9y
dninnedyanan  MIzeeNINAIAIANIZL

nsdszanaladusulunisaysnla

AR AgIuUnN
Wusd®  lntana
nlg9  ngas

(=Y &’ ¢ d ar -9 ar =
TmamuwLﬁuul.ﬁumuuuwmmsﬁnmmwangmqwmmﬂmsummm
NAIEILAN
AMEZANEANERT

174

A0TUATUTAENSZARUINA NI ANMTATANTELS
tln1sAnun 2538

afov.
n 672D

Uy *H2%

naw;lﬁuu......g.ﬁ,z..o.,l.,
M, tou, 1 16 01LA. 2539




APPLICATION OF ROSIN IN RESTORATION OF WOODEN OBJECTS

KITTI  WARUNANONT
NANTHAWAT  PHOTCHONG
MANISARA  KASUYA

A Special Project Submitted in Partial Fulfillment of
the Requirement for the Degree of Bachelor of Science
Department of Chemistry
Faculty of Science
King Mongkut’s Institute of Technology Ladkrabang
1995



WrralaTeunLAL mstszgnaladuaulunmsaysnuly

a

ol RUGRER A3UUUN
wedusde  Ingowe
UNANINAUAT Mgy

nYAAEN \AR

21917 m3. A3 WIRTYATENA

NAAT AU NIARAAITAU

nMeduail AnEIneAant an1iumalulatinszaauinaargmisaianssiia

ayal@ iularenuiArariuidusiunilaneimafnmauvdngasiveAansiuge

( ) Wanunn1ATeR

[

uA.as.wWAude  laadnsg

o

ADLENITNNTERAULATINURL AR

) . ) seaunssNnig

uA.ag.Anen  -lasdnm

>
( g iy fen ;, ~ ) nTTNNIT

AT.a72970U  FeanIna
(_qradont”_AlSudin) naTuNIg
!

- i3 o g
2.9M7U  Afudns

AURNFTURINAIT AR ADUEAINENANART

anumalulatinszasuinaannumsaianasiia




Waralassnuiia m?ﬂizqnﬁ‘l%fuau“lummg%’nﬁlﬁ
UnAnm Wnenaf AOUUUN
wedusds  Tnmawa
WNANIE NNgas
aransERLine R E T wiaastymsvna
nA.AT R wepasAasAL
N1ARTN AR

dnnsAne 2538

UNARLD

nsAnenmsiduaudaduingauimlanelunesduuaziinagn a0
Uszgnalrlunmsrenuananifmensanla wuseenidu 2 au Ae sauwsnidunisidusu

wdfulpaunmiseinuidunedwesan fu susdnueulalase wanhunanduans

[T ' 1

fodin Ae Tden  ludmeasumng 1 uszinAuiwslngnanaIwe Ry
masluwanadin loun  weaalsiu (PS) LATWARETALITAANMUILLUAN (LDPE) ANt
hunAnaNTRa UM MUReLEa LLa:msqm%uﬁ'\ %awuiﬁﬁuaﬁuﬁLﬂ?ﬂumnqmuau
WasdNeTIN LDPE uavdlaan TneliAausey ludamau 52,525 Taatiwmiin azlven
m’mui‘iuuwiﬂl,mé’mqqqm dm%’uauﬁ‘ﬁézﬁumsqm%uﬁ'\ﬁ’uwu'ﬁﬁ gamaN  weAwas
3ou LDPE uasiiden widenlaedaliauseu ludnmai 62515 alvAisagazns
wWazuuasiawin LLa:Lﬁmmﬁmmnmiqm%uﬁﬁwﬁqm

maAnelugud 2 Winswiainsudnnanndusy Immm%’ﬂulﬁmﬂu
e lwawmasiy vie lsiweames Tnehdusuminijieeaneifinduiuniizeres
latnieamasiuilanmaniutiudnum A tifuseds vee  tiududa azlaiiiy
F1en FahanARELANTRAAN 1 1AUN AOTNVUIULY AN UAZTZEZI9ATNS
Wi WeuBauieunuaenatunsaiila snmsAnewiatidudnnfifanaans

Wunsasnge aziiszeznarlumaumsaiafige



ABSTRACT

The use of rosin for restoration of wooden objects and building was studied
into two parts. The first part involves the development of rosin by synthesis of copolymer from
the reaction between rosin and maleic anhydride and determination of the suitable formular for
restoration of wooden work by variation the proportion of copolymer {rosin-maleic anhydride),
sawdust and thermoplastic resins. Polystyrene (PS) and low density polyethylene (LDPE}were
used as thermoplastic resins. Then the compressive strength and water absorption content of
wooden samples were studied. it was found that the formular prepared by heating the
copolymer with LDPE and sawdust in ratio of 5:2.5:2.5 by weight gave the highest compressive
strength . The studies on water absorption of the copolymer : LDPE : sawdust formular prepared
by heating in ratio of 6:2.5:1.5 by weight gave the lowest percent weight and volume changes.

