l  

erode and allow fine vein lines of cloth  to appear as the dye 

steeps through and penetrates Into  the material* After the 

f u l l  coloured areas and the vein line areas are completed, the 

fabric 1s then removed from thebath, rinsed w ith hot water or 

solvent to remove wax from the fabrics*

K , Recent Trends In  Batiki

Storey (197^) states that In recent years* however 

Instruction In the s k ills  of batik designing and waxing has 

bean started In training establishments set up by the Govern­

ment 1n an e ffo rt to preserve a ll  that Is  best 1n these tradi­

tional fabrics*

Stuart and P a tric ia  Robinson <1970) express that 

although most of the batik product was for home consumption a 

liv e ly  export trade developed In the Seventeenth Century and 

th is  grew with the founding of various trading companies u n til 

Javanese Batiks were found a ll  over the c iv il iz e d  world*

Joseph <1966) says that more recent re sist methods 

Include screen printing  which Is  frequently considered the 

newest technique used for decorating process*
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O rig in a lly  the cotton material used In  Java went 

from India but since 131$ this had been replaced by European 

materials* 3ot cotton and sf Ik are used* The cloth should 

be firm ly  wovan closely so as to allow the iirtish or pen to 

more freely* S ilk  and a rt s ilk  develop beautiful crocks and 

these materials are preferable for bold and elaborate designs* 

This w il l  look shinny*

Jameson (1970) empresses that the art of batik 

Is  becoming widely known and recognised as an Investlve raedlun* 

western a rtis ts  are using batik techniques to translate their 

own Ideas not only Into  patterns designed for useful m aterials, 

but as an a rt form to produce to • dimensional decorative hang­

ings*
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JUfc

The Experimental Procedure adapted for this study 

comprised the following steps*

A# Selection of the Material

3* Setacttonof the Method for v/axlng

C* Selection of Design

D* Setting ip  of the Table

£• Selection of waxes and It s  Combinations

F« Preparation of the Material

G* Method of Waxing

H* Selection of the Dyes

!• Equipment used for Dyeing

J .  Methods of Dyftlng

Kt Dewaxing

U  After Treatment

M* Evaluation
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A. Sanction of tun H » w r H U

