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ABSTRACT

Sometimes it is important to prove a document genuine and original as opposed to
one that has been illegally altered, for example if the investigator wants to know that the
original number on a tax registration number license which was altered with correction fluid
covering the original license number, allowing a new falsely written number to be inserted. In
the past the specialist would check by looking through the paper against a bright light. If the
white correction fluid was very thick together with the false number written on top, it may be
difficult or impossible to prove the original number or numbers.

One way to solve this problem was to find a solution to wash away the white
correction fluid without destroying the original words or numbers underneath because the
examiner does not know what kind of ink those words or numbers are made of.

The purpose of this research was to find a chemical solution which proves the
original words or numbers that were written underneath by conducting an experiment to find a
solution from 12 solvents with physical properties similar to the diluent in the white



correction fluid i.c. Carbon tetrachloride, Chloroform, Ethyl acetate, Toluene, Trichloroethane,
Xylene, Benzene, Acetone, Hexane, Propanal, Iso Butyl Methyl Ketone and Petroleum
spirit , and then compare the properties and abilities of each solvent to wash away the white
correction fluid without destroying the original text.

The result of this experiment was analysed by the the Nonparametric Statistic Test
using the Friedman Two-Way Analysis of Variance by Ranks. It was found that different
solvents have different capacities in dissolving the words that were written by different kinds
of ink at the significant level 0.05 and the different solvents have different washing
capacities  at the significant level 0.05. Morever, it was found that Toluene was the best
chemical solution for use in finding the original words covered by the white correction fluid.

The results of this reserch will be useful for document examination and can be used
as a guideline to choose the proper and sufficient chemical solution to find original words
that have been covered by white correction fluid.
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Sepia Officinalis , Sepia Tunicata %3873 1 Fonn wiinnszas Wues

Lﬁaﬁmmﬁn (Ink-Bag) Y03 Sepia Officinalis himswnmannlszasy
an 9  wmnuumsilszaeunan asuey , Tilsdy . unadou was vema Tugl
Complex Organic Compound W30 Sayiiu uag waAu Femnsoanazneulaaludai
AZANONIN UBANBEDA , NSAINGE , unuily uazwesAIsA AaolA éwzm‘l;ﬁqmauﬁ'ﬁﬁ

a A 2 a4 a °
MU AAVNNYUY HAZUNAUAUANUDY

» .
212 Indian 438 Chinese Inks (uiintw) muﬁnﬁmawﬁnmﬁwﬁaq‘lu
Uszmeu TumioTusianihnnnanowily (Vegetable Vamish) aunsei 3 il neundandn

Hd
“ 51199 1ANEA91N Lamp - Black uazn (glue)



13

Lamp - Black wanlannmarlszaeumsuey Futhiman i , eNau ,

s (i) il Ty Taoluileendeulufeme fezla Lamp - Black #4finsusy

egilszanat 80 % awiimdedhonini e indeeiiunis (Ammonium Sulphate) 1

@94MT Lamp - Black ﬁn‘s‘qnfmni‘fu%ﬂ ITAB (remove) tmmsmmﬂﬁaaﬁun‘%'t;eaﬂ
v v

14 ¥ .
T Taomsi@unsamfe uaddanaini wseewssihlalaomsey slow current of
» ¥ A ] ’,ﬂl o o
turpentine vapour U182 heat lvsounas titelalaTasinuesenlyl Taslviudriunassu

TuvuIUATIHEN Indian Inks 1571 Lamp - Black HaufY M3 (glue) i
wnlmmiewisTamennng auslynouesdull viiniilasemneedufulyl uaslunmu
YOIHANTINTN Lamp-Black 1 A1 wiidnwazamonivamfnt snihlhhinseu
(heat) ‘luﬁeé’auﬁwnﬁagmﬁ‘ﬂ n?emwmyuﬁmmﬁ'uqa 9 #1a o iluseaensn
Snamedlsnantzng 4 $alus SwzilvacBoanazeougela uaiSudy mays asly

v

Tussmziluneu mimbszana 114 - 140 053 wazhhilaanuduastie dunannu
. » « » R 4 v
1 -3 Su %390 4 Su wieemezannnmi la uao lanmuniuliezihluniindauas lusiv