The second part of this project involves the use of rosin as a starting material
for preparation of varnish. Rosin was treated vs;ith glycerol by esterification reaction to give the
ester gum. The ester gum was then mixed with drying oil such as tung oil or linseed oil. At high
temperature, varnish was obtained. The properties of varnish were determined. These included
viscosity, density and drying time of varnish. The studies showed that the varnish having low

acid value provided ‘shorter 'dry'i'hg time.
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o o v - v d' d’; o . v v
wWudunlaannieniamuay feazitnduau  ( turpentine ) dueanuiaqe lunsas

1@INNAAN WARIMNINNTNANALe latn ananeinuawaan iyl

2.2.2 9als@u ( Wood rosin )

o an” o u” o Y a e Y 4 4 oa o 4
Lﬂu‘nuﬂ‘lﬂmﬂmi‘uﬂuﬂuumnmmﬂmﬂﬁﬂm’m LAIFNAUDNUUNUN



2.2.3 naasaaslsau ( Tall oil rosin )

TARINNTAAALEN LATHININAURIALAIY UNTTUNDARRALAL ( Crude tall oil ) T4

¥ v

unanaaulailaaingaamnssunszans

2.3 ANUAYTDITURY

'
L a

Fuawdurewda ulne nguugiives lusrarsiunazantlusvinazanedunse
U AanaZea , amas , wwawas , aavianlalasaisuey | alsundnlalasansuau uay
a < é . ar -4 = Id A '
aaasuswalalasAnsuau Wavanduaudureuisadugnu A¢luiqauaanman Ly
ueu  Aaiudenes vasnwadlialafuadinseuy
o P T - o o 2! = o a
uauinsaduavmilsznauvdn AITUALAAIANNHNLITRNTARWT WA NUUA
mdd. a ar é < ar :’/ d?/ Id =] ! =3 dg g ’v !
andandrAglsenisuile Aresfusuiuiifiusdivasiesy Aaunedime  Juagiuuvad
dl Y a adl o
ANT NIINABNNTHAR WASNTINGS LUNTFANA

ey

ANt 2.1 uasaNtTRlaesinlansduau

AN ' fnlsgu 9915Tu nannnalsdu

anRaus, asATATHa 76 73 77

Auasspnmiunge 164 163 165
Aatloudfieduiuies 172 168 174
arutlsznaudluiduaaudifindu, % 8 6.5 5

@ ( USDA rosin scale ) WG - WG WG
sailin 7 20 asAzadaa 1.541 1545 1.540
AMNANEIINE T 20/4 BeAnITRITeg 1.07 1.067 1.07

2.4 asplsznavvasdusy
Fusuumnlszneudereuiilsznevllmensasuvaanmuuinlanegs wanlu
Tupnsuandanueda delneialuazanlaniuy iy welia ( Resin acid)
iy uede WussAtlsznauvaniiflegludusulszann 90 wesaun Audeasiy

wan&1Usznauiiiunana




TATeas 19899 ALlTENaURR NI TUEANY 7 i anfiuau nemalulafn ( Abietic acid ) |

nIARNIIN ( Pimaric acid ) , nemiilaalut@in ( Neoabietic acid )

acid ) A9gLl7 2.1

4
CO0H

palustric acid

neoahietic acid

CH,
H
CH, CH,
&
S hoou

dehyvdroabietic acid
Pimaric-type ceics
CH=CH,

“CH=C(H,

€
COOH

pimaric acid isopimaric acid

71 2.1 uamslaseaaresduedna aliang

LALNTANIQRAIN ( Palustric
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NARLNDTTIN

2.5 ANUANIMENN UAZNLAT 1IDINDRLNATIIN FEMIeTUAY AL
wuadn uavlalnen
wuadn uewlalasn uansszneufiludus ﬁLﬁuﬂgﬁuémﬂan?ﬂuﬂL@fEn Pt
ﬁﬁiﬂﬂa‘::qnﬁ“l%muigumﬂﬁnwm: U NIRAREEY , 819, N, wednwen , ansERa
LAZATIARALIAN

Tanearezesnniagn uaulalngm uaznaune@n wansladegii 2.2

0
i il
H(!%—C> :I(l'i‘—C—Oh
HC—¢ HC—C;,—OH
0 o
madeic anhydride maicic acid

(1) )

71#1 2.2 uamelassaseres (1) nuadnuavlalase (2) nsannadn
2.5.1 ANENTANIMENMwIsNIaan waulalase

P~ ] aay a «
AN 2.2 WAANANTANIINMEAwaRINaan waulalasa

Physical Properties

crystailine form orthorhombic needles
heat of formation, solid, kcai/moie 112.2
heat of combution, solid, kcallmole 150 ° C 6.0

specific heat

solid 0.285

liquid 0.396
heat of fusion, kcal/mole 2.75
heat of vaporization, kcal/mole 10.5
heat of hydration to the acid, kcal/mole 8.33




