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P-monomer wazuludaniggninlaensevuiuiivesinhesmemaiinwanluwaailng
woslswdu Fadunislilugadlunszuiunsiiunluganidnlieglugniuvesiiuind Fedanals
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An15AalnAg1a9 NsUSUWA LN URITTANYLIRNIETWINNTNadaUnaWmATla Attenuated
total reflectance Fourier transform infrared (ATR-FTIR) L3 ’e)@umsl,ﬁm Si-O UUN URD 520D
WATIAN1IATIVABUTNURT (Scanning electron microscope) Baudun1segmeiuvaseun1AuIly
fiuan uenantidildnsnsivaeunuaudinisaatefvesiunsUTUU g lisneY Lite
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Abstract

(NM199nq )

P-monomer and Nanosilica are directly adhered to the surface of silk fabric using
the technique of attenuated total reflectance Fourier transform infrared (ATR-FTIR)
spectroscopy. This method involves incorporating Nanosilica into the fabrics surface pores
using adsorbed polymerization, employing cells in the process. This results in a slower
ignition on the fabric. The modification of the surface is characterized and tested using the
Attenuated Total Reflectance Fourier Transform Infrared (ATR-FTIR) technique to observe
the Si-O formation on the surface. Additionally, surface examination techniques such as
Scanning Electron Microscope (SEM) confirm the presence of nanoscale particles on the
material. Furthermore, the study also involves investigating the dissolution properties of
the modified fabric at different temperatures to observe the polymers degradation. The
outcomes indicate that silk fabric modified with P-monomer and Nanosilica exhibits

enhanced water resistance and increased flame retardancy.
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1.4 fuudnwn
P-monomer — luluesydanidsnldidudisudulunssurunisindwesisiwdy
Nano-silica (Ulu@dn1) — sun1pganivuiaunluwng Masuaudfang 9 veeian wu
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Admicellar Polymerization (toalutgaalndiuestsiadu) — wmalan15as199ulng
6 dy a o ¢ & LY
wesu 9 vuiiuilagleeldlugadidudinans

Micelle (luwwad) — lassasimsenauvedluananlddueuniavsetharsidigiuiian
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Surface Modification (n13U3uUgauAY) — nszurumsBsuuasnaansivesiiatan
i iwaalsivouth vl videnudenisdnuse
Hydrophobicity (auTRldveut) — mmmmsaﬁuaqﬁuﬁﬂumsﬂmﬁ’umsfﬂm%mﬁw
Flame Retardancy (aut#nuadln) — auaiunsavesianlunissunisanindvse
Yrapn13qningd

Thermal Degradation (N1saaefimeniuiou) — nisidevaaievesianiielasuniy

Attenuated Total Reflectance Fourier Transform Infrared Spectroscopy (ATR-FTIR)
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Scanning Electron Microscope (SEM) — n@edqanssAudidnasauiuudensin 14y
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Usetanan anunsanuadu 3 Ussinnmane ARSI 1
1.1 1dulesTsun@ (Natural Fiber)
1.1.1 1duleiie (Cotton) Ifunannisunduloveayeiin it uauwindy
Euie udr udanhuve viedn Tiduiuin auaudfvesinihe wisdherennau (Cotton)
1.1.2 wduleglua (Sitk)
1.1.3 wuledtiu (Linen)
1.1.4 1dlevudnd (Wool) rvudmifenisuvudaiihundu aufndy
Gudne antiune viedniduituin Tnswudnifteuuldvinduinian Aevuuny
1.2 W@uledansizsiannarsieil (Chemical Synthetic Fiber) 19U H1lwdlodines
(Polyester) fidnuaigadneinieilsnndulossaumi msgdanujuuagiiun vwasiun Ju
ulde wazessUldR gaduautuldves Sanaudiiliduie Snieuthlunauiuiéhe el
ity Wnldanndety
1.3 vuledunseriaindansssuynd (Natural Synthetic Fiber) i 115801