[} » t 4 [
luaaumeuyes Indian Ink OUAN Dried Ox-Tongue 8411 vwihlmfaduas
. ¥ a 1 £ 4 E 4 Ve d £ 4 E
UADUAN finely powered vegetable matter ad 11 9zndvh  Taafiveuun m3 Alwezass la
‘o ’
uae Tadid mmiu
a  w N =~ o d’é s g ¥ 4 .3' Y
nansunvomiingiialiingatin owhladunees q wuy Fduesiy
E 1] . ]
U3 nielswnugnan uassuuuesliamrauaiuesn

UNAOA (Iron Gallotanate & Gallate Inks)

11mszﬁﬁ'qm’h;sﬂuﬁuﬁwmﬁnﬁﬁmﬁwﬁ% q Wihaaa  uasiienlydunnly
Wogiiu wiingitail la3annmmnnn uilaR1sueY (Carbon Inks) IAIMUAMUAN Carbon
Inks uazdlaoulnm q fezlumamell ﬂ?mu;ﬁmnmu'lﬂﬁmnﬁa?'mzﬁfh;ﬂsmg
ulada Tasodedimamant mmsluniindnqminegiszinu 0.6 %



14

¢

. C e w
aulseneuves lessu unalaumuua ilssneuasauiiddiy « fs

221 tes¥a Fama Ferrous Sulphate) gATMNAT FeSO,.7H,0
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Snvaziluvesmmntianumila senouns 2 aalug q Ao ooy Oye Swff) uae
Fhm (Vehicle) Sanzdleg 3 dsziam fe 1 , Tnanea 1w Tndieniidu lnanea
(Polyetylene Glycol) UAZEWM 1ot softenner xﬁaﬁﬂﬁu dhulassasia q W wu
lasnfiare3u Weaula (Triglycerine Phosphate)

Qo 2 Y X a4 woe P vy, ¥ P ‘
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TYPICAL FOUNTAIN PEN DESIGN BALL-POINT PEN DESIGN

INK RESERVOIR

INK FLOWS TO
PAPER VIA
CHANNE |

L
BETWEEN NIBS

NOTCHES RETAIN INK
SEEPING FROM RESERVOIR

INK DUCT AND AIR SUPPLY

ROLLING BALL
RECEIVES INK AND
DEPOSITS INK ON PAPER

awift 1 uaasannlszneumeluvesthanmiindunSsudeudinhangaau
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2529:3)

-: > X o’ o A ¥ ¢ A o @ Q» g
snasfnsissaunu thoeudmAmlszneunisesnlszneundAgail

1. #20AIN12 (Resin or Binder) AiD ms'?;ﬁ‘mu’ﬁﬁﬂﬂszmuaqmmmaaﬂ'ﬂsznan
Twinfiey (Coating) mlamedy TilmAaftenvsundeudauui

2. @0y (Solvent) imafazmossunezliunmia delmnzfums
Tasamy 1uﬂ§ﬂﬁ'mm'afﬁafrﬁ'aasmmz;ﬁam'ﬁﬁmu do unaladunn

3. WA (Pigment) fio ’:’aq’l'l;ﬁ inluftaufiaowaony frwensalunsilads
i (hiding power) uazﬂ’mﬁ'uﬁ'mnmsgnmsﬁ'uﬁmw wiennAsHATOUAM UL
i?ﬂﬁ‘:iﬂ‘lilﬁﬁﬂﬁﬁgmlﬁﬁﬂ"’w Taow Wioulndaddunilesumsuneoazion
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Frinazane (Runes) WieRaBaIme @indery Tudl Sufluveuanmeszunwediy Dyes
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1. mufidudavesme  (Solvem) Tegludasiaau 40 - 60 % Taothwmifn
tﬂut}auﬂsznémﬁﬁm'me‘hﬁ'agmne}mnﬁdmfmauﬁﬁa miivesihasme  fe
azenosdy uazrrlumsnszniedivewsd Feezinnesniiy

1.1 Halogenated Hydrocarbon Solvent a‘ieéat]‘mrau 75 % lagdsings  dah
azmmlsznniliiyaiensgsznan 70170 °C uaiiauidluda viigaidon TaoiaTuesly
170 Polychlorohydrocarbon Solvent

1,1,1 - Trichloroethane

1,1,2 - Trichloroethane

2, 1,2, 2 - Trichloroethane
Pentachioroethane

1,1,2 - Trichloroethylene

1, 1, 2, 2 - Tetrachloroethylene

v 4 T P
a151% 1,12 - Trichloroethane iHludnihazans Wewdsuuuadausitiouals
t 4 A t 4 4 ¥
uilnuunsezaczawuiinuvioonyt 9990wy 1, 1, 1 - Trichloroethane taZUNATION 1¥AIH
E 4
azand 2 Aamauiula