1 heat of neutralization, keal/mole 30.32

heat of solution of maleic acid, kcal/molevery 4.4

solubifity, at 25° C, g/100 ml solvent
water very soluble (hydrolysis)
benzene 437
toluene 20.2
o-xylene 16.99
carbon tetrachloride 0.95
chloroformvery 78.4
ethyl aicohol very soluble {esterification)
ethyl acetate 100.2
dioxanevery veery soluble
acetone 178.2
kerosene { boiling range 190-250 © C } 0.20

flash point, Cleveland open cup, °F 212

wuadn wavldlnssannsnfanediesmuiuneusweiinadananimilfisen
o afiviu ol | Styrene ), laiaaTiam ( Vinyl acetate ) , loflamaalsn ( Vinyl chioride ) .
fianle@u ( Butadiene ) , w@fiAY-( Ethylene ) a4 Taadlilasaanlan ( Peroxide ) vivaayyA
BarFNAu ( Free-radical iniiator ) dusnsalffien  dnwnriiviaulezeswefiuesmures

uaan waulalase Ae ﬁLLufJquﬁLl?mm‘nmﬁqﬁ'\ﬂﬁﬁ?‘ﬂ'\ﬁmmﬁq UMW AYANNTT

2.5.2 anudnLisNAlrasnedn waulalase

n. Unsenrasnuses

Wuszieiatn lunniedn wenlalasaaunsnifadjidenlaninung e



0
HC~C~ H |
1 0 + 2NH; — HN—-C—C—0H
HC—¢~
ii H.C—C —NH,
0 il

B

dl-asparagine

0 ’ 0
HC—PJ\ Cla, 150°C ClC—-g\o
H C—ﬁ/ AlCly, BaCl, I{C—lcli/

o) 0

2-chloromaleie anhydride

0
i 0
HC—C\ 230°C Ho
il /O + CH,=CH—CH, CH;=CH—CH,—C—C~.
HC~C ’
H:C—?l/
v}

allvlsuecinic anhvdride

wuagn wadlalasn  ansaindfizenAan-aawmes ( Diels-Alder ) fUPRUNALAR
1m8u ( Conjugated diene ) lowuia-lalasandulasnsuandan uwaulalase ( cis-
Cyclohexenedicarboxylic anhydrides ) Ana8N9LAY ﬁ’]ﬂﬁﬁ?‘mﬁuﬁamlﬂﬁu ( Butadiene ) Azl

da-4.4- was lalasnman uaulalase ( cis4,4-Tetrahydrophthalic anhydride ) AIUARY

o}
-1 i
1] P AN
HCI:_C\O o C/ '1/\'/C\o
i + i -
HC—¢/ HC \/KC/
i e, i
0

0
cts--tetrahyvdro-
phthalic 2anhydride

2. UgfFenwasmyasuandan
wuadn  wenlalasaasnsovidisendu iulasin daneaea ( Monohydric

alcohol ) wazwad lanin danaaaa ( Polyhydric alcohol ) Tnadinsauiusinselfiiden Iaudu



Tuluieanes ( Monoester ) wazwadlaamas ( Polyester ) MINAIAL UATATNITONIUGATEN

fudsUsenauaiula Aaunis

9 0
HC—E‘ HC—C—OH
il T CsH:NH: — il .
HC—-C” HC—C—NGCsH:
I i H
0
V-pheaylmaleanmie acid
0 0
Il
H%—C‘-OH acetin anhydride HC—C\\'C y
HC_%___L\;:CSHS sodium acetate Hb_ic/' Al
i :

Y-phenylmaleimide

R [

2.6 NMTINANDRLNATIINTEUINTUAUL nunadn waulalasa

Fusuiashainatasdunedwermulrlone fuldy, qolfu  uasvesssey
i Inglunawdeunedesmubnessnavlise dusy , vusdn  waulaloss |
ayyadasy uaziarmtivinzan ’Lﬁﬂqw;@mﬁﬂﬁﬁﬂﬁﬁ?ﬂﬁLﬂu?wmmufxq azla
yaauantes tstulawaer , Bsdunnean uawlalase weaadn LasweRWeITINITII e TuAY
funnadn ueulalass seiiwiinlanasnnnan 1,200

annsAlAszmidannsaeluiedin ( Abietic acid ) uaznsaiilegluiaiin ( Neoabietic
acid ) Lﬁmﬂuwaam@%w_ WANTAWIFARAN ( Palustric acid ) eI 1:1 Diels-Alder adduct

weALasTNARATEe Ty 1 1 1099%y uedn : uedn ueulalase  AiElAse

amuuuaunn Tntagrivasnsaduiullun fag

>

COOH “COOH
] / N\

|
|
\ / > /
/ /
\ &> o g

abietic 1cid - maleic anhvdride umts




damanulantuaszian wedn welalass  funseeluedin  AoTegszwang
100415 @mamﬁmmm‘imﬁm%ﬁ‘lgﬁuﬂﬁﬁuzﬁ'quﬂ?znﬂwﬂwmu@m Tngazd
5ﬁuﬁnimaqaﬂﬁwﬂ@ﬂ 1,200 ( Tmaﬂnﬁﬂgi‘lwﬁqq 3,000 - 10,000 ) ﬁﬂ;‘mmﬂummlﬁu%u
aaudaiianniu - azandludaneseslaanas Ansaansnlunawiizai mdansmn

