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Teerapong Somprajob (2547) The development of temperature controlled bath for the calibration of
temperature instruments. Master thesis, M.Ed. (Industrial Education).
Bangkok : Graduate Schoo!, Srinakharinwirot University, Advisor Committee:

Dr. Pairust Vongyuttakrai, Mr.Ophast Sookwhan

The objective of the thesis was to develop temperature-controlied bath for the calibration
of the temperature instruments and evaluate its efficiency and its physical characteristics.

The development of the compact temperature controlled bath for calibration of
temperature instruments. The principal of this development system is using liquid circulation. When
the liquid flow through the heater ( Sheath 3-mm ) which is controlied by PID (Proportional Integral
Derivative) mode in the tube, both the stability and the uniformity of the bath is not more than £ 0.05°C
to meet the need for the basic temperature calibration of International Temperature Scale 80
(ITS-90 ).

The completed system is including a motor, a temperature controller, a heater, a
circulator. The main frame is made of stainless steel and the exterior dimension is 40cm x 35 cm x
35 cm (H x W X L)and the capacity is 1.2 liters. The bath is capabie to controlled the liquid
temperature range from 50 °C to 200 °C within 30 minutes ,the stability and the uniformity of the
system not more than £ 0.06°C which is according to The European Co-operation for Accreditation
Guidelines on the Calibration of temperature Block Calibrators, Ea-10/13, to evaluate its efficiency
includes stability, the vertical and the horizontal variation. After the physical characteristics were
appraised by five experts. The result for the evaluation of all the four categories: safety, structure,
usage and maintenance are as follows,

Safety: the experts verified safety of the a temperature controller and found it at a good
level has average of 3.5

Structure : the experts verified assembled of the a liquid — contained temperature
controller and found it at a good level has average of 3.5

Usage: the experts verified the usage the a liquid — contained temperature controller
and found it at a good level has average of 3.9

Maintenance: the expert verified that the maintenance was at a good level has average
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M9 5 wneilufimaianudumunasiamanamnssu R(0) = 100.00 £ (-200°C ~0°C)

°CITs90

0 1 2 3 4 5 6 7 8 9

-200 18.52
-190 22.83 2240 2197 2154 2111 2068 2025 19.82 19.38 18.95
-180 2710 2667 26.24 2582 2639 2497 2454 2411 2368 23.25
-170 31.34  30.91 30,49 30.07 29.64 2922 2880 28.37 27.95 27.52
-160 3564 3512 3470 34.28 33.86 33.44 33.02 3260 3218 3176
-150 39.72 3931 38.89 3847 38.05 37.61 37.22 36.80 36.38 35.96
-140 43.88 4346 43.05 42.63 4222 41.80 4139 4097 40.56 40.14
-130 48.00 47.59 4718 46.77 46.36 4594 4553 4512 4470 44.29
-120 52.11 5170 21.29 ‘ 50.88 50.47 50.06 49.65 4924 48.83 48.42
-110 66.19 5579 5538 54.97 5456 54.15 53.75 53.34 5293 52.52
-100 60.26 59.85 59.44 59.04 5863 5823 57.82 57.41 57.01 56.60
-90 64.30 ©63.90 63.49 63.09 62.68 6228 61.88 ©61.47 61.07 60.66
-80 68.33 6792 67.52 67.12 66.72 66.31 65.91 65.51 65.11 64.70
-70 7233 7193 7183 7113 70.73 70.33 69.93 69.53 69.13 68.73
-60 76.33 7593 7553 7513 7473 7433 7393 7353 73.13 7273
-50 80.31 79.91 79.51 7911 7872 7832 7792 7752 7712 76.73
-30 88.22 87.83 8743 87.04 86.64 86.25 85.85 8546 8506 84.67
-20 9216 9177 9137 90.98 90.59 ©90.19 89.80 89.40 89.01 88.62
-10 96.09 9569 9530 9491 9452 9412 93.73 93.34 9295 92.55

0 100 99.61 99.22 98.83 9844 98.04 97.65 97.26 96.87 96.48
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0 100.00 100.39 100.78 101.17 101.56 101.85 102.34 102.73 103.51 103.51
10 103.60 104.29 104.68 105.07 105.46 105.85 106.24 106.63 107.02 107.40
20 107.79 108.18 108.57 108.96 109.35 109.73 110.12 110.51 110.90 111.29
30 111.67 112.06 112.45 112.83 113.22 113.61 114.00 114.38 114,77 115.15
40 115.54 115.93 116.31 116.70 117.08 117.47 117.86 118.24 118.63 119.01
50 118.40 118.78 120.17 120.55 120.94 121.32 121.71 122.09 122.47 122.86
60 123.24 123.63 124.01 124.39 124.78 125.16 125.54 125.93 126.31 126.68
70 127.08 127.46 127.84 128.22 128.61 128.99 129.37 128.75 130.13 130.52
80 130.90 131.28 131.66 132.04 132.42 132.80 133.18 133.57 133.95 134.33
90 134.71 135.09 135.47 135.82 136.23 136.61 136.99 137.37 137.75 138.13
100 138.51 138.88 139.26 139.64 140.02 140.40 140.78 141.16 141.54 141.91
110 142.29 142.67 143.05 143.43 143.80 144.18 144.56 144.84 145.31 145.69
120  146.07 146.44 146.82 147.20 147.57 147.95 148.33 148.70 145.08 149,46
130 149.83 150.21 150.58 150.96 151.33 151.71 152.08 152.46 152.83 153.21
140 153.58 153.93 154.33 154.71 155.08 155.46 155.83 156.20 156.58 156.95
150 157.33 157.70 158.07 158.45 158.82 159.19 159.56 159.84 160.31 160.68
160  161.05 161.43 161.80 162.17 162.54 162.91 163.29 163.66 164.03 164.40
170 164.77 165.14 165.51 165.89 166.26 166.63 167.00 167.37 167.74 168.11
180 168.48 168.85 169.22 169.59 169.96 170.33 170.07 171.07 171.43 171.80

v w ¢ P v A A P 1
ﬂ?ﬂwa&lwuﬁqmﬂqu - ﬂ?qum']uﬂ'luﬂ:l%luu'](ﬂsi']uu az1iluaeis

fFsuNaY — 200 °C fs 180°C

R =R, [1 + At + Bt’ + C (t— 100 °C) t')

FWMIURRL 0 D9 850°C

R =R, [1+ At + Bt]

1o A = 3.9083 x 10" °C

B=-5775x 10" °C~

-120 -4

C=-4183x10 "C

1
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A A
mwdsznay 46 Waunmwiday

(B9YTH  INuz@ 2542:115)

A B . A A X o a4 R a " a o a i a

Wwrne 9wl wzdedunuiidelanzdne 9 d9na1n FudaALaIMA AaIAR
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2.7.5.1 RNULIRT (stainless steel) PINWUROMURUIDN T § 2 IR ANUD

= v A . < a v a d, v ' o . [ a) e A N
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Tananidpeaiiy (mInansow) 1o TﬂuugmmmmmgmuLﬁwaamanmnmwmmm #3lu
° & A o & 4 a o ' e &
Fmamiu enslifeInNUgREEIN 20 % vestinmndnindald naldiudumsgyide

naiassshaflimunsnazusstnalyle
wasnslasnuiilifesfiy aansarle 3 35wan 9 donude
1. Tan3Bmaialavin (M gu oy y (fludu)
2. Tasmaiiuysalaseasnedang (Bansudnumsiansau)
3. lagAtmsmslniih ( sacrifide anode cathodic protection )
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a @ o e a o [ A = Y o I
FnpaTI% ( wnI9uwasuTem Krupp ) uazancladuwulanzuay salunduuuusas 18-8 asnaua
A a Aa @ K @ v oo e AN o
( 18 Cr — 8Ni wIalsunnwi1 304, 316 ) nitouldnuaglutlegin uazian leandnsoaslansuayils
= o v oa A A
Wuauusn m‘lvsLnﬂmswwmammaalugﬂLLmJau 9 AU
2.7.5.4 THAVDIRLABLAR
49 v a & a o % a o A
sianlaaniEnandy suTnuenanwuzaulaseaele 2 siianan Ao
. . a g vt | o e 1
1.austenite stainless steel sHa# azlddusanduninuutdmdn Tu
r . v o n X .
as9n 12, 13 "lmLLamIﬂsoamoLta:qmauummammaamuﬂu ( 18-8 staubkess = Cr18 - Nig )
a A’: P o o & oA ' ] & v A ' ~
swnniasrianidusdanilenun g vl&lL‘W?_IOLW]LQW‘]:I%QNT‘MT\?S&ILYI’I%% MUt wisan 619 9 N
1FagluFindsziniu (gu Fou dou fia sr9rema sreonui udu )
o & 2 A a A a ' A
a9 14 azinilaouiarsia 316 L ©9 L @9nauanuds low carbon
g ' v e AW ve <A o » » . ' - °
lay ¢ wasnimIainny 0.03 wanldsuine MuNTDRAMIAANTOUITAININTY (grain) NAIRD i

@ A 13 e 0 o J
I%ﬂWSLLWﬂ@‘\’J‘HBG Cr23C6 saad mmmwumamsnwnsau’lﬂg\mu

319 12 lassaiamainilves 18 -8 alloy @NITY  WINsA 2542:117)
FIUHRY
C Si Mn Ni Cr Mo
FAAVDINARLAE
SCS 13 (SUS 304) 0.08 1.0 2.0 10 19 -
SCS 14 (SUS 316) 0.08 1.0 2.0 13 19 2.0
SCS 16 (SUS 316L) 0.03 1.0 2.0 13 19 2.0

M99 13 AULANYANIINATDY 18-8 alloy (ANITY W IUTh 2542:117)

eatiliety _ ATINNUNIU usasanvliie
AN » B )
) GEIATE AATLA AMUUDI
_ Wz , . )
ATELVDEETINET ] (kgf / mm’) | 0-2% (kgf / mm )
SCS 13 (SUS 304) 7.7 45 19 140
SCS 14 (SUS 316) 7.7 45 19 140

SCS 16 (SUS 316L) 7.7 45 19 140
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e [ o a daa a~ . .
Tumiswn 14 lduanslasairsssmauiaasiianUinifiags (high nickel alloy ) uen
ar s A 2 & A w . ' a 3 A A o @ o
MATUFMWIABoUAT azuing Ni idunsslumsnudemsnanseudn seiiamansaldawlalu

o | M o
RNMAWIARBY 71 18 — 8 alloy N lyila

M58 14 lassaiemainiluad high nickel alloy  (R@358  uwed 2542:117)

FINNFN

C Si Mn Ni Cr Mo Other
FUATDIRIAULAT
20 alioy 0.07 1.0 2.0 30 20 3
Hastelloy C - 1.0 1.0 51 17 19 Fe6
Hastelloy F - - - 47 22 6 Cu<0.15
llum G - 1.0 1.0 60 21 5.0 Cu8

. A8 vae & a y ' &
2.two-phase stainless steel [ Huaiauiaanlsnudunumsnansan 1% Juniu

mIsraatusasgUnIniupniiuzduasnainaiu ﬁugunmﬁw:ﬁu ﬂwugumsmﬁém’{mmqu
1uan
a131A 13, 14 nsmﬁﬂmaaé“wLLa:qmamﬁamaaamummﬁﬂﬁ

1. lassaioveslanziay usila two phase %dﬁ austenite (317 40%) + ferrite
(377 60 %) ﬁmsmﬁmﬁﬂﬁmwjmﬁnga

2. danunwmudamsnanian whifsunwnunIsannninsiia 316L w3e alloy 20
Tagawizatnabe Nusian1sAansauuuy Crevice corrosion W3 stress corrosion @aiflunaytan Cl
9@

3. ANANUABMIRNNTE qmauﬁﬁﬁafﬁuafq_liﬁumwuﬁwmammaa‘tfu 9 VAR

! a . 9 = ' , e . [ A
TUBINBUNY 316 stainless UN7 ﬂ:ﬁﬂ'nuu’lﬁu’]ﬂn'f] 2-3 W1 Iﬂﬂlﬁqu P30 stainless 949197190