1.2 Halogenated Hydrocarbon Solvent Weaunl Organic Solvent 1.116’9151?!‘31!%;]
Organic Solvent 11AAT 25 % ‘iasﬂ?mmqmwmﬂauﬁ’

L 4 #
frhazawiifinly Jaun ensiszney  Polychloroaliphatic , silszneu
Polychloroalkyl #azaillszney Alkenyl msﬂszneummﬁ'ﬁqmﬁaﬁaq‘lume 70170 ° C
uasdquenialudaiitgaion
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[} ¥ ¥
amiy Acrylic Resin , Volatile Organic Solvent fiioulrlaun Toluene ,» Xylene , 2-
»
. @ <
Ethoxyethanol , 2-Ethoxyethyl acetate , Ethyl Acetate , Butyl Acetate 3Iui3arsfilinany
] o
@11301UNIALAN8 (Solvency) Actylic Resin 40721 Hydrocarbon Solvent A28

- P ¥ N 'Y | w d
2. aauiidludievewda tsensuaensan q lusasauiivineey fait

21 FilmForming Resin Wmnidud8ams (Binder) Seozllusasiaay
1020 % Tamihminvesarnalszneuiidhuveudoimia Taonaialy Acrylic Resin 34
91011l Homopolymer U89 Acrylic Acid W30 Ethacrylic Acid #3eemiilu  Copolymer
TN Acrylic Acid 1l Bthacrylic Acid 14 uenwnfiowlmnen Ester # Carbon
Atom Tatfu 4 Atom UWh Copolymer §11 Acrylic Acids dla

» . L] t 4
22 Special Pigment 152n0UA20 Rutile Titanium Dioxide 884Uy 88 % lay
» t 4 .
1~ Organic Optical Brightner 0.05-0.6 % Tavtlmiin U@ Silica Dioxide 10-20 % 1Ay
: o @ » é R\ o~ - < X o ; o ¥
i inidhuss@don Tuandadunuazlinnuensslunsdlaiiiiuilagana

¥ A o o
23 Flatting and Extender Pigment 1AUA Diatomaceous Silica 3laludasi
] : o . A . | 4 o i 4 cl - v
a1 520 % Tamhminvesandidhuvewds  muiehmeidudufuiles wazan
AT UIBUTHY

233 wnumMufefay (Fim-Forming)
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2. Fixation iffunsvlmndowades Tuvgasennindin uaslufadusuves

A * ¥ ¥ o o o <
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aat 2 o ” 2
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semeiingln (Mechanism) 2 1l5zms fie szMENARIMNA (Surface) vosfiauTaonss  uas
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afs mss:.'muﬁuaéﬁ'vnmﬁaﬁwm'la (Vapor Teasion) Yesfamazaeiueus milusede

~ 3 ¥ [y e
Avetleunnnvzszmelalusasiid
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[ A 3 8 ] . 4" v o [ ¥
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! o w2
Faoznuluasiligueanni@iuii Thixotropy 482 Flocculation
o as . A g * QLY - I
Thixotropy  (anuashilInssasnluduse  duguenifilszdrdaves
=) 03 A o o Loy $ 6 ar ¥
Tndwesfinae fazawludrhazae  dluquaniandy uesaesmslugammnssy
a ] 1 4 ] . ) b ‘; 1 4 A .
vaneriia wu ludnmnuid diemunlsequaliluaeniu Fezassdaulselaolannmes
4 P 3 - S I
mez uailerewlsalminy Fudumswanueanila dfzaeunan wozlnaaaun

a * o
A1l599M AU Flocculation ADAINTLIYAOIAIVOIAT

N A S e g ¥ ‘g
23 cure tdlumanlfouammussayiinnudy Fixaton iarumumuaiy
é -3 i @/ ¥ ) (- ¢ ar
Fainlalasendo um anwseu uazemn Gladnya SaudSunsys uas qussdl yaySes
2529 : 4-11)

