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Instructions to Authors
1. Order of an Article Content
1.1 Title both in Thai and in English must be concise and clearly convey what

is done.

1.2 Name and Surname of the Author(s) in Thai and in English. Office address

must be specified. Telephone number and e-mail address of corresponding
author (if any) are needed.

1.3 Abstract in Thai and in English of not more than 250 words is compulsory.

It must include essence, objectives, methodology, and findings of the
research.

1.4 Keywords of 3-5 words are needed to be put below the abstract.
1.5 Text of the article should consist of the followings:

« Introduction: State backeround and objectives of the study. Literature
review may be included.

+ Materials and Methods: Concise and clear explanation of details, analysis,
and experiment is required.

+ Results and Discussion: Report the complete findings. Evaluation,
interpretation, and analysis of the findings are to be made so as to show
whether the research achieved the objectives or not, how it agrees with or
contradicts to other research. Theories and principles are needed to
support the discussion in a logical manner.

« Conclusion: This section presents the outcome of the work by interpreting
the findings at a higher level of abstraction than the Discussion. Suggestions
for making use of the findings may be included.

1.6 Acknowledgement (if any): Briefly identify and acknowledge fund sources

and assistance.

1.7 References: Numbering system is used for in-text references. Every end-

text reference must be referred to in the article. References must be
properly written in conforming APA (American Psychological Association)
format. Each reference consists of authors’ name, book title or article title,
document title, publisher, publishing year, (issue No.) and referenced page
number depending on types of reference text.

1.8 Appendix (if any)
1.9 Tables and Figures must be clear and inserted in the article. Brief

explanation is needed to convey meaningful and understandable essence.



For tables, identify the table number respectively followed by a brief
explanation and put it above the table itself. For figures, identify the figure
number respectively followed by a brief explanation and put it below the
fisure itself. (Tables and figures are requested to record in .jpg file in
addition to the article file.)

2. Instructions for Writing and Typing

2.1 General Instructions: Each article must not be longer than 9 A4 pages.

Microsoft Word for Windows must be used for typing. Page layout is as
follows: Upper and bottom edges are 3 cm, left and right edges 2.5 cm.
one column. Use numbering system for topic arrangement starting from 1.
Introduction and so on. Use decimal system for sub-topics. For more

information, see and download from http://www.itfd.rmutp.ac.th/itfd2010/e-

journal
2.2 The Proper Use of Fonts and Sizes

® Thai language article: Use 18-point TH Sarabun PSK, single-spaced,
boldface type for the title. The authors’ name, abstract and contents
are to be in 14-point size. Use 14-point boldface font size for the main
and subtopics.

® [nglish language article: Use 14-point Times New Roman, single-spaced,
boldface type for the title. The authors’ name, abstract and contents
are to be in 12-point size. Use 12-point boldface font size for the main

and subtopics.

3. Criteria for Article Consideration

Creativity, academic value, completeness of content and structure, language
usage, clearness of objectives/hypotheses, content presentation and organization,
academic accuracy, proper finding discussion and references are to be considered.

An article will be reviewed by at least 3 external peer reviewers from various
institutions. The editorial board has a privilege to ask the authors to improve their

articles, and to decide whether submitted articles should be published or not.
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Abstract
The objectives of this research were: (1) to study the design and production of handmade cotton
dolls inspired by the mythical creature “Si-Hu Ha-Ta” (Four-Eared, Five-Eyed Animal); and (2) to examine

the satisfaction level of respondents toward the design and production of the handmade cotton dolls
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in the form of this mythical creature. The research procedure consisted of four steps. Step 1 involved
designing and sewing handmade cotton dolls representing the “Si-Hu Ha-Ta” mythical animal. Step 2
was to obtain expert opinions on the design and sewing of the dolls. Step 3 involved producing the
prototype dolls based on the selected designs. Step 4 was to survey respondents’ satisfaction with the
design and sewing of the dolls. The sample group consisted of 100 consumers in Chiang Rai Province
who were interested in or had purchased handmade cotton dolls as souvenirs, particularly those inspired
by the “Si-Hu Ha-Ta” legend. Research instruments included an expert evaluation form for 10 design
prototypes, from which experts selected five designs for prototype production. Data were collected
through in-depth interviews and 100 sets of questionnaires. The data were analyzed using a statistical
software package, employing percentage and mean as statistical tools.

The results revealed that the five selected designs chosen by experts were Design 1,
Design 4, Design 5, Design 7, and Design 10. The overall satisfaction level of respondents toward the
design and sewing of the handmade cotton dolls in the form of the mythical “Si-Hu Ha-Ta” was at the
highest level, with an average score of 4.59. When considering individual aspects, the highest mean score
(4.76) was found in the category of product detail and craftsmanship, while the lowest mean score (4.42)

was in the category of product functionality according to its intended purpose.

Keywords: Four-eared and five-eyed mythical animal, Handwoven cotton, Doll design,

Consumer satisfaction
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Abstract

Digital transformation (DT) is a key strategy that can enhance the competitive advantage of the
textile industry. However, the implementation of the digital transformation often faces barriers that slow its
progress. This study aims to identify and prioritize the importance of barriers that affect the success of digital
transformation in the textile industry. By synthesizing barriers from the literature review, three experts in
this study evaluate their importance using the Analytical Hierarchy Process (AHP). Results of this study
indicate that technological infrastructure constraints are the most important, followed by financial
constraints and a lack of digital literacy. Other barriers are considered less significant, such as information
silos, technology constraints, risk perception, lack of collaboration, and policy constraints. These findings

suggest that players in the textile industry should prioritize infrastructure development, budget planning,
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and workforce skills development to enhance digital readiness and support sustainable digital

transformation in the long term.

Keywords: Analytical hierarchy process, Barriers, Digital transformation, Textile industry
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donnaosuninisfndaula Inswvsnddunuaiedydnual A tazlddmsuAiuinaiad sroining

#0AARBILUUEN (Average random consistency) Aauandluaunis (2)

1 a2 ais vt Qi
1/a4; 1 az3 o Qo
A == 1/a13 1/(123 1 ot a3n (2)
M M . 1 .

1/a1n 1/a2n 1/a3n -1
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fregaty TuauatsweinisiTsuiisusendnsgUassaaunsaduinldaingms
N = n(n-1)/2 lag#l n Aedruauvesguassafitiainldlunisiiese ndsannsadraamindnng
Wisuiisuiadad uud ashnsmuiudimdndduauddyresgUasialun1su Al
Snuaziane (Eicenvalues) wavAnnmesianig (Eigenvectors) Fadunszuiunisdfalunismen

ANUAAYTdUTInSvesgUaTIALAazA  luITNTEAUTUTIIATIEN (Analytic hierarchy process:
AHP)

w
Amax = ?:1 aij wi (3)

M13199 2 WRTIEIUNSIUSEUTBULUUTUE 1-9 Y84 Saaty

FTAUANULINUD o
. A131NAA1 (Definition)
AINAALY
1 HanudAgwindu (Equally preferred)
2 HpudAnyindudsUIuna (Equally to moderately)
3 fanudAgyszauliunay (Moderately preferred)
4 fanudAgyUiunansdainn (Moderately to strongly)
5 HAudAgann (Strongly preferred)
6 HAnudAguInfsunnal (Strongly to very strongly)
7 fanudfAguinnia (Very strongly preferred)
8 fAudn ”agmmiwﬁamnﬁqqqﬂ (Very strongly to extremely)
9 HAudn ”iymaﬁq@ (Extremely preferred)

ANMINLADSLANIZAIUITAANUILIANNALNTST (4)

AXW = dpgx X W (4)

