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Abstract
Title Roadmap to Environmentally-friendly and Innovative Textiles
Field Science and Technology

Name  Mr. Somwang Boonthongrungtawee Course NDC Class 62

This thesis describes the process of producing eco-friendly and innovative
textiles, as well as the obstacles that the industry have to face going forward. A study
in Taiwan on innovation in sustainable textiles is carried out at Numrung Rayon
Limited Company from three main products: Covid-19 protection mask, anti-bacterial
socks and anti-mosquito tents. The research is carried out in three steps: 1. Literature
Research; 2. Lab Experiment; 3. In-depth analysis and interview.

From literature research, Taiwan has developed an innovation that aids
the process of pigment input directly into the yarn, without requiring the dyeing
process that is harmful to the environment and is costly.

Following Taiwan’s innovation, a lab experiment conducted at Numrung
Rayon tested the injection of additives, like Nano Zinc, into the yarn directly instead
of applying a simple coating on the outside layer of the yarn, which after a few washes
will cause the property of the Nano Zinc to disappear. The lab results shows that
by adding Nano Zinc 2.5% into the yarn, there is a protection of 99.97% against
bacteria and Covid-19.

For the anti-mosquito tents, a collaboration is carried out between
Numrung Rayon and Bayer, one of the global leaders in pharmaceutical and health
care industry. A special addictive, produced by Bayer is injected into the yarn, giving
a very satisfying result.

Through deep analysis and interviews, it is revealed that the obstacles
that are preventing textile industries from going forward in a greater sustainable and
environmental-friendly way is the cost involved in the process. For example, to get
the proportion of addictive that needs to be injected into the yarn to meet the purpose
requires a lot of trial and error. The quality of addictive, masterbatch and the yarn
has to be of high standard which is rather rare domestically. To help increase and
develop innovation for Thailand's textile industry, Thai companies like PTTGC, IRPC,
HMC Polymers should aim to develop specialized addictive and raw materials

domestically.
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019 aanvesieuladinsudstugannlas q Avild lasfianusavinldgnninfvugly daly
fnandafesiunsdsunsegnsfiuanseanniiy weazldlidesnnegluansniivesasasiugmn
paeaa tudadufiuvesmsiuyadlifuidieulnd Tnensi s udiounesiindu
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gnamMNIsuAduLarnInang Fujifilm LanduunuesasnunIugaRdawasnsneInsmse
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psAnsitimmansadmaindosiinuimsannasewinenuiaiosiuncuas
ArwaansalunsUiufegaaona Famnemuinuasaiiesdnsiiiunisasiini
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aruannsaiufifesdiaudavguinnwefiorannsausuildsuldmnagniizduiu

N8NV BEAIUN15a] (The contingency approach)®

wqwﬁmiu‘%miL%qamumsaiﬁ?wﬁuLLmﬁmmw‘%mﬁmmaﬁﬂﬁma%ﬂﬁﬁa
fetuagfvaniunisal videiduwnAndadunmadenvesuimslumsimualassaiiauas
szuumUANesANT tnstusgiuaniunisaiiasdnunesne o vesanInuIndonnieueniia
NANTENURBNTALIUNUYBIRIANNT FetTuTBnsfinaniesdnnsifidnvazunnsiaiu
Fafoundgyfuaniunsaifuansnetu uagdadddisnsudmsdianisiuanseiufie ngul
nsUsmsBsanunsaifunisusraulszanunuAnlunsuimsianisiiddny 4 Usenisfe
1. WUIRALUUANRY 2. WUIAALTINGANTTH 3. LUIARTIUSHIN 4. WUIAALTNTEUY

VUi 99AN1IANAnIUN1SAIMaENIAl (Contingency Theory) Suflunumussana
Uaned a6, 1960 Lunguiiiauninainanudndass Anesdnsfimunzaniigasaz iy
psAmsniilassaiisuarssuuiiaenndosiuaninindon wazanmauduasweseadnis
Freguuitugrunsinuaninuindendiunndiafuresuyws (Humanistic Environment)
ngufosdnismuanunisaiuasnsdifdaszan Ineflsssued (Natural) WuduUsuasdu
UadudAgglunsimunguuuu ngunaet wagseileuuvuwn Tdnwasdumdunawas
donandasiuaninauuase anmwanden wWmuevesesinislasdiusiunazitivug
yosandnynenlussinig lnedideaunfigiuitesdnsivsnzanfignroosdnisfiilaseaing
uazgluvUiiaonadestuaninuindenvosdsauty 1 fesaufsaningiemans faussau
Al pande msatuayy wazaudensvesandnluesdmstusie