Herak (1975) says that viscose rayon Is  good for 

making batik 1n sarees and scarves because of I t s  sheen*

Closely woven isaterlal absorbs wax and dye evenly* viscose 

Rayon Is  mostly used by a ll  because Its  1 nexpantlveness*

The combination of high heat conductivity and absorbancy of 

rayon mapes 1t suitable for every season especially for stssaer* 

Hence the Investigator selected flscose rayon fa r the study*

The sample of the selected material Is  shown In Appendix X*

8. Setoctlon of the Method for Waring.

3lrre11 (1959) states that e tjep 1s a block provided 

with ridges made out a thin  brass strips or n a ils  arranged to 

conform to the outline of the design* TJap 1s toed for apply­

ing wax on the material* Therefore the Investigator selected 

block method for applying wax to maintain the uniformity and 

accuracy In design*

A single wooden block made of wood with Iron pins 

arranged In the form of f lo ra l design which 1s suitable to





apply or»e colour was selected. The size  of the block was 

10 cms x 10 eras and ts shown In  plate !•

/

m  the Tablet

Sarbhalya (196*0 suggests that a roctangdfer wooden 

from  or wooden frame with sand ts  mam suitable fo r waxing 

the material* A wooden table of rectangular shape was toed 

for waxing the material* The size  of the table was (70 cms x 

100 cms)* fine  sand was spread on the surface of the table to 

obtain the uniform surface* I t  also helped In  the even dis­

position of wax on the other side of the material*

is . JtelQC.tlon _gf.w a x a n llts .Combination**

Noel Oyanforth (1975) expresses that pure Jeewwax 

Is  more p lia b le  and Is  therefore excellent fo r drawing lines 

and fine d e ta ils  or for work requiring minimum crackle* Para­

f f in  wax Is  more b r it t le  and cracks easily* A combination of 

beeswax and paraffin  wax yie lds varying results* Hense both 

paraffin  and booswax were selected fo r the study* since the 

Investigator wated to fin d  out the effect of the paraffin  and



bm&tm both In d ivid u a lly  and In  combination w ith each ocher* 

She trie d  w ith different proportion of wax as given belowc

100% • Saaswax

100% - P a r a f f in  Wan

50% - oaeswax and 50% 
P a r a f f in  wax

n% - 3eeswax and 25% 
P a r a f f in  wax

75% - P a r a f f in  wax and 
25% Saaswax*

£s-Proaaratl«i_qf the Material for waxing i

Marjory Joseph (1972) strongly stresses that the 

M aterial should be thoroughly washed to remove stand) or 

sizing before dyeing or printing* The daslzed m aterial absorbs 

dye evenly* As suggested by him, the material was soaked In  

5% soap solution (boiled  water) fo r h a lf an hour* After that 

the m aterial was washed In  cold water throughly, dried and 

Ironed*
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For samples Ng, v$9 and 0.375 kg of paraffin  

wm and 0.125 kg of beeswax were melted together and s p ile d . 

The waned samples are shown In  Appendix I I .

Ik. S a n ctio n, of the Dyest

Edaund and Fo thergltl {%%*) consider that the
f • «

dyestuffs suitable for hatlk work must he capable of being 

applied from a cold dye bath since a heated dyebath would 

remove the wax re s is t.

erode, being Is  the famous place fo r batik p rin t*  

tng* the Investigator v is ite d  a number of batik p rin tin g  

centresm  Erode and found that naphthol, vat and p ro d  on dyes 

were cannon I y used In almost a ll the centres for getting 

b r il lia n t  colours and shades. Hence these three dyes were 

sefected fo r the study, since the emphasis was la id  only an 

d ifferen t proportion of wax, the shades In  these dyes were

Itaphthof -  srown 

Vat -  Green 

Proclan • Pink



A# Chftrengsds Krishna 0977) suggested the f o llo w  

Ing equipment were used fo r dyeing.

1* Dyes and Chemicals 

2* Enamel souls and duckets for dyobaths 

3- Class measures 

A* Rubber Gloves

5* P la stic  sheet to  keep the samples 
separately

6* P la stic  spoons

7» Newspaper to  cover working surface 

8 . Stove

9* Small Sauls to mix dyes

10. Physical balance fo r Measuring

11. wooden s t ir re r .

Clarke (1979) points out that Anzolc or Naphthol 

dyes are cold waterdyes suitable for batik p rin tin g , mainly



Page t 32
fo r c e llu lo s lc  fibres* The chara cte ristic  feature of these 

dyes Is  that they are formed w ith in  the fib re  by the reac­

tion of two components that Is  the ccrponent and the 

coupling corcpartent* The preparation of naphtho! dyebaths 

are given In  Appendix II*

Samples N|t N2, H y  and dyed w ith Naphthol 

dyes* After dyeing the samples were washed well to remove 

mechanically held colour pigments and to respond good rub­

bing fastness*

Samples V j, V2,  V^, and V were dyed w ith vat 

dyes. The preparation of vat dyebath Is  given In  Appendix H I*  

while doing this dye, care was taken not to expose the material 

outside and contact with a ir , After half an hour, each of the 

sample was taken out and exposed to atmosphere* The exposure 

developed the colour on the material* Samples P j,  P2,  P y  p^ 

and pg were dyed w ith proclan dyes* The procedure used for 

praclon dyeing method Is given In  Appendix IV*
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Stauart and Patrlea (1970) point out that the 

wax can be removed by three waps*

1* 9y b o ilin g  method

2« By using Benetone or Petrolf »

3* By ironing method*

The investigator chooson boiling method to  remove 

the wax from the material* The dyed samples were put in  hot 

water to  melt the wax* B oiling was continued fo r about ten 

minutes and the sanptes ware s tirre d  continuously* After dte~ . 

warning, the samples were taken away and rinsed in  cold water*

U  After Treacaant)

Since soaping develops true shade in  the dyed m aterials 

the same was given to  the samples* The samples were washed 

thoroughly, dried and ironed* The batik printed samples are 

shown in  ppendix
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The wmfm&km for the study Included!