Tne?l W AsAwanmesianie (Eigenvector value) Feuansdiaandinindunvs (Relative
Importance weight) vesaeAUsznaunelud i utuieItu diu A, AoA1dnvuzianizgdign
(Maximum eigenvalue) vosuv3ndnisiuseuiious Weldrdnvazianzgaana sndudosyih

N13M5I9ABUAINABAAG B (Consistency check) LiaUsuLiiuiNsiUTeulisuglaeiaiianinuly
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donnnesiuaudmalinasnsaaaniow TuisnsiuTeumieuwueg (Pairwise comparison method)
2z1d Autlauaenndsy (Consistency index: Cl) Liediaszauauliaonndes uazld dnsiaam
donAned (Consistency ratio: CR) eUseLiluTEAUANNYNADIYRLATIATINUVING Asilu A1 CT uag

CR anunsaAuIlANaNnIs (5)

¢l =2ma=l op (5)
n-—1 RI

e Rl Aesvlinudenndadwuudl (Random consistency index) Wil R lu19INIATIAERY

YUIAVDIUNINFLUAITIN 3

A1519% 3 AYTAUADAAS DIV

YUIAVDILUNI NG 1 2 3 il 5 6 7 8 9 10

RI 0.00 | 0.00 | 0.58 | 0.90 | 1.12 | 1.24 | 1.32 | 1.41 | 1.45 | 1.49

v
a =

PRI1ANEDAAR DY (Consistency ratio: CR) T4d@1sunTI9d0UTDRANAIATND1ALAATUIN
nsSeuiguluUg (Pairwise comparison) Fegluseruniseusulavielyl dwsuiumindniivuig

n = 5 [17] mnd1 CR diddeenimiawiniu 0.1 fel1sesuaiuaennaavasunindeglunueii

2V

gausuld wevInA1 CR TA1uINnIT 0.1 sududosmunusazdsuairinueanusnisanaulalv

'
v A

uNTIA CR raglusyaunuausuls lunsalnddndulanaieviniu (Multiple decision makers) N3

Y

uNavresunindIngindulausazvinuarldanadesvindin (Geometric mean) Livalvilalun3ng

Y

334 (Aggregate matrix) lngauudliluming A% unuunsng A vewddndulavig d [17]

d d
1 a, - ajy
d e g2
qt=|% 1 i (6)
d d
An1  An2 1

[y

ARUABLIMLUVSNTALREY A vasunsng AY We d = {1, 2, 3,..., K}

_1 a12 ?111
e @
Gy Gpp 1

e @;; = ALadesvAdaveTn {al, a?, ..., al} Auauns (8)
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e K = Iuiugindula

sausngAnade 4 gnianldiieniumsndaiaivin (W) sauiiminsivaeudimiuaenndes

1AYNTAUIUDNTIALEDANADY (CR)

3. HaN1SANEIkAZNISBAUS18NA

[y

nsfnwAsatiliinsindduguassaidmansenusalasain smaUasunugaiasia (Digital

)

(%
o a

Transformation) AENTEUIUNTARUTUTATIEN ieTEUINgUasTAladaNadalasINIsNIsaY
HUERATTIaNIanlugaavnssuEme
HANTIARZRUUYDINARFULARZYIIUAYNUINIMEATIAUN@EARAG Y (CR) M1NANNTTH 5

1AYNIIAIUADARABIVBINTTUNITHABEYINIUABD 0.097 0.085 wag 0.075 ANUANU F9A1 CR U9

a

WenvuiazituilAtesnd 0.1 egluszAuneeausuls ndwinnisegeudnsaudennies

eXe

LA59EU HARZLULTDINARAUI 3 MuazgniTINKaMIEARdssvIAdiai oas NI ng I

(Aggregate Matrix) MINENNTSH 6 019 8 FIUUVINGTINVBINIANBIATIHUEATIUAS1ST 4

A15199 4 NaNSALIUNSIUSEUTBULUUA

22

Pairwise B1 B2 B3 B4 B5 Bé6 B7 B8 B9 Total Eigen (%)
B1 0.17529 | 0.15494 | 0.27803 | 0.12351 | 0.17549 | 0.12041 0.1961 0.09921 | 0.28027 | 1.60325 17.8
B2 0.08427 | 0.07449 | 0.07367 | 0.08135 | 0.09324 | 0.07304 | 0.05484 | 0.08868 0.0383 0.66188 7.4
B3 0.10391 | 0.16665 | 0.16482 | 0.12914 | 0.20807 | 0.31989 | 0.17412 | 0.21374 | 0.14514 | 1.62548 18.1
B4 0.09163 | 0.05912 | 0.08241 | 0.06457 | 0.06141 | 0.04539 0.0353 0.07874 | 0.05591 | 0.57449 6.4
B5 0.13913 | 0.11127 | 0.11034 | 0.14644 | 0.13929 | 0.10763 | 0.17697 | 0.15964 | 0.14651 | 1.23723 13.7
B6 0.09871 | 0.06915 | 0.03494 | 0.09645 | 0.08775 | 0.06781 | 0.06036 0.0741 0.08351 | 0.67277 7.5
B7 0.09805 | 0.14897 | 0.10383 | 0.20063 | 0.08633 | 0.12321 | 0.10969 | 0.13465 | 0.06628 | 1.07164 11.9
B8 0.16495 | 0.07841 | 0.07199 | 0.07655 | 0.08146 | 0.08543 | 0.07605 | 0.09336 | 0.11364 | 0.84186 9.4
B9 0.04405 0.137 0.07998 | 0.08135 | 0.06696 | 0.05719 | 0.11656 | 0.05786 | 0.07044 0.7114 79

PNNIALIUMTIUTEUT—ULUUARNANNTST 2 e 4 hlilaranmsiuSeuieudsuandly
15197 4 Jawaansvein1sAnwasstiansliiiiui guassafidenudfgunniigafornuyinnienu

laseasneaiugu (B3) NAsesas 18.1 druglassarudunuliiisana/auyinnieniuasugie

(B1) fmudrgduduivasuaziiafovay 17.8 lunuziiaUassaduiiaudsnisvinnisasyuly
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a0 Y o W

vinwe/m¥nernsyana (85) dindosay 13.7 duil 4 Aedeyanuunendruniedeyauuulela (87)
Afovaz 11.9 druglassaidemddnseanliun guassamanalulad (88) ammuidssiisuiain
MswasusugAiana (89) msvianusmilessnineniadiu/szuuiing (86) nsvindsgdlaain
A3y (B2) wazguassannungseilev/uleue (B4) denseway 9.4, 7.9, 7.5, 7.4 ua 6.4 Mua16iu

INNAGNEN IAINYUNDIVBIN LTI 1YY BIANTAITIAANAIAYAUNITIIME LA bY

auassAduANWTIMeiulasEseiiugudududusn visesdnsdanddissuuiinndmasey vinlv

nsysannsmalulaglnidndumalulaginiduldein wagviliesdnsliaunsaldusslaviain

[

walulagludldagrwdud [1, 10) seundugUassadulunulidiisinenionziasugialyl

Y

e uIdnYIINITALIUlATINITNSUABUHIuEATalAenTe B1avdwmalilaTINTsgnIEiuvIe

dousanlld [1, 4, 10] @runisvianisamuluinyeaudviawasiauinineinsynnadwali

WﬂmmmmmmimmLﬁffﬂﬁﬂumﬂuia§1Mﬂﬁa@ﬁﬂiﬁmﬁuﬁﬁ’1Lsé'f’mﬂ%'mu winuivnTnusLas
mmﬁ”oﬁ’aﬂﬁn%%’ﬁﬂlajﬁumaLLazﬁLLmIﬁmﬁ%cﬁiaéfmmﬂ%mdu‘laQi‘viaﬂé’ Iummsﬁaﬂassﬂ
Lﬁmﬂmamuwl%‘[aa nsgnusion1sideyaruialvgunlduselevl s1udanvIensiingien
Toyasng 9 miiﬂumimaﬂﬁ]mqim [11] muqﬂaiiﬂwmmmmﬂmmmuaaaaam laun guasse
manalulad [10] mmL?%mﬁ%’uifﬂmﬂaaumugjﬁ“ ia [3] NM3UINANTILLDITZIINAAEIUAN
(1] mim@?ﬁgﬂamﬂmﬂ%’g [1] wazgUassannungseilouiazuleuis [1, 10] gUassafinanddna

