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Effect of Thickener and Mordants on the Printing Properties of Cotton and
Silk Fabrics Printed with Phellodendron Amurense Extract

Yu Sun Song and Wha Soon Song’

Dept. of Textile & Clothing, Sookmyung Womens University, Seoul, Korea

Abstract : In this study, the dyeing properties of Phellodendron amurense on cotton and silk fabrics were evaluated to
establish a scientific database of dyeing methods using natural dyes with the ultimate aim of facilitating the practical use
of these dyes. The optimal thickener and dyeing concentrations depending on the thickener type were identified when
dyeing with P amurense, and the fabric color, color fastness, and antibiosis were examined for various thickeners, fabrics,
and mordants. The results were as follows.: The optimal concentrations of thickeners when dyeing on cotton and silk fab-
rics were CMC 3% (w/w), Mayprogum 7% (w/w), and Indalka 9% (w/w). The optimal concentration of P. amurense was
25% (w/w), irrespective of the type of thickener. To maintain the hue unique to P. amurense, thickening with Mayprogum
or Indalka and mordanting with Al was effective for cotton, while thickening with Mayprogum or Indalka and mordanting
with Al or thickening with CMC and mordanting with gallnut was effective for silk. The dry-cleaning fastness and abrasion
resistance of cotton fabrics dyed with P amurense were excellent at the 4-5 level. Gallnut was effective for washing fast-
ness and perspiration fastness against color degradation, and FFC was effective for light fastness. The washing fastness,
dry-cleaning fastness, abrasion resistance, and perspiration fastness of silk fabrics dyed with P. amurense were excellent
at level 4, except for washing and perspiration fastness, and FFC was effective for the improvement of light fastness. Dye-
ing cotton and silk fabrics with P. amurense thus yielded antibiosis and excellent washing fastness.
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Table 1. Characteristics of fabrics

Fabric count Weight Thickness

o 0,
Fabric (%)  Weave (warpxweft/inch) (g/mz) (mm)

14070 116 022
160x150 80 0.20

Cotton 100  plain
Silk 100 satin

21. NE & Algf

2.1.1. A&

E Ao AME AEE AT AW AZEY "SR, Al
B9 EAL Table 13} 2t WHEL vjM3} x2S &,
AAEL A Axste] ARSIt

2.12. GA
e FEEFHWHS AF el skl ARg-st
At

2.13. A<k

He] WA g 7ha2 FAFSIEF(NaOH, Duksan Pure
Chemical Co., Ltd.), ¢} EAHCH;COOH, Duksan Pure
Chemical Co., Ltd.)S ARSIt 28+ 728 ME AE
Z 22 (Duksan Pure Chemical Co., Ltd, ©]3} CMC), Hlo]=
27 (Finecenter), Y127} (Finecenter)S ARE-SIATE wlAl= &
220 545 (AIK(SO,),'12H,0, Duksan Pure Chemical Co.,
Ltd. °ols} Al), #2H2](CuSO,5H,0, Duksan Pure Chemical
Co., Ltd. ©]3} Cu), 3tAIY A (FeCl,4H,0, Samchun Pure
Chemical Co.)3} ¢3}A|o]& (FeCl;:6H,0, Samchun Pure
Chemical Co.y& AME3IRoH, AA mgAI] Quixk =l h=
A5 geRRAdllA Fhsted ARSI Mgzl AMgE
AlAlE KS M 27040 F3F 7FRAER| 5 ALsl3lom, =2}
ol YA &A= HEZ =2 (C,C=CCl,, Duksan Pure
Chemical Co., Ltd.y& AME3IIH BAZE S4802 L8]&
EJH G2+ (C4HyN;0,-HCI'H,0, Junsei chemical Co.), 33}
EF(NaCl, Duksan Pure Chemical Co., Ltd.), A 112 }EF
(NaH,PO,2H,0, Duksan Pure Chemical Co., Ltd.), #2314k
U} E & (Na,HPO, 12H,0, Duksan Pure Chemical Co., Ltd.),
AFEH(NaOH, Duksan Pure Chemical Co., Ltd.)g A}
|3kt &daA Alde A X (Nutrient Agar, DIFCO
Lab.), %A (Nutrient Broth Agar, DIFCO Lab.), 43l E
$F(NaCl, Duksan pure chemical Co., Ltd.), H]o]AHEAIA)|
@l Triton-X100 ((C,H40),CyyH,0, Sigma-AldrichyS A3}

