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IRFVBIREPICEEENDS 1,227 a—LHiL, TR
FUBIROME « OMRE, BT ARBEHAZRICHVONS
BRI RE S BIEOMRE, ICRELEEELRIZT. 20X
I, TRFVEERRDO 127 - VEARBR A L
i, BEA—N—, Tar—3Ia2b—¥—HLoTEER
ERTH L. JISK 7146 BRES Nz, ZOFMEIZ< =
AT VHETH D, T2 7 VHEDOYE, #HEOH
GURT VTV RIBOFEOPHARAL T 505, IR
AF VBIE (LER: liquid type epoxy resins) & HX, [
B RF MG (SER: solid type epoxy resins) D3,
HERTFNE, 7 o0k A BB LA Ty TICHEaR
WLEBBRICEBLTWAEAD L 4H Y, REOHIER
HM s HE TR EERGENS L, WEFII YO Y X
PELLIENDHAH. £ THRABEH IR K BER
HERER M2 72— by 4 L —F 2 HWEMENE T
T LWL, BREPFEBLTCORHACLEETE LM
KRB OND Z EPHIRS L. RAHE & AR
A2 IR EFTR L A NLOTHRFIIEFER
MBI LB TED. WEMRTR TRFVBIRERAG=A
TIAARIZIUNHEWEHVHBETH L 2 L2 s, Kik
TREAT7I A2 AT, HEToRLHF Yy v 7
Eovar—AVCAERV: DEOZERY, Fr7v
FREPRERZ LX) GHIGHOERKEZRLSZ LT
&5, £IT, AETENBOA -+ PL—F%H
WAHIHIzY, P LAXAREON ER S TOEMEL
ZAELLBWVES, BT TIISK 7146 Mk~ =2 7 v
BE THERD ST b TRIFEL, GARELRIDEES
FHETOERRTo7- L, WEZEH LEROBEEDOMK
HEiTo72.
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1,2-77 2= Vid#Ha v RKERE E2WICRE, FAELY
VRZMEEWIBILE NS, RROBI TERIZ, T
B 2r ez MAELavEL2FIHES M) Y LAE
WCHETHZEICEY 1,227 a—-VEERD L. KL
ZROGHER O M 23, ISR MINTNS
DOTHEMT 05, 2T, FHERIE>VTOFERD
LHHHET .

2-1 EEID
BAORKSNIFEKD 4 TH 5.

RCH(OH)CH,OH + 1047 — IOB’ +RCH

=0+HCH=0+H,0 (1)

HIO, + 7KI + 4H,S0, — 41, + 3K;SO, + KHSO, + 4H,0
(2)

HIO, + 5KI + 8H,S0, — 81, + 2K,SO, + KHSO, + $H,0
(3)

I, + 2N2,S,0; — 2Nal + Na,S,0¢ (4)

ZHBEEICBWYTIERN(2) oadEx 5. X(3) T
1,227 2=V ERIB L TAKR LA IO, DRILTH 5.

2:2 HUTIVEE

amol D127 A= NViERFTLHIRFVEIEE, B
FTHB bmol D10, FHFHED D & THELLEA, (1)
£V, amol IO BAEK SN, REDIO, & (b - a)
mol £ 7%, L2do7T, ERIhiLiz, &X(2) RO
K(3) &V, 3a+4(b-—a)=@b—a)mol &% 5BH. D
(4b—a) mol D L 5K (4) W2 &V, 2X (4b—a) = (8b
— 24) mol M NayS,05 & LT %

2-3 EHEREE

1,2-7°0) 3=V E DRIBHEBHTH 5 10, 1EFFFE L 22\
oT, X(3) ofusEET, X(2) KLY bmol®
10,71, 4bmol DL, W T H. 2D 4b mol DL, i,
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K(4) 12& Y (2% 45) =8bmol D NayS,0; & FIET 5.
L7250 C, ZRREE LY Y TIVIHEICE L2 F F 5k
FRITLAOYERDEIZ, 8 — (80— 2a) = 2a mol D

N328203 b:*ﬁ%l j— Z.) .
2.4 5t B

FINFD 1,27 a- VEFRIX

[1/2X N X V]/[wampe X 1000] (mol/g)
=[1/2% 34X N X V X 100]/ [wgmpie X 1000] (wt/wt%)

&Y, RAEH5.

17X N XV

X 1009
W oo x1000 < 100%

c1,2—glycc\l =

ZZIZ,

Ciogyeor: TV TNHD 127 - VEHE
(wt/wt%), N: FAHEHBF MUy ABIEOEE (mol/L),
Ve ZRBEEICE L FARET N Y ARMP LT VT
VEEICELEEZLTVwzE (mL), IEF
VR T VoER (g).