Giaﬂmﬂ"’nﬁm'ﬁl,ﬂﬁsuci’]uq 1A99999ANTIUSLAUUAIUNANNDIAT DIANTANNITOINLEUNITHA b

‘vﬁam?smmmw%aﬂﬁaqﬁﬂﬂumﬁuuaaﬂaﬁﬂmmulumﬂummlﬂlﬂ Sloasdnsanunsavsavie

€

o w 1

uiilvguassaiiiaudfyddudugaiauds astaelvesdnsanusanasulunssiiunisiuasusiiug

¥

aa o [% 1 a o & o a a ! laa o & o v
mwa"lmawmn LLﬁ%L‘Wllﬂ?’]llﬁ']Li’*i]sL‘Llﬂ']ﬁW]L‘L!‘Llﬂ’1iLUﬁUumWUQ@%WﬁI%Q@‘UU@ﬂ@%EJ (5]

4. #3UNAN1TINY

Han153 38T IiuingUassanenisildsunugidvialugnainnssud medinudfty
waneingiuly Inen1suseliiunienszuiun1s AHP viliaunsadnaduaud Ay vesguassaa 9
Usznsegraluszuu guasseifuimidnauddggefign fe dedndadiulassasaiiugiunig

o w

walulad Wesnssuundeguiuuminlisessunisysannismalulaglvil seswmnfe odnin

&

|
= |

ﬁ’]ﬂLﬁUWULLﬁSQUUﬁ%N']m Fedmananudsdureinsaiiulasinisluszesen uag N1531RNYe

aa o

LAENITHAIUIUABINTAUATIIA fdnalnonsadanisiunaluladluldasaluedng vasiieniu

¥

guassaluszAunszuIuns wu Mmainlelateyauaztedidadumalulad vilinsveulesdeya

Y

a a

waznsanduladenagnsldidulusgneiuszd@nsam muaﬂaimau @A A eeiilas Sumsius
N1391AAININT DTN wazdedninvenlouieningy Wit mTnaudEa GIERNGRETY

K% Id v A Yo LY 1 J =~ v & Y A a 1 aa v o & £
LLG\EN?NLﬂu{]"ﬂf\]ﬁwm’ﬁl@iUﬂWi%@ﬂ'ﬁ’e]EJ'NG]E]LL!EN PNUU mﬂmmaaumimaaumuqmwamL‘Uuma
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n1sdautazauuANIsATURUATIISavURENaaedaInTudsan
Taeldlalagrulduansiiefng
Dyeing and Antibacterial Property on Cotton Fabric with Neem Leaf Dyes

By Using Chitosan as a Fixing agent

Nawa 1WsgynIwetiud , wWnad audes, ARNMUA wsunATes

avivinalulagiaildme AugeRaIMNTINAMBLATERNKUULNYY In1Ing1dewmalulads1vuinanszuns

*HanusUszanuny: Aana W3ynswentiuy Email: Phichitpholj@rmutp.ac.th

UNANED

HagtuiinislassssunAiilenanandmenfyasufiuuazdsiu asadaanfivuisdaanniadouunas
Iraudalmiuddledmelamiony fu fuhidlmmauladnunisdeusarnisfunuafiSevuifedaedann
Tuaslneldlelaguiuansisied Anvnatuniafvinuihd Ynalelesu gamnd uaznanluniséon
Usilunaannisiing (K/S) autBmmnmunesd arminsziswesin uavautBnisiunueiise wuinated
wingaulunsdesdnnluasion fo duafadlaglisnmdiuluanaieth 12 demmgd 100 ssmwadoa (Ju
a1 60 wift ndunsesusnninluasaioon s a3l uiigamgdvies iitusnwidludiduldunan 3 Yu
anusstniheselelasuiosas 0.3 lasthmindeusuing Tae3squsn suuks uazniinans 1hsdruiniingy
feusumsasazarslalagu 1:50 Mnduriinisdeudanluasianuuddnetsi iy liiunsnnuesiag
lalnenu Ineldnsdruiningsousuinsing 1:50 Agamngd 100 ssrusaidea dunat 90 uil Wotun
yadpUaNTRm AU nuhmmamuesrenisdneglussduiiiin anuamuveddrenisingiantas
wisazanzWenayluszauitafunn ludnaneanunseaswead wagaiunsadukuaiiise Staphylococcus
aureus (Gram positive organism) laSouay 97.8 LA U@ 1U150A 1UMUATLS 8 Klebsiella pneumoniae (Gram

negative organism)

AEN uwu: Tuazan audRduluaise Talawu

Abstract

Currently, there is interested in natural substances to produce value-added and sustainable textile
materials. Some substance was extracts from plant can simultaneously dye and provide new properties to
textile fibers. Therefore, the study of dyeing and antibacterial property on cotton fabrics with neem leaf
dyes by using chitosan as a fixing agent. Storage time of dye liquor, chitosan content, temperature and
dyeing time were studied. Color value (K/S), color fastness, stiffness and antibacterial properties were
evaluated. The result was found that the optimum conditions for dyeing with neem leaf dyes were extracted
from neem leaf with a ratio of neem leaf to water 1:2 at 100°C for 60 minutes. Then filter out of neem leaf
and cooling at room temperature. The dyes liquor can be stored in refrigerator for 3 days. Cotton fabrics
are treated with chitosan 0.3 %W/V by pad- dry-cure process. Ratio of fabric weight to chitosan 1:50. Then,

made dyeing on treated and untreated cotton fabric with neem leaf dyes. The ratio of fabric weight to dye
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solution 1:50 at 100°C for 90 minutes was used. The result of color fastness testing was found that color
fastness to washing was good to very good. Color fastness to rubbing in both dry and wet conditions was
good to very good and not effective to stiffness. Antibacterial for Staphylococcus aureus bacteria (Gram

positive bacteria) was 97.8 % but not effective for Klebsiella pneumoniae bacteria (Gram negative bacteria).

Keywords: Neem leaf, Antibacterial property, Chitosan

1. UMY

avenflduindelulssmandasduie aunsaadysenauluresduiidonniadouty
auUnuyanssaazliues aziauenanthuildviiemiswazayulnsuds dadundslufivn
arwdduazihalfiduddeusssumuniign ansataanluasandeiomueaiignilunisduds
nsssaivluazsedudowuniiseldvarin uardiaunsadudmsssyivlnvendesilasn
Me[1,2,3]

aleu w3 2-amino-2 deoxy-(B-D-glucopyranan) ilunediuesiiannsadosaans
IFamsssuwd fanuduivin Sanudduldmdanm Snvasduwiudvnniedadu Lifinau
wisulannuisensedavyesiwiiasenanladuiuiesas 50 lnenisldaraduduniaoules
Foazanglumsazaonsaudmyerilildfulusmeudaiduussquin (-NH3+) shliAnussiagani
Usggudniiiuuszqauvesddenlda, 5]

nsanussiuuaisedunddunsanusisdmefimdslasuaudeunnluvned
Tnonguansuszinvesnledvedavgiifivnaeynaszdvunlu wu lnndesileeenlud (Ti02) Fanos
oonlast (AgO) uardsdoonlast (Zn0) SsanunsndesanseuniaasdunisfinzAnfidewieiuia
#1199 auderdandulafaszasd (ndudv) wuaiiFoidud i Tdneadifien nuiilulusssuna
wuafiBduuneendu wuafiFeunsuuan (Gram positive bacteria) Saiduaivnuosnisiinnausy
LazLUATISEILNIHAY (Gram negative bacteria) §aiduanmguesnisidalsasig q wuaiiiofvue
0.5-10 lunsou wazdisusnewing o fule]