ClEun wwmna. “UUIARNgE)NITUTYISAEan1un15al (The contingency
approach)”. (@aulatl). wWielaan : https//Awwv.blogger.com/profile/15984990737083416134,
2554,
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anmundeuusazesunindenuulealivanzantuegfuaniumsaimsizusiagisad dof
uazdednfnegluiinisuimsifiuszaniamaglinmnuddgyienisidenldnisdnnsls
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Tul 1967 Fred E. Fiedler latauauuininuann1susnisidsaniunisal
(Situational Management Theory) w3evgufaU#n15al (Contingency Theory) Fedordu
nguinsuimsituegiuludsanindefiarisineuuaaiitimadennoaniiaglugng
uidgrinanisuimsionlliislefidfian winusaoiunisalsamnfagidusainuady
msaznduldnsudmsuuulaluanninisalisut wénande 9 vesn1sudmsidseniunise]
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yessruvarsosduiusuasinanssnudstuarfufesuiunnuduiusseninansdnsiu
AnMInABNTateIrnI anumsaiunaiasdedddnsdaduliegnaudsven visaniunsal
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Tunsdndule
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1. m’iﬁﬂw’]gﬂLLUUﬂJaQ;:Iﬁ’lﬁuq'qmmﬁuﬁué (Relationship-oriented Leader)
Hugihissanuduiusiuiiousinanu fiezaiunulinga anummiduiowasiuils
Awdpsmsvesntinau Wugiihiiddededudundn (Consideration)

2. ffrhilsjsnu (Task-oriented Leaden) Wugthiisjsmuddalunu daazimun
firmawazanmsgnilunsvihandfegsdmau Tdnvazadetugiuuuiidddeiioadundn
(Initiating Structure Style)

MsUImMaBsaaunisal annsaldmavguiundseneuiudsraunsaiiiesinli
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SuunnoonuuvssrnsTwiiiendt ssdmswiinisiBouifiazaesatuayuliiAinnisdeans
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T “UnRMINAIIMINAILNEE U (Sustainable development)”. (eaulatl). Wddlaan :

http://www.research-system.siam.edu/images/thesisphd/Effective_Management of

Social_Enterprises_in_Organic_Food Industry in Thailand/08 ch2.pdf.
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fanusoansansynudsnedeuduiannmeiauils Suduiinveauuan mafmuniddu
(Sustainable Development)” Faludaausuuranaaenssuiinislanindiedundouwaznis
Walu1 (World Commission on Environment and Development) #58AgNTTU15AT
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94431” (Our Common Future)
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Wanniifidodunden lnglanzedwdsdymmsliminensiuiosiliaugatuindiin
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(UN Conference on Environment and Development: UNCED) i w.el. 2535 o ﬂ‘gﬁia
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Wonseulivszimading q vusnliewaulammuanseufienismsiauiyssineaogiaosd
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nsauREaE (Sustainable Development) 1 8w ild fusnnlunisiamn
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Tudnunmilsiengnssunsnsufuvinaud (Brundtland Commission) na1aliinnsian
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Lﬁaﬁ'ﬂmjﬂ'ﬁlﬂ%@@ﬂmmamswgﬁa (Brundtland Commission, 1987) wen Nl peANNg
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Jausssuiiatenuavesmuiduuyudie
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wurRANganunaINIsINeaIAN® (Social Enterprises)