NANAAAY ANNIULLNARAAY WARIINULA ULATATHNTWNARNTY

-
AIUN 3

1NNUTALN

2.7 UNNUTNLA

fhfudnin Ae reavaniiederfidennla asfanisumeialaiedudaiuainna
uazonereuadliuiuinlouanagiadutuilanindds  eradunmindudnentaohg
M1 (Paint ) #lsALInd ( Pigment ) y3ananantieminlan ansdann ( Vehicle ) ludn A
Aa Ynsudnie

Uslamirenhifudnin Ae  ledwiuiadeviadagla ietlesiunisyeda

wazsislannunanaluinANgltINanAat

2.8 ANFHUNUSELANTRIUINUE AL

Tneviall anunsouetssinnlaseil

2.8.1 @ilsman94Ua ( Spirit varnish )
nluindudnunflaannsuauiussuag 193U wasivinazaafiszuela ( Volatile
a v ar ! - v v ! : ! - dl = dg L}
solvent) Aan1suwssnluuauianlansnisssmamitie  Tnaununannfaly  Aae
< d’ ! dl g a a‘/ - d‘ v <l ar 1 = 5 =
avalsenaunlusomell Faime 1990 duee  Hannlaasiansnuzuds wilen  wesiuin

T
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2.8.2 ﬁﬁﬁ’u'ﬂ‘:‘lﬁ‘n { Oleoresinous varnish )

ihaisiudnnilaanmauanfussung i , Snsudnume , uues (Thinner)
LATATILIes Drer  @ruMiNAzimsumitueusdlomaemasse anaduas
AomsunsnidusiuisalamanmsfoffBmeendindy  uaziffBeweamelngdu

pugiuly  Taamsumesnresis 2 aaull ansaslnfindjfelaamanmaees

2.9 29AUSZNAUUTRIUNNUINTUT

uaninoaziaanlniel

2.9.1 159U
wiulaevinllddnmusudy azanelaluindy  uazianisnszanasluiniiuladie

Tuanuseu wuiresiu Ae wnAMuLiusrA Nt nunuauianaasniudniem

v
a oo a w o

UBNANUUITIANNTTARAN LRI ARANATE nsdan o unmuzaniannsnl

9

e

v

aNtRnNsumesnnAraflantiduinenla  wazrtinreusdunlefiaas uaununiuag

a9l wazAauiduauwiiWiraslananang

2.9.2 YINUTNLUS

¥ L. 4 o g% a v Y L. P

wdudnuuaiiuatsnaqalunisvn uiadusauianaestirdudnun inaiaudann
a é’ o ar i3 [~ <4 < ' [-1 v :’, !n’ ar o v ar v mv
arueralanuzulanuds vda Aaneeunta  wanantuuniudnumeds vani@anu
AWML wazANEAvgULNUEIURaNENAe  luniswanuniudnntiuena iy
ar v < ar . & v % w & v ’: ar  ar ". d‘d B =3
dnuuaneeaqaanvsalavanafuaniuAla  dNUTNuWNNUTNMIRA R EANIN AL
v v K% ' e 0 ' vy ¥ o o v
Tnsunesnfan wazinadusaudaneay Tnenalufenlodiduiadutinguy Fnuma

- v Y o da 4 ay ¥
WaaINNUMIAINg a1u10nuln LL@S@’I?Lmﬂﬂ

2.9.3 fiuluas

f‘:’mqm:mﬁﬁummﬁ%ﬁum@; o edfuAnmilaresisudnun nmanzan
rTumsﬁ’ﬂ.ﬂ“l%mu’luz%’nwm:ﬁ'mq i e, Maanu mslagnnaenisau sav g
S RmnsAieunty  asiaamilafilssano 2 weed 7 25 svAgaFuaiiu

wasalaeinl Aa lan ailm White spirit)
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2.9.4. ASIELBRS
- dl ! v o v o’ v a - d" a <
araanduarsiialimfansumadlmfaday  lngauidnadliives 0.1%
> - o a v e v C o a o
mMslaamamasudaniuuatattia azluaananiinislanmaeasnes T iniaegn

pinaiaasntdanlaazayluglannlsznauradlansiamalild

- Az - Jeaniia
- fane@ - wén

P L
- WAALTEIN Javeam

2.10 Uszrnnaasuniudnian

< P L = = 4 dae 4 T o
avalsznaufsviverastidudnen  Aa iwwes  wazansazatend luiliauniu