MnMsAnwduaiAtefniun wuidilifins@nvinisdeuuazanuasdiiu
wuaiiBsuwiihefedannluazianiagldlalneuduamsdioded uilidoyamadefissyinasinndu
wiksluliunienuddguaginldduddousssumfunnian wu msfnuianuvainuiinveslsls
wazmslivselovisnumsliddenssaunalutgusudoiagiunils] uazdeyaietuasatnaniy
aznfiflgnslunmsiudeuvaiiSeuanifen wu msdnwgslunmsiudewuaiiSeiinelsaludnd
uazduideresasatanniuaziale) iud

FeugifeSsalafinunisdouuaransinisuuafiSeuniihededanluazian
TneldlAlneuduansiiefed WorisusuupausinisiusuafiSevuinihe suvideanilym
duwndonnagiliAnaudsdy
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2. A3N15NNa84

= I A | ° O & 2 & ) a P o 3
wissnihdnntuasianlnean lnedenanizluwiwasdiunmuluiimwang dagui 1 suadaun
Alnelddnsdnluaziandenn 1:2 fgaugll 100 esrwaidea Wwan 60 Wil Weasunaidsiial il
=3 v ¥ a ¢ o & v & a a v o % o & @ v &
W nsesenninlusmeinansuues 60 asnislilildunigungivies Wi dluiusnulugidu
(gaungdl 25°C) 1wian 0, 3, 6 uaz 12 Fu thesnangLiudsiisligungieuduiian 10 wrdl
PJriaauuuntufingnauunldlunisnnass

UM 1 luasinlneasmuduimane

wissnansazaelalagullalagiuainildends, LAB SYSTEM CO,LTD.)Saway 0.1, 0.2 uag
0.3 Tnvuutnsausuins IavazarulalagiunsluaisazatensaLodfnsosas 5 laguIuinsse
Usuns sensesluanudigaauazanaluiedeaiy tharsazanglalseuiwseuldunnusauy
Kdreneanedn (51u 9.891931) U1nidn 66 nTuseni1s1auns lnelddnsidiuszmnadinindse
Ysumsarsagatelalagiu 1:50 dirnguansazanglalagiuwardudasisiaissqudnaisiadl
(VPM-1A) 91 80 %wpu WK IN1UAITIUEAlUDULaRI8LATBs0U (LABTEC) Mgl 60 8en

= a e A a ~ I3 o v o & A

walgea Wn 1 Wil nluniinfigamgll 100 ssrmwaldea Wuad 1 il deuddenancuuasy
Linunsanusisaaslalagrusisdanluazialvean snsrdrudindndmeusuinsu1d 1:50
Y a = = = S o v aw Ny v 5 Y v v K 1 al
gl 100 aeanwaidoa lWual 60 u1fl MntuRMgeudaneiieun wdid1eieuayy
gaumnd 60 asrnwallea WWunan 10 il Ussliunalpemsinainishing (K/S) meLasasinnany
LANE19Y04d (Spectraflash SF 600+) antuAnwInzAwazanlunisdoune aungi 40 60 80
way 100 asrwaldud taztial 30 60 waz 90 Wil Inedeuisrnyiukazliiiunisanissiaglale
YUY GAVNENAFDUAINUNTEANUYDINIAUNINTFIU ASTM D 1388-6 (reapproved 2022) migiATes
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NAFBUAIIUNTEA 199890 1 (stiffness Tester) NAABUAIIUAINUYDIAADNITTNAIUUINTFIY
15O 105-C01:1989 Tngldia3sanaaaumnumnuuesdnanissn (Gyrowash) NAFBUAILAINIUY DS
dan13UngMINLINTEIU 1SO 105-X12:2016 ﬁ’haLﬂ%“‘awmaaummmmuﬁuaqﬁs{amssﬂ’mq (Crock
Meter Tytle Rubbing Tester) LagnA#oUNITANUKUATIIEAINNINTFIW AATCC TM 100-2019

3. NAN1SNNABILAZIVITAINE

ynNsfnwn1sdeuuaziasaudinisiuwuaiiovuindelaeldlalaguduaisiiefnd
wuh deduatadnnluasimineanlaslddnsdnduaziaidei 1.2 figungl 100 esansaidoa
Bunan 60 uiil dnwazvesidfadeldannluanaleandudiimauns gu Saznou f3uil 2
finduluaziangunse a1 pH 7.5 (Junana) FeduusiimsdnuuszneusieuTmnalalasy
il wavian fanyay wadilddudel

M3inAN15And (K/S)

MnRan1sAnyinsfeunavaudanisduwuaiissuuinielagldlalnguduansiieind
Tneifuinulugifu nuinihawasunddimaunadudimamdessasud 3 usdedsiislia
gaungivondunan 10 wiit dAadsunduduiinawnaniewdy nduluazionanas A1 pH Ll
Wasuuas uazideifuinulugidudunat 0-3 Yu mnsfedifinty wiidoinnailunmsifuin
90 3-12 $u AmsAndanauazaiidsguil 4 uazlifinadolandiilosnnd (CIE L*a*b) IndiAes
fufannsned 1 fadunalunafuinvbhddmasande dusnulugifuiuna 3 Yu nsld
Uimnallelnmuiuandnafulunsanudeindionuin fiefinnudssheasazanelalasuliiainig
fnd (K/5) Andrdinedlalduiunismnues wasdoiuusunalelpeuduidosas 0.1-0.3 Tag
iaindeusuims viiliAnisindiiududegudl 5 uaslifnadowadidesninad (CE Lra*b)
Tndidestufansned 2 Yinalalneufivansauiiaefedesas 0.3 Tnsdwidndouiinms

nansAnwgaminazna i zaslunsdeunazan Uinsinuuuaiievusi e sed
nnluazanlagldlealamuduastiedndnuin Wlefiugamafinisdouan 40-100 ssrwadea
ylsiansing (k/S) ndudazud 6 deifiunailumstienatn 30-90 wiit Ansind (k/S) Rty
wuduseguil 7 lifinadeandifosndd (CIE L*a*b®) IndiAssiusanmsnedl 3 uas 4
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' v
I v o

UM 3 dnwazindnadaldanluazandianuinwlugdu

Frugangiiuazinanuungaufiaelunisdeuuadl fautRnisiunuaiiouuindelasld
lalownuduanstreindde figamgdll 100 ssrmwaidea Wunan 90 wil

AIUNTZANYBIA

NMIREEUANNSE M asmui telsenuiinnuasuudnfheldiinaeaunse ansves
i flosnnfiszornisidssewifunsininnusuasllldmnusedelalaeu waziofiuysualala
g1uandenar 0.1-0.3 Inguminsdeusuins wuinluinaronnunsednwesdinguiu
dlosanszeznisldsevesinldiuasuulas famsedl 5
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(K/S)
w

=

Anshing

=

E3E0
JUN 4 Anshind (K/S) vasmsmiatiunisiiuinwiing

A1 1 A (CIE L*a*b*) YaensUIIaUNSAUSnYNE

nalunsifiusnwn Ad (CIE L*a*b*)
ihd () L* a* b*
0 66.24 8.92 11.59
3 66.49 9.51 12.13
6 66.20 9.68 11.60
12 65.21 9.83 10.34