41, 42 9zANWTBNBLNIN 316 stainless D9 1 1 4

< o A < e (3
4. AUUTILTINNING 1uﬂ'liW’\]'15m’1LSﬂGﬂ'J’13JLL’INLLSO‘Y\'\Gﬂﬂ iazlsinusivas

v doegea P ] A o o 3
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ada & a 9 ' s A & a R -
nsmﬂ’ﬂua’luma@ﬂ&uﬁﬂ“'\ﬂ LLE‘]'JL?q‘uﬂ?qﬂqqﬁuajuuulﬂu austenite 1178 two
o e A . v, ° , . .
phase vagInaan stainless Li']mu'\?nﬂﬁ'ﬁll%ﬂvl.ﬂﬁ']ﬂ 6 I'ﬂﬂuﬂLLUL%sﬂﬂ'szu'lmi']ﬁ]glLL&lLﬂaﬂﬁ]:‘l&l

a9 austenite Lm'ﬁ]:g]ﬂ two phase stainless

] [ P o o A
$1319N 15 Iﬂidﬁi'\dﬂ’wmu’uad POLOMET alloy ({NITY VIUH 2542118)

FINHAN
Cc Si Mn Ni Cr Mo Other

lanznau

PILOMET26A (P26A) 0.05 1.0 1.0 5.0 27 2.0
PILOMET26 (P26) 0.05 1.0 1.0 5.0 27 2.0
PILOMET27 (P27) 0.05 1.0 1.0 6.0 27 2.0
PILOMET30 (P30) 0.08 1.0 1.5 7.0 28 3.0
*SCS14 (SUS316) 0.08 1.5 2.0 13 18 3.0

1519 16 AMANUANINAYDI POLOMET alloy(B03%  wuzd 2542:119)

o d o a
ANWNUMNH KIIDANTN WA

AINTIY . B )
. HOLTINg ANULATLA IPREVLYIN

. AN 2 o 2
BUAVDIRNBLAT (kgf / mm") 0.2% (kgf / mm)
PILOMET26A (P26A) 7.7 65 40 220
PILOMET26 (P26) 7.7 70 45 280
PILOMET27 (P27) 7.7 60 45 400
PILOMET30 (P30) 7.7 40 - 500

*SCS14 (SUS316) i 45 19 140
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2.8 Balaawinia(Silicone Fluids)

mMwWUsenay 48 TRLAAUMA

{From Dow Corning Customer Services in Midland 2546 :11 )

=) Ad ° ar . ° " =)
ﬂ'ﬁLaaﬂ‘UaGW\ﬁ'ﬂ’l&lﬂ'ﬂNmﬂfy@]aﬂ'ﬁﬂqdqumﬂdajﬂﬁaﬂL'Y]FJULLUUUSS?’UQGL‘HR'J
A A ' ° ' a - s
‘ﬁﬂIﬂauLﬁﬂ?ﬂl“ﬁl%ﬂ'ﬁﬂ'\ULY]ﬂ'n?J?El“luﬂ'Nﬂ'JUﬂ&lqmﬁQNLLUUUET'\‘]‘TﬂGL“RQ&JWR'IULUQSL’K‘%
1. 200® Fluid, 50CS, 2. 200® Fluid, 100CS, 3. 200® Fluid, 200CS,

4. 200® Fluid, 250CS, 5. 200® Fiuid, 350CS, 6.200® Fluid, 500CS, wANI5IFINNILH D

wanwasiiiwunzaunuuiaianiwas 200® Fluid, 100CS ﬁl%éﬂ%?ﬂé'wmuquaqmmgﬁtmuussg

A~ o &
VOIRNT Bl unIBaIh
A aa A4 a .
200® wupde 1n3aIRNLUBIBA InauinaINKEAlat Dow Corning
. aa » » . A oy
100CS wuBfis Manamilarasdilasmmnailiiirii 100 CS(centistokes)ngmnnil 25°C
A aa ' Ao ' ) . ) A 2, o &
FaBRlnauaaudyaalizunii Linear Polydimethylsiloxane polymers BI4fUNFUANTNIAIU

A L= o e A’
doysamanidvasdflaausssd nanuay 200® Fluid, 100CS a9l

G

a seda

1 Anwmrduszndn ( Appearance Colour ): tiupaamadlalaidd luinau
2 9ARRDNNAT ( Malting Point ) : —28°C

3 nsazaeleluia ( Solubility In Water ) - lisansaazapsinle

4 aNEWINNL ( Specific Gravity ) 1 ATURWIRKK 0.954 NN./ANT #1 25°C
5 98271 ( Flash Point ) : sannin 326°C

6 qmﬁﬂﬁ’ﬁ’admﬂf@’m ( Operating Temperature Range ): -60 to 200°C

7 9aLHianuds ( Pour Point ) : -70°C

8 sinnuusaawlwih ( Dielectric Strength ) i 25°C : 400 V / mil
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9 duamupdagumw : nazUnd (gunpil -60°C to 200°C) lsidniludvailoanu ued

A e :‘ ar < ¥ : a [ L W Ao o a VL
uﬂsmm‘lamuumnmavlummsnmnquvlamuuvlﬂ TWlsninnndainsassnuisailoanu lassian

PaIFITIE

(From Dow Corning Customer Services in Midland 2546 :12 )

1319 17 MTRNTAIRRIFIRTUMTITN (HART SCIENTIFIC 2546:110)

Ordering Information

Flash Price Price
Fluid Usable Range® Point  Model# 1gal. 5gal.
Halocarbon 0.8 Cold Bath Fluid -100°C to 70°C n/a 5019
Dynaiene HF/LLO* -65°C to 58°C 60°C 5022
Ethylene Glycol (Mix 1:1 with water) -30°C to 90°C n/a 5020
Silicone Oll Type 200.05 -40°C to 130°C 133°C 5010
Silicone Oil Type 200.10 -30°C to 160°C 163°C 5012
Silicone Oil Type 200.20 10°C to 230°C 232°C 5013
Silicone Oil Type 200.50 30°C to 278°C 280°C 5014
Silicone Oil Type 550 70°C to 228°C 230°C 5014
Silicone Oil Type 710 80°C to 175°C 302°C 5017
Mineral Oil 10°C to 175°C 177°C 5011 n/a
Bath Salt, 125 Ib.” 180°C to 550°C n/a 5001 n/a

Potassium Nitrate 53%

Sodium Nitrite 40%

Sodium Nitrate 7%

s Atmospheric pressure affects the usable ranges of some fluids. The temp quoted is at sea level.

 Flash point is the temperature at which a vapor (not the fluid) will ignite if exposed to an open

*Electrical resistivity is greater than 20-MQ-cm.

*425 Ib. Bath salt fills a 7.9-gallon tank.

MSDS available at www. hartscientfic.com




mwisznay 49 Iﬂix‘i AIITDIVBINRT

(HART SCIENTIFIC 2546:111)
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3.4 msawan ssnuuuguniniludinene 9 Alglunsiauiaaiuan
AIMDRULLLTIUDINGD
L% . =9 1 el A’
MNTayaUTINTIE 1IN IR TUULLTIYIBIMAVBI TEMANg gllaed
a A 3 3 3 A
Uszinedulvmiayszanm 0.06 m 0.12m° W8z 018m°  (ghmanwIn A)
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a A 3 3 3 P
Uszingsanguiizuiayszanm 0.05m°  0.07m - uaz 0.15m °  (9AMANUIN A)
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LU
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= X 0 . 7
4
3
= 0.0012 m
Vo unudSinmuesnasnai(m )
L ] 6 o
DT : UNWEUAIUAUINAWNAS (m )
HT: WUAINEIVBI0G (m )
Q : UNUAATIMISFY ( m wifi )
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2 WNIFY IINgAs ( Q)
4
Q = —
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UNUFI
0.012
Q 3
0 .05

3 P
= 0.24 (m7 Wit )
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3.4.2 WRIUINTAVVRINDN DT N = 120f/P
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f=a7nun

P= 31%IUTIBNAAN
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a = A9 o . a =
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3.4.3 WIAMUIWUNIZ (Ns)

PINFNIANWTITUMNE (Ns)

N
4 H3
1500 x 0 .489
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1.04
WA
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JeT N : a213L5238UT0INaIMas = 1500 Jau / WA
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Q: 5mﬁms§u =024 m7/
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3.4.4 WIIWIAVBIVARINATINTOU

nngns USumenuiou (Q )= MST

WA =1 x 4 x (250-30)
= 440 kcal
8.6000x10 ' kecal =1 Watts
440 x 1
440 kCal = ———
0.86
mujﬂ’llaﬂ’ﬂﬂﬂ?ﬂﬂ'nllgau = 511.62 Watts

M = 1Sanaesssivinny 1kg
S = anuTaudIUWILIYNND 4 keallkg. °C

AT = mnmmn@hwaaqmugﬁ

3.4.5 YU VDINBLNDT
Amuald IFwAMgUINAITE9E 1AL 0.06 1wWnT (M)

anugsasluanAuds 015 was (m)

TOUNY (n) 1500 FAU/MI

Wurhugudnaevasluwe 1/2vendurnuguina19asdne 0.03 was (m)
iminueswosmMan 2 kg

ANURUIMUYL 954 kg/m3

AMUFIVDIVBINAY  0.30  Luas (M)

N
[%J -3 1
[ﬂ] _015 ¢
Di | 0.03
0.05

o 005 6
Di 0.03
nDi*g ~1500%0.03x 954
H 60 x0.001

Nre = = 723000

Qr » » J ~ 2/ L @ L2 Ld A 5 :;
ﬁ]’]naﬂs’]a’)uﬂ]ﬂﬂ'ﬂu’]ﬂL“a’]uﬁ]:flﬂuvlﬂ?'ﬂﬂaLaﬂﬁnunstﬁmaﬂlauiﬂ@ﬁuﬂlUla"ﬂ 5 IWUY] Nre= 7.23x10 u%
e & o @ a o @ a v g
Np = 4.8@]\1%%77']@\1’1]1]’1]a\‘jnqsﬂ?uﬂ:ﬂ']ujmvlﬂﬁnﬂuﬂ']&l'ﬂaﬂNp Vlﬂﬂdu

_on’DiNp 954 x (10) x 0.03° x 4.8
gc 9.81

= 8.4 Watts

P
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A e Qs v A’
wnRaulavodugnsadalulis

[_D_ “J « (ﬂ)
- - %
fo - Di Al ), / 10*1.6

. =17
L[ HE 3%3
Hi

L e N
AzRUMAITUlUMIREMIUE1 = 8.4x 1.7

= 14.93 watts

3.4.6 MIWIANVAUITBIAWIUIUA?
lag uuaguimpiinuwen WU 30 a9RIERLTUR
guMnIMuls iy 250 avsnisalBoy
amwmsﬁwmﬂw?auﬁqmﬂgﬁmﬁu = (qanﬁl’fmu+qmﬁqﬁussmﬁnm)/2
(250+30)/2
140 °C
0.036 w/m-k

AMNAIITBIT099nAN (At ) = to-tav  =250-140 = 110 °C =110+273.15= 383.15 K
Iwaunsas

ATFATNANTHIANNTaRAMNNTOUT N

v A a o A — 4
nsuniSed monmnlinsniheuden 24°C= 6T = 5.64x10 ~ (304+273.15)