JIS K 7146 TIZRR D HALAY mol/kg THES N T2

75, RETIRIEEROBHIH, w/wi% THEL.
3 % B

31 RERUVCIRFIHIEY TN

0.1 mol/L F A BB bV 7 AKX, EEb3Eo
BERANHREZHV .

1,227 % U F =i, FOGHMBEIRRALE g
PLk) 2w,

F v M3 EERE, RGBSR R v,
KBRS DV P AF VT VEZY L 40% A5 ) —
VIEHRIE, PR SURRASE 2 .

ZOMOREREL, FEEASE, FOUMEROSMRED
ZVIEENL E VIR

0.023 mol/LBIVERT VEZ T ABKIE, T E
SUREE27g R AY ) =)V 475 mL ISR, OIS
KBAENY N Y RFLT VBT AR AR AT A
pH 10.1 I[Z3H¥%%, 25 mL OFFBR &K 5 mL 22 FA% L
7z.

EARITREEAR T 72 RITHEEUR 20 2 TR L 7.
IRFVEIE TN, RKEF - Sy - I AN A
URZ—BOY AT )=V ¥ L TEBRE VEE
A BRUOCAT7 /=N ¥4 7R RF VEHE C, D.
L2757 v —VaEMLTHB LA T2 ) =) -
YA THREZARFVBIBE, F. ABEA - BT
S F 4 TREBLRF VR G 2 W

7 .
w sample *

98%
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32 BBERUHE
F—=r ¥ =%« AT A FFEEZEH Hiranuma

COM-2500 } TF Hiranuma TS-2000. YEF %M : Hiranuma
PT301 H& MM, ZMEM . Hiranuma RE-201 % T X )L
B
TIA—APAFHERFE M2 A CLOxF Y v 7+
&AL

3-3 RRFIE
RIF—APAIC1~10 g DZXRF VEEE 0.1 mg D
F72F TN & o BEARY Y TVEIZ 0.3 mmol
D127V aA—-NVEEFTHETHL. ZHIZ, 20 mL D
JUTRVAEMABRLZ. COLE, S0 THESZ2S
<ﬁET615&@Wlf*vﬁh%ﬁ/7WWmH <
WIEAIX, —BRIET S, HAHVIIHETERG RS L
t.lﬁ#vﬁk@%&t«vk%mwam&meﬁa
UEBRT VES YV ABH B mL 2 A ¥y v TR
W, JRBAESELHERT LS BFRBE LS SE7.
FOBAAYY YT —2AV70 mL DHKREMZ, <7
AFvT cAF—=5—F A0 BEMLL ML RALE
MOWTRAAYY YV F—H BT 4 ARYHY—T 10% B
5 mL & 20% FVAbA Y 7 AKER 16 mL 2%, #
LA ALLDS 0.1 mol/L F BB MY 7 AT
THE L7z, #rtfleid, WERomTIck 2EHERE
ZMBHEOBMENENRKE ZhollE, -5 4
FL—FIZHEMICEHRAE LTHRHSELZEICEDAT
7.

4 FEREELE

4-1 BEEEHEICET K5
ZAT7IATLENEPIAEOTI A~ ATAEZHVS
Zhizh, HTROF -4 L= NBOTT ATy
7 A= —=ThHEM LA FATHERTL, T2
MBEZREOTIEICLVRETOBMEILERELTAR
{, RBBMICAHVS Z7aukl A% 25 mL 25 20 mL
2, WMERICH A 5% K% 100 mL A5 70 mL 1248 4 &
BLTITo %8, Bibd 5L BYIFHEIMES R 2,
T T VRREVPALETHADT, ZONHROFHMEE
L EPTE

4-2 AiEHL S IBET 2145

TR ST 2 (A L B) OEEIRF BN EM
13 2 H3RD 7. WEMIE A IZOWTE 5 B2 2 H,
10 E4T - 72, ZOFHHEIL 0.874%, HxTEEFZE (rela-
tive standard deviation : RSD) 12 0.450% Toh -7z, F 7,
MR BIZIR — HIC S AT - 72, Z OFEIHMHEIL 0.436%,
RSD i 0.459% TH-o7z. TOEPEME (pooled degrees
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Table 1 Recovery data of 1,2-glycol% (wt/wt) in reagent 1,2-butanediol

Amount present,

0, o
1 2-5;25]11:(11 1 % 1,2glycol AI‘;O; ;t flogld’ ’ Ref;()very’
’ © Theoretical as 98% 0 LY ?
1 36.97 36.45 98.6
2 36.97 36.54 98.8
Average : 98.7