A1519% 2 ANd (CIE L*a*b*) vaenisvusunadlalaenuitlalunisanwsasngne

Usualalaeu Ad (CIE L*a*b*)
(%W/V) L* a* b*
0.0 69.17 8.86 12.35
0.1 65.49 9.45 11.78
0.2 66.49 9.51 12.13
0.3 63.15 10.17 12.97
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M19199 3 A3 (CIE L*a*b*) vasnisvngamgiilunisdeudihemedaintuagian

gl Ad (CIE L*a*b*)
CGALAIGREG) L* a* b*
a0 80.09 a.70 9.28
60 77.36 a4.87 10.05
80 70.26 8.50 10.55
100 66.49 9.51 12.13
AM519% 4 A (CIE L*a*b*) 9eansvnnaniunisdeutihediedannluagian
nan And (CIE L*a*b*)
(i) L* a* b*
30 66.22 10.05 10.58
60 65.21 9.83 10.24
90 62.92 10.23 11.93
5 —_
4 -
g5 - o
T 2.20 O Laimnuss
=
c o - 0.1 %W/
TG
M0.2 %WV
1 -
B 03 %WN
0 .
Usanaulalmeu

JUN 5 Anshind (K/S) veamsmusinadlalagnunldlunisanusadnie

AIUANIUYDIE

Pnnsenwnsdeukarautinisiunuaiieuudinihe Tneldlalamuduastiefndiile
U MAHOUAIILAIVILY BIFABNTTNLAL AU AN UVBIERDNTTAGNUIT  AUAINUYDIERBN 54N
ﬁﬂ"}mim?wﬁasﬂmsﬁ’uﬁ-ﬁmn Armsandeuduuduluesdne fhe luaeu wodloamnes was
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avAsan agluszaufunn uiAnsindeuduudulovudnd aglusedud-Auin dansen 6 uazany
AIUYasdreNITngeglusyAuA-funInIEwiarA1Isden Mannsen 7

NITAIUUATIS Y

NNANIINAFEUNITEIURUATISE nuTdefiiunsdendanluasnilaeldlalae
Juansyrefnd fn1sanasweanuaiiise Staphylococcus aureus Judunuafiiownsuuan (Gram
positive bacteria) §ouaz 97.8 wazwuniie Klebsiella pneumoniae 4 1vdununiisauwnsuau
(Gram negative bacteria) Sp8ag 0.0 LandI W 1K 188 ouFludzLAT TaUUAR ULUAT LT Y
Staphylococcus aureus wikifiautaguuuafide Klebsiella pneumoniae fmns13fi 8

4. a3UNaNITNAADY

NnMsAnyINIsdounazautinismusuaiiseuuindemedantuasaniagldlalnguduy
asthefndnudn nngivnzaulunsdondanluasen fe fuatndanluazienlaeldsnsndinly
agiadotn 1:2 figumgd 100 ssrneaidea Wuna 60 widl Mntduruinsesusnninludaeih
anuuas 60 (60 mesh) deislilmBuiigangiivios \iusmulugiduldifuna 3 u udrthoonun
Fainslifigumgiivendunm 10 uit dewhlulddoudnihedanussdslalasu Sasay 03 las
haindeuiung sasdudminddevsuinsaisavanslalngiu 1:50 F135n159usnouwiai
gaunnfl 60 osrieaiva iunan 1wl winansfigamgd 100 ssmwadea Wunan 1w 1ndu
ihludoudnnluasa TneldSamarudutnidotnd 1:50 figumnf 100 ssreaidoa iunan 90
il flenaaouantianuamuesd WU muamuvesddensin fdnisdsuduazAinisin
Woud ogflusyduifadinn munmuvesdronisdng Manneuiuaznnzndoneglussduaiadun
Lara1u1sadIuRUATS e Staphylococcus aureus @ wdunuafitisunsuuan (Gram positive
bacteria) Mfe¥osay 97.8 uildanunsafiazduwuafise Klebsiella pneumoniae Budunuaiiiie
wNsuaU(Gram negative bacteria)

5 -
a -
w
> 3 2.67 -
T 2.50 O 40 ssrwaldoa
& 2.32
P 2.19
c .
= 60 DIALYALTEE
&
W 80 ayALwALTYA
1 -
H 100 pamiwaLdesa
O 1 1

DUNNE
9 U

JUN 6 Amsind (K/S) vesnsmaamgilunisdeudihemedanluasian
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O 30 wnid

[ 60 w1

W 90 ui

pav

T

JUN 7 Amsind (K/S) vesmsmantunisdeudihesmedanluasian

ANRNIsUUIZNIA

au Ao & i Y ¢ Yo oy A N ¢ & v a wa
mAdeildnseqanldeauysal Wneldsurmuewanzildesedo/aunsal uviviesujus

nsfounaznsvegeudme MnawIvivnaluladinildme AugenaINTUAmaLareaNLUURNTY

URINYFYNAULAD T VUIAANTZUAT

A15199 5 HANITNAFBUAIIUNTLAIVDIH

S2UrEN1SIANBYBINT (WURLUAS)
USunalalaeu(%w/V)
adadi laimnusia 0.1 0.2 0.3

MY | ee | Y | g | g | g | g | ane

gu | owe | Bu | ovie | 8w | owe | 8y | i

1 2.7 2.0 29 2.0 2.7 2.1 29 2.1

2 2.8 2.1 2.7 2.0 29 2.0 2.8 2.0

3 29 2.0 2.8 2.1 2.7 2.0 2.8 2.0

4 2.7 2.1 2.9 2.0 2.8 2.1 2.7 2.0

5 2.8 2.0 2.6 2.1 2.8 2.0 2.7 2.1
Lﬁfdilﬁl 2.78 204 | 2.78 2.04 2.78 2.04 2.78 2.04
F]I']LﬁENLUu 0.083 | 0.054 | 0.130 | 0.054 | 0.083 | 0.054 | 0.083 | 0.054
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A1519% 6 NANITVIARDUAIUAIUYBIERBNITEN

. - & 4
ANNS ANNSAALUDUE
N1Aae819 | Wasy - noa - ny
. ardwn | fhe | luasu . | ovA3dA | vudnd
a LOANDS
ARNRGIN
ALLAn
oglaUSuney | 4-5 5 5 5 5 5 4-5
Talpenu 0.3
%W/

A1519% 7 HaN1SVAFRUALAIMLYBIERaN1ITAY

v o AINSFAALUDUE
191984 - -
AT Azen
mdaudluazianlaely
- 4-5 4-5
Usunaulalmeu 0.3 %W/V

A519%1 8 NANISNAABUNSANULUATILSE

ﬂ'liaﬂa\‘iGUENLLUﬂﬁL%‘EJ(%)

v o Klebsiella pneumoniae
N1RID819 Staphylococcus aureus ,
N . (Gram negative

(Gram positive organism) ,

organism)
Hdeneny1 22.2 0.0

Hdondluazianlagldy
Usunalalnenu 0.3 97.8 0.0
%W/V
LBNE1581984
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k24 oS Y 4 Y
n1sdaudinluasunieanslidainninniun

Nylon fabrics dyeing with colorants from coffee grounds

3/ AU UaL UIYY ARST
avivinalulagiaifme AugeRaIMNTINAMBLATERNKUULNTY InNIne1aewmalulad s uIransEuns