Huesdnsfifigasimnsasanldlinsinilsgeaauddussdnsiinedatuiionts
TiAnUsglovigeanaundumaussvu yuvy dau AansiiledanuiAnanuunAnyszinmn
989 CSR as Process tJuaadnsiilaiuaramamils (None Profit Organization) {Ana1nuuIfAn
UniandiauiunisuimsinnisiuugUsgneunsiesenitgusznaunsnisdeny (Social
Entrepreneurship) mnusimsidunsmedeauiomaldldidustinindunsussnounis
Fregratu nsuuseldainesdnsuiierinay wedan Tnedsfuesliiedufanssy
g9an15UsEneuns nsUsznaunmsiadudnferfuiiesdnslivaromuarilsldiduuuans
Tunsvhau wrdndesmsmualsilovidedinaioadumanrinhedisls aausveou
guruisazldvstlovigegn Tufte msnuIngaudsseritsmaussndsnuiuaniissavsnm
yan1ngsAafiavaiislsslovigegaundenudsiusznoaunisdesegsenldfionisian
N13ANTUNIUAILAULBILNUNTATUAYUIINBAEIUAIBUBNNTBTUNITEANYUIINAY
vosUszrrvuniesonit Wuessdnsfimlsliundenu (Social Profit Organization) 1¥1veq
gnasinainisendiesin gusznaun1smedsau (Social Entrepreneur)

msfnruvesianisiiederuaes Center of Community Enterprise Lgliien
Srnmsliluguniney Iudunsigsienigeussasdiiiemuogsenvnagsia uaziiloadns
naBsuuiadludiny Awandeu Taussuuaziasusha JwesAnsmarionsandueadngd
Tlaluasnwanils (None Profit Organization) (BC Social Enterprise, 2012)
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® g Tsawaed. “msiaunlumaatiuayunsiiuianaitednslulssmelne”.
(eaulatd). W1dalaan : https:/doi.nrct.go.th//ListDoilistDetail?Resolve DOl =10.14457/TU.
the.2016.186, 25509.
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andudouigodinnssudene Tel: (66) 2713 5492-9 Fax: (66) 2712 4527 www.thallexiile.org
NSC - TISI - TIS 17025
TESTING 0110
FUINUHAAMINATDU
HMUWIAYIIBIIUND : PSM 80/63
vy lusvenaaoy
Juiieonsieauna : 10/07/63
wih . 5/5
inaaifimua” ] PSM 80-1/63 Juamsmwﬂau
I —
SUB-MICRON PARTICULATE FILTRATION EFFICIENCY: NA@@UMNMINITIU ASTM F2299 : 20l7§
SUB-MICRON PARTICULATE FILTRATION EFFICIENCY >65 WU
. 3 z
NaIMIUI 10 33 (%) (0.1 Mm PSL)
2 4
-¥un 1 69.25
2 4
- PUN 2 70.76
Awedy 70.00
MUWIMG: - FLOW RATE : 28.1 LITER/MIN

2 2 &

- SunaaougnisiionTavdveiuuins
R

- naaeylAifive 2 4h

*namsnaneunindestfiins Sraminans

71t 1: PSM 80-1/63

TTII

¢02667
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Andudaiuigodinnssudeno Tel: (66) 2713 5492-9 Fax: (66) 2712 4527 www.lhaitexlile.org e PR
TESTING 0110
FYNUHAMINATOVY
HHVIDVTWTURHD PSM 80/63
winoavludvenane :
Fuiteenswauna : 10/07/63
wih 45
nuaitmua” | PSM80-1/63 | man1sasdetou