Table 2 Recovery data of higher 1,2-glycol content liquid type epoxy resin E

Theoretical amount,

Amount found,

% Recovery,

Sample % 1,2-glycol % 1,2-glycol %
1 7.09 6.910 97.5
7.09 6.903 97.4
3 7.09 6.897 97.3
Average : 6.903 97.4

Spiked with 1,2-butanediol to contain 7.09% (wt/wt)

of freedom) 11 TH Y, ZHIZHIET 5 student ¢ 18 :
1) 132201 TH B, GHFHTEERZE (pooled rela-
tive standard deviation : RSDpoqeq) 13 2 HEHDBED 21
Zh DR ENEDE P 58 (pooled relative variance)
PO WKRITETE, RSDppoiea = \/Relative Variance poojed ;
RSDpooea = 0.45% L EHE S N7z, 95% BHEAEICBIT 2
X EBXH (relative confidence interval) : [+ #(,-,) X
RSDpooica] 1 *+0.99% & BREFTH o 72 Kl A OBEME 10
T8 Z v, SAS Institute DOV b7 = 7 IMP 2 L
Shapiro-Wilk MEZToER, R ERESAFLTY
LEARBRTIENTEL. ZRODHERNS 1,27 a2—
V# 0.405% (wt/wt) BHT 5, FAkZER RS 8
RO TR EMEFMIE, 95% OEFAKET, 0.401~
0.409% DHEHPEANIIH B LT TP TE 5.

FikiC, 288 (C L E) ORI RF I@IgICOWT
bME 24T o7z, WEid, #iEC IR —HIZ 4 BTV,
Z D3 fEIE 1.029%, RSD & 0.093% TH-72. BIRE
H—HIZ3 M7V, 2 0OFHHEIL6.903%, RSD I
0.094% THo7:. ZOEHEHHEIXSTHY, ZhiTx
J&§ % student ¢ fEIX 2.571 TH 5. A A EERE 21T
0.09% TH-o72. WEMBS7TELEPRDTIED SIS,
95% fEHUKEEIZ BT B EHX B I £0.24% & BRIFT
Holz. TOIENPB127Y T—N% 397% (wt/wt)
EET S, FREBERTRF SBIEO T O EE T
12, 95% DEEKHET, 3.96~3.98% OHPNIZH B &
E)IENTED,

JISK 7146 ICFEH E N TV B HFITHEE (repeatability)
(&, I 0.029 mol/kg (0.099%) DR R F 25
T 0.002 mol/kg (0.007%), “F3E 0.24 mol/kg (0.82%)
DREFLARF VBIET 0.02 mol/kg (0.07%) TH 5.

4-3 EUREICET B

1,277 V=)V Mw90.12 (GREE . HiEF 98% LI L,
FEE100% THNIT37.7% D 1,27 ) a— NV EEE) 12
X B EEORF T 72, #EE Table 1177, HIX
EOWH 98.7% & BIF iRl G LN,

WIRTRF VBB CIlL1,27 7 v VF—VERML
7.09% (wt/wt) EHBHEW 127 a—-VEFRBIIR
LZEDICHTHELABIRDRF UHIEE ORINEEZ B L
7o, % Table 2127F. 3 ENIE X 2 EIEEOH
1297.83~975% (wt/wt) THIHMHEIL 07.4%, EEREEIT
0.10% TH o7,

FARIC 1,2-77Y 2 — VEEBIEAIOER T R+ VBRI
12275 Y VF—VERML, 1.06% (wt/wt) & HLERYK
W12-7 ) A VEFBICRD XS ICHB L IR AR E
VHHBE F OBINEZRET L7z, R % Table 31273, 3
BIMEIC & 2 BINEOHBE I 971 ~97.4% (wi/wt) TE
WEIZ 97.8%, BEERFEIL 0.17% Tho 7.

4+4 TETIRICBIT 245

1,27 2= VEBRPLRVEIRT R F TG D 21
WER T (LOQ : limit of quantitation) DRE %47 -
7z, WR% Table 4187, RBEH10gL, EFLw
ABETHZ 30503501 BEORBBICLLWET
0.033% (wt/wt) BEHDIRF VRS 7V ETHER
CERWERETH o7z, EROBRMEL ZR: o
WZED, ZTOBERYE, BROBESEEIADED LR
BEHMARIELILIEBES DL LHEEIND. Lk
L, N6 E2HEZTH, 1227 a-VEHAE
0.05% (wt/wt) FTORMIBERS ERBTETH S &
Zzbhb.
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Table 3 Recovery data of lower 1,2-glycol content liquid type epoxy resin F