TN dquasalsznaui lusswevseyl SunnsaesudefaatinmiinrauauRanLue

< e

nTudnINRALANTRRAIT NI VTN TaUN UR AU TENN0s 60 T 70 wlas-

9

v v
°  a o ar

Fum Nr[ruunTinresindudnuIatanie laaNaR Mg ussu st w i dn e laseit

'Resiﬁ > oil proportion Varnish
1:05 10 1:2 Short oil
1:2 t0 1:3 Medium oil
1:4 t01:5, . Long il

AINANTINTNLE Short oil varnish AN1sunesNmad Taueuianuds  wazi

AanuiuINnuAsTANEavguuey aauluglafuanunialy

&5 Long oil vamish AzMIWMIFIRgINgT  uAiANEAUE LA AN

s

MUARANIWALNIBINIAR  Hzd vFuumnisuan  uazlodluanssanaduiudni

N18Uan

2.11 NSETUIUNTLATLNUN BTN LT

1’4 v
= o o o o

anasadsznaumaluseetndudnen Aa Fuan dndudn e, AuasuazATe

1993 UanuaNITNAuRamTaNugTudnn lasei
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pevlaaulvaglugiasaesmas (N ( Ester gum ) 1Wa

anduauvelsiu
Wasanaidusunetenduidudneas lnauaniBaeavae
q

u-qdldd’(
aRRATY
Urznis 11 AruaNAnsumesinazen uansdssinndanlalalud - Aemeainnyinlue

lugtayiuseasduaun Iefine leamasiu via Tsduweawmas

2.12 12®inas Ny
ieameriu vre lifueswendundanailnanmsindfideniussunnsduau

o as T < ! = a aan < ar
fudanageaviearslsznealansentiau ndreses Tagasifinudwljieeameifindu

2.12.1. danasaanlevinljAzeammeiAindunudusy

- Wlulam3ndanagea ( Monohydric alcohol )
[ AR, 1na, lalalnsia, lalatinfia, 1ala, 4ada, \WUTA, ABIA4-

DR, WUNA, ALAeTa, T30, W18, 174 LAZIINTADANDEDA
a acad ey
Aaulnanes, WURZD3-

- Inalan3ndanagea ( Polyhydric alcohol )
! =l a oy ac
U NAtesen, Inanatases, wiay, laefiay, dn

NIN0Q, LNULNAA uardaiines

a a ‘e o
2.12.2 \adNaINERUBAUNAIDU *)
i Aues, ATI94, wunves, T1aduas . avaiu , raalslandu  TusTule-

piu . darauaanlan , Aralsdwes , wuda , wWiauda , wuda aa ,

wazlranaelsn

2.12.3 TAS9AS 1909 RAINAS NN
asAlsznauvantasiuauds azluefanuedn ( Abiatic acid ) Fatiulnluwan

wedin Heguswannd 90 Wendus  aanguuan 1 luianaresndgeseaasind fien

fu 3 luenageserluednuedn Aadweswes  Taeleujienintuaclnesmesiu

Tuguee lansFum ( Trresinate )

aenalafimn azlueiin 1 ke 2 luansfamnsninujisenfundizesesla ia
g d’ ! s

Tuiuwanaiueenty

Wulnlunialasdun urazin aaasuni ladAununIuReaAIy
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Tunsudmaamasinluglredinsisdiun SUfAFaRaTudN

CH,OH €000 &
HOHC + 3R —> R-COOHC

I

CH,O0H CH,00C R

'_; R = Rosin

2.12.4 Upnsanadnastindussuaetuaununaciasas

Tunrsmeamasmiaduszueduauiunfmases HuaneanLANATUA9L

2719 11AN TR UALTUAULAIANNALTR 224 UL NN NINAUNE TUALAZIAANITURANAD
2 v b ! o o & aa ° aca v, < < v
nntduluanureustwralesaunseisiguugifasindjisenlalaeanyso - vie lu
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Qdd‘ dl < o o o ¢ =l ar s
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ANsRULNFUsUAUNITRRAamMvaansalaganysy ANUUALENIANNATRIRREN
Uit ludneusrasnfmeseaseun srazinatluninsiundgesasenaavlssnnn 2 e 3

daluauiunnereswuntuazginin  (lussmvindiisemesitmaiuniunsenioa)
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3.1 YanuaziAilium

TUAY IN3ANYZAN
naalalnsAaasn(36.5%) \NIAAATITR
Tsadeslansenlan \NIAAATIZN
\afadanagen IN9AAATIZN
TalatwsAindanasaa \NSARATIZ
Tngau \NTAAATIE
asTinu IN7AN12AN
woRa laTu \nNzAN3A
WA AP AUTLAAIHMLALULA INZANNTAN
NALTaTEA \NIAAATIZ
YinaTudadn INzAN1ZAN
Phihuaudn \N2AN9A