AROMATIC AMINES DERIVED FROM AZO COLORANT: NAR0UMUIIATEIM EN 1SO 14362-1: 2017

1) 4-AMINODIPHENYL [92-67-1] (mg/kg) Iaiifu 30 N/D WL

2) BENZIDINE [92-87-5) (mg/kg) N/D

3) 4-CHLORO-0-TOLUIDINE [95-69-2] (mg/kg) N/D

4) 2-NAPHTHYLAMINE [91-59-8] (mg/kg) N/D

5) 0-AMINOAZOTOLUENE [97-56-3] (mg/kg) N/D

6) 5-NITRO-0-TOLUIDINE [99-55-8] (mg/kg) N/D

7) -CHLOROANILINE [106-47-8] (mg/kg) N/D

8) 4-METHOXY-m-PHENYLENEDIAMINE [615-05-4] (mg/kg) N/D

9) 4,4~DIAMINODIPHENYLMETHANE [101-77-9] (mg/kg) N/D

10) 3,3-DICHLOROBENZIDINE [91-94-1] (mg/kg) N/D

11) 3,3-DIMETHOXYBENZIDINE [119-90-4] (mg/kg) N/D

12) 3,3-DIMETHYLBENZIDINE [119-93-7] (mg/kg) N/D

13) 4,4-METHYLENEDI-0-TOLUIDINE [838-88-0] (mg/kg) N/D

14) p-CRESIDINE [120-71-8] (mg/kg) ND

15) 4,4-METHYLENE-BIS-(2-CHLORO-ANILINE) [101-14-4] (mg/kg) N/D

16) 4,4-OXYDIANILINE (101-80-4] (mg/kg) N/D

17) 4,4-THIODIANILINE [139-65-1] (mg/kg) N/D

18) 0-TOLUIDINE [95-53-4] (mg/kg) N/D

19) &-METHYL-m-PHENYLENEDIAMINE [95-80-7] (mg/kg) N/D

20) 2,4,5- TRIMETHYLANILINE [137-17-7] (mg/kg) N/D

21) 0-ANISIDINE [90-04-0] (mg/kg) N/D

22) 2,4-XYLIDINE [95-68-1] (mg/kg) N/D

23) 2,6-X YLIDINE [87-62-7] (mg/kg) N/D

24) 4-AMINOAZOBENZENE [60-09-3] (mg/kg) N/D

wnomg: - 1ﬁumv§1qﬂﬁmuunnnm‘n‘lﬁ’: 2.0 mg/kg

. mgumnmm: GAS CHROMATOGRAPH/MASS SPECTROMETER (GC/MS)

992661
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8 ©

amdudaiuigodinnssuene Tel: (66) 2713 5492-9 Fax: (66) 2712 4527 www thailexlile org e 1;51- oSN
TESTING 0110
TUNUHANTNATOD
MUY IBUNE : PSM 80/63
mnoiaylufvenaney
Fufoensvarunn : 10/07/63
wh : 25
inguaiimun"” [ PSM 80-1/63 | HaN13AIINTOY
AUAINUYBITADMITN : NATOUMHNINATGIM BN, 121 18 3: 2552 TBA A(1) (40°C, 30 117)
FlRouninidn (2fy) a Tideonis 4-5 Hu
FanAndu (3EAY) Tirteundn 3
- ACETATE 4-5
- COTTON 4-5
- NYLON 4-5
- POLYESTER 4-5
- ACRYLIC 4-5
- WoOL 4-5
WY ; -shayild : agnsgwanududu s niu/das
- Fnldvunnidu
sefy s e Wifinsndeunasesd
sy 4 i dwdowalaadntos
ssfu 3 i dwdouulaawedaina 18
sefy 2 e fndouaedoudaann
FETT] 1 wuuf Aldvundaann
- finnAn
vy s v lilinsandAavesd
sedu 4 ol FandAeidniey
sgfy 3 wuwie GanAaneduna1d
sgAy 2 wneds GandAnseudiann

3EAY 1 et Fanfnun

892661
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A0100M w1008 NS uAIND Tel: (66) 2713 5492-9 Fax: (66) 2712 4527 www.thaitextile.org e s O
TESTING 0110
FYNUHAMINATOV
Auoiuuims yiin ihijusdou Hirip MUVAYIOUAD © PSM 80/63
Tasesmsaa uuazianngsivszauiduTn 1 2563 (S63-1DD-SME) winuiavlufvonareu ;
Suitoonsrvarnmn : 10/07/63
Fufifudetn - 23/04/63 wih: 15
uiinaney : 24/04/63-10/07/63
wnunvAet  JernuazBuadandie muitdueiuuinasy)
PSM 80-1/63 NRR NANO FABRIC
dnuuzAI06 fme
I inaitmun® l PSM 80-1/63 | HAN3ATIVAOY
midarhuvesoma ™
msdurvesenn naamsusnhr 10 aFs @ em’loms) I 1<X<50 I 723 I WU

mnomg:  © inuaiimuanmaninuai¥ermug Smart Fabric dmiuniinind
@ paounmnAsgUHAASATRANIMNITY HBN. 685 KL 3-2540 VourU 1Ay 3 FTnameuunzTina iz ¥e 3.243
migndediedn

- infoamanoy : M02]A AIR PERMEABILITY TESTER
- pmuanA1aveaT s TE AR 2 §1u = 125 Pa
- Husinamou 5 MTNEUANNT

- Sunacougnis ouTaodvering

Fynneia onmsmanouitl1Ansuses wen.17025-2548 MndninamINAT URAATUIaTgATIMNTTY

oy

PO pandsose

(MNAINTANA RUDNTITN)
(vj’n“nmsvfumﬂﬂouéma)

EEE66T

“maUneumeunanmaney Lidenunisusoufitundeuidunilidauls vieldruarunantmaseuusey WunuRsnuusznangunseign”



61

F-017T Rev.17, 1 W.8. 57, 111

M T TI Foundation for Industrial Development
Thailand Textile Institute / Textile Testing Center

Soi Trimit, Rama 4 Road, Phrakanong, Klong-loey, Bangkok 10110, THAILAN

| .