(Rayon) 1Jusu
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nalnalunisinliiuasdediesdussnaurasmsialul (Fire Triangle) Ao iWeawnaa
(fuel) ean3iau (oxygen) wazAudou (heat) WieflosAusznous 3 Asukabazinnisantugd
JunaziAnufiengnle (Chain Reaction) uienswnludiegreseiiies nszurumswlvdididusu
fausidoumadsTumnufeuauinlity Imaazmangﬂmf‘iaqaaﬂmﬂiuLaqasuau%yal,waq nanandu
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a a o & [ 1 < o Y a & v =)
auyadase uareuyadasvivalaznauluegngiuvetieganiasuilviauadl dedmie
« ! ' v v « ! & a d& o - o aaa v a ¥ ! <
wsesduitlagninegludiuvesdemdeniluiagiaunsayihuisenduesndiauliegesinsily
nswngd lnewemdegluanusfingazaiunsoqningdls widerdvianso] wingnineglu
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dnugvawals inluananiivededmienIesyitegluanmiiluing lnenisiluanad
a & v = ro @ e % o v A Y a a
Audeimsawseniansaulsanmnaneiduiaglaedesandeaiuiouiiotieliinnisin
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Inituan GamsinlresiusazsinvsdamuuandiutuegfuguaniAfizont arwannsaly
nsanlnuesdn (Flammability Limit) Hulsunafeiiinanmiuseuiinssyuuinvesinudi
THiAnfefidudomaduanaiiauausindeulunsialy mnUinafwd emdwau iy
pIMAtuazdesiiUinamemgdsananfnlild TnsUsinasianvesfedemdsausofndy
Wedidud luerme SeenigadalnlldiFends “Avhanvedleiemds (Lower Flammable Limit
LEL)” wordSungeaavosloifombeidu wesidud lueinadsanun sngafalildiFonts
“mqqqmaﬂaﬁmwﬁa (Upper Flammable Limit : UEL)” e?fqa'ﬁl,ﬁ?jymwﬁaLwiawﬁm%ﬁﬁﬁwm
wazargsgavadloioinawuandieiuly vliAnnalnamsinlniunndsiudemutu deaniy
NS dlagdnwagn s lnddewailnilimeiu 3 Ussnn Ao

1. Sngitlianunsagnilnl videdaluls (Non-combustible) axlaignlvsiileduiiagn
wWanlal

2. Tngniearsniaslil (Flame Retardant) annsagnikntvdvzeandalnlaein
Sedudarueufeunieanlu viliaansoduadlsies Wegniheenlyuainialml

3. Ingiaunsoaningl visedalla (Combustible) ansaandalladng

3. @151u9n15@aalul (Flame Retardants)

Faguseansniasli madenldasiafilunisudndmiialiuuuansineialy
astedvilniiigniunldlunmsanusisdme uwseenidu 3 Ussian mueanuannsalunisamy
somsdn uasdarmun il

n. a15v39lna195 (DORABLE FLAME RETARDANT) daa1uaanusion1sdngs

wingdmsuinildnandes uaziAIamy



v. ansyiaalnAsans (SEMI-DURABLE FLAME RETARDANT) flaanuasvusionis
dngreuazernudliviusionisinmngfuiilesiiaes wagdiilidesnisnisdn

A. @15%U29tW 10195 (NON-DURABLE FLAME RETARDANT) liifiaa1umenusio
m3in viie Mmadagunzdmiuiniesianiiduiannnudeily Wy fai

ansenIAnluUsNesdUsEneumaaild 5 Ussian uaneuened 2 fe
(1) a5l uarsuszneulusiiu (Brominated Flame Retardants) (2) ansniasiidu
asUsznouAaesu (Chlorinated Flame Retardants) (3) ansuiaslwiiivloanlesafiudiulsznay
(Phosphorus containing Flame Retardant) (4) a15vu73falufl flulasiwdudiuuseneu
(Nitrogen containing Flame Retardant) (5) ansudsdalndiduansedunse (Inorganic Flame
Retardant) lngansyiaslniiduaissznevlusiiu uagansusznounasiayussansnmlunis
yislnifnn uwilldededo udenadusunsededly enafaudrumels waziileinnsiwnlnd
swiinufaelaiau e HBr uay HC Faduufafiv wazansiduasnonzids Tsunsevingamuidn
U szgvslunsvhaneven uarssuvumadumela waemnldsuufadluusmannn vislunis

AanaTnUINUTELANII I8N BN AenavinlmAnaisnouzise wasludunsunisin

navuldlul (Recycle) agnaliinansinoandu (Dioxine) Taiduaisnouzise unsnszanely

= &

91Me viseasgiudaludunseneduindeu nglutdegduiuuildulunisldarsmilnussny
ansvilnetuniddadiiaiosninmeanuseud liiiafiedanseu 1190 W eglideulansen
lag witgymAsivwinlngagilildaunsadnduladuianpeulndn waznelviinnisanaiiy
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Fire retardants