Stk oldel BE Aok 1eHs ARl

2.2, AlgdHy

22.1. He] HAg}t Az

HAELS HAE FHoF WAl H2E Sl MAlst X
ZE AF2dlA AH] 50:19] 18% NaOH F-&ol|x 12057t
AR EAeE. WAt A2)g HABLS o EAF fgdlom
st A2 &, 25Aef WeAlsle] Azt

4 00 g& < 2000 mle]l Y2 90°C
oA 607t 33]o AA faiuct. A FZHL Evaporator
(Rotary Evaporator Re 200, Yamamoto, Japan)S AF&3}e 1/
2002 s3Ik

223. 9935 A=

99 A T8 CMC, HolZ23, AevlE Algsiom,
dosE 589 (1, 3, 5, 7, 9%(ww)St I ol
FE(S, 15, 25, 35, 45%((wiw)E WSIAIA ZAIGE T, 2447
WRete] FE5] WEAIA ARSI

e IHTo FAulEAIA Al 3%, Cu 2%, FFC 2%¢%}
AAviGAIQ] QulA} 5% H7iste] SAvIE o Y5t
(Kang et al, 2011; Park et al, 2009). FFC+&= FeCl,4H,0O
9} FeCly6H,02 1112 3381 vET, HAAmdA= AM8-gt
LHIAK(Gallnut)= 100 g& S/ 1000 ml ¥ 90°CellA 60
B2 28]o) AX FE31] 1/1002 553k 27127 (Freeze
Dryer FDUT-8606, Operon, Korea)® 71%3F & Rug Alg
Elpri=

Brookfield, U.S.A)S AREEle] =
Foles 2SS HMEA 22t 38 46

A3t

dHe Aarad 3 2FRE olgsle] ISl E
3 A= AAAZ A7 F, 100+5°ColA 6057 =LA
siAth g7t B A EE 589 2F d5e AAS 9

3l A2 =M ARl FAIGE - Axsiit)

S

227 K/Sgk B #H =4
K/S%t2 Computer Color Matching System(JX777, Japan,
olak COMeIZ $he AHEsle] 2 BAIAIRS] W WS



BEI] mjgiA) GHEZEZ JYS H/AS

5743 ¥, 29 Kubelka-Munk2]ell 23] 2H&at3itt.

K: absorption coefficient
S: scattering coefficient
R: reflectance

EAALe CCME AHEEle, L, a', b’ @S CIE Lab A3}
o olall, AAHH), WE(V), AE(C)= Munselle] FAA =g
Heow S48l

228 FUAFE 54

MEAF =+ Launder-O-Meter(Koa Shokai Ltd, Kyoto,
Japan)Z ARg-3k] KS K ISO 105-C01, Eo|Ze|d Az =x
=2to]Z2]d Al 71 (Sungshin Testing M.C Co, Korea)S A}
43l KS K ISO 105-D01, ©7AZ|%=+= Perspiration Tester
(AATCC Atlas Electric Device)s AF&-3l3 KS K ISO 105-
E04, FE7AZ| == Crock Meter(Sungshin Testing M.C Co,
Korea)E A8-3l¢] KS K 0650, Y37 Z| == Xenon-Arc-
Lamp, Blue Scale2 A8-3led KS K ISO 105 B02:2010
Fotd 45T

229. 354 &4

e FAITOZ AN =AM (Staphylococcus aureus,
ATCC6538)S AME-3It Eds M ES AES] il
KS K 0693 &2l ddae® SN, ddasd the
2ol gl &t

antimicrobiality loss(%) = f %100

A: number of colonies of untreated sample

B: number of colonies of treated sample

p o= T« 5 o
PRIt =, @95 HErl vrom E9 Al 2] MAL,
el Arrt Fom 9y A 295t ERRE PEY)

A f{‘:‘r(Cho 1992; Kim, 1999).