2
1652.01 W/m
A e o a yor A A da
aﬂ']Wﬂ'lﬁ@ﬂ‘ﬁN?Gﬁ (ﬂﬁ]ﬁ)ﬂaﬂﬁWLLNsﬁﬁTa\‘lwuﬂNj). € =05

o« & e A A A . 2
AIRRMITUHTIRITINALFAL 1652.0x0.5 =826 Wim
ANNATUNIUAIINTIN, R = At q

= (110 - 30)/ 826
= 0.098 m
e v o ~) o~ iy Qs A’
agﬂﬁrmmsweumﬁ]:‘lﬂmomuquqmmguiﬂnuﬂmaunmﬂau
1. i asuamas  14.9 ad
o [ 3 ) =}
2. SWIUTAUNALGMOT 1500 SaU fio wIN
3. ﬂ‘%mru:uawaamaﬂuéwmuquqmwgﬁa’wmu 1.2 AN
4, YUWINVIVHAINANITON 511.62 Watts
5. w1209 lUAR 0.03  LWas (M)
6. awnlauiaiiauun 0.09 e (m)
4 J\lierrnymmssaukuulnssaiauasasasnisineu
S s ¥ v o vy A 1Y a 1 L% A
mamnwmmaanLLmJL’%'m_lsauLm'am"lﬂlmdLma'ﬁnymomuqmn{]u 1 yudissmey
[% A ' v v a) & ' A Q1 ' o . I A a wa | @
nesunTeInat v dissmameduingt muiﬂuu'gw ddn g IngsljuReunanon
a e o 0 A v » s el
ReinmmaniuanmaluladuvisUszinalnsanasauivemdaunwsssuastoauaunzlunmsdiuiss
uila@Ameanuan )
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muaamﬁqumﬁnﬁ
L) LY o 3 - A
MINAFBUUAZIATIEATENE  NMFTNNUTIEWMIUANIBNDTUVLUITIIVEINR? vvalEluann
= L A o) o K% g ‘:l ,J » O 4o oA &
ROULNBL ;palemmmsmaauLLa:'amﬂ:ﬁmagaTwuawauLﬂsaoﬁaﬂ%mmmmaaamnmamwmmam
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msawampaulm"lumswmauﬂs:aﬂﬁmwmaamamnﬂuqmﬂgu Walslumsgauiney  wia
RAIMTFOULUNILEY  INFDILRINATINLIUAITH ﬁ'm‘mﬁu'ﬁa%mqmﬂgﬁmméwmuquqm‘ﬁ{}ﬁuuu
v o L) | o o o s
UTTPVBUNAY  ANTDAMUADININIMINAREY  EA10/13 LRI FINAITNARDLINFNMTIHATIZN
o ° o &
Jayauaziiaunaasii
a r A a = ‘o ’ o o A
4.1 (deaie7aan gaunnil 50 °C100°C 150°C uas 200 °C WWwnan lidinin s lusine
AINIZIN 2 INTRMINFY 55 sz Audumsiufinuaiunnng
. P A A
4.2 HANINARIENAILANKRNTULLLTIIVEINN Lwalﬁ‘lmmaamﬂuuqmﬂgﬂﬂu

NINTIVADURIAUUANGA Y aaqm‘mgﬁmmumuau

g A4 oA« - 4
913739 20 LLamNamswﬂaaumwmﬂuummmnummqmmguluumuau‘n 50°C

LI\ ﬁ'\ﬁﬂﬂ?\i qm‘vxgﬁmaa qm%gﬁmad SZ?Jz%!’N?Yﬂ

n1yIa STD-01{°C) STD-02(°C) 29$ STD

AU FUnUIN2 01&02(cm)
13/4/2004 16:42 1 50.170 50.16 2
13/4/2004 16:43 2 50.170 50.155 2
13/4/2004 16:44 3 50.175 50.16 2
13/4/2004 16:45 4 50.180 50.165 2
13/4/2004 16:46 5 50.170 50.17 2
13/4/2004 16:47 6 50.155 50.145 2
13/4/2004 16:48 7 50.175 50.165 2
13/4/2004 16:49 8 50.160 50.15 2
13/4/2004 16:50 ] 50.170 50.155 2
13/4/2004 16:51 10 50.165 50.16 2
13/4/2004 16:52 11 50.165 50.165 2
13/4/2004 16:53 12 50.170 50.17 2
13/4/2004 16:54 13 50.170 50.17 2
13/412004 16:55 14 50.180 50.17 2
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I8 Seunss aompiiues qmmgi’mm ITUIANYA
MmN STD-01(°C) STD-02(°C) 2849 STD

Fumiaft funisfz 01&02(cm)
13/4/2004 16:56 15 50.170 50.16 2
13/4/2004 16:57 15 50.175 50.165 2
13/4/2004 16:58 17 50.175 50.175 2
13/4/2004 16:59 18 50.175 50.16 2
13/4/2004 17:00 19 50.175 50.165 2
13/4/2004 17:01 20 50.170 50.16 2
13/4/2004 17:02 21 50.180 50.17 2
13/4/2004 17:03 22 50.185 50.18 2
13/4/2004 17:04 23 50.185 50.18 2
13/4/2004 17:05 24 50.160 50.155 2
13/4/2004 17:06 25 50.155 50.15 2
13/4/2004 17:07 26 50.165 50.155 2
13/4/2004 17:08 27 50.165 50.16 2
13/4/2004 17:09 28 50.160 50.16 2
13/4/2004 17:10 29 50.165 50.155 2
13/4/2004 17:11 30 50.155 50.1565 2

fiafy 50.170 50.162
A1 21 agﬂwaaqm%gﬁluumuauﬁ 50°C
. L . ALaREV0I KA fadvasanmal anuudsilsan
1981 TIUWIUATINTIR o Pl
STD-01(°C) STD-02(°C) (+/-°C)
Fuwiiofit Funiaf2 WNUUDY
30 wIn 30 A%9 50.170 50.162 -0.004

v o v a & o N v A o a o
NI 21 vlﬂmmnﬁumagamaoqmwgum 2 QBN I(ﬁUl’b‘LﬂSB\?U%ﬁﬂﬂq’JNMJ;]&JWEGN@'DN’W]S

o s @ ° @ i . oA < o
i'\‘y'aZ A3 PITWWWNUW 2 cm mmstﬁumaga 30 ATIDENNNBLUDY ATIRS 199 uan30wnuaziwI
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' 4 a o N , e a e v oA 4 . & a v

mmﬁnmaaqmﬂgumtmuam YNy 50.170 °C grunpiidunileh2 Jfrnny 50.162 °C amnDINg
° , ' . o ' P ' d o

2 dumnialaranundsusIwyinny 0.004 °C mngmsmmuﬂsﬂmum’mu (FaRugIgR-AnafudIge) wis

o A A a v oA . e o 4 =

A 2 srswmumqmv\gwaoma'ﬂum\mmmwuszﬂsaulmmmauaglummmwm%uﬂmLﬂu‘lﬂmmgﬂ

PIRNBVBINUIFY

& s o P )
TN 22 LLamNawﬂaanmwmuwumﬁmnumaoqmﬂguluumuauw 100 °C

IR feuats DRIVEEGIDY DRIVETREE 52029939
M3iA STD-01(°C) STD-02(°C) 289 STD
Fumis FURnUIN2 01&02(cm)
9/4/2004 19:20 1 99.655 99.645 2
9/4/2004 19:21 2 99.655 99.645 2
9/4/2004 19:2;‘ 3 5—9—.845 99.645 2
9/4/2004 19:23— 4 99.640 99.625 2
9/4/2004 19:24 5 99.640 99.620 2
9/4/2004 19:25 6 99.650 99.630 2
9/4/2004 19:26 7 99.645 99.620 2
EE/QOO-’l 19:27 8 99.635 99.610 2
9/4/2004 19:28 g 99.625 99.615 2
9/4/2004 19:29 10 99.645 99.615 2
9/4/207:4 19:30 1M 99.675 99.630 2
8/4/2004 19:31 12 99.680 99.635 2
9/4/2004 19:32 13 99.675 99.635 2
9/4/2004 19:33 14 99.670 99.625 2
9/4/2G04 19:34 15 998.675 99.610 2
9/4/2004 19:35 16 99.685 99.630 2
9/4/2004 19:36 17 99.660 99.620 2
9/4/2004 19:37 18 99.650 99.615 2 T
9/4/2004 19:38 19 99.650 99.605 2
9/4/2G04 19:39 20 $9.660 §9.615 2
9/4/2004 19:40 21 99.675 99.635 ) 2
9/4/2004 19:41 22 99.675 98.630 2
9/4/2004 19:42 23 99.650 89.605 2
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A3 22(518)

| SeUATI amnnilTes gonniuey TSN
mMsia STD-01(°C) STD-02(°C) 289 STD

Funitof1 FUnUIN2 01&02(cm)
9/4/2004 19:43 24 99.655 99.605 2
9/4/2004 19:44 25 99.680 99.640 2
9/4/2004 19:45 26 99.69 89.640 2
9/4/2004 19:46 27 99.675 98.640 2
9/4/2004 19:47 28 99.650 99.620 2
9/4/2004 19:48 29 99.655 99.620 2
9/4/2004 19:49 30 99.665 99.630 2

fiadn 99.660 99.625

A |
A3 23 ﬁiq'l_lf«lﬂ qmﬂguluumuauw 100°C

N - , d a R A a
FIWIUAIINIT ﬂ']LQﬂU’lIENE‘]‘m%Q&I mmawmqmﬂgu ﬂ'J’]&lLL’i.lS‘lJS'Ju
M .
1a STD-01(°C) STD-02(°C) (+/-°C)
o oA ° oA
AR UIN AUNAUIN2 WNwuan

30 W 30 39 99.660 99.625 0.017

v o < L'd Y i ° ' L% t!l @ o ¥ a
INMTN 23 "lﬂmmsmwagamaaqmﬂgum 2 fumiis lasldinsaniuingampiinsaunanns
a4 . @ ° & & ' ' A & I3 °
M2 M3 F9N9AK 2 om YinmaAudaya 30 asvetiwdaiitas asa: 1w uazowifiuazdmwimm
f A Ao v oA f . e Ao | ' . e a s
dafovesgmmpiidunient ddindy 99.660 °C anmnldunien2 Hdwridy 99.625°C  gmngiing
Y. e e . A VR
2 FuRUINAIRNNLLTUTINTNNY 0.006 °C NNFATANNLYTITIMIYIIAY (Aalugega-Atadudian) wis
o A P a . A, v ed o 4 <
fqn 2 sno‘nmumqquwaammlumwmmmLLﬂsﬂsauluumuauag‘lummmnmmummtﬂﬂﬂmu

NNRANLVBINUTI
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< ] a P =
TN 24 LLEWNNEWW]ﬁa‘Uﬂ’J’]ﬁJL‘ﬂu%u\‘naU’Jﬂuﬂladqmﬁﬂuluuu’auau n 150 °C

an é']ﬁi)ﬂ?a qnmgi]’uaa QE\W\QQ‘BEG S:U:ﬁ’ld‘gﬂ

. STD-01(°C) STD-02(°C) 289 STD

A AU Fuiaf2 018&02(cm)
10/4/2004 18:30 1 149.135 149.175 2
10/4/2004 18:31 2 149,130 149.170 2
10/4/2004 18:32 3 149.130 149.175 2
10/4/2004 18:33 4 149.145 149.190 2
10/4/2004 18:34 5 149.150 149.190 2
10/4/2004 18:35 6 149.145 149.195 2
10/4/2004 18:36 7 149.105 149.175 2
10/4/2004 18:37 8 149.125 149.180 2
10/4/2004 18:38 9 149.120 149.170 2
10/4/2004 18:39 10 149.125 149.155 2
10/4/2004 18:40 1 149.095 149.165 2
10/4/2004 18:41 12 149.095 149,135 2
10/4/2004 18:42 13 149.105 149.125 2
10/4/2004 18:43 14 149.105 149.125 2
10/4/2004 18:44 15 149.115 149.165 2
10/4/2004 18:45 16 149.145 149.170 2
10/4/2004 18:46 17 149.125 149.180 2
10/4/2004 18:47 18 149.140 149.185 2
10/4/2004 18:48 19 149.125 149.180 2
10/4/2004 18:49 20 149.125 149.165 2
10/4/2004 18:50 21 149,125 149.175 2
10/4/2004 18:51 22 149.135 149.170 2
10/4/2004 18:52 23 149.130 149.160 2
10/4/2004 18:53 24 149.125 149.160 2
10/4/2004 18:54 25 149.120 149.170 2
10/4/2004 18:55 26 149.135 149.170 2
10/4/2004 18:56 27 149.130 149.185 2
10/4/2004 18:57 28 149.150 149.205 2




N17149 24(510)

LI AIAUNTI aanniied amnniivas U9
mMIa STD-01(°C) STD-02(°C) 284 STD
Funsa Fumsian2 01802(cm)
10/4/2004 18:58 29 149.145 149.185 2
10/4/2004 18:59 30 149.125 149.180 2
fLadn 149.127 149.171
- s o
1319 25 agﬁna qmmguluumuauﬂ 150°C
° < P a A
IR FIUIUATI qm“ﬂﬂ&llsﬂﬂﬂ’l}ﬂﬂ QNWQNLQRTQG ﬂ'J'\&lLLﬂS‘lJS'Ju
mM3ia STD-01(°C) STD-02(°C) (+/-°C)
° . ° 4
wummﬁ ALK UINZ2 WAk w
30 wf 30 A9 149.127 149.171 -0.022

