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CHAPTER 5

DISCUSSIONMS

5,1 MTac Mothemetical Model baged on the Turbid Mcodia Theoorye
B

(%7

The pathemeticel modcl to be studied in this wark was

Equation 2430 3 ieee,
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and 2 refraction da-fibeis, is| negligible , i.ce, only

rcfl gc tiodtakesnlac.
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for EM& _1§ra,'tio ig a linear Ifunction

of colorant condch{ratiion e dctdilyr, fthe value of K ratio ig
R 5
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additive, Thiyf promert;alies the | mthematical mod el simplc and

convenient TO USce

Unfortunately, ctperimental data did not confirm the
linear rclationship bo'h'.feo‘n% and concentrations Detuils arc discussed
o v B men v s e ¥ o % 5 . & T (\‘l'l
in Scction 5.2 « Fuation s then moaliled by revlacing X by (,L y

S o)

vhere n was a constente Te corplete mathomatical gndel is nresented

in Section Hede
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502 K/S vrlues

Refer to the erperimentol reosults, Tr.blols 441 to 4.6
ong Figures HeI to 549 , it wno found that the K/S velues which
were norinlised were not lincor with the concentration of dycse
So, it ccmnot be directly applicd to the theory.

Toking account of the surface nnd internal reflection
usunlly lends to o somewhot br tter proportionnlity relation

between K/S ond concendrs uon/y t soie dise ~ro;qn.nCJ of this kind

often remnins. Wh T f)l@ﬁﬁ\m res it is common practice

/ OTT eC“LlGIl“ for surfacc and internal
h e

reflection ;, for ixtures enviertiles corrections of this
kind ore often of YitA °. athamwc an® thus ignored. In the lotter
cosay  the ‘colorant ¢

of the dycboth '“..(Il\d Vnor*tf-:‘im-“%%erms:cﬁthgrconcontration of the

NG ) — ——— @ %
dyestuff vdthin o% b the surface ol tfl/o riber (6all,I973)e (I9) The

fiher never cbsorbs the dye in the dycbath exoctly in proportions
Thus there never exists o linerrrelotionship betweon absorption

and concentration ond corrections for surfoce ond internel T eflection

ore not going to improve the situation.

Thercfore, the equition (5¢I) iz not foosiblce To keen the

ascwiptions and the linecrity of the model, the X volues wos
1
£
oo L . L
repleced by (X ) volues ond thelr values are found to give

linenrity in the rrage 0 - 3% coucentration of dycs, as shown in
o i3 3

Figures 51 1o 5.9 and Tobles 448 to 4413 » Figurcs SeI 10 549,

\2015

. (2l 3 Y Il
shom the diagram of X/S volues and ( x/8 ) velues versus %



(¢/s)

F 2
£ o
- ©
S \o\o
\\
"1
o D
i " i i P " L
2.15
K 0\
S D\o\ =
D\o
\ =3
o
\ k.5
Q
L i Goisoniils (. - F Y 9%
4 3 25 2 1.5 5 2 A
Fige 5.I K/S vs %c of Procion Blue MK = 4GD (620 wm)



(¢f8)

v;.

;_.4
i | L 1 " 4 i ’ v 5 .}
& U8 18 T4 1, .5 N 1

. (#e)
Fig, 5¢2 K/S vs %c of Procion Yellow !Ke8G (420 nvn)



(£/3)

‘‘‘‘‘ . 1,
.K;' \“\
o
s T~
\‘
\Q
\\O -
4 L i L 72
215
K5
S \"\\ -1,
0\\0\
\0
\\\\ L5
‘o
.1
(o]
B
N
b
1 1 1 1
4. & 25 2 15 f e ’ 4

Fige 53 K/ vs %c of Procion Blue MX~G

{Fe)

(bbo nn)