T
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2.4 nqufifefudnhazas

. A wa [ ¥ [ ¥
dnhazae (Solvents)  lussiifiguanifasawmsduniehlnasoudsnala
. (4 * L] L
iwu azmig vy wiln v & neanadn oasasdy q duveanm awivgdumsszme
a A yo. )
tinaunen nienduuswaz I laun wudu Ingdy lnsnaslsdmu uazdu q
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Tunsduiindiadegiu Fhaemoriiann q TawunSumumfsunaaly
Famshmueemsduiu@inig  Isiesihezmdhnhneiifislsananudeu
hewhawazew A uazﬁ‘l%nn'lumsnﬁaqwmnnssu wedlumnsanhazawmsou
Sovwenstu sasharwazewuaezedesns  Tasansmamludumsuiluae
JUMe e'nu“lnqiﬁ11};uﬁaﬁmia§nnw§ﬁuﬁﬁ dleladudadanemuiunamn Tasnsga
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sadunmunmadmmiale demngsumessiinansenunessunlszamaiuna Tag
fRunaszinnlszenm hivfiomsminda theftsus seumds amdudeuaz@essuas
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Gefifunoszuudu q aw ﬁaﬁﬁuaéﬁwﬁmmﬁ’qﬁmzam qlsiau  ifnneuwdn

2536 :58)

o =) &/ =y JA wo -
#1azawBunse (Organic Solvents) Huedy asazmeorsznndunsenlydmsy
& A ¥ A y . ¥ ® . 14
avangensoy q dlumsilmfenldouesan q negluplvetasazate  dehvzlums
g 2 L] + % o * [~ %
W q fanwmnzauaemmi ke Tosuludnyazan q esavaeduvelinnudu

a 1 4 . = P []
wvuaanﬂmmzmuaumﬁu umtﬂu 10 tszam

Fhazmmlszanesavhan laTasnsueu (Aliphatic Hydrocarbon) Toluntsndn
vewmiiihudemds  maluanudy dudrhezmodmsud ssmnes weae@n dn
Fun shealuiy wasiniunasaus 9 ufie'l;‘s"mﬁl;‘ltjs"nnm ﬂzﬁqvlﬁ'luﬂﬁﬂﬁ
szormaunan éqi;'mﬁﬂmﬂ;flﬂﬂ?mmu'nn s nflensidouiisus fuan uazerem
Tumaula Faeereslunquiliilsiinn fe wesuea @niaw (o-Hexane) Suilanasgm

v .

o . . P-Y ’Q A
anulasass 400 aavaeomaauaiy  Saanidufy  Aeseilndaensninlszam
auilaw

s =i o « ar
drnazaeilszanesd landn lglasasuou (Alicyclic Hydrocarbon) anHMA1:
] ¥ = ¥ ar AA oy ’
i lsuazaruduRyaaedy ezddn lelasasueu
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drinazaedszaneslsindn  lelasAsuey  ( Aromatic Hydrocarbon ) Yoty
gamunssuall wazn Wlumsdunszwmnsiaillavenosiia aihiiuues delasung
sume seihlmfanszmedsuamei uazemamolen hnfineannihbmaen
Goavneda Suzdhunmelvinmnaduiinasaiion uaziiedeindnnesguuse
wene MmN MIAReINISNNBINMISY (Haley and Berndt 1987 : 507-513) Feeans

‘lumiuifﬁh;ﬁnm fie TngBu (Toluene), UEU (Benzene) taz 14y (Xylens)

= Qs ¢ J : = ’ d o)
HAAAUNUOININ Aromatic Hydrocarbons Hifie fiutues uannes nawaadn AN
a A o T S o & > A ¢
aamsodiy huend duhwafewn A danhanuazen Muma e1snuuas
wiimhangaau

Q1T ( Benzene )

v . b4 i 4
fiqasind c i, Wuveunasls Tudid Haduven Imilumsezaesasnaily
. t 4

Bovalugnermnssunnnenmelszian 1w thew thssum mivdion Saamd it
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wud weunhifusnn fuegasea anes duau  aniilatimslnlzlovumsgaeam

& 5 & 4 PN Py
assundaansaTusa supssiadiodszana so Tawman lasunuRudonavunnes
¥ WA t 4 . A L - 4 (3] ] 4 E4 a
i 3ulananumensinuiluiifuvdeliivinueesunn luiigaunidsemaladsznimin
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Jyensundu narlnlyensdaluu@alaun Tngbu v uesuea Baww uny wunsiud
fovun Ingdu dnwansmnilufivey wudulinunasguaimnioeads 25

» v

asnMfaTUaIU

ar yﬂ A ¢ =
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a o a 4 o 7d > 2 4 ¥ ’
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2. fiudeds nﬁa“luvjqﬁﬂn'laszmmﬂa'lﬂsﬂunamm 9 inlnifnensda
filesnnndu lnamahaniveslunszqn flvinsarudaden Balsafidonn “e
wednesiidle”  wenmmfudiilsemBuumaunsahnifasauzddiadeaviot
Gun “Gafidle” 1aA8 ( Winex and Collom , 1971 : 259)