1NN 25 vlﬁﬁ”amﬂﬁuﬁagawmqmﬂgﬁﬁa 2 @AUI Imﬂl’ﬁtﬂ%ﬂdﬁuﬁﬂqmwgﬁw%amﬁmm

o A ' [ o & o & . ' { & « o
§1%2 73 BIIWAWN® 2 cm Y]’]ﬂ’]ﬂﬂiJ‘llElS;Jla 30 ﬂiﬂaﬂﬁdmmﬁad ATING 1%’]:;] LﬂuL’Ja’\SOu’]‘ﬁLLﬂtﬂ’l%’Jmﬁﬂ

. e Ao .4 L e a o , oA : e =
ﬂ?LQE\UTQGQNﬁQ&M’]LL%%Gﬂ1 auvinny 149.127 °C QN%Q&WHLL“%G‘V]Z Y uvinny 149.171°C aRUNNY

< o . ' \ e . e ' o , d o .
M9 2 drunsalidianuudsdsiwyinny 0.022 °C NgasANALLTUTINYINND (AUaRugIga-AnafLdinga)

Y A A a L A - ed o A4 <
BITAY 2 ﬁ\'ﬁﬁ&nUﬂ\‘)qm%ﬂ“ma@Lﬂa?lua']@llﬂ']ﬂ')'\uLLﬂTﬂS?ul%LLu’J%auayl%tﬂm‘ﬂ'ﬂﬂ'\“uﬂsﬁx‘lLl]u:lﬂm']&i

AAUIRANEVDINUIDY

q 9



= 5§ et =y A o
TN 26 u,amuaﬂﬂaaumwtﬂu‘mumamnwnaaqmuguluumuau 200 °C

10

£

- iunds gonginas grungiines ITHZHNLA
- STD-01(°C) STD-02(°C) U STD
e Fumsieni AUMIEIN2 01&02(cm)
11/4/2004 8:51 1 199.115 199.170 2
11/4/2004 8:52 2 199.135 199.210 2
11/4/2004 8:53 3 199.135 199.170 2
11/4/2004 8:54 4 199.130 199.185 2
11/4/2004 8:55 5 199.160 199.175 2
11/4/2004 8:56 6 199.105 199.190 2
11/412004 8:57 7 1989.110 199.160 2
11/4/2004 8:58 8 199.130 199.120 2
11/4/2004 8:59 9 199.1256 199.170 2
11/4/2004 9:00 10 199.110 199.185 2
11/4/2004 9:01 11 199.130 199.180 2
11/4/2004 9:02 12 199.085 199.150 2
11/4/2004 9:03 13 199.105 199.155 2
11/4/2004 2:04 14 199.135 199.205 2
11/4/2004 9:05 15 198.145 199.195 2
11/4/2004 9:06 16 199.150 199.185% 2
11/4/2004 9:07 17 199.100 199.160 2
11/4/2004 9:08 18 199.140 199.175 2
11/4/2004 9:09 19 199.145 199.190 2
11/4/2004 §:10 20 199.115 199.195 2
11/4/2004 9:11 21 199.105 199.205 2
11/4/2004 9:12 22 199.115 199.195 2
11/4/2004 9:13 23 199.155 198.130 2
11/4/2004 8:14 24 199.090 199.185 2
11/4/2004 9:15 25 199.085 199.130 2
11/4/2004 S:16 26 199.085 199.160 2




1379 26(d9)

(IR ERIGES) qmuqﬁ’um qmugﬁmaa STz
mse STD-01(°C) STD-02(°C) 283 STD
° f o !
funiafi fumiiaf2 01802(cm)
11/4/2004 9:17 27 199.125 199.155 2
11/4/2004 9:18 28 199.125 196.160 2
11/4/2004 9:19 29 199.155 199.165 2
11/4/2004 9:20 30 199.175 199.210 2
, A PN
mmaﬂqmuﬁu 199.124 186.174
M1379 27 a3ilua qmwgﬁluumuauﬁ 200 °c
(IR FIUIUATINT qmﬁgﬁmm qr‘mqﬁmaa anundsdsin
79 STD-01(°C) STD-02(°C) (+/-°C)
° . ° oA
ARSI AWAUIN2 LAWK
30 w1 30 A159 199.04 198.95 0.045

¥ o v a & ° ' v A o A a 3/ o
IMNNITN 26 vlﬂmmﬂﬁuma;‘.‘lamaoqmﬁgmm 2 AUAUS IﬂUl‘ﬁLﬂiadUWﬂﬂElm%{}&l"/‘lié)&l@]’lﬁﬂmi

o A P e o » < s , o4 o < °
EW%Z A TIMNIHWNN® 2 cm mﬂ’mﬁuma;&a 30 ATIndNNDLLEY ATIAS 1‘1-&'1‘;’11 Lﬂ%L’]a’BO%’]ﬁLLRZﬂ’]%’JmV\’]

' i Ao | . . e a o v . .o a
ﬂ'\LQaﬂmadqmﬂﬂuquLﬂuﬂﬂ" ﬁﬂ'\LYﬂﬂﬂ 199.124 °C qmﬂﬂ&]@l'\u“uﬂﬂ2 ﬁﬂ'ln’nﬂ'ﬂ 199.174°C qmﬁgu

4 o 2 , . e f , . ] , i o
N9 2 dumisdaanuudsdsiwyinny 0.045 °C NNFATANULTLTIWMYIINY (ﬂ'n.aauqu-mt,aﬁamqﬂ)

Y = < P VA , e o 4 =
WITaY 2 %‘mmUmqmﬁgumaammlumaumm‘\3JLLle‘lJS’JuluLm’mauaglumm‘nwn’muﬂmtﬂﬂﬂmu

NIRNLVDINUITY

P 4 4 a « ' o : < o
4.3 Lﬂﬂlﬂﬁﬂ\jﬂ Qmﬂﬁu 50 °C100°C 150°C wax 200 °C LﬂuL')ﬂ']“L&Jm']ﬂ'J'” ".J'JIN\?%’]W'JN'\W?E']%

2 MIN9ITEzRIITe9 STD 0 1802 flu 10 (M) Tuuwansmugy 56 uaz dudumsiiufinuatiniinug

. a A ’N
44 HAMINARDIEWNAILANIUNATULUUITIUDING) Lwa'l'ﬁ'lumuaamﬁuuqmﬂgu Taans

ATIVROUMANINRANGNST aoqmﬁgﬁmmmﬁa
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& A a o P & 4 o
17 28 LLa@NNa“nﬂaa‘iJﬂ’J’]&lL‘iJu‘ﬂ%dmU’Jnuﬂmdqmﬂa‘;}&lluuu’m\‘l v 50 °C

s é’]ﬁ‘uﬂ%‘;q qmﬁgﬁmaa aqmv\{]ﬁmm i:ﬂ:‘ﬂl%ﬁ?ﬂ
. STD-01(°C) STD-01(°C) 283 STD
mMIIn . N, X o4

NLIAUINT AR UINZ 01 &02(cm)
13/4/2004 15:07 1 50.17 50.2 10
13/4/2004 15:08 2 50.19 50.22 10
13/4/2004 15:09 3 50.19 50.22 10
13/4/2004 15:10 4 50.18 50.23 10
13/4/2004 15:14 5 50.16 50.22 10
13/4/2004 15:12 6 50.16 50.22 10
13/4/2004 15:13 7 50.19 50.22 10
13/4/2004 15:14 8 50.21 50.24 10
13/4/2004 15:15 9 50.19 50.23 10
13/4/2004 15:16 10 50.18 50.2 10
13/4/2004 15:17 11 50.16 50.21 10
13/4/2004 15:18 12 50.17 50.21 10
13/4/2004 15:15 13 50.17 50.23 10
13/4/2004 15:20 14 50.19 50.23 10
13/4/2004 15:21 15 50.17 50.2 10
13/4/2004 15:22 16 50.17 50.21 10
13/4/2004 15:23 17 50.18 50.23 10
13/4/2004 15:24 18 50.18 50.22 10
13/4/2004 15:25 19 50.17 50.23 10
13/4/2004 15:26 20 50.17 50.23 10
13/4/2004 15:27 21 50.16 50.21 10
13/4/2004 15:28 22 50.18 50.22 10
13/4/2004 15:29 23 50.19 50.23 10
13/4/2004 15:30 24 50.21 50.21 10
13/4/2004 15:31 25 50.2 50.21 10

13/4/2004 15:32 28 50.2 60.2 10
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N1313928(418)
IR A9UNTI qmﬂgﬁmae qmﬂgﬁmaa ITHEWIILA
mMIa STD-01(°C) STD-01(°C) 289 STD
° f ° , A
FURUIN AMAUIN2 01&02(cm)
13/4/2004 15:33 27 50.2 50.23 10
13/4/2004 15:34 28 50.2 50.22 10
13/4/2004 15:35 29 50.2 50.2 10
13/4/2004 15:36 30 50.19 50.2 10
, A P
Aafugunnil 50.183 50.218
- X a
M1378 29 ’TUNR QN%QNI%LL%’JWGYI 50°C
B < a ~ A a A
I8 FITWIBATINATIN oMMNIRRLTEY  aMnDilaRLTRY anautlsilsan
STD-01(°C) STD-01(°C) (+/-°C)
o , 4 o oA &
FILAUIN ATLAUINZ W99
30 w 30 A59 50.183 50.218 0.018

o A a P P @ ar a oA &
NN 29 l’nm‘%‘awuﬁnqmﬂquwsaummmpuz A uuﬁnqmwguamammao ATIRTTUIN
= ° , A Ao oA , Ve Ao ., oA .
Lﬂunm30mﬁua:mmmmmmaumasqmﬂgummmmmﬁmwnnu 50.183 °C gmaupiidunuah 2 e
WnAY  50.218°C qmﬂgﬁﬁozﬁﬂLmuaﬁmﬂ'nml,ﬂsﬂsmwi'lﬁu 0.018 °C mngmsmmuﬂsﬂnuwﬁﬁu

. { ' A o 9 A A ' . ,
(Ffugega-iadomgamnin2  Smunoetgmnnlzesnalusrelimanausdsisuluuuineustly
s o A < ' a e
mmmwmv\uﬂmLﬂu‘lﬂmuqﬂagwmwad\‘numU



108

« A = a P A S
113179 30 LLaﬂﬁNaﬂﬂaaUﬂ‘J’mLﬂu%%dmﬂ’m%’ﬂadqmﬂguluLLuimd n 100 °C

- nduas ORIV R GIENY amsnniives ITHEVI9R
. STD-01(°C) STD-01(°C) 289 STD
e fumian1 Fumiiafi1 01802(cm)

9/4/2004 19:20 1 99.53 99.56 10
9/4/2004 19:21 2 99.52 99.57 10
9/4/2004 19:22 3 99.51 99.58 10
9/4/2004 19:23 4 99.52 99.55 10
9/4/2004 19:24 5 99.52 99.54 10
9/4/2004 19:25 6 99.52 99.55 10
9/4/2004 19:26 7 99.49 99.56 10
9/4/2004 19:27 8 99.48 99.56 10
9/4/2004 19:28 9 99.48 99.56 10
9/4/2004 19:29 10 99.5 99.55 10
9/4/2004 19:30 11 99.53 99.55 10
9/4/2004 19:31 12 99.51 99.57 10
9/4/2004 19:32 13 99.51 99.58 10
9/4/2004 19:33 14 99.51 99.56 10
9/4/2004 19:34 15 99.52 99.53 10
9/4/2004 19:35 16 99.52 99.56 10

/42004 19:36 17 99.48 99.58 10
9/4/2004 19:37 18 99.48 99.57 10
9/4/2004 12:38 19 99.49 99.54 10
9/4/2004 19:39 20 99.51 99.54 10
9/4/2004 19:40 21 99.54 99.54 10
9/4/2004 19:41 22 99.51 99.57 10
9/4/2004 19:42 23 99.49 99.54 40
9/4/2004 19:43 24 99.5 99.52 10

9/4/2004 19:44 25 99.55 99.54 10
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N1314930(6a)
IR AeUaTs amunnilnad GREEDE STHIVIIA
Maia STD-01(°C) STD-01(°C) 289 STD
duniieft A2 01&02(cm)
9/4/2004 19:45 26 99.54 99.56 10
8/4/2004 19:46 27 99.52 89.58 10
9/4/2004 19:47 28 99.5 99.56 10
9/4/2004 19:48 29 99.51 99.55 10
9/4/2004 18:49 30 99.52 99.55 10
kgl 99.510 99.556
M1719 31 AUHR Qmwgﬁluumﬁt{iﬁ 100°C
I8 S MIuaFINTIa qmﬂgﬁmgwao qmﬁgﬁmﬁwae aMunlsusiu
STD-01(°C) STD-01(°C) (+/-°C)
FuiaTi1 fumiian2 TRER
30 30 ﬂ% 99.510 89,556 0.017