84

(¢/$) 3

i L L ke i 'y k= " i 0 .08

4, 3 25 2. 15 1 05 0.2 (fe) 03
Pig, 5S¢4 KJS vs %c of Procion Yellow !X = 3R (420 am )




o]

n o
N

1 Il I L L i i - .3
VRN
§ < 2,
S
1
1
9
o B
=
i [} " i by )
4 3 25 2 15 1 5 -2 e
(12)
(500 rm)

Fige 5¢5 K/S vs %c of Procion Orange MX - 2R

2 )




(HS)

}_4; G g .
a3 \4)\\
\-\O\\
0\
~¢
» L5
i A . L J F
218
f-‘ f\'—\\‘b\
5 T
S >
4
e i " " - : : 4
4 B 25 2 45 1. S ‘ i
(fe)

Fige 5.6 K/S vs %c of Procion Red MX - 5B



(HS) |

4 8 2.5 ¢. 1.5 q. .5
1 $.- . 1 " o

[

o "o

-

h 51

O, %

. HERN e o R o -
Pne el '-;-'J ¥ :

Fige 5¢7 K/S vs %c of Procion Blue MK - TRX

-

EE¥ BN - S R

el

P L




o

(/)

88

K 2.
& R ———1
“\"j\\
\\‘\O\
i \ ] ] i i 1 f s} 1
245
K Cae N
.53 G. o 3
IS or R
\\.-\-D
\\ | 4
g
\\\\Q
i) 1L 4 I A L i
A3 BT 2. 15 1 .5 2 ot
A )
(680 nm )

K/S vs %e of Procion Turquoisc !X -~ G



89

K
b O
N4 -
© -
~a -
e L2
e o
.
37
\.\‘\ ~\‘\
N\T \\
e \\\
. O\N‘“
-.--—._..._1. 'C~_{
A8 i A Y 4 ) 3 .

T5 95

K
S \‘ 04
\ ‘03
\\\\
8 202
\9.
\ Qi
o
\\“-'-»ﬂ
Y i he 1 1 A P Y 1 ’,V-K
N 325 2, 1% 1 [} 2 1
{4
(re)
Fige 549 K/S vs %c of Procion Brown MK - SER ( 520 nm)



90

2,15

concentrntions, the lines of ( K/S ) velues are more rendily

streight thon the. lines of X/S values, clthough the end of the
iines (ot high concentration levels) deviate from stroight liness

e causeg of its characteristic are ¢

(I) the limit of absorntion of fiber,

\

(2) the affinity ond substontivity of its color,

oo The Modified Mathenaticol Model

It is proposcd here thz*tthe motiiematicol model based
on the turbid media thoory ke modificd by replocing K with ( § '
g S

so a8 to retain the lincority of ‘the modele $hen the modified

modfsd consists moinly thé folloving mothemntical cguations
' 3
(xfs e [ KIS substrrte svcolorant - X/S subsiz‘atc} (542)

o.(_l_g_ )n ¥ {_I_g_‘ — }n —for gingkc color (5¢3)
Sa 7

Similoxly, for the two color and threc color mixturc

dycings , Baquation 563 moy be rovitteon as follows

o] gy (5[5 ] o
Sa e Se m Sy

Actuclly , cach dycstuff has its om feasible power n
however, a single voluc of n is assumed in Equation 544 o this
veluo is the avernge valucs of n's of dycstuffs » 'The assunption
of &ingle value oi‘. n should be fonsible, since the cxporimental
result reveals that the valucs of n's of different dycstuffs arc

closcd togethors
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The complete mothemnticrl iodel condists of HEyuation

N
5.4 cnd Bpuetion 2,36 in which K/S’s are replaced by ( K/S )’s.