Feraanlam  NIABATIZY
3.2 gunsainaziATaiadiAsEungaa
AN ARBLILIER LLoyd LR 30 KN
isasaunssnawlelnsindines Jasco IR-810 Jasco Co.,Ltd.
wiasdrinasudaasunuaueaeiimes DSC 50 Shimatsu Co., Ltd.
wsaaneslunsBsinueunlaiies TGA 51 Dupont Co.,Ltd.
éﬂuqmm'\mﬂ
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UNT99Y TR 30,-60 UAT 100 LT
10 3 A2
m:faﬂﬁﬁ?m
‘luﬁ’mﬁw?"umu‘lwﬁfaﬂﬁﬁ?mLmz’lu‘mm 3 AR
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3.3 NMTANANLANIINIENINLRE NI ANUDITURY

3.3.1 nsAnwlasedTernsasalsznaudusy
ﬁnmim‘l%m?’mﬁuwmwmLﬂﬂiﬂﬂﬂiﬂﬁtm; (Infrared  Spectrophotometer)
Jasco IR - 810 984 UFHW Jasco Co.,Ltd.
1. Fefusulnitmtinszanm 2 - 3 fadndu nanfuida@eniusiue (KBn 2-3 nfu
unlazEEnuazIINty
2. inWdndinlaelneiesdaia azlaatiansaan (KBr disk
3. tiatiensaanilinmeawesadursisaailatnstiinfines lutnasaiu 4000 A

400 1.4,

3.3.2 NMSANENANLANINANNSAUURITURY

et d. a = -3 o e a
1.TnelmmsasaninasuTnaduNuiaLAAR THLAAT

thduauniualnaziaenlalusgiitisnass Jantinuantilinauimnieana

13 v
5

¥ ¥ d' a = a =l a ar ar g
FAUALLATNANIWALIUT LA RUN UL ULARATHIARST TIFAIRNIIZAIU

dT/dt 20 °C/min
Tihold) a0  °C
(hold) 0 min
Sampling int. 1 sec
Nitrogen flow. 20 ml/min

2. Inalgaiaanasiunsdwminueullamas
TFugunuaazidun derindnlugng 20 - 40 Aaaans laludeslaansineeny

WA \ATEY waslunmMiwasnuawnlaes  waanneinamianeauiaulasianing

ar

£
TGA weight 22

Segment : 1 Type : 3 Initial Temp. 30.00 °C

Segment : 2 Type : 5 Isothermal 5.00 min

Segment : 3 Type : 4 Ramp 20 °C/min fla 900 °C
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Falufadanlansanlan 82513 niu aranemsiafiadanesen uazvnlv
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250 NBARAT mm'ml,%w;uﬁLLﬁuﬂuc;fJﬂn'\i‘lwm?mﬁ’umm:mﬂmmg'\uiﬂﬁme'?itm
lansenlamiute 2 Ima’l%ﬁuﬂﬁwmﬁmﬂu%uﬁmLﬂﬂ§ ‘

o FofuauinraziBealumaingn 2,953,065 N3 AuIIANLNANTILNA 100 TaRARS
FNIFNENITAZAY (| FINASIENAN TV ngau uaclelainsRadanaann
Wudasan 1) 10 faddms  dBinasazarsunasguiiadelansaniaalue 2
adlyl 50 NaddaAT

5. 3wdnTansazanalute 4 Wuos 1 Falue  fleasunaionelalulinnesauns 400
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7. MNANTALANELLANA TRBFNNIAILATD 4. waluAedladuay

8. AN IANALAUIRIATWINILAS

3.3.5 MsnAudasanuiunse

1. Fefusuiiunazidunlugas 3.95 - 405 nfu laadluiinnesuna 400 fiadans @u
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1. thdusurfian maanuuiunneusdngegaluae 3.5.2 uaz LDPE Mngaumin

ATNARNTIAIU

2. 1 LOPE luluanuseu ausnuluaale Tnensuangnmgiluag lugag 140 - 150
aANTALT g

3. AN LA lUUAZAUARRAINAY  AUNTEIAIUNANTAANATALMNALAZIT Y
& o .
Wanenniu

! a g d‘ g d‘ g g, o o
4. ARE LWN‘HLﬂﬂﬂ@\‘llu‘lﬂLLﬂ:ﬂ’Juﬁlﬂ‘ﬂﬂL’Jﬂq’quﬂ'!'wLﬂﬂﬂQZﬁNﬂLLﬂzﬂ’JuNﬂNL‘Iﬂﬂuﬂ