Category Classification
Organic compound Non-phosphorus compounds Halogenated
Non-halogenated
Phosphorus compounds Halogenated
Non-halogenated
Inorganic compound Phosphate compounds (di-ammonium phosphate/ammonium polyphosphate/melamine phosphate)

Boron compounds (borax/boric acid/boric oxide)
Nitrogen compounds
Hydroxide compounds of Aluminium or magnesium

Other compounds (CaCO5)
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wnmsinlnfiifuansusznoulusilu (Brominated Flame Retardants) ansuaanisfinlndisdu
a15U5¥naunaesu (Chlorinated Flame Retardants) @151 29n15Aa bl Sveane el
d2uUsenau (Phosphorus containing Flame Retardant) @15nua3n1s@ia bl T lulasaudu

d1uUsyneu (Nitrogen containing Flame Retardant) @15uu9n1sialad iduaisedunsd

(Inorganic Flame Retardant) 1usu (Reference: n5.5u13 831088, 2546. @suiaen1sialol.

(eaulatl) unaadiun: https://www.mtec.or.th/)
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nszvrumsvhauvesan sl Ae meviliiandomasifalnluessuszney
i1 3 wsanutaniilifaluviodalnldentu Tasnisldmemnussiunsalnpnussdnda
Tuwdulevaududneniaminiu arsndanusaiiunisaiulidnainraieussian Wy nquves
a1suszneulusiiy, nquansuszneuneais, nquansegiillen nguvesansunluwaad Wusiu lng
asadanusisinunmsadlvasdendenldlimnzautursiavoadulefidududoniofturiidy

WU Polyester, Cotton, T/C, CVC, Silk, Wool \Jufuy

Tunideldszyfaseinnvosasfianansadiandisluiesnuauifivesnismiag
1ol #8 P-monomer fiflnasion1snuaslnues P-containing poly-styrene-acrylate (P-PSA) co-
polymer Tagszyin manaaounsuiasinyesans P-PSA co-polymers fifinsldusanaes p-
monomer fikanAaty waziuiadfiamaes limiting oxygen index (LOI) fae3Sn1snageu
UL-94 wu1A1 LOI 983 P-PSA co-polymer fimsifistuognannnulSunaes P-monomer #
Wady aziulaianissauiaves P-monomer luaelewediuesanunsaususeuldegadl
UszAns nnreiiunisnyaslnaes P-PSA co-polymer wonand daldmsnagou UL-94 il
n519EeUNIIUUTNTB P-PSA co-polymer wazwanswlndlunundawanddfidiuings P-PSA
co-polymer flanansasIuMInaday UL-94 (VO level) uagflanautfivosnisniidlnnsmia
%@ﬁmumﬂﬂiﬁiﬁfj’qwumwaqmawwﬂiiumqG] [Hui Qiao, Yun Liang, Guilong Xu, Yi Wang, Jin Yang
& Jian Hu, Preparation, characterization and flame retardancy of phosphorus-containing
poly-styrene-acrylate emulsion, DESIGNED MONOMERS AND POLYMERS 2019, VOL. 22, NO.
1, 114-121] wagluunesudsolafingies P-monomer sduansssfudviunianieon P-PA
emulsion wisldiduansmiasla lneldinisiluneaeviudulouasfnuinssudituveadule
MF waz P-PA emulsion fianansaneliifnnalnnisniidlrvesmafiauazianivuiy Jagzgqe
Lﬁlmﬂmm\lﬁﬁmiwﬁ’mlwwj [Lingxiao Wang, Hui Qiao , Guilong Xu, Yun Liang, Jin Yang and
Jian Hu, Preparation and properties of flame retardant air filter media by incorporation of
melamine-formaldehyde fiber and phosphorous-containing poly-acrylate binder, Journal of

Industrial Textiles, Volume 52: 1-12, 2022]

a15UseLnm Silicon dioxide (Si0,) faldinduansnvisluseavesnisuialn Tng
aa LY . A Vo 2/ 1 U gj a a 6 = (% g.//
Faneuavaarsmudu Sio, Weldsuanuseuluussoniaagnesilutuedunidgasiiedesiuty
H989815799U TileneaananiuRNAnln wazduginisianiasulianas wasanu [Ming-Yuan
Shen, Chen-Feng Kuan, Hsu-Chiang Kuan, Chia-Hsun Chen, Jia-Hong Wang, Ming-Chuen Yip,

and Chin-Lung Chiang, Preparation, Characterization, Thermal, and Flame-Retardant