Table 25 3859 79} v wE g3 dAx 24
AA=R, A= Z4 f\H 295 W59} BH5FE BF o) U

ERNSITE Table 201 YERd uvle} 7o) Y5 Id=E &8
9] &It S7IESE =olyth 3R] Ut FYS A
389 FAeE uwst A3, cMCce =7t HlolZa ) <l
2IlET EA3] =of, CMC T 7%0 3o HEAL]

 X]. _g/ LFOIRIZ, Io// U/z/,_ o#ark 827

27 o=

Table 2. Viscosity of printing thickeners
thickener(%o)

Concentration(%) Viscosity(cPs)
1 601(2/100)
15841(6/200)
366842(7/10)

3
5
7 Over viscosity
9

CMC

Over viscosity

1 52(2/200)
454(2/100)
3986(6/200)
14904(6/200)

29402(6/200)

Mayprogum

NS RV V)

—_

48(2/200)
442(2/100)
3114(6/200)
11996(6/200)
18984(6/200)

Indalka

NoTEEEN BV NS

* (no./rpm of spindle)

= © g neth ¥ gyl TR F
Foh B wE QgEel YAl te duag A,
T 1

CMC &= 1%, Ho|Z27 FT% 1~5%, AT} % 1~7%=

99 A 29sst Sepeln WA @] WAsky, CMC

B 5% o4 UﬂOEEZj v Hwr} ot HFYol Wof
o) p=i

S7b DR @] wAlste
l 2lgh Fg2 AhES AHEAA F
oA vepsith. 5 1 - AF g 58 TR we 2 vt
53 37 FE+= CMC 3%, Hol 27 7%, ALT} 9%o]L
152 d=e 47 1584lcPs, 14904cPs, 18984cPs= b}E}w
o o] AARRE T8 TR Jaglel |- A=l &
7Fsdt e 14904~18984cPs W99 & 4= STt o Q
e HAGAES AR 29 Al 295 HH H=7h
12000~20000cPs2tal B A8 A7 Aot IX|gch
(Kim, 1999).
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Cotton Silk

KIS (420nm)
KIS (420nm)
N
T

sk —=—CMC s

o —=—CMC
—e— Maypro gum —e— Maypro gum
—4— Indalka 1 —4a— Indalka

L L L L L L L L s L
1 3 5 7 9 1 3 5 7 9

Concentration(%) Concentraion(%)

Fig. 1. Effect thickener type and concentration on K/S values of cotton

and silk fabrics printed with Phellodendron amurense(treatment
conditions: dyeing concentration 25%(w/w)).
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Silk

KIS (420nm)
KIS (420nm)

—=—CMC
*— Maypro gum
4— Indalka

®— Maypro gum
—A— Indalka

L L L L L
5 15 25 35 45 5 15 25 35 45

Concentration(%)

8

6
—=—CMC 4r

2

0

Concentration(%)

Fig. 2. Effect of thickener type and dyeing concentration on K/S values
of cotton and silk fabrics printed with Phellodendron amurense
(treatment conditions: CMC 3%, Mayprogum 7%, Indalka 9%(w/w)).

Fro mE K/SHt 24 Adelth. AAE] K/ISEe 359
Tt S71ee Wl S718k] CMC 3%, WolZ27 7%, 9
97t 9%l A kS JERIITE. Aol mEdE Fel
2E Aol BARIEE o83l dd Al 35| FEUt St
ShH Yo Hevt Srlste] Gakeke] FT7keIAR, S8
I FEE 2P =W Gz HArt YA E=olF

S YR AL,
S8Y HZ I8 FEE CMC 3%, HWolZ27 7%, 147}

32. 38 ER0 ME HHo| Y 5=
Fig. 2= ® - AZzo] i g
HY wroll W K/se SHAF T KiSghe =
1 Ao Frh SRl wet S7ksted del w 25%clM
AEEe] 74 1.739-2.03, AA=e] A9 10.766~15.298% 3
ke ERSICE 28y dol w7t 25%E 238 KIS
& H ol F7IA B fFAE ol 9 = S
Sholl wt dFe] TSIk, AHE Y] =9 Fole
7Pt 1 ol Gl S7HEA o47] o
= 71EA FA 2] gtolg o83 Al
A5t M3 Ardel= IX|e(Seo & Song, 2011). ©] 2
HEFE W - AAEe] Y 2 A A FHH e ©
FEFO 2] glol CMC, HlolZ 23, L7} AR Al F
25%<& Bl