Tnemsuannatlalulmiu 10 Wi

5. nadluuafinwasrnds uanreamanlaneaiewilnunniinmedulasdlus

C faw (wiuvmadeuaaudeusineusedn 5 u LLazLLsJﬁuﬁdwi"uwmaﬂuanm
Fath 39

6. Unatiuslmduiigruugiives uardsunzasnannuuiun uasinlinadeyssis
malil

) 1
< <

UNIEIVE 1 TUINININAIUNANA LN aaeinlwdongn (esanaunsnas

AANTTWINFIB8NTIALTT Lazaa INANLNANN A

aaay < ' a
3.8 NMTNAADAUANURAAINNLUILLTIADLLSIDA

IFusuduiLneaauaNTAA N LS AausNEATATeNluLe 3.5 - 3.7 NN

nsnasaulaalaipsas Lioyd 30 KN laaseaninzsiail

Test Speed : 5,00 mm/min
Load Cell : 3059.10 kgf
Cell Class : 05
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qns Aaudsnauseda@lanimssauiums
6:0.5:3.5 772.2 297.8
687.2 274.1
854.0 336.6
‘ 535.5 215.9
X 281.1
SD 50.5
6:1.0:3.0 609.9 205.9
596.0 187.9
433.3 132.6
458.9 133.3
X 164.9
SD 37.6
6:1.5:2.6 456.1 118.6
664.2 168.2
741.6 193.5
501.4 132.1
483.3 116.3
X 145.8
SD 33.8
6:2.0:2.0 1361.0 418.7
888.8 328.3
810.7 294.8
1096.0 324.6
827.5 2643
X 324.1
SD 60.6
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qn9 useila (Alangu Amsudenausasa@lanivmmaauiugg
7:0.5:2.5 4215 141.0
673.1 205.2
509.1 147.8
510.2 185.5
810.8 265.5
X 189.0
SD 50.3
7:1.0:2.0 561.1 189.0
523.2 162.3
550.2 164.7
563.1 170.0
X 1715
SD o 12
7:1.5:1.5 394.5 113.6
3433 105.5
424.4 _ 158.0
468.1 | 148.3
290.7 87.34
x 122.5
SD 29.7
7:2.0:1.0 393.0 95.55
381.4 100.7
351.0 92.31
488.2 135.0
436.8 115.6
X 107.8
SD 178




a < o o a > >
9. gASHANNDALNATITIN NuAAae lagldanusaulunisuay

4n3 usefile @lansu) Arusdemeusada@lansymsauRiuns)
5:5 1.781 0.88
3.719 1.84
1.427 0.66
X 112

SD 0.6

6:4 822.4 326.7
1089.0 : 407.2
918.1 366.5
X 366.8
SD 40.3
7:3 693.4 240.6
896.0 344.7
790.3 264.0
1068.0 407.6
764.3 265.1
X | 304.4
| SD 69.9
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s & o > v
Q. FATNITHANNDALNATIIN LDPE wazdiaaandaninelaadnusay

weeila (Rlansw)

qms ArmuenausssnRlansymeatumsg)
5:4.0:1.0 581.2 2336
648.9 2238
646.6 237.3
451.4 197.2
625.9 231.3
X 224.7
SD 16.1
5:3.5:1.5 696.5 2415
596.7 220.8
574.1 2187
551.3 194.0
X 21838
SD 40.3
5:3.0:2.0 908.6 367.1
930.9 369.2
856.3 337.8
1021.0 410.2
890.8 339.4
3 364.7
SD 29.4 |
5:2.5:25 718.0 336.9
870.9 394.4
7242 357.3
1056.0 421.8
1268.0 462.9
X 3947
SD 50.3
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qns usaitla (Rlansa) AriidaneungafTanFmMITLR AT
6:3.0:1.0 412.9 176.4
597.4 206.7
308.0 1056.7
X 152.9
SD 50.8
6:2.5:1.5 500.1 185.0
416.0 149.8
466.7 161.8
466.6 193.9
X 1726
SD 20.4
6:2:2 864.7 296.7
765.4 2735
897.2 346.5
1025.0 "361.6
852.5 331.3
X 319.9
SD 336
6:1.5:2.5 906.3 340.7
904.7 3543
967.2 4108
830.6 368.2
941.3 389.1
X 3726
SD 279
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wsenla (Rlansu)

qns Aaudanausesa@laniymeuRiung)
7:2:1 471.0 1775
514.1 182.9
480.5 187.7
462.0 141.0
460.8 176.3
X 173.1
SD 185
71515 656.4 267.2
905.6 363.6
612.2 247.8
790.6 305.8
577.0 270.1
X 288.9
SD 415
7:1:2 861.5 347.8
670.5 244.4
605.7 197.6
X 263.3
SD 76.9
7:0.5:2.5 707.2 305.3
1053.0 391.0
620.8 265.7
1063.0 403.8
834.8 311.8
X 335.5
SD 59.4
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4. Usunms KOH m‘ﬁdluﬂ’li‘lﬂkﬂiﬂﬂ’lﬂ’]Ltﬂﬂﬂﬂ’l’lutﬂuﬂiﬂ