Properties of Green Silicon-Containing Epoxy/Functionalized Graphene Nanosheets
Composites, Journal of Nanomaterials, Volume 2013, Article ID 747963, 10 pages] @15Uselan
Si0, Svanunsad I usauiuasuindu wu Aluminum hydroxide (ATH), Plyethylene (PE),
wara1591mIN Inorganic fillers 1Wudu IﬂaﬂmamﬁaﬁlﬁmmmiLﬁ‘mﬁjumwmaaummlﬂ‘v\l Ly
N197AAIUS BULUY cone calorimetry (CONE), n153aA 1 limited oxygen index (LOI), hag
Thermal analysis (TGA) ﬁmaﬁl"d’.}"dﬂ%"uQmamﬁmumi%ﬂlvﬂﬁaumﬁu [Ping Wei, Zhidong Han,
Xiaonan Xu and Zhanxiong Li, Synergistic Flame Retardant Effect of SiO2in LLDPE/EVA/ATH
Blends, Journal of Fire Sciences 2006; 24; 487]

5. iwedaukan liwaaiiweshsietu (Admicellar Polymerization)
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(Admicelle) wasansanussfisia (Surfactant) fignduuuiinvesTanludnuvarassdu (Bilayen) Tng
Tunsruaunisvesufisouenlieaarinedielagdu Uszneude 4 dunou Ae dunauns ga
Furesuenluaduuintag Junounisazarsvesneusiweslunenluead uazdunounaiAnfidu
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Step 1
Admicelle formation
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Step 3
Polymerization
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A5 HUN1SIVY

3.1 wuitlun1sugiRauy
(1) ol JUuan1sni1eInermians a1t uddve WauIwaza §an1sdnen

UAINSFEUATUNTIL TR D9ASNY
(2) WoslfuRn1sminermans unInendumalulagnszaeuna nszunsivie

3.2 AN15AIUNI5IY
YBULVAVDILATINISAAY

AauUTnN

AaLLl9pd

AENYEYRINABS (Characterization)

ANNEANRUIZANYDINT o - - o a
- AFIUNITNAAITUTENBUNDALUDINNAAINL

A 4

duasizvinedues .
waties

AaudRvedaninAaulngy

o

USinaufivinyauyeenis . . - ) Y
Santhnaslndn HATBINTSN AN ULNUR Ta0
USuussianinoulngy - HavesUsEANSAmngvaalw

- HAYRINISLANATU

(1) Ingauld Ao Hdhe wavkIdenau NG sNaNITAN

[

(2) FrkUsnFAnE LIt

FURBUN 1 FANNENNUIEAUVDINTHUATIZFNDALLDS
AUTAU ANMELATERAIULAUBLBSTIMLNT AL

AaUsnY ﬂmﬁﬂwm%awaama% (Characterization)
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Method g 1. Preparation of P-monomer ~
HEMA 130.2 g (1 mol) + Hydroquinone 0.5 g + Stirrer [250 ml]
) _ _ e Mono-phosphate ester
P,O, (0.5 mol) 71.0 g (T <15C°tor 1 hr) Di-phosphate ester
(wikilu flask 5 wom) Tri-phosphate ester
Pyrophosphoric acid
Raised T=40C°for | hr and Next T=70Cfor 3hw s fossefo
HEMA 13g (0.1 mol) + P,Os (wuidlu flask 5 29m) wow omo T n
Nalyzed by HNMR and potentiometric titratton method |::> Show that P-monomer
N
Method g 2. Preparation of P-PSA emulsion ~
Semi-continuous emulsion polymerization (500-mL four-neck flask equipped)
DNS-86 and NaHCO;+ 500-mL four-neck flask equipped (DI Water) -
p .
l Raised T = 75C°rate 250 rpm * reflux condenser, |
* mechanical stirrer
+ Monomers (St, BA, N-MA) + APS aqueous solution dropping funnels %/
L & |
,', » water bath. >
ol
Added drop by drop P-monomer lasting 3 hr e
l Raised T=80C°t =2l 3
Cooled to room temperature ; . :
pH ~ 6 by NaOH solution (5 wt%). FLEE o
N\ J
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nguviang