= o LY A e =) b [ Q- - =) 1 +
NN 30 mm!aga‘[@ulmmaa‘uuﬁnaﬂmwguwsammmmgw% M uuﬁnqm%guamam

{ 4 & o ‘ 4 Ao , 4 : V- a
Lﬁa\‘i ﬂ?\?ﬂ:1u']‘ﬁLﬂul?aq3ouﬂﬁLLa:ﬂ’\u')m%’]ﬂ'\LQﬁUT@QQN%QUWWLLM%G;Hﬁﬂ'\n’nn'ﬂ 99.510°C qmi’\ﬁ“

AWRUAN 2 Wevinny 99.556°C qmﬁﬂﬁﬁazﬁﬂgtﬁmﬁﬁﬁmwLtﬂsﬂﬁmmﬁu 0.023 °C INFAIANY

Ve . - ' 4 9 v ) a . '
wysUsamivinny (mmaugaqﬂ-mmaUmgﬂ)msmuz mﬂmuﬁaqmﬂgwaama’ﬂuawﬁmmmuﬂsﬂﬁu

v ed o 4 < . a e
luLLu‘maua%Ilumm‘nﬂn’muﬂmLllu"hlmm;mp%mU’ummu‘mﬂ
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= A o A 4
SITId 32 Lgamuawmaaum’\mﬂuﬁmtamnummqmﬁ{}wluumm " 150 °C

I fneunss amnniiTad amnnlvas REHE gL
m3ia STD-01(°C) STD-01(°C) 283 STD
AunsisNi FunIN2 01802(cm)
9/4/2004 18:30 1 149.135 149,175 10
10/4/2004 18:31 2 149.130 149.170 10
10/4/2004 18:32 3 149.130 1498.175 10
10/4/2004 18:33 4 149.145 149.190 10
10/4/2004 18:34 5 149.150 149.190 10
10/4/2004 18:35 6 149.145 149.195 10
10/4/2004 18:36 7 149.105 149.175 10
10/4/2004 18:37 8 149.125 148.180 10
10/4/2004 18:38 9 149.120 149.170 10
10/4/2004 18:39 10 149.125 149.155 10
10/4/2004 18:40 11 149.095 149.165 10
10/412004 18:41 12 148.095 149.135 10
10/4/2004 18:42 13 149.105 149.125 10
10/4/2004 18:43 14 149.105 149.125 10
10/4/2004 18:44 15 149.115 149.165 10
10/4/2004 18:45 16 149.145 149.170 10
10/4/2004 18:46 17 149.125 149.180 10
10/4/2004 18:47 18 149.140 149.185 10
10/4/2004 18:48 19 149.125 149.180 10
10/4/2004 18:49 20 149.125 149,165 10
10/4/2004 18:50 21 149.125 149.175 10
10/4/2004 18:51 22 149.135 149.170 10
10/4/2004 18:52 23 149.130 149.160 10
10/4/2004 18:53 24 149.125 149.160 10
10/4/2004 18:54 25 149.120 149.170 10




fNT9(Ra) 32

IR §eUASs CLNERGIRE DLV B PGILY ITUTHA
mMsa STD-01(°C) STD-01(°C) 289 STD
Fruniani Aunsian2 01&02(cm)
10/4/2004 18:55 26 149.135 149.170 10
10/4/2004 18:56 27 149.130 149.185 10
10/4/2004 18:57 28 149.150 149.205 10
10/4/2004 18:58 29 148.145 149.185 10
10/4/2004 18:59 30 149.125 149.180 10
mméuqmvsgﬁ 149.127 149.171
a1519 33 aylea qmugﬁlugtmcﬁaﬁ 150°C
VIA7 mUATINMTIA gmﬁgﬁméumaa gmugﬁmﬁumaa anuLLIUTIn
STD-01(°C) STD-01(°C) (+/-°C)
FuAaN1 fumsanz WIR
30 w9 30 A3 149.127 149.171 0.039

% v A @ A w o ar @ A A )
NI 33 LﬁU’ﬂEl%lﬂIﬂUl’ﬁLﬂ%aGU%ﬁﬂqmﬁﬂquﬂ&lﬂ')N'\miﬁ']uz [ Jp] U%ﬂnqmﬂguamdma

P & = ° \ d P A ' y e a
132130 ﬂix‘la::’lu’lﬁL‘ﬂuna’BOW\ﬁLLa:ﬂW%’Jm%’iﬂ’lLaaUﬂjadQNV\Q&IW\Lmud‘}’l‘!ﬁﬂ']m’m‘u 149.127°C qmﬂﬁu

o oA Ve ald \ . ‘e
ATWKRUIN 2 ﬁﬂ’]LYﬂﬂU 149.171 °C qmﬁQ&IV]GZW’]LLﬂ%GﬁﬂﬂﬂQW&JLLﬂSﬂS’J%W]’mU 0.03¢8 °C mngmﬂ’nu

| e ' 4 . d . [ A a . '
sy Imyiny (Aedsgega-diaioimgamsiinz Ssmunoigumnpiizesmnamluselaanuulslig

) e o A < . a e
luumuauaglummfnwmﬂuﬂmLﬂuvlﬂmugm‘{mmwaammw
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#1319 34 uamuaﬂﬂaaumwmﬂu%ﬁammnumaaqm‘mguluumm N 200 °C

;NUATI

VIR 9 QUEIGIEY LG LE LT
myia STD-01(°C) STD-01(°C) 289 STDO1&02(cm)
ARUIN1 AunuIn2
11/4/2004 8:51 1 199.115 198.170 10
11/4/2004 8:52 2 199.135 199.210 10
11/4/2004 8:53 3 199.135 199.170 10
11/4/2004 8:54 4 199.130 199.185 10
11/4/2004 8:55 5 188.160 199.178 10
11/4/2004 8:56 6 199.105 199.190 10
11/4/2004 8:57 7 199.110 199.160 10
11/4/2004 8:58 8 199.130 198.120 10
11/4/2004 8:59 9 199.125 199.170 10
11/4/2004 9:00 10 199.110 199.185 10
11/4/2004 9:01 11 199.130 199.180 10
11/4/2004 9:02 12 199.085 199.150 1G
11/4/2004 9:03 13 1838.105 189.155 10 B
11/4/2004 9:04 14 199.135 188.205 10
11/4/2004 9:05 15 109.145 199.195 10
11/4/2004 9:06 16 199.150 199.185 10
11/4/2004 9:07 17 199.100 199.160 10
11/4/2004 9:08 18 199.140 199.175 10
11/4/2004 9:09 19 199.145 199.190 10
11/4/2004 9:10 20 189.115 199.185 10
11/4/2C004 9:11 21 199.105 199.205 10
11/4/2004 8:12 22 199.115 199.195 10
11/4/2004 9:13 23 199.155 199.130 10
11/4/2004 9:14 24 199.090 199.185 10
11/4/2004 8:15 25 198.085 199.130 10
11/4/2004 9:16 26 199.085 199,160 10
11/4/2004 9:17 27 199.125 199.155 10 L
11/4/2004 9:18 28 199.125 199.160 10




A58 34(6i0)

VIR A1nuaTd qnmgﬁmaa qmv\:g‘ﬁmaa SZUTUIYN
M50 STD-01(°C) STD-01(°C) 289 STD
o . od ° s A
Funrsant Funianz 01&02(cm)
11/4/2004 9:19 29 169.155 199.165 10
11/4/2004 9:20 30 199.175 189.210 10
mmﬁmqm‘vxgﬁ 169.124 199.174
M319 35 ATUHR Qmugﬁluumﬁaﬁ 200°C
o & P a a A
VIR FIUINATINTIN qmﬁ{}uméwaa GLPHIERINTER arundslin
STD-01(°C) STD-01(°C) (+/-°C)
Fumiban Aunnan2 LUIND
30 %’1“7] 30 ﬂ;ﬂ 199.124 199.174 0.025

AT 35 Lﬁuﬁaga‘[ﬂul%m?aaﬁuﬁnqmﬁgﬁw%“amﬁ'smmﬁmz a1 Duingunniatnisie

{ 2: = ° 3 A Ao ] A ' 1] Qe Lol
13489 ﬂidﬂz‘l‘Hﬂ‘ﬁL‘IJ‘LLL’JﬂﬂSO%WﬁLLE\Zﬂ’\%’!mﬂ”Iﬂ’uaﬂUTGQ%N%QNWWLL%%G‘YHﬁﬂ’\Wl'miJ 149.124°C qnnga.l

o oA , L ad \ ! ;e .
AL UIN 2 ﬁmmwnu 149.174 °C qmugum%mmmﬁmmwuktﬂsﬂmum'\nu 0.025 °C ﬁ)’lﬂiﬂ(ﬂiﬂ’ﬂ&)

. e . i » 4 o 1Y A A R
wilsiswvinnu (ﬂ’]L%aUéjﬂ&iﬂ-ﬂ’nﬂaﬂ@ﬂﬁiﬂ)%’ﬁﬂ?ﬂZ "60%1]'1850E}}N‘HQ&I’Uﬁ\‘iL‘ﬁﬂ'ﬂua'ﬁ&lﬂ'm’ﬂ&lLLﬂSLIS’Ju

& v £ o A = ' P
LI Qlulaﬂm‘n‘ﬂﬂ']“uﬂ‘ﬁd Lﬂuvlﬂm"l&l?ﬂ&!{"ﬂu'] H¥ NN

4.5 WaTesn gaunadl 50 °C100°C 150°C uaz 200 °C 1lunmlidinin slushmniasgs

o A : a s A a a
1 (ﬂ’JSJ”I’J’NﬂOﬂmGmdﬂ’mquqmﬁ{l\mmUUﬁgmmma’a @ﬂ&lzﬂ 57 uns ﬂ’]kuuﬂ’]s‘ﬂuﬁﬂ“ﬂuuﬁn“a

' a A “~
4.6 HAMINANDITWAILANUADTUUVYTIIVDIN? waldlunuseuniougmngil Taenns

ATIVFOURIANINTDI qmﬂgﬁﬁn o]
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. i a A
$1718 36 Lta@}\mammmaaummﬁmaaqmugunmamﬂ 50°C

87 LA gonniives
msia STD-01(°C)
13/4/2004 16:42 1 50.170
13/4/2004 16:43 2 50.170
13/4/2004 16:44 3 50.175
13/4/2004 16:45 4 50.180
13/4/2004 16:46 5 50.17¢C
13/4/2004 16:47 6 50.155
13/4/2004 16:48 7 50.175
13/4/2004 16:49 8 50.160
13/4/2004 16:50 9 50.170
13/4/2004 16:51 10 50.165
13/4/2004 16:52 11 50.165
13/4/2004 16:53 12 50.170
13/4/2004 16:54 13 50.170
13/4/2004 16:55 14 50.180
13/4/2004 16:56 15 50.170
13/4/2004 16:57 16 50.175
13/4/2004 16:58 17 50.175
13/4/2004 16:59 18 50.175
13/4/2004 17:00 19 50.175
13/4/2004 17:01 20 50.170
13/4/2004 17:02 21 50.180
13/4/2004 17:03 22 50.185
13/4/2004 17.04 23 50.185
13/4/2004 17:05 24 50.160
13/4/2004 17:05 25 50.155
13/4/2004 17:07 26 50.165
13/4/2004 17:08 27 50.165
13/4/2004 17:09 28 50.160
13/4/2004 17:10 29 50.165

13/4/2004 17:11 30 50.1565




[
tn

. P o - {
133 37 agﬂua mmﬂaanmﬂd‘n'naoqm‘v\gununmﬁ 50°C

IR Suamasamsin amnNil MAX amnnil MIN anuudsdsiu (+-°C)
289STD-01(°C)  1BISTD-01(°C) Fumilaf 01
Funieini AunIIN °C
30 wn 30 A59 50.185 50.155 0.015