THAILAND TEXTILE INSTITUTE
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TESTING 0110
FYNUHAMINATDIY
MUBIAYIIBNUAD : PSM 80/63
wnuiavludwenaaeu : -
Fuitoensiwnuna : 10/07/63
mh : 35

mmwfﬁmun“'[ PSM 80-1/63 [unmmnmau

AmazHou: naTOUANBNATEIY ISO 4920 : 2012(E) *

awaetourh ndamsusih 10 a%s @ Gzdv) 3 Hu

- iruﬁ 1 4

- Fuit2 s

- fuit 3 s

mnumg: - 53RN0 = fdrdnunih Tunamun

- sEAU 1 = fnfhdmamih seuvinadigmiviu Moniomn
- 53AU2 = fnfhdnimdh seuinafigminiu Menuiadou
- 52AU3 = fofhdumt Dunmmzudnufigni
- 3AU4 = it Inembidn 9 imzegidnifeu wiesevilumamiey
TR = fofdmmt Tifinembudn 9 imzeguagLiflsouilon

madnnzifimarlefinailad: naveunmnasgv wen.121 du 33: 2556
Pimaofuodled (mgkg) Titfiu 75 ] ND #iu
WinumMg: - N/D=NOT DETECTED

- g2yt uveamInIAsgIU 0.15 - 7.50 mg/l uasnaedinad ledmgaiounsonsaeialéiiiy 1.00 mgkg

- (A3 paNATOY: UV-VIS SPECTROMETER

LITE6T
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HOMENSYEN Textlle Testing Institute GmbH & Co. KG O E Ko —TEX ®

74357 Bonnigheim, Germany
CONFIDENCE IN TEXTILES

CERTIFICATE

The company
Numrung Rayon Co., Ltd.
:8/1 M;hbﬂ, Charoennakorn Road 8559“ IE%@
ukkalo Thonburl STANDARD 100
Bangkok - 10600, THAILAND
17HTH.05512 HOHENSTEIN HTT)
is granted authorisation according to STANDARD 100 by OEKO- TEX®® to use e B s
the STANDARD 100 by OEKO - TEX® mark, based on our test report
18.0,45012 :
for the following articles:

Twisted, textured and filament yarns made of 100 % polyamide 6 raw white and dope-dyed in yellow, red, blue, grey and
black and 100 % polyamide 6.6 in raw white and black, 100 % polyester in raw white and black and 100 %
polypropylene in white and dope dyed in black; produced by using materials certified according to STANDARD 100 by
OEKO-TEX®,

The results of the Inspection made according to STANDARD 100 by OEKO - TEX®, Appendix 6, product class | have shown that
the above mentioned goods meet the human-ecological requirements of the STANDARD 100 by OEKO - TEX® presently
established In Appendix 6 for baby articles.

The certified articles fulfil requirements of Annex XVIl of REACH (incl. the use of azo colourants, nickel release, etc.), the American
requirement regarding total content of lead in children's articles (CPSIA; with the exception of accessories made from glass) and
of the Chinese standard GB 18401:2010 (labelling requirements were not verified).

