AnoWlIiusugoomMsIaluMsaouifiauinSovinodausLasitioomn
UDD8uo0ANUIUSUSOUYODIISDEADWOIS:HITDUODIKADIA:IND
Evaluation of measurement uncertainty for volumetric glassware
calibration from the variation of surface tension between
liquid and glass

WANIU YU
Pochaman Tagheen"

unAnea

menalduduaunsnisinlunisaenifieinsesufainlBinpsiifadainuan  wias iy Araany
Tyudusuanassasie Mmenuldiniuausnnanwndes ﬁﬁmm”l,ﬂl,l,ﬂuaummqmmgﬁﬁﬂ AAnu ldutiuan
sossuiiiasivEasurastiada

eLuLaﬂmiaﬁuﬁ@:LLamﬂﬁtﬁumméﬁﬁaﬂmﬁ@%ﬂmmﬁ"]mmhiLLﬁuauwﬁﬂaﬂﬂﬂﬁwﬁqﬁﬁm
UfiRnnservazdlilianuddnylunisindnldsanlunsdummanalidudususuiuAadianulyl
WtauFuionn  MNANLATaRIRIATaIIIARINAS  TaAnLAzaNmIRL AR LTI ARSI E I
Jaaaasiiy Ineflanuduiudae ussisinteaiianinuazanatias TualviyuszninueanadLazuii
(contact angle) TAmnnuaziFumstissas lunenstiudiuussiaiaunniinananuazeinuindualiiyy
sryIRaIaILazuY  etiaeuaztFunnsnniy %m‘m:‘wiﬁwmmafJLLa:LLﬁfa T I
JaaBinnsraavarsiitalnensaansinlaznsaa LA TP BN R AR U@t Satas 50
gasranuldiiuouny  Sluteal§iFmsimsiarsuniamasmesimnalduiueuiiielfiiaany
auLmamammmmauLﬁﬂmm?‘lmuﬁﬁmﬂ?mm

Abstract

Measurement uncertainties in calibration of volumetric glassware are from many sources for instance
the weighting machine, environment, liquid temperature, position of meniscus. This paper described the
uncertainty due to the cleanliness of volumetric glassware. With the less cleanliness, it will reduce the surface
tension between the glass and the liquid. The less surface tension is the more contact angle and the less
volume of meniscus. In the controversy the more contact angle is the more cleanliness, it will increase the
surface tension between the glass and the liquid and the more volume of meniscus. In this case we found
that the effect of deviation of contact angle will affect the uncertainty of the measurement of volume
more that 50% of the overall measurement uncertainty. So the laboratory should pay more attention fo the

measurement uncertainty due to the variation of contact angle or surface tension between liquid and glass.
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3. HALAYIATN! (Results and Discussion)
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symbol Source Reading uncertainty Relative uncertainty divisor Standard uncertainty v
u(A) Repeatability 50.0102 ml 0.003 ml 60.00 ppm 1 60 ppm 9
u(B1) Resolution of balance 1 36.0974 g 0.00005 g 1.39 ppm 1.732 0.8 ppm Inf.
u(B2) Balance linearity 1 36.0974 g 0.0005 g 13.9 ppm 1.732 8 ppm Inf.
u(B3) Resolution of balance 2 85.9364 g 0.00005 g 0.582 ppm 1.732 0.34 ppm Inf.
u(B4) Balance linearity 2 85.9364 g 0.0005 g 5.82 ppm 1.732 3.36 ppm Inf.
u(B5) Humidity 1 1 ppm 1 ppm 1.732 0.58 ppm Inf.
u(B6) Air pressure 1 10 ppm 10 ppm 1.732 5.77 ppm Inf.
u(B7) Room temperature 1 10 ppm 10 ppm 1.732 5.77 ppm Inf.
u(B8) Water temperature 1 100 ppm 100 ppm 1.732 57.7 ppm Inf.
u(B9) Deviation of contact angle 50.0102 ml 0.007 ml 140 ppm 1.732 80.8 ppm Inf.