Faamng
wetd | warlunnin 1Bunms KOHR I \aamas
Unjiien ( grUNAnLTURLAT ) fin ﬁq'u
dalug) (nFu)
pFai 1 paft 2 pfed 3 \ade
1. 9.0 6.70 6.80 6.90 6.80 2015
17.0 5.30 5.30 5.30 5.30 2.004
245 450 4.60 4.50 453 2.001
285 4.40 4.30 4.30 4.33 2.000
355 410 410 4.00 4.06 2013
435 3.90 3.90 3.80 3.86 2.029
49.0 3.70 3.80 3.80 3.76 2.010
2. 11.0 7.50 7.50 7550 7.50 2.000
3. 12.0 430 440 4.50 4.40 2018
15.0 3.30 3.20 3.20 3.23 2138
20.0 2.30 2.30 2.30 2.30 2,138
4, 6.0 1.10 1.10 1.10 1.10 2.027
100 0.46 0.46 0.46 0.48 2.010
5. 30 5.00 5.00 5.00 5,00 2.022

- Freu N IarAIeaangs fu il lnnenluwaszafs Ae 3 gnunAnEUALIAS

- 17TANENIRTZIU KOH AlaANLanaui 0.0987 N

5. N1SUIATAMHNAUILUUABIUTINUT LN

inAAlUNLAAT = 16.2708 NiN

e oe

L4

- thudnfialuiiiaas + U1 = 26.4224 i
- tudnidn = 10.1516 ni
- AIHURILUWIDIUNT 30 aeAEaLded = 0.9957 NFN/gNUNANITURLNAS

- 1innasiATuiAas = 10.1954 gNLNANTURINAT
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ANATHUUILUUANYTUARIUN ( NFN/QNUIANLIURLNAT )

BRI ANV
( nFgNLNANTURILAT)

15 0.999127

16 0.998971

17 0.998772

18 0.998623

19 0.998433

20 0.998231

21 0.998020

22 0.997798

23 0.997566

24 0.997324

25 0.997072

26 0.996811

27 0.996540

28 0.996260

29 0.995972

30 0.995684

wung | vwminfialufmesuay | suinindignu 7 ATV

7 dhaludnin (n5) (n¥u) ( nFygNUNALTURLNAT )
1 26.1399 9.8691 0.9680
2 26.0685 9.7977 0.9610
3 26.0460 9.7752 0.9588
4 26.0602 9.7894 0.9602
5 26.0585 9.7877 0.9600

6. N19IAATAITNUUAABIUN LT UEN LN
- neasugnilan Aalafivmes ( Brooksield Viscometer ) Wiiti RV

- aduda Unwes = 3
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MSATUINATGNN 7 T UMTNARDY

1. AdUauliNiatuNLLas (Sponnification Number)
gns Aalaudiiaduilniwues =  (B-A) x N x 56.1
C
e < a aa c} v, T
e A fe HsdAmtrasaisazaranimsgiunsailalumsinmesaisasanauiasa
B Aa Hadamrrevazazatimsgiunsailalunislnmseansazatedenng
C AR wwmindIasfaatg
v v 1)

N Af ANANTuIe9nta Avuwisuiuluans

56.1 An waaluanaredtliadeslansentan

2. AMLARIAINNLTUNSA (Acid Number)
go15 AuamANune = (AN x 56.1)
B
e A fe Hsddmswesarsaratannsgulliadunlansenlaailalunis
Tnmsnansazanefnasa
< v v o d -
N A2 AnuanIuTesasaza e asgwildfadeslansanlan
B Aa uutindinassaasng
56.1 fia woaluanazasiliadenlansanldn
‘v 1 ar al = P | ¥
3. msagazravituinuasSuasiulasuniladlidiliasainmsgaduiin
AT
u

v o T
sagiazNITlasuLLaIuIuLEn

(W, - W,) x 100 / W,

sasaznRlasulasiBums

1

V, - V;) x 100 / V,
Wa  w, Ae fwinTedununaunmagey

W, Aa fingediuaumdenimagey

v, Aa BanAsTasTuuneumMMAgeY

V, At UFN1AresTuuvaInImaaey

1t



4, AMAMNWUILUUTAIUINUT LI

gns V=(N-M)/p
Dm=(W-w)/V

Wa VA Bunaraanaluiimes
N Aa dviinaesiaTuiiees uazin

F) v

M A twinaesRatusipas A

p Aa m’mumuﬁuﬁum‘rﬂmmﬁﬁ ru gruunille 7
Dm A8 AMNMULLUTE TN

W e Bintesiatufines uasindiudn

w A8 twinrasiATuiiAasiuma

5. AMAMNULATRIUINUTNLIN

Tnelairgasugnflasialaiiiaas wuu RV (Brookfield viscometer )

fMg  Viscosity = Factor * Reading

< < ! d‘g [ < o ¥
LD Factor A@ mwuunnﬂ':'mmmuﬁ‘l“n

' 1 v

Reading A Ahaula
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New York, 1936.
. Mattiello, J. J.; Protective and Decorative Coating, Paints, Varnishes, Lacquers,
and Inks, Vol. 1, third printing, PP. 292-301, John Wiley & Sons,Inc.,New York, 1946.
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