I* Visual Inspection 

2* m p M I h R  of Tost Samples 

3* y t f f e H r y  Test

a* 3 rooking Strength Test 

b* Abrasion Pailsisnri"i Test 

e* Fabric Thickness Test 

d* Colour Pwmmam Test

Twenty judged fros Post graduate Textiles and Clothing* 

$r! Horse Science Col lege* Co&featsr* were selected

to evaluate the batik printed samples* since they had enough 

knowledge an the sane* In  order to evaluate die d M M M i  

of the batik printed samples* a rating scale was prepared by 

the t a a a ilg d s r  and Is  given In  Appendix^ • The sarples 

were displayed fo r easy oMrtsaC&sn* The rating scale was given
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to  the selected judge* ami the sane was collected after evalu­

ation* The results were consolidated «*)d Is  presented In  

Results And Discussion*

2* Preparation of Test Samplest

The o rig in a l and batik printed samples were tested 

by taking the sample pieces from different parts of the material 

fo r each test*

h J k t im m n t

I* areaklng Strength Testt

Grover and Hamby (1969) define that the breaking 

strength Is  a measure of the resistance of the fa b ric  to a 

tensile load or stress In  e ither the warp or f i l l in g  direc­

tion* Further they explained that elongation Is  a measure of 

the extent of deformation along to the axis of a material under 

a tensile stress and Is  expressed as present change In  length 

based on the o rig in a l length of the test sanple*
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Eureka Tensl 1e strength Tester was used* This fs 

most comoon type of tester* The rate of traverse and the 

capacity of the machine were 18 Inches per minutes and 200 

pounds respectively* The guage length was kept as 9**# The 

d ia l of the machine was c o ll berated lit pounds andtgm* The 

test samples were cut out %H Inches wide and 13 Inches long 

and ravelled to I Inch width and 12 Inches long by drawing 

the yams from four sides* Ten samples were taken from both 

bf the warp and weft d irection  of each test specimen* The 

samples were clamped In  between the two jaws* Car© was taken 

to see that the samples were perpendicular to loud* The load 

was applied and the reading was recorded In  kg fo r load* and 

In  Inches fo r elongation as soon as the senate was broken*

The mean value of ten readings were taken and recorded for 

each specimen*

A&raUgn qe»1 stance

According to  Lomax CI37&} Abrasion defined the f r ic ­

tion  between clo th  and other m aterial. Eureka wartlndale Abra­

sion tester was used* The severity of the abrasion varies w ith





Page t 37

ttw nature of the abrader. S ilico n  ca rlld e  ko.0400 was 

used as an abradant. The samples were cut from different 

parts of the o rig in a l and the test specimens by using the 

template. The In it ia l  weight of each sample was tdten. 

F irs t  a few samples were tested to  standardise the number 

of rubs, $ rubs ware found to  be s u ffic ie n t. Every time a 

fresh abradent was used. Final weight of the sanples were 

taken after abrasion. The loss In  weight was noted for 

each sarcple* The mean value of ten readings were taken and 

recorded fo r each sample.

IM d W i—  TestT

According to Sklnkle (1 9 W ), fa b ric  thickness test

Is  used to fin d  Its  density In  connection with such property

of a ir  perm eability, water perm eability and thermal conducti­
v it y .

Hangenlan Thickness Tester was used. I t  had a broad 

anvil upon which a presser foot was pressed by a spring. “Pie 

sample was placed on the anvil without tension and tie  presser 

foot was lowered upon the staple gradually by releasing the lever 

and allowed to re st upon I t  fo r 2 seconds at k kilograms pressure.
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The d ia l Indicated the thickness of the m aterial, 

thousands of an Inch* Each d ivis io n  on the d ia l read Q»0| oro. 

readings were taken from different places of the o rig in a l

tested samples. The man value of ten readings ware taken 

recorded*

I* Colour fastness to sunlight 

It*  Colour fastness to washing 

II I*  Colour fastness to wet and dry pressing 

lv* Colour fastness to wet and dry crocking

The o rig in a l printed sample k* x  2” were taken half 

of the samples were covered with a thick black paper to pro* 

ta ct I t  from the asmeapkarlc eaadtttacis* The samples were ex­

posed to d ire ct sunlight for a period of 10 a. m* to k p« h» for 

one week* The tested samples were then evMhatotf*
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l l r  Colour Fastness to washing*

