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u 4 
do~uh~eoz~;uJ (High aIumim bodies) tauLmuijUd k q ~ u d ~ 4 ~ ~ ~i a ~ ~ ~ ~ 

8n"o m~dr znouuo.ro~~u'u~~~uw'aw dn uana~n~uaz~9u~i~uwaxI~oQ?"a~~uia$u~ 1A 

un' hn' (Talc), Inlalun' (Dolomite), n'udu (Whit&, cl~t?uumfuarua (Barium 
P 94 

carbonate), d~oohfdlj (nuorspar), Tnsunnnl& (Chrome oxide), LUOlnL5UUTOLflR 
3- w d 

(Beryllium silicate) linr%u (Clay) I~ukua~u~unnun?~uin~~fi nui0mrldiuualilo.r 

poln~i?i% ~~usi?iivtmuf~ud'n w~lugangiq~ ( ~ U R in&&. 253 1 : 173) 

?~gh; (Abrasive) U O ~ O I ~ ~ E ~ G I ~ ~ Y ~ ~ ~ A ~ ~ U ~  ~h Thennocouple tube, Kiln wash Valve 

~eats, fixiaumto.ruu6 duiu (ha Sndwd. 253 1 : 3 1) 
Y 

9*r- 4 
m~l??~uu~~~u m~o~u~~~~~~~~uu~ @u~ kri~rn-r8nln~m~nwno~~~dau wrm 

B 
uo.r~~~~u~u~so~~~u7~iWU1=:~p~In5"U~l Thermocouple tube ~~l~~d~:~0 &~0~25 % 

d 
golnrlijdqtni~ 1.m oqcn~qndun .a~mln~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ w P I D ~ ~ ~ ~ L w ~ I u ~ ~ w ~ ~ ~ ~  

V J  a 
~uo~ds~laflde~~sw"~u~~~udu~~~~~~~~~na"%~'~~anu~~u~n~~a"u~u"~ 

* * 
n?~ihn?~iiord~l#iii;oqo~$eraw 0d7~s"flfll~ wn'~ Thamocwple rube IUSL~IUF~~ 

mnnr-ru Inal$5~qPl?n'~ rlSnnm1udz:~n~ ~~~:~~~m~Pia~n~m~i~~~~iiu#i~~nii~d~:~w~ 

1" 4 
~e)flfllSHUS 







~nuiuzaisd.izncui&n im:a~sdsznousai ~%+6uai~~rrvrino1u~~'~zu'ua'ucr~uwy~n 
2 

wniiauu 1~u~am~lu~1u~.n~1Gniqml~xi orgdu~ li&i1~9uia~.uii~~'i~i;~~~a {ad 
~i?~olt m~d~~ m~o~~el~~nis tbu nunmuiouq;l iinmu~daaw~n nnvii$.radlu 

3-8uiuff4 A~ U~ U kl&~nl~g~rn~n~r~i~~wu'1d (Refnctory) %nc]h~ (Abrasive) hlat 
u a 

iflu~i?ud~:noun%va9i~~wu~u~n.~ila~ij6 dn~~~i~u?~qT~'uo~dau~lflu 
e *a , A  

iudo.ra1ni~~tu~~no~~~~9~0~~~~11~um~d novwrin &iuludRn'aramr adua'u 

1w1ynJs:mn O~ii orpliu~odhulmo ri~i.a~3u'n&iwiia t4~~~2~1~1~ni;4 90 

dA w 9 Y 

A~]O~L&R %;lun~r!%fljl lG~;~fllJ ~€?-QEQU~UI (High Alumina Body) 