33. SEo UM ROl ME PMyz &
Table 3:& 3% 2310lM ® - AEe] 9 29 A 58
oh migAe] SRl we A ?

(

A3, CMC 29359 45, 4 EAIRL Al Cu, FFCE #
7hel HEC] AT ol M AA el F&ole
o] CMC9} A%l MAES Fths A7EFel= dX
Stth(Davidson, 1980; Lee et al, 2000). ©] AI}ZFE
CMC E930lEs Al AMgo] RA g5t whaiA
B ATolA CMC 2959 A9, FAmAA] ufjaigtez
A widsle] Falgs) EHAS HESIN

K/S7Ee B8 749 420 nmollA] Highs Yepdleh. 38 %
Froll W K/ 5 mlo|Z2 3 e} AMS- Al K/S7EE A
2 s Aolg YERNA @t 2y Fujde] A
CMC AME Al K/S3E Hlo]Z2 7354 17t ARG Al K/Skol
vla) 2, o] AFE Fig. 201M = BlFT) o] ol W
Bo] ouja} wigdel ol AAS FUlElL, L, a, b, H
9 M= BRlE. o] AAZRE Qulxl ¥ CMC
A Al Gaiago] wre wHAEe] Jala e aERl A
4 = Uk FEe FH WE KSE WAE] ¢ A%
Ern} dA43] WA Yepgtl A8 %] K/Sghe] AZES] K/
SghEch @A) WA vERd A AEE2A AR dig W
S A o] EX(Kang et al., 2011)°l] 71918 Ao
2 A7 WAEe] K/SEhe Al FFol whe F31% 2}
olE Hoi, Al Wi Al T} ¥lwA fALSE ghe JERHA
3, @Ak, Cu, FFC WY o2 A S71i9ith o, o)
ZF wjFe] 7§ CMC AHE Al KiISEe 6.37=, FFC mi9}
AR 2o e YeRAQTE wigAl FRel wE AE9
K/S#E HAEH fAlsE Z ol A7k BElgt xlol= fiSiTh.

N L o

TR F =g orjshe Ligih vake Amuw, o)z
247 AL} A A L3k VRS AR folg Aol 1}

A3k U7k Abg Aol Hlal A9k, B3, MABe A4S

o= QziE 2] TR WE L'g vake
AERTE B9it)h ijgA| ERHel W2 L vik
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o2 HA vold
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1.84Y~5.43Y9] X2 RY(red-yellow)oll 717+ yellow, &5
3t yellow, YG(yellow-green)°l] 7/7F$- yellowS XgH3ich T

gk a, b3S F3(a, bE 3t 2 ZE YEpH, BE =4
9] a, bFES AFEHI 2AREH EAjdit) 2AHEHES a<0,

b>0 PG 2, green-yellows UERNH, o] FGoll=

79 wlo| 22 DT AR Al QulR}: miHe], AFES] H
S wo|Z2A5 g7t AR A Tl B! FFC vl =t Qe
7F A& Al Al wido] ZIHETE o] €19 A= 1AREHS
a>0, b>0 FGoll FAEo], yellow-redS LEPATE 1, 2AHEH
o] BE HE FoA agkel A 0ol 7RHA bgke] i
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Table 3. Effect of thickener type and mordant type on K/S and L*, a*, b* H, V, C values of mercerized cotton and silk fabrics printed with

Phellodendron amurense

3

3

%

Fabric Mordant Thickener K/S L a b H A% C
CMC 2.03 71.47 1.20 29.02 2.57Y 6.97 4.18

Non Mayprogum 1.80 72.55 0.56 28.19 2.85Y 7.10 4.03

Indalka 1.73 72.97 0.51 28.08 2.85Y 7.14 4.01
Al Mayprogum 2.48 70.85 1.16 32.56 2.78Y 6.92 4.70
Indalka 2.55 69.50 1.23 31.27 271Y 6.79 4.52
Mayprogum 5.21 57.06 2.92 28.24 1.88Y 5.54 4.19