A 5 par cent soap solution as suggested by aasu(t964) 

was used fo r washing* staining on white m aterial was ca re fu lly  

observed fastness to crocking*

l i l t  Colour Fastness to Met and Dry Pressing*

As suggested by wrfght (1975) the samples were kept 

Inbetween the white m aterial and then pressed with a heavy Iron 

fo r twenty seconds* Keeping the temperature at 200*C In  both 

day and wet conditions*

jv ^ C o lp u r FasMess to.Crocking*

As explained by Lyle (1976) the sample m aterials were 

rub b risk ly  against a white cloth  In dry as w ell as In  wet con­

ditions* The colour transference on the white m aterial was noted*
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The results of the study are discussed under the 

following headings*

A* Visual Inspection

3* Laboratory Tests .

C. Colour fastness Test

U  Fastness to Sunlight 

§• fastness to cashing 

3* fastness to  v*et and Dry Pressing 

k* fastness to  v#©t and Dry crocking

A» Visual I nspection!

The d e ta ils  of panel ratings regarding the b rillia n c y  

of colours, c le a rlty  of dsslgn* genera! appearance and eveness 

of design are given 1n table |«
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From Table I ,  f t  Is  evident that the b rillia n c y  of 

co lo u r, N.ranked f ir s t  as f t  was considered to be very good 

by 95 per cent of the judges*N2 and N«~ were considered to be 

very good by 90 per cent of Judges* Sanples S»5,  P^* and 

Mj were rated as good by 66, 50 %5 and *i0 per cent of judges 

respectively*

As regards In  c le a r!ty  of design* samples and M$ 

were considered as very good by 95 per ©wit of Judges* 

Samples p$# H^* V2 and were rated as good by 65* 55 and 

%5 per cent of Judges*

In Evsness of design* staples and ffg were f ir s t  

ranked as very good by the 55 and 50 per cant of judges 

respectively* Samples li^* V2 and Pj were considered as 

good by 60* 60 and 50 per cent of the judges respectively*

i'
Regarding general appearance* sample fu was ranked

j
; very good by 55 per cent of Judges* Samples V  V  V  ¥2

' and were considered as good by 65* 65* 60* 69 acid 55 per

| cent of judges respectively*
I

A



Hence, f t  Is  c le a r that samples r^and waxed 

w ith 100 per cent paraffin  wax and 75 per cent pa ra ffin  ♦ 

25 per cent deeswax respectively, were appreciated by 

m ajority of the judges*

3*, Laboratory Test»

I* oreafelng Strength 

2* Abrasion Resistance 

3* fa b ric  Thickness

page t ky

»♦ a r»* «n a  Stroonth.

The breaking strength of the o rig in a l end tested 

samples are given In  Table I I  # Figure 1, 2 and 3*
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Canparing the o rig in a l and tested samples In  warp ;

d ire ctio n , the breaking strength of Ng, Vg and P§ were found 

to  be the highest* The per— >iagn loss ever o rig in a l were * j

found to he the highest In  Mg, V^and and the lowest In  Hg, i

V3 and Pg*

In  the weft d ire ctio n , the breaking strength of N|,

V j and P j were found to be the highest* The p M W M p  gain *

over o rig in a l was found to  be highest In  Hg, Vg and Pg* and the |

lowest In  h2» V j and P2* Ian analysing I t  was learnt that the

I l t r r s i w  between the o rig in a l and tested samples N ,, Hg,

%•  V  V  p2» «*> *$ were slp itflw e nt at 5 per cent level

In  the warp direction* In  the deft d ir ec tio n , I t  was found that 

the samples N j, Ng, N j, Ng, Vg, P|, P^and Pg were s ip t f lw n r  ]

at S per cent level* 1
Hence I t  could be BiMifti«*ft that 100 per cent paraffin  

waxed sanples Plowed greater strength when compared w ith the other

samples*

■ i
The Elongation of the O riginal and Tested s a p ie s  Is  |

given In  Table III*
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Comparing the o rig in a l and tested samples In  warp 

d ire ctio n , the elongation of v2,  V^, P2 « id  P^ were 

round to  be the highest* The percentage gain over o rig in a l 

was found to  be the lowest In  H|t Vj and Pf and highest In

^2# P j end P^*

In  the waft d ire c tio n , the elongation of «|V 2«td  P| 

were found to  be the highest* The percentage gain over ’ 