pc~srn~~niiuo.ro~qiiui~o 40, iidH~nin~ULn~a 101.94 441um5uw~igu 

rnrdrznouidemoqmoiul (c-rmj trn~du~i~d~rnoula1~~~~0~'~10n~~~~ 

(Bauxite) 'l~o-ndoi (Waspme) iiuiiqr6 (Gibbsite) ~ ~ ~ ~ ~ [ R S P R ~ ~ ~ W O ~ D L ~ ~ U ~ D ~ ~ ~ ~ wsnotj 2 

~~~YNL~HG a-AI,~ UR:: y-403 I~YI~~~~ QI QL~U P-4o3\A I~DHRU~I~ W uu 

oanlmi du N%O. 11- 12 AI,Q, ~ ~ L ~ ~ U O I ~ S U I L ~ ~ R ~ T ~ ~ U ~ ~ ~ ~ ~ ~ ~ ~ U ~ ~ ~  11) (Commercial 

Grade) CL-AI,O, iflUldH~~U0.1D~a~f11~~qfll~91fi~9~ I ~ L ~ ~ R ~ ~ L ~ ~ U U I L I I ~  J~~~VILOJ' 

qolicgiio:iddeu~d $ 2 ~ y-40~ iu ~nino~~~uwsn~~sd~rn~il'tff~~5~~~o'i1~~fl~a~'1~~~~ 
B a 

iqcunqu' soo o~m~vnlun o:qoddu~~lulnn~nks~~nz~uoawunaiu~oud~qmnQ~ 1,150- 

1200 D~~LII~LGUR n7og.m-h 1.m o.rm~lm~+un ozdXuu2df wdu a-AI,~, 



d 
R737.r 1 ~~fl~~mr~dduu~dp~~n~o~~~~~u~do~~~~ii~il~tr~~~d'~~ 

(Smja S. Singer. 1960 : 1 14) 

y-Series (L4w 

Temperatare) 

Gibbsite, Hydraygillite 

Bauxite 

Y-~UIXilla 

( Sonja S. Singer. 1960 : 11 5) 

Composition 

4O3' 3J%0 

%"~. q0 

AlZ03 

gsl m1;rt~ii 

A1203 

4 0 3  

403- Hz0 

A1203' %O 

Al,O,. 3H20 

A,O,. 3H20 

(31-Series (High 

Temperature) 

Bayerite 

Diaspre 

C w  

ha'tludrc~iYmqw 

a 

Y 
Y 
01 

Y 
a 

God 

C- 

Mite 

Baspore 

Gibbsite 

3ayerite 

ikg~nvoitracsurin~ 

CI 

Y 
CL 

P 
a 

P 

&Alumina 

4.0 

~oss*bnuoa 

101.94 

2,050"~ 

2,250°~ 

0.000098 

qwmm 

na7~0'a~Biin7=: (s.G.) 

ld  HÂ (crystalline F-) 
u 

~I W~~~ U UI Q~ (MW.) 

p~~nouarn7v (M.P.) 

pnliion (B.P.) 
d 

RZRIUWQIUH@ 29'~ 

7-AJuminr 

3-5-39 

~an~trzlnuan 

101.94 

2,056~ 

zzsdc 

0.000098 





2NaA102 + CO, + 350 --- > N$O, + 2Al(OH), 
A w H- 

um19 

China 

USA 

Guyana 

Vietnam 

4O3 

89.0 

70.5 

883 

36-39 

SiO, 

6.0 

253 

6.5 

5-9 

TiO, 

3.3 

2.7 

3.2 

4-9 

F%03 

13 

1.4 

1.8 

25-29 

b" 

0.05 

025 

- 

S.G. 

3.15 

2.85 

3.1 



Y 

Eq~~l~alfl3fl (Alumina Hydrate) {~7€$~~3udl~ noll 3 ~UL~~~ H? Q~~~UIDI 35 

d 4 kdFii~4~di ~fifl~lMu'fl ~F'l34flf141~~~d H~"~~LIP~u%u"I%~ fl37lrliW.lAWUd 2.4-3.0 nmud3.r 

i~mx 2.4 ~~ums~iiiuu~~u~mn~~n~~u~~~~iindda~ 111 
4 u 

ozpriu~~aalsu' (Calcined Alumina) ~d~m~1nm5 J ~ O L ~ ~ U ~ ~ ~ I A ~ R U ~ ~ ~ ~ ~ W ~ ~  

~,mijoo odmtsnl+~n $dt5u&mauqmhuuod~nisLuwofiutoq erlAb~~iiu7 93-99 

td06hi T~uI~~~di~srijld wdn11m a R?IU~?~/ILIII 33-3.9 0~13udiudhdm~ 

n??~uiqn<~;l.r lriu Hii~n'slsiorgu"u2 uons~n~~~t~~um~~~p~i~~lu~wdo~~~~~=:~~fi~ 

L~ U~ U 

uo nclnitmuta niia=:aiiuiui~+I~n 2 gnlnlrolr +o o:priui~in y mi (Tabular 

A-1 Q~I~UOL~~~U~R~IU WUILL~~U~~ ~GU~(U a - %o, u1nni3 ozg~ui~mnl.nG dad 
e~o~ilurnslwid~run~ii~~d~ 1,650 own~rn Wafi liuudiuil#~mi~qnu1vl ~ersn5ninvtu:: 

ndqgo orpiiu~a?ci (~uud A]-1 ISU~~H~OUOI~~UPUILL~~~IPIIU"~~~~~G~~~~ 2,000 

a-rtntmdua ldPm'na:~flu a dmy& ~IU~I~L~'LSUKIT&~ (Abrasive) 

rnrn~~uon'/.riiio ~~X~~~U'UIEUU'~~P~P[~UI~ €?ds'19~~~~~7~?~~'18 rin ar ii 