Ingdu ( Toluene)

’ o
flgas Tassasumaunil Aall

~@%
o a4 & N o
Tngduiisedu q laun Methyl Benzene , Phenylmethane , Methacide , Toluol  tilu
a i * a o !
asduiantigasall cHCH, duvswvadla Tulid Tild Hndumwed lyaifen
» ' L4
1106 ewuradoa yanuld 44 ewniwaidor  azawlaluusanesea  naelsvesy

: <ty oy g a '
ov&lau wudu wazdmes ualvazmshnh dWnnuduannlszasuhunlSinauanaadu
o o a % a o oo P
Tussdrhazaedunselunaianats q ( Gosselin , RE. etal 1984 : 220 )

Tngdu dhulslasanuendwendaluiu Tanvnundu dumsszmosiiain
wifansiemia ﬁu‘umT‘nq‘é‘utﬁﬂu‘immnﬁmsqniuin@‘éuu:'aéénma 018 laonts
welan msduamonsiamiy wielasmsfiu finlaia lilveadngdu de msnassuy
lszarmaunan uasnamahanivedlunseen ﬁweﬂngﬁm‘fﬁ'aaq"luszﬁ'u 4 Sumno
swmudifivge sefyfidusuasonedia fe s0.1,000 fisfnsumerinninga 1 Alandy
(Arena , 1979wz lafinndmuatfinaves Ingduluemeaitez Tufadunsonesine
it 200 dneoMAMUAN TR0 the American Conference of Govemment Industrial
Hygienst in 1967 U2 the Japanese Association of Industrial Health in 1968 (Browning , 1965
: 591)
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1. fiufoumdy  daduiugigae leszmonliling Suusnsslionmsauwa va
Yo ¥ M o A Y 4 * ¥ a )
Tunseda wuwas ewuadunnu ihafisye aduldeilow wuunnen Ru Nedu
A g at v : ; g Q'l o N . )
woleduasdy W luanlumivaue  Thiwnuedsazan q (Congestion of all organs)

» 9

et - N = ¥ g ; ‘o A M 3
sumia viodnnounuaad lazmola mffuueqnum‘mnmwum'laszmunqaauaguu

2. fiudods 1ﬁa1urd’qaﬁu'leszmm€1'lﬂtﬂmmuw fiemsdu fledu drdu
@ulny neniiessuuse ouewls SRuaedunazla fAuaessuudenlaonamsiim
“wealvnszgn Fufionadiadon dnlsafidonn “sowawnozilils” uenmimiuds
fremiirmnsohinisa lssueSuadeavniifonn “Gifde” lanao (Casarer,
LJ. and Doull , J. , 1980.)

ladu Xylene)

aor

v »
figarTassasiamuall Aeil

CH3

CH

o > o
wialuagavesladu 106.16 szasuais asueu 90.50% uazlalasu 9.50% il
] . L] ° UAAA »
ammuinalizina 086 qaiReangluya 137-140°C Tguennianaalnla (@ammable)
Flash point = 29 ° C

v e ’0 ; jo L= N ) » * =
oo lasuensi hulfinugs efaenisiives uanmuihuiivussan audy
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Fahazmeilszamelasmiia leTasa1suey (Halogenated hydrocarbon) Jonshy
Frhazmolugaemassunn 9 Tohnhodnums sseilidauas ;ﬁa‘lﬂyé”nn:'nfjs"nnw
sefinatumsnaszunlszamaunes swilianszmodewen N uoAo ol
aalunsnassulszemanan ewhilniamsszmuifiesen N KavAo Fnlwd
ownnanld  ussuRUREsTIIMUANOTMTS ﬁ'mthwmmsnéuﬁﬁ'h;ﬁﬂm fio
aaolsesy Fedimnasgnamnlaeass 100 amemmreuay TasnaelsBmuas

@ r'd
msuoumnszaanlia

11,1 lasnaelsBmu ( 1,1,1Trichloroethane )

ar

t 4 b 4
flgas Inssasumanil asll

]
Q—-n—Qa
I
m— 00—
|
m

¥ v » 4
wialuanavasnsiioniu 133.42 Wszasualsmsuou 18.00 % lalasiou 227%
UAZAGESY (Chlorine) 79.72 %  HATMWMUWUY 13376 YafAon 74.1° C  lgauaunia L
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