2.5 degree
[V Combined uncertainty 116.6 ppm
U Expanded uncertainty k=2 233.3 ppm
(0.012 ml)
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symbol Source Reading uncertainty Relative uncertainty divisor Standard uncertainty v
u(A) Repeatability 100.0133 ml 0.0003 ml 3 ppm 1 3 ppm 9
u(B1) Resolution of balance 1 60.2475 g 0.00005 g 0.829 ppm 1.732 0.48 ppm Inf.
u(B2) Balance linearity 1 60.2475 g 0.0005 g 8.29 ppm 1.732 4.79 ppm Inf.
u(B3) Resolution of balance 2 160.0196 g 0.00005 g 0.312 ppm 1.732 0.18 ppm Inf.
u(B4) Balance linearity 2 160.0196 g 0.0005 g 3.12 ppm 1.732 1.80 ppm Inf.
u(B5) Humidity 1 1 ppm 1 ppm 1.732 0.58 ppm Inf.
u(B6) Air pressure 1 10 ppm 10 ppm 1.732 5.77 ppm Inf.
u(B7) Room temperature 1 10 ppm 10 ppm 1.732 5.77 ppm Inf.
u(B8) Water temperature 1 100 ppm 100 ppm 1.732 57.7 ppm Inf.
u(B9) Deviation of contact angle 100.0133 ml 0.011 ml 110 ppm 1.732 63.50 ppm Inf.

2.5 degree
[V Combined uncertainty 86.4 ppm
U Expanded uncertainty k=2 172.8 ppm
(0.018 ml)
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symbol Source Reading uncertainty Relative uncertainty divisor Standard uncertainty v
u(A) Repeatability 2.0094 ml 0.0003 ml 149 ppm 1 149 ppm 9
u(B1) Resolution of balance 1 2.00g 0.00005 g 24.9 ppm 1.732 14.38 ppm Inf.
u(B2) Balance linearity 1 2.00g 0.0005 g 249 ppm 1.732 143.76 ppm Inf.
u(B3) Resolution of balance 2 2.00g 0.00005 g 24.9 ppm 1.732 14.38 ppm Inf.
u(B4) Balance linearity 2 2.00g 0.0005 g 249 ppm 1.732 143.76 ppm Inf.
u(B5) Humidity 1 1 ppm 1 ppm 1.732 0.58 ppm Inf.
u(B6) Air pressure 1 10 ppm 10 ppm 1.732 5.77 ppm Inf.
u(B7) Room temperature 1 10 ppm 10 ppm 1.732 5.77 ppm Inf.
u(B8) Water temperature 1 100 ppm 100 ppm 1.732 57.7 ppm Inf.
u(B9) Deviation of contact angle 2.0094 ml 0.002 ml 1000 ppm 1.732 577.37 ppm Inf.

2.5 degree
U Combined uncertainty 633.0 ppm
U Expanded uncertainty k=2 1266.0 ppm
(0.0025 ml)
A ° 1 [ = a
AN 4 LdAIN1gANUIANANL lLLULauIN sdaLeLTidn auna 10 ml

symbol Source Reading uncertainty Relative uncertainty divisor Standard uncertainty A\
u(A) Repeatability 10.0366 ml 0.0003 ml 29.9 ppm 1 29.9 ppm 9
u(B1) Resolution of balance 1 109 0.00005 g 4.98 ppm 1.732 2.88 ppm Inf.
u(B2) Balance linearity 1 10g 0.0005 g 49.8 ppm 1.732 28.8 ppm Inf.
u(B3) Resolution of balance 2 109 0.00005 g 4.98 ppm 1.732 2.88 ppm Inf.
u(B4) Balance linearity 2 10g 0.0005 g 49.8 ppm 1.732 28.8 ppm Inf.
u(B5) Humidity 1 1 ppm 1 ppm 1.732 0.58 ppm Inf.
u(B6) Air pressure 1 10 ppm 10 ppm 1.732 5.77 ppm Inf.
u(B7) Room temperature 1 10 ppm 10 ppm 1.732 5.77 ppm Inf.
u(B8) Water temperature 1 100 ppm 100 ppm 1.732 57.7 ppm Inf.
u(B9) Deviation of contact angle 10 ml 0.003 ml 300 ppm 1.732 173.21 ppm Inf.

2.5 degree
U, Combined uncertainty 189.6 ppm
6) Expanded uncertainty k=2 379.3 ppm
(0.0038 ml)
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