Sample Theoretical amount, Amount found, % Recovery,
% 1,2-glycol % 1,2-glycol %
1 1.062 1.034 97.4
2 1.062 1.034 97.4
3 1.062 1.031 97.1
Average : 1.033 97.3

Spiked with 1,2-butanediol to contain 1.06% (wt/wt)

Table 4 Limit of quantitation data : Low 1,2-glycol
content liquid type epoxy resin D

Table 5 Reference data of verification for solid type
Cpoxy resins

Analysis Sample amount/g Concentration, Dow’s solid epoxy resin Concentration,
/ % 1,2-glycol B % 1,2-glycol
1 10.6620 0.0327 1 0.434
2 10.3190 0.0327 2 0.438
3 10.4940 0.0327 3 0.436
4 10.0140 0.0332 Average : 0.436
5 9.9264 0.0326
Average : 0.0328
Standard deviation {s] : 0.0002 Taiwan company’s solid Concentration,
n: 5 epoxy resin G % 1,2-glycol
n (replicates) : 1 -
Ln-1yt 2.776 1 0.103
Estimated 95% confidence interval 0.00056 2 0.101
for a single value : Average : 0.102

(Assuming normal distribution of result)

AEFACHELZ 2HEOBEBIRF VBB RUG
D 1,2-7) 23— VEHF =% Table 5 IR

5 Ei

AHRETIE, A= b5 AL P —F 2RV EMEHEI
10, BERCZRFIEEFD 127 a-VEAER
EFETXLZIEERL7 RS VBIRILR, %5 &
FMBEBEWSHTHERASNLTWAD, 1,227 -
EAEIFTRY DBIROMRICKRE 2 B8 L RIZTERD
DEDTHY, FNFROHWIS CTHETZ 1,227 2
—IVEHRRELRL, BHROLERbERIS, SHBEIC12-
YA NVEFEREOTMBITEREE A L CTks 2 & 5%
END. AWRETIE, 2HOZRF VHIEOEERRIZD
WTHREB LD, s LHENTwAEAT =/ —
Voo F A TOWRECER LR VBIRICOWTHERT

HBTHHEEZOND. REEOHIIIBT 5 EMEALIZ
K&EL, A= PbZ A4 P =212 L B EMSOHEHRBIZE
BHTHhol. REFABPEOLTVS L) RBEEICLHK
FCHIBT AR IS T &, FRICAEBRBICBT 2 MEAEHICH
MTHHLEEZD.
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This report is a validation for an iodometry potentiometric titration analysis for determin-
ing the 1,2-glycol content in epoxy resins. An analytical method, JIS K 7146, exists for the
analysis of 1,2-glycol in epoxy resins.  This method is based on manual titration with a color-
change end point. However, the manual titration method sometimes has problems when it is
used for the analysis of some solid-type epoxy resins (SERs), which are initially colored when a
sample is dissolved during the procedure.  This is because the resin color makes it difficult to
detect the solutions’ color change at the end point.  This problem contributes to poor test pre-
cision and increased variability in results determined by different analysts.  In this study,
improvements in the method were achieved by implementing potentiometric titration.  This
uses an automatic titrator, which is equipped with a data processor, and disposable mayonnaise
bottles as the titration vessel.  This method is applicable to the analysis of 1,2-glycol in epoxy res-
ins over the range of 0.05% to 7% (wt/wt). The precision was determined by pooling results
from thirteen (13) analyses of two different solid epoxy resins. This corresponds to 11 (pooled)
degrees of freedom ; [L‘(n 1 =2.201].  The pooled relative standard deviations (RSDeeeq) Was
calculated as the square root of the pooled relative variance for the two samples : RSDpo1ca =
\/Relanve variance pooea ; RSDpogica = 0.45%.  The relative prediction interval at the 95% confi-
dence level [+, X RSDPookd] is £0.99%. This relates to future final results determined on
similar solid epoxy resin samples.  The distribution of the results is assumed to be normal.
The validity of this assumption was verified using the Shapiro-Wilk test for normality. The test
confirmed that the results could originate from a normal distribution. A recovery study, using
1,2-butanediol (reagent grade) and two epoxy resins (E and F), was carried out, and satisfactory
results were obtained : 98.7, 97.4 and 97.3%, respectively. A LOQ (limit of quantitation) study
was also carried out.  The result indicated that it is possible to measure approximately 0.05%
(wt/wt) or less 1,2-glycol in an epoxy resin sample.

Keywords : epoxy resins ; 1,2-glycol ; iodometry ; potentiometric titration ; validation ; precision.
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