NN 37 Lﬁuaﬁaga‘[mms Set qm‘ngﬁﬁ 50°C LLa:LﬁuqmﬂgﬁamomLﬁaa asaaztwdiin
nm30mﬁLLa:ﬁ’m’ammcmqmﬂgﬁw‘hLmuaﬁ1ﬁmg\aﬁ’q@umﬁu 50.185 °C ci'w'i'lqﬂwi'xﬁ'n 50.155°CHA%
289 qmugﬁﬁdzm Fanuudsdsuvinny 0.015°C mngmm’mLtﬂsﬂnmmﬁu(mgoqm-@m‘iﬂqﬂ)mszéa
winsfisgmnpiivesmadlugsfisranuudsuruvesgumnilurmaowi aglummfﬁﬁﬁmuﬂ%uﬂuvlﬂ

mmgm;i\‘m FNatdyl] 800'1%%5{]

#1719 38 LLamwamSﬂmaaummﬁmaaqm%gﬁﬁunm 100 °C

1387 a3 gD

M0 STD-01(°C)
9/4/2004 19:20 1 99.655
9/4/2004 19:21 2 99.655
9/4/2004 19:22 3 99.645
9/4/2004 19:23 4 99.640
9/4/2004 19:24 5 99.640
9/4/2004 19:25 6 99.650
9/4/2004 19:26 7 99.645
9/4/2004 19:27 8 99.635
9/4/2004 19:28 9 99.625
8/4/2004 19:29 10 99.645
8/4/2004 19:30 11 89.675
8/4/2004 19:31 12 96.680
9/4/2004 19:32 13 99.675
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1719 38 (99)

1A Seune amnivas
msin STD-01(°C)
9/4/2004 19:33 14 99.670
9/4/2004 19:34 15 99.675
9/4/2004 19:35 16 99.685
9/4/2004 19:36 17 99.660
9/4/2004 19:37 18 99.650
9/4/2004 19:38 19 99.650
9/4/2004 19:39 20 99.660
9/4/2004 19:40 21 99.675
9/4/2004 19:41 22 99.675
9/4/2004 19:42 23 99.650
9/4/2004 19:43 24 99.655
9/4/2004 19:44 25 99.680
9/4/2004 19:45 26 99.690
9/4/2004 19:46 27 99.675
9/4/2004 19:47 28 99.650 -
9/4/2004 19:48 29 99.655
8/4/2004 19:49 30 99.665

. - aa A
#1773 39 agﬂua mﬁmaaummﬂmadqmv\gwnunm‘ﬂ 100°C

LI N Swnasinie qmugﬁ MAX qnmqﬁ MIN aunsUIIU (+/-°C)
289STD-01(°C)  28ISTD-01(°C) Fumibafl 01
AN Funnl °C
30 w9 30 a9 99.690 99.625 0.032

\d ad [ o [ . P & o o=
NI 39 Lﬁmjaga‘[ﬂums Set qm‘v\nuﬂ 100°C LLﬂ:LﬂUQNﬁQ&JEU"IGV\E}L%EG asaaz I wInLlu

UG

b

° ' Ao oA . a . e . e ,
nmSOmﬁua:mmmmmcqm%gum'nmmmﬁmgawqmmnn 99.690°C aaganiIny 99.625 °CHaN

Py . . e . e . ' e =
V8I QUNRNINI2A FauuilsyUsiuminny 0.032°C mngmsm']uLLﬂsﬂS’JuLmnu(mgoqm-mmqﬂ)ﬂﬁzm



= PN LA P P 1 ed o 4 = vl,
ﬂwqﬂﬂﬁqm“{}&lmﬂﬂLﬂa?luﬂ'\ﬂNﬂ'\ﬂ?'\&luﬂiﬂi?%’ﬂﬂﬁqmﬁgulul')a'\3ou'\ﬂ E]EJ, ulﬂm‘ﬂ“ﬂﬂ'\“uﬂ‘ﬁﬂl,ﬂ% 'l.l

muqmjwmwmmu’i%’u

. § A G A
1319 40 memmmmaaummﬁmaaqmﬁqununmﬂ 150°C

280 §neunse annivas
mMa STD-01(°C)
10/4/2004 18:30 1 149.135
10/4/2004 18:31 2 149.130
10/4/2004 18:32 3 149.130
10/4/2004 18:33 4 149.1456
10/4/2004 18:34 5 149.150
10/4/2004 18:35 6 149.145
10/4/2004 18:36 7 149.105
10/4/2004 18:37 8 149.125
10/4/2004 18:38 9 149.120
10/4/2004 18:39 10 149.125
10/4/2004 18:40 11 149.095
10/4/2004 18:41 12 149.095
10/4/2004 18:42 13 149.105
10/4/2004 18:43 14 149.105
10/4/2004 18:44 15 149.115
10/4/2004 18:45 16 149.145
10/4/2004 18:46 17 149.125
10/4/2004 18:47 18 149.140
10/4/2004 18:48 19 149.125
10/4/2004 18:49 20 149.125
10/4/2004 18:50 21 149,125
10/4/2004 18:51 22 149.135
10/4/2004 18:52 23 149.130
10/4/2004 18:53 24 149.125

10/4/2004 18:54 25 149.120




FI N 40(%19)

LIV é'\ﬁﬂﬂ%\‘i E}N‘HQQ‘B 3N}
MmN STD-01(°C)
10/4/2004 18:55 26 149.135
10/4/2004 18:56 27 149.130
10/4/2004 18:57 28 149.150
10/4/2004 18:58 29 149.145
10/4/2004 18:59 30 149.125

, A A e
M8 41 a?ﬂ“a ﬂ’]iﬂﬂﬁﬂﬂﬂ”lﬂ\‘m‘nadqmﬂﬂwﬂuna‘m 150°C

118

IR D T qnmgﬁ MAX qmmgﬁ MIN anuulsdsiu (+/-°C)
289STD-01(°C)  284STD-01(°C) Funsiaft 01
Funsiei Gunsisi2
30 wfl 30 A%y 149.150 149.095

= @ ad « A ' A & A
INNIT 41 mumagaiﬂnms Set aqm%{}uﬁ 150°C uaziNUgmnnNad eIl AsIaz 1w iln
o ' Ao A ' A . a ‘e .
nmaOmﬁLLa:mmmmmaqmﬂgmml,mmw1ﬁmgwa;mmnu 149.150°C #ngaLvinny 149.095°CHA
A9 qm%qﬁﬁﬂm JanuudsUsiwyinu 0.028°C mngmmmLLiJsﬂsauLﬁﬂﬁu(mgaqm-ﬁwﬁwqw)ws
Pz - S ' a a a .1 e o A &
zsn\wxmumqnm{}mJaama’ﬂumsum@‘muuﬂsﬂsaumaaqmwgulunmmm‘n plwnumnmnuazilu

lumuaasismanyrasanuidy

. < A =
N30 42 LLﬁﬂﬂNﬁﬂ’]Tﬂ@]ﬁB‘Uﬂ?ﬂGﬂ‘ﬂﬂﬁEgm‘lﬂﬂuﬂﬂnﬁ’\ﬂZOO °C

198 feuassnnsia aunnlueISTD-01(°C)
11/4/2004 8:51 1 199.1156
11/4/2004 8:52 2 199.135
11/4/2004 8:53 3 198.135
11/4/2004 8:54 4 199.130




AT 42(518)

87 neuase DIIVEFGIDN
M STD-01(°C)
11/4/2004 8:55 5 199.160
11/4/2004 8:56 6 169.105
11/4/2004 8:57 7 199.110
11/4/2004 8:58 8 199.130
11/4/2004 8:59 9 199.125
11/4/2004 900 10 199.110
11/4/2004 9:01 1 199.130
11/4/2004 9:02 12 199.085
11/4/12004 9:03 13 199.105
11/4/2004 9:04 14 199.135
11/4/2004 9:05 15 199.145
11/4/2004 9:06 16 199.150
11/4/2004 9:07 17 199.100
11/4/2004 9:08 18 1989.140
11/4/2004 9:09 19 199.145
11/412004 9:10 20 199.115
11/4/2004 9:11 21 199.105
11/4/2004 9:12 22 199.115
11/4/2004 9:13 23 199.155
11/412004 9:14 24 199.090
11/4/2004 9:15 25 199.085
11/4/2004 9:16 26 199.085
11/4/2004 9:17 27 199.125
11/4/2004 S:18 28 199.125
11/4/2004 9:19 29 199.155
11/4/2004 9:20 30 198.175

T



. - o i
A4 43 agﬂnams‘nﬂaaumﬂawmmqm‘v\gununmﬁ 200°C

I8 $uamasamsia amnnil MAX amnpil MIN anunysdsau (+/-°C)
2a4STD-01(°C) 284STD-01(°C) Fumsiof 01
FUnUINI Fumilan2 °C
30 wIn 30 A%9 199.175 199.085 0.045

3 ad ~ P . { &
NN 42 Lﬁumagai@]unﬁ Set gaun7iiN 200°C LLa:muqquuamomaLﬁaa asIaztwfiLin
o ' P .4 Q i ) v e . A
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Hot Liquid Bath
Range from: R1+10 to 300°C

Specifications HTS-95 HTS-300 HTS-300A HTS-951 HTS-300T
Range R.T+10 - 95°C R.T.+10 - 300°C R.T+10 - 95°C |R.T.+10 - 300°C
Display 0.01°c 0.1°C 0.01°C 0.1°¢
Setting 0.01°C 0.1°C 0.01°C 0.1°C

Stability ' < 0.01°C/30min +0.01°C/30min
Uniformity +0.005 - 0.01°C +0.01°C
Heating Rate 0.8.1.1°C/min
Cooling Rate 0.8.1.1°C/min
Working Area | Dia 140 x 480 . Dia 150 x 480 mm.
Dimension 750 x 550 x 1300 mm. 650 x 550 x 1200 mm.
Volume 23Litr
Weight 95Kg. 120Kg S0Kg
Power 1.5KwW 3KW 2.8KW 1.BKW

Distributor:
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iter Baths - GP Series
JAB’s Water Baths offer the performance required for sophisti-
clinical and analytical applications at an economical price.
Jt-in stirrer and state of the art controller provide excellent uni-
ity and stability. especially at the common working tempera-
of 37°C and 56°C. You can get genuine, repeatable tempera-
that you can count on day in and day out. The built-in digital
erature controller allows coarse and fine adjustment over a
erature range of ambient to 150°C. A high temperature/low

d level safety monitors temperature and bath fluid levels.” In

R wiinre Controlic:
» GP series offers a digital temper-
re controlier. The digital controlier
ictured here provides continuous
readout of bath lemperature

139

casc ol temperature overrun or low liquid level, the safety will dis
able the bath to prevent damage 1o the bath or your applicition.

A built-in tap water cooling coil provides guick coot down and
helps maintain near ambient temperatures. These high quality anc
high value Water Baths are available in five sizes: compact 5 liter.
12 liter. and large volume 20 liter. 21 liter, and 42 hiter models.
Also, we offer an optional force-only pump to provide circulation
to your external apparatus. Use the pump in couje.7on with an
accessory FlowThru Cooler for producing below ambient

temperatures.

A huibt- i stirrer and ity
the art controller provid
excellent uniformity und
bility, eveecindly ar the o
LACH WOTKDWO gl e,
of 37°C und 56°C

oot Sajery e
" A high temperature/lc
) liquid level salety
monitors lemperature
bath fluid levels



er Baih Specifications

ATURE RANGE

ATURE
v

3 CAPACITY
an option)
dels

REA

(LxWxD)lIn.
Cm.

LUME

Gallons/Liters:

JNS

(Hx W x D) In.

Cm.