*HnusUsEaUNY: Wiy Afiss Email: Nongnut.s@rmutp.ac.th

unAnga

ATl ngUszasiiflefnunnianslidatannmnmuraussgndlilunisdesdiduleluaeu Toe
nsafinansTidnnnun T8mmaussnieninniusiotdl 1 n3u e 10 fiaddns MeTBmadudeaduna 60
uil uazthansazaneddladenvuinluasuiigaumgd 100 ssrwaidoa 1Wuiian 60 uIfl nan1s@nyIMUIn
asavanedfadaldannsodendedlifluanznisdeniiiunse Tnefidfesazvomisdendndegifosas 64.86
uenanil lfinsAnwinavesansuesunu (Mordants) iodnynsduazaudinnunmuvesdvesinild Ineld
NIrUIUNITHETLAYINGIN1TEaN (Post-mordanting) Mmeezgiiileslnunaeudanuazinessadamn uagyinnis
NAAOUAIUAINUYDITABNITTNA1UAZAIIUAIMNUVBIFABN1ITAGAINNIATIIUN1TNARDY AATCC WU
nszUILMsesuLAwivdInsdoninarednunzdvesi Tnemsldinessatamniinadensiudsudvesingsniinis
THovgfifenlmunadondamn dmiunuamuredronisdndrsuazanuamuresdrenistag seiliniuns
huesuauikarnavimesuawiAAuAmueglusEAUR TregluseAud

AdAgY: nnnuil nsdenddae duleluaey

Abstract

This research investigates the application of natural dye extracted from spent coffee grounds for
dyeing nylon fibers. The extraction process utilized a ratio of 1 g of coffee grounds to 10 mL of water (1:10),
boiled for 60 minutes. The obtained dye solution was applied to nylon fabric at 100 °C for 60 minutes. The
results indicated that the extracted dye exhibited good affinity for nylon under acidic conditions, achieving
a dye exhaustion rate of 64.86 %. Additionally, the effects of post-mordanting with aluminum potassium
sulfate and ferrous sulfate on color characteristics and colorfastness properties were evaluated. According
to AATCC standard testing for colorfastness to washing and crocking, it was found that post-mordanting
influenced the final color of the fabric; specifically, ferrous sulfate caused a greater color shift compared to
aluminum potassium sulfate. Regarding performance, both non-mordanted and post-mordanted samples

demonstrated good colorfastness to washing and crocking.

Keywords: Coffee grounds, Textile dyeing, Nylon fibers
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1. UMY

Jagugsindununludsenalvedenddasumiuaulaanngussneumsiasinisveedieg
soifleq agviouanmsnuvesnsumsimnelu nsgvsrendud Assyidnmmsuilaaniunduuli
geluedasteriios Taglull a.a. 2023 nananusilnediyadisan 34,470.3 v veneifesas 7.3
deiguiul a.e. 2022 wazaanisaliezdudulaseiledludl a.a 2025 o inusssun1SAx
nuslldnaneidudiunisluiadinusedriuvesiuilan (1] Fenaaingshadenarndudadenied
AelAnveznninnunifindefiadusuaunn mnmsinymudt sezanmanmundvinuuesils
nauInnInausiu Fedniinsurlddsslevdlusuiu o Wevanansatasansiuiuesmveani (2]
TnghAsuileifinsthnnnunuldliAnyselow Aonsunldlunisdonddme dudunisiansls
Aftansnataldntansssumnliusslevilunududmefiuunldudiudu iesandeanu
#eansiazanuunumslidduanegiildannssuaunismand fsddaamsivansvindinase
Snuurrninfisainnszuaumadon wavenadimneduudousndduthiie faushednisiidauda
pnal BeoradmaliAnuanmgnehiiinadedu i unas gy

nsfeudnsssumasiamudendoruudulosssumnadundnidesannldnszuiunisill
Fudou mslddsssumidonvudiloduaneidvihadnies udliduiifoundu msdoudsssuma
vudulenedioames osndesldinetiafimwvidoldansied ieviliduloannsogaduddonls 13-
51 mnmsdnuiludesiunuin msldmanunlunmsdesfiviuty mAdeiRstesiudoninniun
fosvhmsAnuniudulesssund [6-9] fomgi euzdifeldenuaulalunisihmanu Fadu
faquidefafiduiinaannangsiaiuniu assgndlddenduu dulsluaey’ tiaidumalfiuygad
waztfumadenlunslivszlomianvesdomundniasugianyuiou (Circular Economy) mauafi
dendnwudulelussudesnniuduledaasginsimilsidunmaniadendsiudulelusiu 39
annsoldnszuaumsteudneddonssamaléd Snvsdadudulefifunumddyuargninlunamdu
nAnSusidmeiivarnuans laefmuaunmisumsinvsausmsatnanslidanninnunlvdaa
wngansonsihluldanu mamamgiimneaslunszuiuniséon msfnwautRnisindvesansld
afinanninmurluuduleluaeu audiinnuamured wasnsusulannuamuresdnonisida

2. 35n151MNaB9
2.1 NSHSPUUIFAINAINNTN

lumswssuthdadaddmsunisneass TdnnnuniugosinAkIuNTEUIUNITYS
P A . ° ' X A a ~ )
meirsoteasaly (Espresso Machine ) thaneuldauaiufiaamgil 100 ssmwalliva JuNTeN3
Towmneei anntisiinnniwiuweludidunan 24 92109 warthlususenduwian 1 97lue e
Asuimuaal aanehiliduiigamgiivies wazvinisnseaiiewsnnineen tnenseurunisainilly
BNIIAIUNINALUFEBLNT 100 ASU M8 1,000 Jadams (1:10 WweuntnaeaUSuImg)

2.2 nsdsudrinluasualeundainninniun

A ldlunisAnwndudluasudnuuadu (Warp-knitted nylon fabric) ¥1n15¢au
mgasaneaannnnii lneimvuesnsidiuindeusedandme (Liquor ratio) wiriu 1:50 (K1 1
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% sethdane 50 fladans) sreltesdouszuuduNIse (R Starlet DL-6000, Daelim Starlet Co.,
Ltd.) igaumgil 100 esrniwaiBua Wunan 60 wift Tneutsmanaasseenidu 2 amg Téud aned 1
thaafaiiliniun1sududn pH uazn12zd 2 A1aznse (pH 3) Tneusuanmindeusiensaevdin
(CH3COOH, J.T. Braker Company) dmsunsfinwinavesandidnednuasnisind Lﬁafﬂ#’fmawmi
foudi 2 (pH 3) Immmmunaﬂumiaaw 15, 30, 45 wag 60 W9l mum@‘u Mendnasafu
AsTUIUNMSEeN T uUNAdaUeENIINd1TaTANELAZYIAILaz e e TAFd A uf e
avaz awawm*&m (Sopinol xp-18, in ansmalaiiaoa aumamwa 1R) AMUTUTY 2 s
ans mammwaa MndudradeinazonuazUaesly meammwaq nduthdi i lalufne
dnwazd lnen137nA1999dlusy U CIE LazA1Auand (K/S) muaun1sves Kubelka-Munk [10]
freaIesaninstnladined (Color Quest XE, U3¥m Aaae tnalua s11im) a1elunisinlusa
AT (Specular exclude) 7irMavaeuaed 10 83r1 Mglaunaaniiiauaiinggiu D65

2.3 NNSATUIUENTINTSHBURRARATANSaraZYRINSHTINE

N5AnEERTINISAREveT faudiethdainniniu sudunstaoifudiedi
ansazanedion 2 szoz laun asazansddeuneusunssuiuns warasararvadeuflimdenends
/aSad unsruIuns nnFensiaedindu 50 Wi anduifamIgandunduias a Aaue
aduiidnsganduuagean (Umaw Tnelddansliloanuagididaaninsinlaimes (Uv-vis
Spectrophotometer HALO DB-20, Dynamica Scientific Ltd.) ‘i]’]ﬂﬂyuﬁﬁﬂlﬂﬂﬂi@@ﬂﬁULLﬂﬂﬁlﬁMﬁ
mMunumSesarvesdnnsdoudind sunandluaunisi (1) dmsuandosazveansuing dwalag
ofuArudN v Tk unsSounazidnddiuiunds fuanduaunisi (2)