5e¢3¢I Iterative calculation proccdure

The ecalculation procedurc is cssonticlly on itcrative

one ond is ghoum in Tigurc 5.10

Rood Xo, Yo, Zo of sauple

| i) /8 jof singlo color

|\
colculs ,"‘L‘i on Cr,02,

Oz usiig oqe 2o 56

\4
Deternine  ( ’( 1y, X,Y,Z by

dFe-sotuti on concantration

Wite C,Ch,05 |€ ~AELT

! | .
‘ ' Colaulate A (§_>n

Calculate Ac
ucing eqe 2436

C+AC |

*% in this work, AE =ms dircctly obtnincd froir specirophotometor

&

Figurc 5.10 Iterative colculotion dicgranm



5¢3¢2 Altcrnative calculntion proccdurc

The altornative procedurc is shovn in Figurc 511

Reed in Xo, Yo, Zo valucs for gtandard to be

notched and data for dycs and
Substrates

Sct arbitraxy velucgs of

CI, 029 03

=
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col culate vefl cctance values

by Eqo 2,28

Colculate X, Y, 2
by Eqe-2ely-2sey 2e3

Calculate ncw

O_[? 029 C}

L,

\

Colowlate prrtial derivatives

by EC]L- 506

L

Compare X, T, 2 to Xo, Yo, Zo

c If not ecqual
If cqual ! | ,
Print outv (-‘r-[, CZ? CB alculate AC]- ,ACQ,AC3 l
ond particl derivatives. by Eqe 57 ‘

Pigure 5.I1 TFlow dingron for ¢ olour matching calculations
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The modificd mathematical model was usced to predict the
dycstuff concentrations Itcrative ealculation procodurc outlined

in Figurc 5.I0 was uscds

The resulis of the X/S (K/S)n values arc showm in Tables
4,15 t0 4416 and Tablcs 4419 to 4e20 for stondard dycings and predicted
dycings respectivelys The dyc concentrations arc shom in Tables 4417 to
4,18 and''Tobles 4425 to 4. 26 for predicted and corrected concentration

resoectivelys

Te A (K/sz“IS s A e y-cnd AE volucs arc showm in Tobles
4421 to 4422 , Toblos”4423/k0 4,24 ond Tables 4427 to 4028 respectively

Only onc iterntion ws/required and the final A E values
worc mostly less than 7.00 at which colors arc indiffcrent to the
humon cycss Consequently, tho nodificd mathomotical model is
applicablc in cotton f£obric dycings It gan help color mitching to be

accomplished quicklye

5e¢4 Applicability of the modificd modcl

Slight cxperimentel orror which is discusscd in Scction
5.5 certeinly couscd the deviation of predicted values from the
thooroticnl values, Morcover, deviation moy also duc to the
followings s

I) The band of the usable wovclongths arc not cxacte
Thoy are too large to specify the real swiavelangth of mascirmun
absorption of cach dycstuffs. For axemple, from Table 4.14,

The Procion Ycllow MX - 8G nnd Procion Ycllow MX - 3R have the
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soie wovelength of woximum absorption, but in rcclity thay
heve notes S0, the bond of wavelongth ( A ) should be

decrcascds

2) the K/S functions used for cnlculcting the color
concentrotions nre token froa Apnondix B which give mosdamm
: 2.15

arror up to T U.I o ¢ The function ( K/S ) was changed
slightly,

F i i \Z.IB P <3 s . ~ 3 . e .

or the (KIS Nuirefidps, their ~dditivitics clso
have some crrors, “Scotle, Migare2.9 , the ~dditivity of the

X/8 function of ipgonty/fndiYellow ig the K/S function of

ROdo 9 j—oO,

K[S, + X/Sy ‘= K[ - K/Sy

but, in calculttion,/the' followkng cquation is uscde

,2-0-555

o 1fsp B FTrrRET e (/s - v K5y )5
Corteinly, it heo crror , bul' very small , go it

can be neglecteds

3) concentrotion of Procion Turquoisc MX-G, Procion
Blue X - TRX, ond Procion Brown MX-5BR could not be predicted
duc to lov substentivity of fhe fobric for these dyes. Thoy
comot be dyed together with other high ~ffinity dyes in the

sceqie vhite fobric which hes only boen bleoacheds The dyestuffs

hordly diffusc into fibers ond renct lesse This si tuation
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com be improved if the white fobric is morcerized to incrense