o rig in a l was found to be the highest In  N j, v2 md p| and 

the lowest In  H j, V|, f»  ̂ and P$ *

On analysing s ta tis t ic a lly , I t  was found that the 

difference between the o rig in a l and tested staples, except

8|t «2* v2* p|» p2 m (i % * ere found to  be s ig n ifica n t at 585 

level In  the warp d ire ctio n . In  the weft d ire ctio n , a ll 

the tested c o p ie s  except and N2 were found to be stgntf1~ 

cant at 5 per cent level*

I t  could be concluded that the elongation of a ll the 

samples were more 1n both warp and weft direction when coa> 

pared w ith the original*
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aaraUqn ReflstanpM

We Abrasion Oast stance of the o rig in a l and tested 

samples t* given In  Table IV .

M im m .  RESISTANCE

Loss In  
w t.

(In  m>
X Loss over 

O riginal t  • value

O riginal 9.62

" i 8.66 12.27 0.6129

"2 9.5 1.2** 1*396"l 6.66 53.35 1.712

\ 4.38 56.18 1.772"5 6*5 52.5 1.966
*1 8.1 »5.7 0.2167tf2 7.78 19.3 t.<09VJ 6.1 13.2 2.513*V4 7*86 IB . 20 0.952

v5 6.6 53.97 2.28"l 6.6 53.97 2.28
>2 5.88 30.57 1.61$"s 5.98 37.73 0.799% 9.54 0.828 0.2669

' '5 9.5 1.261 0.9020

* S ignificant at 5 per cent le v e l.

___________ J ___ : _ f u i
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Tta* loss In  weight of the sample due to abrasion 

as shown In Table IV , j i i i i i i l i iu i  the abrasion n t f M p  of 

the sample* The greater the loss In  weight, the lesser w ill 

be the rest a tanas to frictio n*

Wore m i l  at nsn was found In  tfy, V^ and whan 

compared to the o rig in a l.

on f* analysing s tn r lit le a lty , the sarplc was 

found to be aipifPTvaet at 5 per cent level* On the whole 

I t  Is  clear that more r n a d e fiii was found In  a ll the Satlk 

printed scraples when ©spared w ith the o rig in a l

The fabric thickness of the o rig in a l and tested 

samples Is  presented In  Table V# figure 5*



TABLE V 

FABRIC THICKNESS

Rage t 56

Sam ple Ho* Mean Fabric Thickness 
(In  sii If  lu stre s)

% gain ever 
o rig in a l

O riginal 16*o

" i 14*0 16*29

*2 15.2 8.57

"3 16.0 16.29
16* 0 16*29

"5 15.0 7.M 3

*1 17.8 27*16
V2 18*0 28*57

»3 17.7 21 .M

< 17.9 27.86

»S 17.9 27.86

' l 15.0 7.613

"2 15.0 7.613

f 3
15.0 7.M 3

r l 15*0 7 .M 3

'5 15.0 7 .M 3
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Fran Table V a noticeable difference was found to  

enfst tn the thickness of the o rig in a l and the Satlk printed 

samples* There was a considerable Increase In  thickness In  

a ll the samples dyed w ith vat dye, followed by Maphthol and 

proclan* ’n>* thickness of the samples V j was found to be 
greater than the other samples.

The samples t*en tested fo r colour fastness to  lig h t 

a fte r a weeks exposure to  sunlight* I t  was found that a ll the 

saraplesdjrd In  Haphtho! ( » |# « 3 ,  and t ^ )  and vat

^v|* v2* v3* ^  v5 )  were ®* b righ t as I t  they were e a rlie r

n »  saaplee treated In  proclan dye (P ,,P 2^ , P S ) showed lig h t 

dullness In  th e ir colour*

Irrespective of the wax combinations, a t! the samples 

shewed good colour fastness to  washing*

h Jtsm * * *  t q m t  and Dry Pressing*

The white m aterial a t the back of a ll the samples 

remained whits when I t  was given pressing In  both dry ami
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wet conditions* From this# f t  was found that the colour 

of a ll sarplas were fast to pressing In  both dry and wet 

conditions*

tu Fastrew  to wet and Dry Crocking.