Exhaustion rate (%) = — x 100 (1)

log# A fia AIN1sRANAULAIYRsAgaunauN sdou uag A fie AN1TRANAULAY

999U FDUNAINSE DY

K/Sa
Dye fixation (%) = ———x 100 (2)
K/Sg

T8N K/Sx A9 ANAMULULEVDIIINAINIUNISTNANS Ay K/Ss AB AANULIUATDIEN
ADUNIUNITTNAIY

2.4 ANSANYINANISYINUBIHLAUNA DA NYULAVDIHN

aa

WioRnwHaTRIE1SESLALY (Mordants) Tilsednwazdvesdluasufidoudieans
anmannInneil tevaenldaisuasuaud 2 via lown aradidoulnwnaoudainn (AK(SO4)2-12
H20) waztnossadainn (FeSO4-7 H20 (Ajax Finechem Pty Ltd.) lngleignisuesuaunnignaenis

g9u (Post-mordanting) Tuneun1saassaiulagtdiiiunsdond uudluansazarouasuaun

[
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dld v v U 1 a Q-I/ dl o o v -7 1 v o
ATAMUTUTY 10 NSUFanT LTua1 15 F2lud i amasuiinuaan vik1seg19luanevinaiy
A¥019 haren bk antuiluasiaiaadlussuu CIE A9Isnsitanatukaldnasu

2.5 NNSNAFDBUAIUAINUVDIE

YN1INAFBUAIIUAINUYBIFFDNITTNA1AIUNINTFIY AATCC Test Method 61-
2003 (Colorfastness to Laundering, Home and Commercial: Accelerated) A1Ign15NAdsU 1A
LAENARBUANAINUYBIERBNITAYANNNINTZIU AATCC Test Method 8-2005 (Colorfastness to
Crocking: AATCC Crockmeter Method)

3. Namiwﬂaamaz%msniwa
3.1 nan1sdaudrnluasudlsurdainninniwn

AN5197 1 Avesdnazanwurdvasinlussuidaumisirdannninniw

., GRLGEG ..
AMEnsdou anwuzd
L* a* b* C* h* K/S

nOUTNANg| 56.92 | 9.82 | 25.32 | 27.16 | 68.80 | 5.00

PaINang | 63.42 | 11.77 | 25.34 | 27.94 | 65.09 | 3.88

nOUTNaNg| 47.88 | 8.82 | 21.73 | 23.45 | 67.90 | 7.35

PaIGNaNg | 53.45 | 10.99 | 26.61 | 28.79 | 67.56 | 6.57

Snwazdvasinluasuiitiiunisdon andeyardlussuu CIELAB finandlunnsned 1 e
FsUIudioUsEnIIanMENsHaNta 2 NIrAERdINILNSEUILNSN Nuthfed siiiand
P& desiulnoda a* waz b* luuansiafuaindn aaleﬂmmLuawmsmwmumaﬂa (h* ma
Hue angle) wmwmmaﬂumam 2 (pH 3) dien h* WiuTuan 65.09 1 67. 56 dlofeuiuntied

1 famafinduvesan h* fusindvesinfanultudedumdwdounnty Wesmnduudanaiodl
fevnadlndfidn 90 e Fadusumisvesnudmdedluuinglid CIE (CIE Color Space) [11]

b

HBNINTUNAIANULINENIINFINTZUIUNITEN WUIRINEaUlUNMEN 1 TA1ANULINEANAY
270 5.00 W 3.88 Anwdunisanasdesas 22.40 Tuvueirinfdenluniien 2 WSuaniznsa) den
anasa1n 7.35 Wi 6.57 andunisanasdesar 10.61 dawandliiiuinnisdaulun1iznsaiisnsinis
Y oA o A v o) o & ' oy ~
ANAIYBIANNLTNANAINIT FTAWINIRIA UL TUNTA-AS (pH) vesarsavaneddonainninniiwil
dvSnaseeiitudrdyreusransnmnsdendeduuduleluasu msusvanmihdeulviaiudu
- & | a v v o P ) A vaa & | v
nsaiadu (pH 3) duasulmduleluasuaiuisagaduuazdainizivlianadlafgaiu dewalien
Aundvesinlageninisdeslunzunfegadaau [12]
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dl U = o a ¥ dl ¥ % ’6’ a dl 1 L2
A15719% 2 Avesdilavanuiurdvesriluasungonmetundann1nALNAaIR1eY

LanlunIsg ANUDYE
174 s =1
894 ANV
- L* a* b* c* h* K/S
(W)
15 63.14 9.98 2739 | 29.15 | 69.99 3.92
30 6085 | 10.11 | 2689 | 2872 | 69.40 4.39
45 57.37 9.52 2533 | 2706 | 69.41 5.26
60 5345 | 1099 | 2661 | 2879 | 6756 6.5
Broudnans B udsdnds
8.0 1 7.35
_ 6.57
6.0 589
§ . 470 4.92
@
=1
*g 4.0 -
g
?_‘-
e
2.0 A
OO T T 1

45 60
ranlunsdan (w1i)

AN 1 AeNUluAYeEN luasundauAetndannINALHALaIE I Y

Tunsnuinavesszeziiatlunsden Ifdmungamginisdeunsiilii 100 s
waldea laefinnsananauiimeeuiouvendulylussudadunedmeissinnmeslunaadn 7
floamnfinsiuasuaniuzad1ouia (Glass Transition Temperature: Tg) ag/lugiag 40-50 99a1
waldua [13] Msldenmgiigdlunisfondadmmdnduedreds ielimdsnunmdounsydulians
lgluanalulassairediuedngiu (Amorphous region) Annisiad sulmnazaaiesa (Segmental
mobility) dswalilasiairaduledaeenuazdeliluanavosddonamnsouns Wigmeludulelsd
agaandu [12, 14] Mnuanisvaaedlunisd 2 uandiifuinszeznailunisdoudiauduiug
TnenssfuUsuunsing nanfe maiuszesnalunisdendwaliaaududiagdu e
fnsanfisuiisunmendsnsyuiunsinds wuidaududinsanaudendntes luvas iudd
voarndinad dnwazniloudy Fuiuldandmuvesd (W) vesiidegaiidalndidsaiulumn
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a

H23:3a1n15M0a 04 Medarguvesdilunisdinesissusduniweotanduuuigid CIE Fanisiian
sanandanulndifissiu vaglaindidegdinedidediu viedneglungudifesny [11]
3.2 HadnNsdaudnduazAtFouazvaIn IHiIng
A9 2 uansdnwagalnasunNsgAnauILas (Absorption spectrum) Yesndarin

31NN AINNTITATIVADUNUIIAINITAANG ULAIGIdn  (Amax) Usingeylugusd
danslalewan (UV Region) TunsAnendslaldenmnunainueniadud1usunisnsiaiafl 400 uilu
w3 Wesnduaueieduieglugiwasiauesiiu (Visible spectrum)

24 A

20 A

Absorbance

0.8

0.0 T T T T T T T T T d
200 250 300 350 400 450 500 550 600 650 700

Wavelength (nm)

A 2 alnnsunsganauuaswesiid@annninniui (pH 3)

A¥evavresdnrinmsteufinduenihdnnmaniuiiidenvuilusouandunned 3 uang
Tiduin amgenudunsafiunuimdrdglunisdauasulssdnsnnnisdoufnveuduleluasu lag
mstenlunnizdl 2 (Anznan) ddfesaznsgeduddougsisieay 64.86 luvarfinisdenlunied
1 (bivsu pH) dafisedosay 22.31 wan1sneasssinands@enmdeInuaAIsosazn1SNEng Aslans
Tun il 4 Fewuindiideslunned 2 fussdvBammaniindigsniinnegd 1 Gevar 89.39 uaz
$ovay 77.60 nuddu) Bawanddidiuin nsuivanmihdeulddunsalunmefins andniu
nsfeudatnanmnnunuuduleluaeu 1iesanmyfledduszdlululassaradulaunsaiy
Tusneunaziiniusylesadnduluanadléddu [12, 14] dmdunavesszezinalunisdouuay
UsgAvsnmnsgadud dananslunimi 3 nuimsiinszeznatiunsdendmalnsesaznisgadud
funliniugedu agslsfoy Wefinsanlutianan 45 81 60 wfl wuddhrngaduddensy
asiuazdAanandniios danaiinszuiunisdenliitngnaunavesnisgaduddenlugianm
AINA
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AN519% 3 ANSPYATYRINISHRURNANN lUaRUNE DUMEYBINAATAAINAINNLLN