the affinity of color to penctrpte the fiber thoroughly,

4) Different lots of ~ color rre usuclly ofd ffcront
color strongthe Thus color mntching prediction con be effccted
using different lots whon the same set of K/S volues arc uscde
In this cxperimet, diffcrent lot of Procion Blue MX - 4GD were

uscde Howeover, it was found thet the total arror ws very smolls

5) The appliention omn be summarizod os followss

50I) It {¢olour proediction) will kelp us in our
choice of dyestufis, /in’ mpking ont our recipes, in speeding up
our colour metchings

5¢2) It wilY mablc us to work out possefoil
tolerences thoreby cnouring less reprocessing and customer rejections

5¢3) . It will help us tocheck quickly the levelness
of picces and to grr;éc shades in to acceptable batchess

5¢4) It will cnce the problein of assessing white
shades,

5¢5) It will ke us more efficient and profitable.

565 On thc crperiment

In thiz research, the mnin factors in the actucl dycing

process which have to be sondrollcd a..urntely are s

(I) weight of materials te be dyed, o deviation of * 2%

have been founde
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(2) woight of dyestuffs, a deviation of I% is
tolcerablce

(3) tize of dycing ¢ time lost during the sclt addition,
the alkali addition and temperaturc clevation wore not accounted for.

(4) teomperaturc of dycing s theore are mximum tolcrance
of I0°¢C in fixcd temporaturcs in single dyeing, tio color mixture
dycing, ond thrce color mixture dyeings

(5) pH : Tho pH of of fmter used for dycing wos not
conatant nnd varicd from 6.5 (to 7L

(6) liquor-rotio; not striekly constant vhen the predicted
gnd corrected concentrations ore uscde

(7) clectrolyte’ eoneentrotions, varicd slightly duc to

impurity in the commercial solte

These 7 factéors argnot absolutely uwnder control in this

rescarch, then theiresults are slightly ‘effectede

5¢6 Recommendotions

Then color measurcment is resivicted by the ability of

an instrument, the following calculation procedurcs arc recommended :

(I) If the obly instrument available is a colorimecter
giving cither R, G, and B volues or X, ¥ and Z values (I4) it is
quite possiblec to set up a production control system based on
such an instrument for 3 colorant mixturcse The system can be
operated by using dircct roadings from the colorimetere The

roquiranents before calculation storts are o sample of the standard
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colour togcthar with three more samples, cach onc chouing the

of foct of roducing hy cbout 20% cnch colorant in turn.

All four sauples are wmcnsurcd on the colorimeter and
the stondard X, ¥ and Z valucs arc subtracted in turn from
hesc of samples I, 2, and 3 (I Colorant I redu.ed Acy, 2
reduced Aco, end 3 reducodd 35 rospcu’civdy) the resul ts being

set out ag Tfollovwss=

in colums u.orrcsp,d}é/a.ag to samples I, 2 and 3

\4
(g 4%
Xgtd— X3 = Xg4d
Yota Y3 = Ygia
"'\’ Ly4d Z3 = Zgia

S "IC‘ e ‘»mod weross thoy will give

the dllJ.(,I‘OHC" iy and Z b q o sample cnd the standard

but this soiplogbeingene dnghich all:the colorants were

simul tancously) reduced by 2:% e (The-cloments of the arrny arc
partiol derivatives showing the sinll changesin tristimdus - -

values causced by o small change in colorant conccntrotionse

X . X . &X
= X
591+ T *JCB A
§r , ST Y = A Y
dz
o i e
T 2 ’3
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This motrix is not ocract but becomes more precisc the
smaller the derivatives and the difforences in X, Y and Z

becgmne as is normel vith difforential calculus,

The parttal derivatives con be defined in the folloving

700 v
mnners s SX/(S(}I = 4£E-X-K1‘exp (-’v;li— Q;[g-CsK; ) (5.6) and
ctce,
Any changes in G O end (‘3 mny be multiplicd into
matrixz A in the form
A Cr to give Motr approKe. A X
Ac, Vol yeg /o e AY
A 05 A 4
So A is invertdd /torgivie/ls=
C / 5 i .
& sy g ax ACr
0% dJY 0%
JC2 502 JC2 * A Y{ = ACQ (5~7)
0X JY .02
§C 905 50 A2 B C3
5% FHUFHONG A ) )
\