(1) fnguanisiunsaulndviseduiifnuneidesiumeiuli

ELHREGINY
(1) Anwinsgurunmsuazyimsdaangvasied lUldiuilediieasununn
AuvalllagANATLILLY

(2) Whansilaldinfeuasuuilon
(3) Wile M ldlunaaeunuaulRve s musluidenisingazdsludinsey

AyUBdN

3.3 M15AATzvidaya
(1) @NNILMVUNLAUYDINITAWATIENDAUDS ADATLEIUNNTIATIEN LALA

- Fourier Transform Infrared Spectrometer, FTIR

(2) Vinailvangauvesnsuivlssianihaenlnn madaildlunmsiesed loun
- Scanning Electron Microscope (SEM)
- Transmission Electron Microscope (TEM)

- Thermogravimetric Analysis (TGA)
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NANISANED

4.1 Han13ANIUNUNANTUII
nsuFuUeRuandanisudslnvasdinde:

% A v v aa i i a o | M vo o =
M9 INNsIATOURNENEAIY P-monomer wazunlugini diunseuiunisuenluwaalndweslswtu nulienldsunisusulsanuaunse
Tunsuhsbiivduegsdnau lnediovinisnaaaunisinlil (flame resistance) wuinanfidnihesinnsanlndanaswazanunsanenanisantngdlasinini

H185550AN

anduTRaalsivauth (Hydrophobicity):

9

' 1
¥ a1 =

rEnesunsindeUmE U lUgAN LAY P-monomer kanstvandRnulive Uty 1agNIMARUNSTURIUYBIUINUIN NMIAATULIVEINT

£% ' [
[y o

anasagunn i ldndenusul selinaandRnunavy
N13UFUUTIAMAUNUNILLAZANEAEL:
N1SNAABUNITARIEAINNANTOU (thermal degradation) wu31 dfilasumsusulwanansanuanuieulannitddesssun Inesuinig

aanefiigamniiacy Jauandbiiuiannunumuiiisiulunsldauluanwwindoundgaumaiias

NM5EANIZVBIUIIUTANIAUNURIN:
MNNINAFDUMEWALA Attenuated Total Reflectance Fourier Transform Infrared Spectroscopy (ATR-FTIR) Wun1stAanuse Si-O UUNUR?

AN Fagudunisiensiennsynieuluginiiulasaasneln n1smaaeume Scanning Electron Microscope (SEM) anun1snseangiinasiadavatounia

PNUTANTUUNURIENNDE19TALIU
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nsidauanmvasilladudaiuauTou:
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douanmuudiniwiiesssun Jawaedliiudinisuiuuganumumuresiluszeze

¥
=

42  wanAATIinTuase (Output)

Tasannsitlésu - . . ety A . aeld FUALLDYANEN W9
- HaNARAINAITUTEY | dwau | HANANTILAATURI MWW | . .
Ayl 1y iy (W3suUUnANg 1Y) ANIN
Tasamsi 1 1. 93AAY3 1 Fos | 1. asdnu} 1 Fos | esdmnuilviluGesihid
VGERIGT P RHYA PRIET
2. AuwuuRansiae 2. Aunuunansie
2.1 sgRunAaUIN - FULUY | 2.1 SERUAIAENIY -] Auduy
2.2 szeuiesUfuAnis 1 AULUU | 2.2 SeuviesUfjuanis 1 FULUY | FuluUnsHanRnil
VGERIGT e HY AP RIRT
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NANANTIUATUAITUTD W | wdwlu HANANSINTIRATUDTS U el
1. 29AANYS 1 509 1. 93AAUS 1 599
2. AULUUNARAUN 2. AULUUNARAMN
2.1 SELAUNIAEUIL - AULUY 2.1 SEAUAIAEUIY - FULUY
2.2 seeuneelfuRnis 1 AULUY 2.2 szeueelfuRnis 1 AULUY
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4.3 NAFWSMAAYUIIY (Outcome)
s ieniinuadRndsliuasliveuin

fihefildsunisuuusslasnsiadou P-monomer waguludan Kunszurunisionly
waa ndweslaedy Wuansdsnmaudinifnirluumsmisliuazeruliveuindodisui
fihesssuan mameaeunstiasliinudn fiheildfunaiedeuiinisananuid lunisgnln
wazngan1sanindiinindssum dumsmaseuanuliiveuiuandiifiui ddhedldsums