Cotton Cu

Indalka 5.09 57.55 293 28.23 1.84Y 5.59 4.19
FFC Mayprogum 6.73 48.77 0.53 21.88 3.53Y 4.73 3.12
Indalka 6.33 49.47 0.56 21.30 3.46Y 4.80 3.05
CMC 6.37 64.99 0.17 49.15 3.92Y 6.33 6.98
Gallnut Mayprogum 3.65 70.10 -2.59 43.74 4.76Y 6.85 6.08
Indalka 4.06 69.01 -1.74 44.83 4.46Y 6.74 6.29
CMC 15.29 62.74 1.18 58.76 3.84Y 6.10 8.33
Non Mayprogum 12.79 64.73 -0.19 58.16 426Y 6.30 8.19
Indalka 10.76 69.66 -0.90 61.61 437Y 6.80 8.73

Al Mayprogum 14.14 65.66 0.07 60.97 4.17Y 6.40 8.61
Indalka 14.04 63.56 -0.09 58.16 427Y 6.19 8.17
Silk Cu Mayprogum 15.02 55.47 1.93 48.85 3.58Y 5.38 6.95
Indalka 15.40 53.90 2.05 47.12 3.53Y 5.23 6.70
Mayprogum 15.75 49.53 -1.84 35.18 543Y 4.80 485
Fre Indalka 15.12 47.33 -1.02 36.19 5.05Y 4.59 5.03
CMC 10.76 61.27 1.07 53.85 3.84Y 5.96 7.62
Gallnut Mayprogum 11.14 63.92 1.29 57.84 3.74Y 6.22 8.22
Indalka 11.40 63.58 1.96 58.23 3.52Y 6.19 8.30
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CMC AR Al b 3te] A3 F7lsted W= FolA 71
yellowish@A|2h, Wlo| T2 73} e} AR A] a'go] ()= 7t
2L b ke AAS] 718l greenish, yellowish 31Tk
ot AHEL FFC MB2] 7S agho] 7H4asiaL b gro] A
3] 7hAsle] Fuldrot greenishdt yellows, QuIA} wge)
749 CMC AHE Al ', b'gke] Wsh} o} Zujdst fAleh
A Wlo|Z2 AT} QG AR Al a kit Z7181] reddish
gk yellows YERNATE WgA] £Fe] W HRLE a', b3k
AR e VR

AN=E oulshs CREE vlo|Z24 AR A9} g7} A
Al ZpolE YERNA] gttt 23y WA Ee] Fuld e Cit
< CMC AR Al Hlo|Z2H 3 g7}t AME Al & 3k
eI o)A CMC A Al Ho|Z=243 197} AR
Alell B8l A=t w2 A ov]git). olefdt Xol= WAE
o] ozt wigde] A¢ A SV, olE L, V, a, b,
Hgt 28 7sko 2, KiSgell 719dske 2oz Aztdn). %
E TR mE Gk AAEo] "AERT A vehd, A%
o Aoyt HAERD 22 28 ¢ F AUtk mEA TRl

H

Table 4. Effect of thickener type and mordant type on washing fastness

whE CRk2 WAES] A4 Al Cu WE Al T At Al
Al, FFC mjd A Fuidrch S|, Qujxt v A] Fejd Rk
@A 8] =7 Vet AAEe] A Cke AR uliAt i
Al Ful Rt ARSI, Cu, FFC M9 o= wobxith.

34, PMAERE

Table 4= S5} WA TFHE it AHZAAN &
W sk | - A EC] 108] Alg T Al s ZE 0]
t}. Table 40 UERT vo} o] 38 FHl e AEAEE
9] ol AL e Fo= Yepgth midA R mE Al
SAYEE ARy, HEE WAL 4 Fuig Al 15l
A, 3 Wl Al 127 BB 290E, onixl vy Al 3FS
2 et uebe mREe] MEHHEE ATV
A= Qulal wide] A AS RIS AAES] AH-
o Ao} w9 A BE 459 EE 5HOE 95tk
e BE ZANM XFE AWE el 47, B AYE

o ML 3Fo= et

K

Lo

Table 5. Effect of thickener type and mordant type on dry cleaning
fastness mercerized cotton and silk fabrics printed with Phellodendron