3EQUIREMENTS
dels:

3 WEIGHT

GP-100

= 15°C apove ambient
to +150°C

+0.03°C at 37°C

1200 Watt
9 Lpm at 0' head
Max Head 8" (2.4 M)
9 Lpm at 0’ head
Max Head 6.5’ (2.0 M)
5x6x5¥%4
12,7 x 15.2 x 14.6
1.3/4.9
1414 x 83/4 x 13

362x222x33

115V, €0 Hz, 12 Amps

220-240V, 50 Hz, 7 Amps

25 Lbs/11.2 Kgs

GP-200

15°C above ambient
to +150°C

10.03°C at 37°C

1200 Watt
9 Lpm at 9" head
Max Head &' (2.4 M)
9 Lpm at 0’ head
Max Head 6.5’ (2.0 M)
10 x 10¥8 x 53/4
254 x264x 146
3.2/12.1
1414 4 12102  1g1/2

36.2x31.7x47

115V, 60 Hz, 12 Amps

220-240Y, 50 Hz, 7 Amps

32 Lbs/14.5 Kgs

GP-300

15°C abova ambient
to +150°C

+0.03°C at 37°C

1200 Watt

9 Lpm at Q' head
Max Head 8' (2.4 M)

9 Lpm at Q' head
Max Head 8.5 (2.0 M}

10 x 1038 x g1/2
25.4'x 26.4 x 21.59

5.3/20

175/8 x 12172 x 18172

448 x 31.7 x 47.0

115V, 60 Hz, 12 Amps

220-240V, 50 Hz, 7 Amps

37 Lbs/16.8 Kgs

GP-400

15°C above ambient
to +150°C

£0.03°C at 37°C

1200 Wait
9 Lpm at 0’ head
Max Head 8' (2.4 M)
9 Lpm at ¢’ head
Max Head 6.5' (2.0 M)
20 x 10¥8 x 53/4
50.8 x 26.4 x 14.6
5.5/20.8
1414 . 12112 x ogt/4

T82x31.7x718

113V, 60 Hz, 12 Amps

220-240V, 50 Hz, 7 Amps

40 Lbs/18.1 Kgs

140

GP-500

15°C above ambient
to +150°C

+0.03°C at 37°C

1200 Watt
9 Lpm at 0’ head
Max Head 8' (2.4 M)
9 Lpm at Q" head
Max Head 6.5’ (2.0 M)
17 x 1098 x 11172
432 x 26,4 x29.2
11/41.8
2012 x 12172 x 25112
52.1x31.7 x 64.8

115V, 60 Hz, 12 Amps

220-240V, 50 Hz, 7 Amps

51 Lbs/23.1 Kgs

ans listed for standard units circulating water at 20°C, at 20°C ambient. Performance specifications. will be affected by changes in temperalure, ambient, or coolant.

g subject to change.

Time to Temperature

P APPLICATIONS

T mmme e
ol [

Fecal Coliform Testing

A=GP-100, 60Hz : .
B=GP-200, 60Hz : DNA Incubation
C=GP-300, 0Hz

D=GP-400/500, 60Hz Microbiology

TEMPERATURE("C)

. Cell Culture
- Molecular Weight Studies
! Environmental Analysis

Serum Heat Inactivation

ACCESSORIES

Flat Cover

Gabled Cover

seenesesrene

: FlowThru Cooler

PRESSURE

i DAL St AR 10 Kl
SUNPRR I LTI S 4.UN VAN
FLOW
or saies and service information call 800/4NESLAB or 800/258-0830 r{"' www.rniestab.com 16
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sh Temperature Bath/Circulators
Series

.X-250HT and the EX-251HT are specifically designed for
:ations requiring precise temperature control up 1o 230°C.
ontroller features an automatic reset thal ensures temperature
ity under load and voltage changes. A built-in low

/high temperature cutout protects the unit from temperature
m. The LED digital setpoint and readout are coupled 10 a
state controller and RTD sensor. The digital temperature
sller is tethered for remote operation away from the high tem-
tres of the bath. We have incorporated our industrial grade
ating pump with stainless steel threaded fittings. The pump
10101 can operate continuously under extrer.nes of temperature

uid viscosity. It also provides excellent agitation in the bath

Featuring stability of 0.01°C
and digital sctpoint and readout.
NESLAB High Temperature
Bath/Circulators provide the
accuracy requived for calibration
applications

e
3

=.|w:"gv| a4
- [

arca for optimum temperature uniformity. The pump motor housi:
is raised above the bath in order to minimize the high heat effect
ard ensure continuous operation. An external tap water cooling ¢
is provided for rapid cool down below 100°C.  Several features
have been incorporated to make these units both convenient and
safe for high temperature operation. A full 112 inches (3.8cm) of
high temperature fiberglass insulation surrounds the entire stainles
steel tank. The circulating pump inlet/outlet lines have stainless
steel caps to contain any accidental pumping of hot bath fluid. We
also use Teflon® for the flow control knob, the bath lid handle, an
lid insulation to protect you during high temperature operation.
These Bath/Circulators provide excellent temperature control for
high temperature calibration procedures, melting point, viscosity

measurements and petroleum testing.

Pleeid ool
These High Temperature
Bath/Circulators are
equipped with stainiess
steel work areas for fluid
compatibility

©osefen

A full 112 inches (3.8¢mm)
of high temperature insula-
tion surrounding the tank.
and Tellon® handles, knobs
and 1id insulation to protect

you during high tempera-

lure operatois

For sales and service information call 800/4NESLAB or 800/258-0830 - www.neslab.com



1 Temperature Bath/Circulator Specifications

\TURE RANGE
ssory cooling

\TURE STABILITY

i CAPACITY
jels

IEA (Lx W x D) In.
cm.

-UME Gallons/Liters:

INS (Hx W x D) In.
Cm.

IEQUIREMENTS
Jels:

i WEIGHT

EX-250

+40°C to +250°C
+5°C to +251°C

20.01”C at 60°C, £0.02°C at 250°C
1000 Watt

0-13 Lpm at 0’ head max head 16" (4.9 M)
0-11 Lpm at 0' head max head 11" (3.3 M)

a2 x6x9
11.4x152x22.9

2/7.5

16%/4 x 912 x 13 144
42.5x24.1x33.7

115V, 60 Hz, 9 Amps
220-240V, 50 Hz, 5 Amps

40 Lbs/18.1 Kgs

EX-251

+30°C to +230°C
+5°C to +250°C

+0.01"C al 60"C, £0.03°C at 250°C
800 Watt/800 Watt Boost

0-13 Lpm at 0’ head max head 16’ (4.9 M)
0-11 Lpm at 0’ head max head 11" {3.3 M)

8x10x12
20.3 x25.4 x 305

6.5/25

2012 x 1312 x 17
52,1 x34.3x43.2

115V, 60 Hz, 16 Amps
220-240V, 50 Hz, 8 Amps

60 Lbs/27.2 Kgs

mperature data determined using bath fluid with specific heat of .35 for 60Hz. 50Hz may vary. Temperature specification deter-

1 work area cover off at 20°C ambient. 60°C stability specification determined using water, 250°C stability specification deter-
1g silicone oil. Specifications subject to change.

——

TEMPERATURE(°C)

PRESSURE

Time to Temperature

TIME(MINUTES)

Pumping Capacity

142

APPLICATIONS

Calibration Process

: Melting Point
Denaturation

. Temperature Aging
EViscosity Measurements

Petroleum Testing

ACCESSORIES

NEScom Software

sales and service information call 800/4NESLAB or 800/258-0830 % m ? www.neslab.com 18



foRurer AN | - # " | Range 4510 140°C (3t 23°C ambient)
Number 9107 TECAL 1408 D40 C-140 .. Accuracy +0.1°C )
ied Range —45°C to 1406°C -22°Clo 140°C I -40°C o 123°C ~30°C to 140°C Stability +0.02°C
Range at SAME ‘ -22°C to 140°C I -15°Cto 123°C i ~14°C 10 140°C Unifermity +0.05°C between drifled wells
mbient . “ _ ’ L - Well Depth 8" (15 cm)
i | e | T | St e i
ratures i reach —40°C. Circulator  © published range. Gloves and earmuffs Heating Time Ambient o 140°C: 15 min.

i bath not included. not included.

titor specs taken from their published maleriats at the time of this printing.

, you can take the last reading 10
1an 60 minutes from the time you
he unit on.

you're testing thermal switches,
107 includes binding posts for
:cting vour switch and display
for rccording the actuation tem-

perature. The included Interface-it soft-
ware even includes a routine for
automating switch tests.

No other company offers you all
these features. Buy from the company
that delivers what it promises. Buy
from Hart Scientific.

ther models round out Hart's line of "Super Dry-Wells.” The Model 9105 uses the same block as the
dcovers the range —25°C to 140°C. Models 9122 and 9122 both operate from 50°C 10 600°C. The 9122
une-well, high-capacity block while the 9723 uses a one-well, high-speed block. (Custom inserts are
le.) Eacht Super Dry-Well features display accuracy of =0.1°C ar set-poinzs below 4600°C.

Cooling Time

Ambient to ~30°C: 15 min.

Stabilization Time 7 minutes

Test Wells 5 wells: bwo at 1/4" {6.35 mm),
one &t 3/13" (4.8 mm), one at
118" (3.2 mm), and cne
interchangeable
Resclution 0.01°
Display LED, °C or °F, swilchable B
Size 12.5"Hx8" Wx10.5"0
(31.8x 203 x26.7 cm) o
‘Weight 30 1b. (13.6 kg)
Power 115/230 VAC (£10%) switchabie
. @Pes
Certification 5-point, NIST-traceable

certificate of calibration included

Ultracoid Dry-Well, includes
one 1/4-nch insert unless a
different size is specified at

time of crder.

|EEE-488 Option
Blank insert

1/46" insert (1.6 mm)
1/8" insert (3.2 mmy
5/32" insert (4 mm)
3116” insert (4.8 mim)
1/4" insert (6.35 mm}
5/16" insert (7.9 mm)
3/8" insert (9.5 mm)
112" insert (12.7 mm)
5/8" insert (15.9 mm)
1 User-Specified Hole
2 User-Specisied Holes
Carrying Case
Calibrate-it Software

reference? See page 8.

Have you considered ur externc

Hart Scientific
1-300-438-4278
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Accredltatlon

Publication

e EA-10/13

T

l Guidel&imesJ on)the
, Cabbr#uog of
| Termp\erature '
Block Pah;brators
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o
»

—
——— et

Y
e

PURPOSE

Ihis document been produced by EA to improve the harmonisation in the calibration of tempe@ture
block calibrators. It provides guidance to national accreditation bodies to set up minimum requirements
for the calibration of temperature block calibrators and gives advice to calibration laboratories to estab-

lish practical procedures and the evaluation of uncertainties. This document wa: approved by the EA
Genera)] Assembly in November 1999.

February 2000 Page 1-of 14
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EA-10/13 » EA Guidelines on the Calibration of Temperature Block Calibrators

The following investigations are to be carried out in particular:

Axial temperature homoge

neity along the boring in the measurement
Zone : :

The greatest temperature difference occurring in the measurcment zone is to be de-
termined. For this purpose, the temperature is determined at the lower end, in the
middle and at the upper end of the measurement zone, using a thermometer with a
sensor length not exceeding S mm. The thermomecter may be provided with a protec-
tive tube (outside diameter: d < 6 mm). It is recommended to use Pt resistance ther-
mometers in the temperature range from -80 °C to +660 °C and noble metal thermo-
couples (including Pt-Pd thermocouples) in the temperature range from +660 °C to
+1300 °C. Base mectal thermocouples are unsuitable for these mcasurcments.

Example: The following measurements are required for a temperature block calibra-
tor with a measurement zone 40 mm in length at the lower end of the boring:

1) thermometer touching the ground;
2) themometer pulled out 20 mm;
3) thermometcr pulled out 40 mum; and

4) thermmometer touching the ground.

The measurement is to be performed in the central boring or in a particularly marked
boring i
g.

Initial calibration: Measurements are to be carricd out at the highest and at the low-
est temperature of the measuring range. If one of these measurement points is at room

temperature, the temperature for this measurement point is to be increased or de-
creased by 20 °C.

Repeat calibration: Measurements are to be performed at that temperature of the
casurcment range whosc difference to room temperaturce is greatest.
1c

Temperature differences between the borings

‘the greatest temperature difference occurring between the borings is to be deter-
mined. To eliminate the influence of temperature variations with time, the tempera-

ture differences with respect to an additional test thermometer in the temperature
block calibrator are determined.

Initial calibration: The tenipcratures are determined in at least three borings distrib-
uted as unifornly as possible on the greatest reference circle of the temperature
block. If the calibrator is provided with less than 4 borings, the temperature differ-
ences are (etermined by mcasurements in the borings and cyclic exchange of the
thermometers, or they are determined directly with calibrated thermometers.

Repeat calibration: The temperature difference is determined betweer those two
borings which had shown the greatest temperature difference upon initial calibration.