Uuugsanunsadesiuinanmsduriulaednfivss@nsnm

[y

Tanulugan Ao U
NIEUIUNSLARBUULUTANTUURIRE N8V TR LEAIAUNUNIUR DN SIEONEN TN LA A
FRULWN LY U N1SNAABUAIY Scanning Electron Microscope (SEM) uguinauniauilugang
nszefuunLRIlaegvadwaue yibraunsaiiunuantRlunisdesiunisanlnduaznisiy
Wlgt
walianisuenluwaailnamesisiedyu (Admicellar Polymerization)

° a & ~ aa o a v | a e
mMsumadadunldlunisianie P-monomer kaguludanluganiifngnedieinnisina

NENRVY SEMINETATOULAENURINT YR e NN sUSUU AU usiaNSENas

[
=

waznsauldluszevenilangdu
NsUSUUTIAUnUIUReANSaULAENTAANEH)

INMINAFBINgMilamudl d1lasunisindiounie P-monomer waguludaniiainy
NUNURDNSLEDNANINNANIEENEFIIUAT NISNAFBUNITIADUANINNIIAMUSDULAAITALTUIN
iUSUUTelinnsaanef oM igendnuas g1 I s Tsum

o

a & v a v v
NAR A UIHNReANS DUl IU:

& o ' o o o va a o o v
nsnaaeslatuisadrlug nswandd1e9 e paudanavdmsunisldauly
MagnamnssufnesnTiandasiulivsenusioanimwindeunianudugs siudmslidauluys

UfURnurasdmiiluniaauid wu n1saumas wsensyiauluiiuidede
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ﬁTﬂ“ﬂiﬁ TUNITNaTol

ISO 6942:2002

ISO 17493

WIATFIUMTHU Y

Protective clothing
ri']u NIINATBUILHZLIAINIG

dudanuiousi igugil
4 X
A

Clothing and equipment for
protection against heat — Test
method for convective heat
resistance using a hot air

circulating oven.

nInadoU

Class | temperature increase occurs
after = 7 seconds
Class 2 temperature increase occurs

after :_" 16 seconds.

180°C (260°C optional)

ﬁTﬂ“ﬂiﬁ TUNITNaTol

ISO 6942:2002

ISO 17493

ISO 15025

Protective clothing

fumsnameuszoznains

dudanuiousi Idgugil
4 X

AT

Test method for convective heat
resistance using a hot air
circulating oven.

Method of test for limited flame

cnmurl

Class 1 temperature increase occurs
after = 7 seconds
Class 2 temperature increase occurs

after = 16 seconds.

180°C (260°C optional)



2. Preparation of P-PSA emulsion

Method

Semi-continuous emulsion polymerization (500-mL four-neck flask equipped) = /

DNS-86 and NaHCO; + 500-mL four-neck flask equipped (DI Water)

l +—— Raised T = 75C° rate 250 rpm * reflux condenser,
* mechanical stirrer
+ Monomers (St, BA, N-MA) + APS aqueous solution  «  dropping funnels

* water bath,
Added drop by drop P-monomer lasting 3 hr = e

pe

.
l «—— Raised T=80C°t=2hr ; ‘

Cooled to room temperature ]
pH ~ 6 by NaOH solution (5 wt%). wmmm—) P-PSA emulsion
.

2

11 \*/

==of
A\

Equipment

1. Beaker 250 ml

2. Erlenmeyer flask 250 ml
3. Water bath/Basin 1000 ml + Thermometer
4. Hotplate & Stirrer

[=]

1. Preparation of P-monomer

HEMA 130.2 g (1 mol) + Hydroquinone 0.5 g + Stirrer [250 ml]

P,O; (0.5 mol) 71.0 g (T <15C¢ for 1 hr) Di-phosphate ester
(uslu flask 5 29m) Tri-phosphate ester

Raised T = 40Ce for 1 hr and Next T = 70C° for 3 hr

¥

HEMA 13g (0.1 mol) + P,Os (wi<lu flask 5 99n)

A9 1 NMswSeuAunsanlun1sIde

T
|
= :
e 1.t g o e e gt g s 80 s, O

Nalyzed by HNMR and potentiometric titration method » Show that P-monomer

Mono-phosphate ester

Pyrophosphoric acid

30
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