The holder of the certificate, who has issued a conformity declaration according to IS0 17050-1, Is under an obligation to use the
STANDARD 100 by OEKO - TEX® mark only in conjunction with products that conform with the sample initially tested. The
conformity Is verified by audits,

The certificate 17,HTH.05512 is valid until 31.03.2019

Boennigheim, 09.08.2018

Head Body OEKO-TEX®
OEKO-TEX® Assoclation | Genferstrasse 23 | P.O. Box 2006 | CH-8027 Zurich
This test report refers to the submitted ple(s) for testi lyzing only. It is not certified for the advertisement or reference of the products/

goods. The total or the part of this report may not be reproduced wnhout the written approval from Textile Testing Center, Thailand Textile Institute.
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soiudauIgenInASSUlens Tol: (66) 2713 5492-9 Fax: (66) 2712 4527 www.thaitextile.org OC < TR =TI 17026
TESTING 0110
TEST REPORT
REPORT NUMBER: G 3406/83
APPLICATION FORM No.
ISSUE DATE 12/05/20
PAGE: 0
[ G 3496183 | cuents requiRemENT
ANTIBACTERIAL FINISHES ON TEXTILE MATERIALS: AATCC T™ 100: 2012
0 HOUR (C) 24 HOURS (A) | % REDUCTION (R)
TESTED MICROORGANISMS:
« Staphylococcus aureus ATCC 6538 186 x 10° <100 >99 05
- Kiebsielta pneumoniae ATCC 4352 183x 10" <100 >89.65
REMARK(S): - TEST SPECIMEN WAS TESTED AS RECEIVED
« THE TEST SPECIMENS WERE STERILIZED BEFORE TESTING BY USING THE AUTOCLAVE AT 121 °C, 15 psi,
15 MINUTES.

- % REDUCTION (R) = 100 (C-ANC
WHERE: (A) = THE NUMBER OF BACTERIA (CFU/SAMPLE) RECOVERED FROM THE INOCULATED
TREATED TEST SPECIMEN SWATCHES IN THE JAR AFTER ‘24 MOURS™ CONTACT TIME.
©) = THE NUMBER OF BACTERIA (CFU/SAMPLE) RECOVERED FROM THE INOCULATED
UNTREATED CONTROL SWATCHES IN THE JAR AT "0 HOUR" CONTACT TIME.

UBEEET
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Sunil J. Wimalawansa

European Journal of Biomedical and Pharmaceutical Sciences

mask, ventilation, and avoiding crowded places will help
prevent the spread of COVID-19 infection.

oxid no; N O nanoparticles vith wurtzite
struc perhaps PEGylated o-particles

tiviral efficac: m ih Proper incorporation of ZnO-

antiviral eificacy. —~__1TOper incorporation of £n0)-
able to kill pathogens on co_llact.ii“ Preliminary data
suggest that 2019-nCoV enters pulmonary cells via
degrade angiotensin II.!“i Resultant excess local
concentration of angiotensin Il causes pulmonary

hypertension and edema, acute respiratory distress

syndrome, and pneumonia-associated death.  This
pathway would allow opportunities to interfere with the

progress of this disease.

Adequate vitamin D levels have been associated with
reduced incidence and severity of enveloped viruses such
as herpes zoster, Epstein-Barr, hepatitis, Ebola, HIV,
dengue, measles, and mumps.[”' 81 Studies have
reported the administration of an oral dose of 50,000 IU
of vitamin D reduces the risks of having influenza.
Vitamin D adequacy also reduces the severity of
pneumonia, which is associated with coronavirus
infections. Vitamin D is a natural vitamin, so the risk of
administering too much is minuscule.

Considering the inability to diagnose COVID-19 during
its several-day incubation period, people feeling not well
who has fever, or has been exposed to an infected person
should be self - quarantine or quarantined at a secure
facility, where person will not get infect-ed from others.

They will be benefited from taking an oral loading dose
of vitamin D of between 200,000 and 300,000 internatio-
nal units (IU) [four to six, 50,000 IU capsules] as a single
oral dose, along with mentioned micro-nutrients supple-
mentats, to strengthen the immunesystem. This can be
repeated after one week to build up the body stores of
vitamin D. This process would allow, rapidly achieving
vitamin D sufficiency, and thus, the ability to strengthen
the immune and other body-systems within 3 to 5 days of
administration. This highly cost-effective therapy, cost
no more than $5 per person, is expected to reduce the

risks of contracting the disease/ COVID-19. If the person
experienced the disease, he or she would have a milder
disease with less complications, and a speedy recovery.

A single high dose or a higher doses taken a week apart,
as described, can be administered in hospitals or in
community or home settings. From a disease prevention
strategy point of view, the most cost-effective approach
would be the prophylactic administration of high-dose
vitamin D to the entire community at risk before the
coronavirus/COVID-19 appears in that locality or at an
carliest possible time point.
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