3 AINSAANAUARULESE (Absorbance) Sovazvasnsdounnd
AMITN1EYBU .
naun15dau Naansdau (Exhaustion rate, %)
1 0.2290 0.1779 22.31
2 0.2163 0.0760 64.86
AsouRnd Asuing
100.0 7 100.0 89.32 89.32 89.39
83.55

g 800 A S 800 A
o 63.25 65.14 64.86 c
- 58.81 0
o 600 1 T 600
2 &
.:;; (]
2 400 4 & 400
N
&

200 200

00 e . e 0.0 e I . . .

15 30 45 60 15 30 a5 60
atlunisdou (W) 1aalunsdou (wi)

AT 3 AN3RUAZYRIDNSINTSERUARALAL SN TNAVRINN L UARUNE RUABVBILNANAINAN

AL (mwﬁ 2)

3.3 HANTISYNUBIHLAUNADA NI VDIAN

Toyan1duazanvaryng) e luaaunendINTEUIUNTRTUAWY Aauandly
AN 4 FIAIUININTEUIUNITUDSLAUYLAS T TAYDIANSUIURARTDNTNAMDIRAAV BN LALAN AN
fu Wefiansandimmaing (L) uagAnyuvesd (h*) wudmsldanshefndozgiidonlnunaidon
FalndanalinlanwueanaA s Ua 7 b LK1 UNSEUIUNITUDS elun1En15dauN 1 way 2
NANAREISUBSLAUNYUAUTNANTENUMBN1SUR ULUABILRAARLADUTNUBY TUNIIATIN UYL

v | a a s W | v o a v A Y A A e vy £ =

5t a1svieAndessadan danalianvuzdveadudsundadly InedTdAAuduyy 9
donndeiuAnNaINTanmas Gausngnisaliinannisilessuvedanenaniinaisusenauy

Wetdau (Complex formation) Aulutanavesddeusssuyd vliiAensiuasuiUaswenisgandy
wasavdanalvaladuiuindu (3, 4]
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dl A ¥ d‘y 14 g a v o s L3
A15719% 4 ArdvesrnluasuidoumeundannnInnLHBa NS SuAW

. ) ) Avaed . .
A1TNN8U | Fd17UDILLAUN anyeusd
* | a* | b* | | h* | K/S
634 | 11.7 | 253 | 279 | 65.0 -
] 3.88
2 7 q q 9
AK(SOM212 | 625 | 11.0 | 23.4 | 25.8
1 64.8 | 4.11
H20 1 3 2 9
57.6 18.4 | 19.7 | 69.2
FeSO4-7 H20 7.00 4.5
8 7 5 6
53.4 | 109 | 26.6 | 28.7 | 67.5
; 6.57
5 9 1 9 6
AK(SO4)212 | 55.4 237 | 256 | 67.8
2 9.67 530
H20 6 2 1 1
19.6 172 | 17.7 | 765
FeSO4-7 H20 4.12 581
0 2 1 6

3.4 NANSNAFDUAMUAINUVDIE

3.4.1 ANUAIUYDIAADNISINANS

Han1sUssluaudfmiuamuresddenisdnvesinlussundoumeansainainnin

n1ul 1ne9198IBNIINAABUMINNINTFIY AATCC AIuanIsIastdentun1snei 5 91nn15NaI5IAT
d’ a U Y o 1 = v I & I
n15iUAsuLUaswesd (Color Change) wulnddleg 1l seduauAmuey luinueis lagnudn
NITUIUNTUBTLAUNNENAINTSEDY (Post-mordanting) HununlunistieUSuUANLAMmMUYeIE
son1sdniviay dmsunsinidewd (Color Staining) nuineghunadia egalsiniunanisnaass
Fuinislduesunuidinasionisusugsaud@dunisiaidewile adndesidiafisuiunsdii

Talonun1suaswaun
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A519%1 5 AUASNIUYBIARNDNISTNANGVDINTINIUANTEBUA L LNAIINNINNLI

STAUAIUAINUVDIE
o p . . Ansanidaud
A1TN15803 | d15UBTHAUN AN
r 4 . luae | wod e | U
wWasuwlasd gugion | e J|oze3dn| .
U |eawes &)
- 4 5 5 5 5 a4-5
AlK(SO4)2-12
1 4-5 5 5 5 5 5
H20
FeSO4.7 H20 4-5 5 5 5 5 4-5
- i 5 5 5 5 4-5
AlK(SO4)2-12
2 4-5 5 5 5 5 5
H20
FeSO4.7 H20 4-5 5 5 5 5 4-5

3.4.2 AUAWUYRNEAaNIUAY

NansUsEuALAUYREsan1sing (Crocking) vesinluasuidouseansariaain
mnnun Tngdnedanasgrummaaey AATCC dauanslunssil 6 :nnsmaaeunu faoeisdl
AauAsuesdeglunasiin vty nnsaidnguitauaznnnsaidngden Suandiiiuindden
finsunsndunazdangiuduleldd lungaasneenuildiofieiansidend egialsAnuiile
WA1TUIN T NTNAVIAITUOTUAUYT WUTINTEUIUNITUBT LAY N18UFIN1TToudINAsBNT
Wasuulasiaunmuesdenistagiiteadniios

A15199 6 mmmmusuaq?wiaﬂﬁ‘ﬁ’mgsuaqﬁﬁluaauﬁmumﬁauéﬁaﬁﬁ?’mnmﬂme\I

3 ., sefuAruAmMUYasd (AnmsAnidoud)
A1En1sdiay GUEHGRTEINY - -
ATIBUI Amzden

- 5 4-5

1 AlK(SO4)2:12 H20 5 4-5
FeSO4-7 H20 5 4-5

- 4-5 4

2 AlK(SO4)2:12 H20 5 4-5
FeSO4-7 H20 5 4-5
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4. a3

Py Saw ¢ A A W ° o 2 YV & oY
n1sAnwifidnguszasdiiieUsydiudnenmnisihninmunivaeanyszgndldiduddeon
555uTRE NS UEN L UaaY TneFnwUaduAmuN1IENISHoN NAYDIAISUDSHAUY hAZAINUAINUYDIE
NANITNAADINUIN WAannannInnwiatusadeufediduleluasulantunneimdunsa laedlan
v o Y Y ~ a1 W A e I &
SovarnsQAtud Wiy 64.86 wagATeravMINTnduiniu 89.39 Wefnwinavedansueiuauilay
143501505 AUNA18NEIN5EN WUINTTAVDIEITUDSHAUNAINARDRAZTILANANNAY NA1IAD NS
Morgiiloulnunadoudamaliiandnianuaine anla wavlnaldesiudnlalaniiunisuesuaun
TuvauznnsitmassadamndswalmandinnudukasIuad WonNNUEISUSLANYINIEDITLAT I
USudssandRnuamuresdiviedlunad nanisAnwmiwandiiauinninnundaduiagmield
anusathunlausylevulunisgeuddamalag

5. ARRNSSNUIZAA

s

MAeilasuyuatvaywuyssunnawuiianIdunglalasinsduasudl se Ay
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