February 2000
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EA-10113 » EA Guidslines on the Calibration of Temperature Biock Calibrators

Influence upon the temperature in the measurement zone due to differ-
ent loadina

Lnitrarcaubration: These measurements are carried out to determine the change of
the temperature difference between the reference thermometer and a test thermome-
ter, which occurs when further borings are 1daded with thermometers or suitable
sheaths. The sheaths or thermometers shall protrude from the respective boring by at
least 200 mm. Maximum possible loading with thermometers/bushings of 6 mm or
smaller in diameter shall be ensured. The measurements are to be carried out at the

temperature of the measurement range which shows the greatest temperature differ-
ence with respect to room temperature.

Repeat calibration: A repeat measurement is not required.

Stability with time

The maximum range of temperatures indicated by a sensor in the measurement zone

over a 30 minute period, when the system has reached cquilibrium, shall be deter-
mined.

Initial calibration and repeat calibration: Mcasurements are to be performed at three
different test temperatures: at the highest test temperature, at the lowest test tem-
perature and at room temperature. If the highest or lowest test temperature corre-

sponds to room temperature, the third test temperature shall be selected in the middle
of the temperature range tested.

Temperature deviation due to heat conduction

In agrcement with the client, the temperature error duce to heat conduction is to be
determined for such thermometers which are to be calibrated at the client's. This de-
viation is not part of the temperature block calibrator's measurement uncertainty, but
1s 10 be taken into account separately when the temperature block calibrator is used.

Temperature deviations due to heat conduction nced not be taken into account for
thermometers with outside diameters of d £ 6 mm.

Determination of the deviation of the indication of the built-in-control-
ling thermometer from the temperature in the measurement zone

. The temperature in the measurement zone of the temperature block calibrator 1s de-

termined with a standard thermometer, which is tracecable to national standards. The
samc measurcments are to be performed for initial and repeat calibration.

In the case of temperature block calibrators where the built-in controlling ther-
mometer is introduced into a boring from which it can be removed, calibration of this
thermometer according to a different calibration guideline is recommended.

Measurements

The determination of the deviation of the temperature given by the indicator of the
block calibrator from the temperature in the measurement zone is performed in the
central boring or in a particularly marked boring. Measurement at a minimum of
three different teraperatures (calibration points) are to be carried out, which are dis-
tributed as uniformly as possible over the requircd temperature range. At cach cali-
bration point two mecasurement series arc carried out, in which for a period of at least
10 minutes the average for the deviation of the indication cf the built-in controliing
thermometer from the temperature in the measurement zone is determined. The ad-

February 2000

Page 8of 14



4.0.1

EA-10/13 » EA Guidelines on the Calibration of Temperature Block Calibrators

Justment of the temperature at the calibration point is done for one measurement se-
ries at increasing temperatures and at the other at decreasing temperatures. Results
obtained in tests carried out to determine the stability with time may be used without
repeat measurement, provided a calibrated thermometer had been used. Measure-
ments at increasing and decreasing temperatures are not required for the highest and
the lowest calibration point if the temperature coincides with the highest or lowest
operating temperatures specifie by the manufacturer. However, at least two meas-

urement series are to be recorded, between which the operating temperature of the
calibrator was changed.

Evaluation

The values measured in the series at increasing and decreasing temperatures are aver-
aged for each calibration point. The calibration result (deviation of the temperature
measured with the standard thermometer from the indication of the calibrator) is
documented in mathematical, graphical, or in tabular form.

UNCERTAINTY OF MEASUREMENT

The uncertainty to be stated as the uncertainty of the calibration of the temperature
block calibrator is the measurement uncertainty with which the temperature in a bor-
ing of the calibrator can be stated. If the tempcerature deviation due to heat conduction

may be neglected, this measurement uncertainty is 1o be equated with the measure-

ment uncertainty a user can cxpect for a thermometer when he calibrates this ther-
mometer with the temperature block calibrator and conscientiously complies with the

operating instructions and the provisions in this Calibration Guidelinc.
An example of the calculation of the measurement uncertainty is given in the Annex.

The following contributions to the uncertainty of measurement shall be taken into
account:

Deviation cf the temperature shown by the indicator of the block cali-
brator from the temperature in the measurement zone

The contributions arc essentially to be attributed to the calibration of the standard
thermometer, the measurement performed with the standard thermometer, the resolu-
tion of the digital display unit and differences between the measurements at decreas-
ing and increasing temperature (hysteresis). The measurement uncertainties are de-
termined by analogy with the procedure used for the calibration of a thermometer.

Temperature distribution in the block

Additional deviations of the indication of the butlt-in controlling thermometer from
the temperature in the measurement zone uscd by the client (whi h might be different
from the zone used for the measurements described in 3.6) are caused by the not ex-
actly known temperature distribution in the block, the loading of the block, and the

_ stability with time, These additional deviations are not cuiiciaweu. 1 he Tesulting con-

Tibunons 10 the measurement uncertainty can be estimated from the measurements
according to 3.1 to 3.4. The contributions u; to the uncertainty of measurement arc

derived from the greatest temperature difference {fmax - fnin) measured:

ui {1y = (tmax - If,mn)Z /12.

February 2000
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EA-10/13 » EA Guidelines on the Calibraticn of Temperature Block Calibrators

The contributions to the uncertaintics according to sections 3.1 to 3.4 are to be line-
arly interpolated between the calibration points. Near room temperature, however, the

contribution to the uncertainty in a temperature range which symmetrically extends
around ambient temperature can be assumed to be constant.

Example:

.

Upon initial calibration of a temperature block calibrator in the tempera-
ture range -30 °C <t < +200 °C, carried out at an ambient temperature of
20 °C, the following is found as the greatest temperature differences in
the homogeneous zone: 0,3 °C att=-30°C and 0,6 °C at ¢t = +200 °C. In
the temperature range of 20 °C + 50 °C, i.e. from -30 °C to +70 °C, the
greatest temperature difference occurring can be assumed to be 0,3 °C; in
the temperature range from +70 °C to +200 °C, linear
tween 0,3 °C and 0,6 °C is to be carried out.

~

interpolation be-

tion

- .
Uncertainty contributions which are the result of temperature deviations due to heat
conduction of thcrmometers with outside diameters d < 6 mm can be neglected. If

thermometers with d > 6 mm are used, this contribution to uncertainty shall be sepa-
ratcly analysed.

REPORTING RESULTS

The calibration certificate in which the results of measurements are reported should

be set out with due regard to the ease of assimilation by the user’s mind to avoid the
possibility of misuse or misunderstanding.

The certificate shall meet the requirements of EA Publication EA-4/01 (previously
EAL-R1).

It is rccommendcd te enclose with cach calibration certificate the "Recommendations

of the EA Expent Group Temperature and Humidity' for use of temperature block
calibrators” (sec Annex B).

The results of the investigations carried out under points 3.1 to 3.4 are to be docu-
mented in the calibration certificate.

rebruary 2000
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National Institute of Metrology (Thailand)

75/7 Rama VI Road, Thungphyathai, Rajthévi, Bangkok 1C400 Tel. 248-2181 Fax. 248-4484

NIMT
Certificate of Calibration
Issued by :  Temperature Laboratory, Thermometry Department
Date of Issue : 31 May 2002 Serial Number: TL-0063/02
Page: 1 of Il Pages
For Thailand Institute of Scientific and Technological Research
196 Phahonyothin Rd., Chatuchak,
Bangkok 10900
Deseription Standara Plaruinm Resistence Thernomeis
Model 5681
Serial No. : 61079

Manufacturer : HART SCIENTIFIC, INC.

The reported uncertainty is based upon a standard uncertainty multiplisd by a coverage factor k=2,
providing a level of confidence of approximately $5%

Reference : cgp no, 0096/02
. . / . 5 . .
Checked by : f/z'L- A Signed : ]‘:\,.7@ .A0v—  (Authorised Signatory)
/ /
Name :

Runjob Suktat  for the Director

This certificate inay not be reproduced vther thor in jull, excepr with the priorwrinen approval of the Director of Natisaal

Instituze of Meirology (Thailand).
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National Institute of Metrology (Thailand)

NIMT
ontinuation of Calibration Report on serial number TL-0069-02 ) Page 2 of 11 pages
Thailand Institute of Scientific and Technological Research
cription: Standard Platinum Resistance Thermometer
iel: 5681
‘al No.: §1079
wfacturer: HART SCIENTIFIC, INC.
e of Received: 8 March 2002

isurement Period: 1 1o 13 May 2002

JARONMENTAL CONDITIONS:
measurement was carried out in an ambient temperature of (23.0 £ 1.0) °C anc the relative numidity of

: 10) o/

S0

ASUREMENT METHCD:

Stancerd Platinum Resistance Thermometer (SPRT) was calibrated with a DC bridge using continuous
ents ¢f 1.0 mA. In accordance with the International Temperature Scale of 1990 (ITS-80) adopted by
M, the sub-range from 234.3156 K to 302.8146 K and from 273.16 K to 833.473 K, with the following

d points, were used to calibrate the thermometer.

Temperature

Fixed Points .
Teg () to € C)
Hg MP 234.315€ -38.8344
H,0 TP 273.18 0.01
Ge MP 302.9146 29.7646
Sn FP 5056.078 231.928
Zn FP 692.677 419.527
Al FE §33.473 £60.323

JULATION QF RESULTS:
ne page 3 of 11,there are the coefficients of the pertinent deviation functions of the 1TS-90. the

stance ratios, measured at the fixed points, and their associated measurement uncertainties.



HART
SCIENTIFIC
Cofibration Laboratory

799 F Utah Valley Orive

American fork, Ulah 340039775

REPORT OF CALIBRATION
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RRVALE :

For tha Scope of Accraditation
Unaer NVLAP Lap Code 200348-0

INTERNATIONAL TEMPERATURE SCALE OF 1990

Platinum Resistance Thermometer
Model No: 5628
Seral No: 0229

Submi'rte)d By:
Measuretronix Lid
Bangkok 10240, THAILAND

This Platinum Resistance Thermometer (PRT) was calibrated by comparison to a laboratory standard SPRT via a Precision
DC Thermometer at a constant current of 1.0 mA. The procedure followed is based on the-technical information contained in
NIST Technical Note 1265, "Guidelines for Realizing the International Temperature Scale of 1890 (ITS-90)" pertaining to
secondary PRT's.The fcllowing comparison points and their uncentainties (k=2) were used o calibrate the thermometer. This
calibration is traceable to NIST or nalural physical constants and is in compliance with ANSIYNCSL 2540 - 1. This calibration
certificate applies 6mmm—reproduced other than in full, without written approval of Hart
Scientific. It shali not be used to claim product endorsement by NVLAP or any agency of the U.S. Government. Calibration

certificates without signatures are not valid.

COMPARISON POINT

MEASURED MEASUREMENT

NOMINAL ACTUAL " RESISTANCE UNCERTAINTY
-197.000 °C -187.000°C 4.6 0.010°C
-tolgon -C -100.u00°C 5. L0300
-38.834 °C -38.834°C 21 c.0og°C
0.010 °C 0.010°C 25.5¢ 0.005°C
158.396 °C 158.589°C $1.1¢ a.0cecC
231.528 °C 231.928°C 48.544070 0.008<C
416.527 °C 419.227°C £5.74250 0.011°C
660.323 °*C 860.323°C 86.395%0 0.015°C

The caiiration data were fitted by the method of least squares to obtain the foilowing values for the resistance at the triple
ceint of water (RTPW) and the coefiicients of the pertinent deviation functions of the ITS-90. The attached interpolation tables

were generated using these values.

ITS=50 Coefficients: Rtpw = 25.5837001 ohms a4 =-3.2208687 E-05

a7'=-1.4379251 E-04
¢7 =-1.0286169 E-05

hé = 2.9929485 E-05
b7 = 2.5080258 E-05

STANDARDS USED

Description ! Manufacturer ! Model Na. i Seriat No. . Due Date .
t Thermometer, *Super Thermometer,” 1 ppm{ Hart Scientific | 15380 i 8C031 11/15/2001
* | Hart Scientific 58811 ! 1247 04/20/2002

SPFT, Glass Sheath |

Lavoratory Environment:
Temperature: 23°C
Hugnidity: 34%
HSC106 Rev 2 ” :
10/19/2001 //;’V\é ’
Calibration Due: 10/18/2002 -
PC Number: 01385
Repcrt Number: A1A1502
Page: it of 5

Caligratior: Perfcrmed by:
Procedure:

Calibration Date:

- Mike Coleman
(RC1) 763-1600

Approved by:

) /// y
) My A~
a =

/

Thomas J. Wiand!
783-1600
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