The saiples treated w ith  prodwi and vat dyes were 

highly colour fast to  crocking In  both wet and dry condl tlons* 

Th is was learnt from the fa ct that the white m aterial at ttie 

bock of the samples remained whl te even after crocking In  

both wet and dry conditions* Kaphtho! dyed samples showed 

colour fast to  dry crocking md moderate fast to wet crocking*
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This study was undertaken to find out the effective­
ness of bees and parafftnwax on 3atfk workf both Indlvfdually
and In  combinations* The following proportions were randomly

A* too%

8* 100%

C* 50%

D* 75%

E . 75%

t dees wax

• Paraffin wa«

c paraffin was and 50% dees wax

• dees wax and 25% Paraffin Wax

< paraffin wax and 25% M s  wax* -

To determine the possible error of one* pa rticu lar 

dyes reaction to different wax combination* the Investigator 

selected three different dyes naaaly nuphthol* vat and proctorw

Fifteen samples from viscose Hayon were taken and one 

Metre was kept aside as orig inal for thn study* They were 

equally grouped Into  three parts each one having f ife  samples 

for f ir e  different wax combination* The samples were named as 

hf* hj* Hj* N^« Hg* V|* Vj* l j*  v^* Vg* P|* pj# Pjft P^fShd Pg*
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the samples H|, V| and P| were waned with f i r s t  combination,

Hj# V2# «*d Pg with second combination p^ and p^ with 

tfilrd  combination, and P^ with fourth combination end

*%• V5 and P5 with f i f t h  combination.

The waxed s o c le s  of f i r s t  group treated with ttqphthof, 

second g ra p  with Vat and th ird  group with Procleft dyes. The 

dyed samples were dewaxed by using hot water method and evaluated 

byt

A. Visual Inspection.

9. Laboratory Tests .

C. Colour Fastness Tests.

A u f lg w t

1. In Visual Inspection log per cent paraffin waxed, 

Naphthol dyed s a b le s  were rated as very good In  a l l  the aspects.

2. Samples waxed w ith 75 per emit paraffin wax and 25 

per emit beeswax ware rated as very good In a r i l  Haney of colour 

cle a r! ty of Design, and Evenoss of design.
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3» Laboratory Tostsi

I .  on analysing s ta tis tic a lly *  breaking strength revealed 

that the difference between the original and tested sa b le s  

Njt H j. V  V , .  v2,  P2,  Pk and P5 were significant at 5 per 

cent level In  the warp direction*

2* In  the waft direction I t  was found that the samples* 

N ,,  H j ,  Mj, M5 ,  *5 .  P , .  P*. and p$ umre s ignificant at 5 per 

cent level*

In breaking Strength* 100 per cent perefffn waned samples 

showed greater strength tdien compared with other sauries*

3* Coopering the original and tested samples In  warp

direction the Elongation of h^* V2* V2* f 2 %*ere found

to be the highest* The percentage gain over orig inal ware found

to  be the highest In  dj* V| and Pf and lowest In  V2» V^* P2

and P^#

6* In  the weft direction* the Elongation of M|» V2 afK*

P| wer© found to  be the highest. The percentage gain ever orig ins
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was found Co be the highest In  N ,, V , end p , and the lowest 
In  H j, V| and ^  and p ..

I t  could be concluded that the elongation of a ll  the 

aanptes were more in  both warp and weft d irection when cwpared 
with the o rig ina l

** the loss of weight due to  abrasion was high In  

•anples N j, V, and P^ t More resistance wasftamd In  and 

Vj and Pj when canpared to the o rig in a l.

6 . There was a considerable Increase tn thickness In  

a l l  the staples dyed with vat dye followed by Haphthol and Pro- 

cion, the thickness of the s a b le s  Vj was found to bo greater

than the other samples*

Ik  Colour

1* The colotar fastness of a l l  the samples dyed In  

Haphthol and vat were as bright as f t  they were e a rlie r .



2* Irrespective of the wax combinations* e l l  the 

samples shewed good colour fastness to washing* wet aid dry 

pressing and dry crocking ano moderate fast to  wet crocking.