The System is cssentially non
succegsfully only over small differences
§ to 7 ANLAB units althomgl this can be

means to about double this lindite

(2)

-~ lincar so will operate
in colour space, S0y obout

cbtanded by various

If the only ingtrument available can not give the

total color diffcrences, we can usce the Simon & Goodwin charts to

cotimcte thaine Simon & Coodsidn based their Union Corbide Charts



99

on recommendotions by Jdividson & Hwnlone Their method mnde usc
of the gII , ge2 , and 2gI2 constants (14,18) o« The first cquotion
of this type vwos derived by Browm ond wchAdam, subsequently it
s modificd on o graphicel method by Simon and Goodidn and
is #= (I5)

/ 5 5

AE :[{;‘II (AX) -!-2{_5 2A }:Ay-‘-gz‘z (A y) +2&'23Ayb“‘
+ 833 (AY')E"’ZE—’)I} A XA\(J ;

where 811y E129 etce, are motric coofficients vhase values

depend on the location of the standard x 7y, T spacce
The C.T.Bs Caronticity Diagrem is partitioned into

od joining rectongles Amare the igry 5 Gop and Gpp OFC cesantially
constont within coch/partitions Unit diagonal distances tro
computed to the nenrest VellUiin torms of x and ¥, subdivided
to the nearcst 00025 o Mhc totol number of charts to cover the
entire diagram wog §9 . FPach chart or pf;\x'tition wiog nunerated by

the central ealeulated point or that Pegion Tig 5-I2.

The standard and the batch before adjustuent and
after ndjusitment were plotted together on the chort. The distonces
beoteen the stondard ond the batches were measurcd by aun inch
rulere Every I inch is equivolent to o MocAdam Unite

Mese distance give the uncorrected Ac valucse
TMhose values togcther with the Y values of the stendard and

batches are plotted on the Colour Differance Chartss The

J

bscissac give the ¥ valucs in decimnl froctions, and the

A

ordinatecs gilve thelAc uncorrected values , Mg DelJe

i
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The stondard is plotted on the colour difforauce chort,
Pize 5.14, with o zcro Ac valuce The botehes arc plotted con-
seemtively with their appropriate ¥ and € values. A vertical
line is dream from cach point, and o line drawn from the batch
to the standard, Two right angled triangles arc thus formeds
Mic perpondicular give the corrccted AC the horizontal the AL
value, and the hypotonuse the total colour difference. Again the

distance are measured on-the I “iheh scnling.
: = 2

AC =~ —ehpemeticit, dificreice.
AL = Iufiiho6sity diffcreacce
y ¥4
AE = Pot#l Toler| differences
The recommendatiois for further work of this study ore
as followss-

I, Study biu, opplicabilidyf of the mathematical model
1 {
for other kinds of dresiuffs and fobricsiusing the commercial
plontse
2, Study the metamericm incolour watching to give
the best results in prediction (sce Appendix C )
3, Study the applicability of the mathemotical model

for the colour prediction of plastics, paints, papcrss

57 Conclusions

The results from this study indicate thats
(I) The K/S volues arc not linear function of the

[

colorant concentration and the additivity of them are not truce
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(2) +tcking on exponent value n  to the X/S value,
it can retrin the linecrity: and the additivity of the mothematical
ywodcl e

() the results of using the modificd mathematice
model for reactive dyeing on cotton fabric are satisfactory and
the best results arc in the range of 0=3% of dyc concentration.

However, the model is not anplicable for dyes of very low affinitys.
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