mercerized cotton and silk fabrics printed with Phellodendron amurense amurense
Fabric Mordant Thickener Fade —Stain Fabric Mordant Thickener Fade —Stain
Cotton Silk Cotton  Silk
CMC 1 4 3 CMC 5 5 5
Non Mayprogum 1 4 3 Non Mayprogum 5 5 5
Indalka 1 4 3 Indalka 5 5 5
Al Mayprogum 1-2 4 3 Al Mayprogum 5 5 5
Indalka 1 4 3 Indalka 5 5 5
Cotton Cu Mayprogum 2 4 3 Cotton Cu Mayprogum 5 5 5
Indalka 1-2 4 3 Indalka 5 5 5
FFC Mayprogum 2 4 3 FFC Mayprogum 5 5 5
Indalka 2 4 3 Indalka 5 5 5
CMC 3 4 3 CMC 5 5 5
Gallnut Mayprogum 3 4 3 Gallnut ~ Mayprogum 5 5 5
Indalka 3 4 3 Indalka 5 5 5
CMC 5 4 3 CMC 5 5 5
Non Mayprogum 4-5 4 3 Non Mayprogum 5 5 5
Indalka 4-5 4 3 Indalka 5 5 5
Al Mayprogum 4-5 4 3 Al Mayprogum 5 5 5
Indalka 4-5 4 3 Indalka 5 5 5
Silk Cu Mayprogum 5 4 3 Silk Cu Mayprogum 5 5 5
Indalka 4-5 4 3 Indalka 5 5 5
— Mayprogum 5 4 3 FFC Mayprogum 5 5 5
Indalka 5 4 3 Indalka 5 5 5
CMC 5 4 3 CMC 5 5 5
Gallnut Mayprogum 5 4 3 Gallnut ~ Mayprogum 5 5 5
Indalka 5 4 3 Indalka 5 5 5
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Table 6. Effect of thickener type and mordant type on abrasion
resistance of mercerized cotton and silk fabrics printed with
Phellodendron amurense

Table 7. Effect of thickener type and mordant type on perspiration
fastness of mercerized cotton and silk fabrics printed with Phellodendron
amurense

Abrasion fastness

Fabric Mordant Thickener
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Perspiration fastness

i i Acid Alkaline
Fabric Mordant Thickening
agent Stain Stain
e e
Cotton Silk Cotton  Silk

CMC 12 4 3 1 4 3

Non Mayprogum 1 4 3 1 4 3

Indalka 1 4 3 1 4 3

Mayprogum 2-3 4 3 12 4 3

Indalka 2 4 3 1 4 3

Mayprogum 3 4 3 2 4 3
Cotton  Cu

Indalkka 23 4 3 1-2 4 3

FFC Mayprogum 3 4 3 2 4 3

Indalka 3 4 3 2 4 3

CMC 4 4 3 3 4 3

Gallnut Mayprogum 4 4 3 3 4 3

Indalka 4 4 3 3 4 3

CMC 5 4 3 5 4 3

Non Mayprogum 5 4 3 4-5 4 3

Indalka 5 4 3 5 4 3
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Indalka 5 4 3 4-5 4 3

Silk Cu Mayprogum 5 4 3 5 4 3
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Table 8. Effect of thickener type and mordant type on light fastness of
mercerized cotton and silk fabrics printed with Phellodendron amurense

Table 9. Antimicrobial activity of Phellodendron amurense-printed
cotton and silk fabric

Fabric ~ Mordant Thickener Light fastness
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Antimicrobial activity(%)

Fabric  Mordant Thickener
W SW 10W
CMC 99.9 99.9 89.7
Non Mayprogum 99.9 99.9 87.8
Indalka 99.9 99.9 88.5
Al Mayprogum 99.9 99.9 91.8
Indalka 99.9 99.9 91.4
Cotton Cu Mayprogum 99.9 99.9 91.8
Indalka 99.9 99.9 91.8
FFC Mayprogum 99.9 99.9 92.1
Indalka 99.9 99.9 91.7
CMC 99.9 99.9 91.9
Gallnut Mayprogum 99.9 99.9 92.1
Indalka 99.9 99.9 91.8
CMC 99.9 99.9 92.4
Non Mayprogum 99.9 99.9 91.2
Indalka 99.9 99.9 91.2
Mayprogum 99.9 99.9 93.1
Al Indalka 99.9 99.9 93.2
Sill cu Mayprogum 99.9 99.9 92.8
Indalka 99.9 99.9 92.9
FFC Mayprogum 99.9 99.9 93.4
Indalka 99.9 99.9 93.1
CMC 99.9 99.9 94.1
Gallnut Mayprogum 99.9 99.9 94.2
Indalka 99.9 99.9 93.9
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