Hence* I t  could he concluded that 100 per cent paraffin  

wax Is  the best one to do batik printing on viscose rayon. The 

combination of 75 per cent of paraffin wax and 2$ per cent bees 

wax conies next. A ll the three dyes namely Haphtho* Vat and Pro-

d o n  and good colour fastness to sunlight washing, pressing and 
crocking.
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oye Powder * 15 gn*s

Sodltsa HydroKfcfe * 10 gres

Honopal Soap -

Temperature - 10O*F

r’ ' -
soap and to  * « •  paste hot water was added and was dissolved 

eonp1otslyv4̂ Uf2t>s fonnsd were broken* As praying( )

says monopol m p  Is  ca a n nly  used for posting Haphthols by 

the hot dissolving method to wet and disperse the dry powder to 

enable sodlm  hydro*!d* to  reset with It*

b.
1 Ogres of sodlua hydro*!de was dissolved In the water 

and the then th is  was added to the solution s tirre d  well and 

kept aside* NajJthol solution should be cold always*



Preparation of Oaaa Solution

3ase -  IS gms

Cone* He! -  10 m!

Aluminium Sulphate 120 p s

Sodium it! trla te  IS gms

To the dye powder 10 ail of He! was added followed by

l i t t l e  water so that the base dissolved without any lurps*

ileciutred amount of cold water was added to make the solution

more clear* To this* sodium n itra te  was added and s tirre d  well a
t i l !  the brownish fumes exhausted and the bath was allowed to 

settle  for 10 minutes* Complete elimination of the brownish 

fuses was the Indication about the completion of dlazotlsatlon*

To the dlagotlsed solution, sod!us acetate was added 

to remove the excess of the Hel froa the bath* Then to this 

atumfnlua sulphate was added and the entire solution was stirre d  

well*



£  S v  '•

Dye -

Mooopal Soap *

10 gm

Caustic Soda • 25 gras

Sodium Nydrostil- • 
phate.

20 gras

Temperature#

procedure*

Dye powder was f i r s t  s»fmd with nwnopal soap and mads 

Into  a paste and Is  dissolved In  hot water* To this* caustic sods 

and sodlun hydrosulpha te were added* The solution was s tirre d  

continuously and kept aside to turn completely cold* After 

cooling* the sanples were Immersed, In the dyebath for 10 

minutes and then exposed to air*



& £ & a m  yy

t w & u m m i

Dye • 10 gras

Caustic Soda •
(or)Soda ash

Sodium Chloride « 20 gm  

water*

££22@a££*

The dye powdde was mixed with a l i t t le  amount of 

water and made Into  a paste and then dissolved In water* To 

th is , sodium chloride was added to exhaust the dyebath and 

the materia! was dipped Into the solution for kS minutes*

Then the material was lif te d  ami caustic soda was added Into 

the dissolution and the material was again dipped In this 

solution for half an hour to  f ix  the colour on to the material
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APPENDIX VI

STATISTICAL ANALYSIS OF DATA USED FOP THE STUDY*

" l  "2 - 

»1 ♦ n2 .
S

*diere S * ( X| -  ?t* ♦

f| * Hear) of the orig ina l samples 

f 2 • Hean of the tested sample 

«>l »  The size of the orig inal

f»2 * The size of the tested sanpfe* *

The «)f‘ value of was compared with that of original 

sample after breaking strength In  warp direction*

Z| • !•£*»

*2 * UB
S • tS L m ..tJ& 2

»1 ♦ " a - 2

S * *302

S »  .5^95

»  *5^95

t

t

*7512

.7512
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R/iTIfiu SCAL. US£0 T J CV.4-iJATr. Tit. 3VTIA PM ' : .3 SAMPLES

Saraplo a rH  Money of colour Claarlty of Design C wanes* of Design General Appearance
No. (In  percentage) (In  percentage) (In  percentage) { In percentage )

very
Good Good F a ir Poor Very

Good Good Fair Poor Very
Good Good F a ir Poor very

Good Good F a ir Poor

■l 95 5 - - ae 15 55 30 15 45 30 to 5 45 35 IS

90 10 - «» 75 15 10 - 50 40 10 - 55 35 10 -

"3 45 40 15 - - 25 35 40 to 30 25 30 10 10 45 35

70 30 - - 10 55 35 - 30 60 10 - 10 65 25

«s 90 10 - - 10 % 40 - 55 40 5 - 35 40 20 5

85 15 - ns 15 20 60 5 40 35 IS to 5 60 25 10

*2 80 20 - - 50 45 5 - 35 60 5 ns 5 60 20 5

v3 15 45 35 5 5 45 30 20 10 40 50 m ns 25 75 •

35 15 25 25 5 25 35 35 - 15 85 - 15 25 35 25

¥? 80 20 - - 75 10 5 10 20 45 25 10 30 65 - 5

pi 50 35 15 - 25 30 40 5 35 55 10 - 15 25 50 10

P2 70 25 5 - 5 15 15 65 5 10 30 60 10 10 50 30

PJ
30 50 15 5 5 15 to 70 - 20 65 15 5 ns 65 30

% 35 40 20 5 ns 15 10 75 5 20 55 20 - to 50 40

P5 US 55 - • - 65 30 5 - 45 40 15 10 55 30 5
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HARP *F T

Sample
No*

Mean S tren g th  % Loss o r G ain .  „  ,^  . j  t  *  v a lu e  
(leg /  cm) over o r ig in a l

S e r ie s  | S trength  *  U N * o f  W ill 
twtnr-rd . /  cm)2 over o r ig in a l.

t  -  value-

Original

«2

*3

18*5
15*6 15.60 '1.06* original va

•s
19*6' 17.57 6.53*

16.1 12.97 3.29* original va 18.0 9.09 3.87*

16.8 19.996 9.46*
"2

Origin*! vs 
3

13.2 19.99 6.29*

16.6 11.36 2.55* Original vs 16.3 18.79 .302 *

18.0 2.71 •76* original vs 18.2 10.30 5.67*

17.2 7.03 2.61* original vs f j 15.0 9.09 2.02*

15.3 17.31 3.76* original vs V2 15.6 6.67 1.56*

17.6 5.95 1.79* Original vs V j 17.1 3.37 1.076*

16.9 8.66 2.29* original vs 17.2 6.26 .656*

17.3 17.85 1.92* original vs 18.1 9.696 6.56*

15.2 17.83 2.22* Original vs Pj 18.6 11.51 2.62*

16.3 11.90 2.61* Original vs Pj ; 16.8 1.82 ,i. .678*

16.5 10.82 2. 2J* O riginal vs p , 19.5 48.18 1.86*

15.2 17.86 9.31* Original vs P^ ! 17.8 16.36 6.026*

16.7 9.76 2.96* O rigins! vs Pg 15.0 9.09 3.002*

•Significant at 5 per cent level
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WAEP WEFT

Samples H e n  Value 
In  1 ncltas.

Pam ntage gain 
or loss a w r 
original

t  «  value t a p  tea
Coopered.

Mean valua 
In  Indies

Percentage Gain 
or less over 
original

t  »  value

original 1.64 1.5

"1 1.74 6.098 0.948* original vs Hf 2.26 50.66 0.378 *

«2 1.8 1.76 .7512* Original vs  Nj 12.16 44.00 0.1767*

«3 1.84 12290 3.SI* original vs II3 1.66 10.67 3.121 •

\ 1.98 20.73 4.66 • original vs 1.78 18.66 2.93 *

"5 1.9 15.85 6.08 * original vs »ij 20.04 35.00 2 1 *

*1 1.96 19.51 2.41 * Original vs  V| 1.94 29.33 6.62 •

*2 2.1 28.05 *•73 * original vs  Vj 2.24 49.33 12.32 •

VJ 2*08 26.83 8,37 * original vs Vj 2.2 46.66 11.06 *

*4 2.1 28.05 8.75 * original vs V4 aC 33.33 5.97 *

v5 2.04 24.39 11.48 * original vs Vg 2.06 37.33 22.68 •

P1 1.68 2.44 0.518 * original va Pj 2.1 29.99 5.99 *

P2 1.92 17.07 0.3065* original vs f>2 1.92 27.99 2.46 •

1.9 15.85 2.52 * original vs Pj 1.94 29.33 21.87 *

\ 1.98 17.07 1.79 * Original vs P^ 1.6 6.67 11.29 *

p5 1.84 12.20 2.55 * Original vs p$ 1.6 6.67 11.29 *

• significant et 5 per cent ta w U