'L.aiiiuuoonl.acillrduo~ d~a:i~ado~iiaricu~z~iu~~h~u~n IuilagGurnu~r  ad̂, 

d r- aAa 
M,O, ~?qn%n~~~~n~a~urn/ h !~n3'nsru~umsrn~l~'up11'511ni18~dtl (AIU~) oibn5ninms 

e .* 
a:mu unzclnwnnn f~ul&nuTuduuQlvIR (NHJSO, ~ I ~ ~ ~ U I ~ Q L Q ~ ~ ~ ~ U ~ ~ I ~ ~  

"49 d 
~~n~uiiio:aunu~qns~~~ tn'nadou a~~~~rnaaa~usi?~~u~z~~ftiP~~~~~ LL~E~I 

qm~qii~~ff48.r 1,~0-1 ZOO D.I~L~GUH QZIA cc azg~uJdiin?7uuirFf~d 99.995 ido+Gusi 
3. llifli~~~l'lw( (Sillimanite Group) I~U~~~~'~:~OYA?[IOZ~ZU~ LBL):~ 

Aa T (A,o,.sioJ lunrsun.'oziidod 3 aiin nun~uJ.rmoul~~ouniiu ~tiinmui~slni1.mird5u$ 

qumuYiuw7r Icilmri 
4 4 

3.1 saaui7u.' (sillimanitc, iildw8nrruuooslnrouu'n iirinvtuaguidafh 



(Sonja S. Singer. 1960 : 1 12) 
- 

SiO, 

403 

Fe,O, 

Kyaaite 

Ipitim 

loss 

Othcn 

Then- 

retical 

37.07 

62.93 

Virginia, U.S.A. 

37.65 

58.72 

1.17 

N. 

Carolina 

37.70 

61.40 

0.15 

l00.00 

Andalusite 

Kenya 

By difference 

58-60 

not exceeding 0.75 

Califor- 

nia 

33.78 

56.89 

CK,~, 0.20 

TiO, 1.25 

MgO Trace 

KNaO 0.59 

Egnition loss 0.38 

P.C.E. cone 36-37 

3.67 

5.74 

100.08 

Massa- 

chusetts 

39.78 

58.56 

0.6 I 

Brazit 

3724 

62.07 

2.30 

98.26 

TiO, not 

exc-g 1.5 

Fluxes mt 

exceeding 0.5 

1 0-10 

101.61 

0.28 

99.78 



4ds.4 
kmmznnuaai~~ri~d (Synthetic Mullite) ~AOI~~~~~~~O~GUIILAZ~~~III~~~~UIH~U~'~ 

~dw~d~am~ri 1,800 ormi.aadm o~l~'o:~~lu%~n~~ifi37au?~<u~n qmrmijuaqrt 

lai ;O 3AI2OY 2~i4 OR~~U(~?J 17~~1: 3.1 6 

Name 

FormuIa 

crystal SrStem 

Site 

AI,O,. Si4 

RImambic 

From Sleoderprisrnatic 

txy3tal-fielted mass plares-tzbular u>arse colw habit with d y  

of fibres agmam. Cm- square cross- 

Kyanitc 

A1,03. Si4 

Triclinic 

Rehctive idces : 

alpha 

beta 

gamma 

2 V (hid angle) 

Optic sip 

Colour 

Birehgence 

Extinction 

Specific gravity 

Hardness 

Anmusite 

Alloy SiO, 

Rhombic 

1.680 

1.660 

1.659 

20' 

+ 

Colourless 

0.021 

Rather smng and 

upto-arder 

blue 

Parallel 

3.23 

6-7 

Mullite 

3AI,O,. 2Si0, 

Rbombic - 

secuon n&y  quâ secrion 

1.728 

1.720 

1.712 

82- 

Colouriess to ple 

biue 

0.016 

M- up to 

1.643 

1.639 

1.634 

s4' 

Udy colourless 

0.019 

Modeme, fim-dcr 

1.6541.673 

1.644 

1.640,1.652 

45-50. 

+ 

Colourlm 

0.012 to 19 

Maierate, fmt- 

order yellow 

Parallel 

3.16 

FLnldrred 1 PUOW 

On 100 is about 

30' with letlgbl of 

cryseals 

3.60 

4-5 parallel, 6-7 

across he blades 

Pamllel in most 

sections 

3.15-3.16 

7.5 



4. hllld4 (Topa) ~~A'~V~I~AF~%%I AI,(SiOd) (F, OH), L8~40¶Jl¶lnlfn~ ~Ytl)7b+~~ 
f 

(~opadw) IUYIL~ILR.I ~~~~d~ij~d~Sn~~~~~os"twsoil~'n iiiYninvolz~9uu?aiudR kuonuiu 

uriu nnud.rr:riu s ~-nu6?4 hmiz 3.4-3.6 it-m~~?~huun? ija i4u;mdo-r 
a an 

aup &duu~n:~iitn wau~nm~o~nu~u8~S'wurn~~p1~1a'u lini3~dr JurilltGhp ozm 

In6 mo~i ~umkmrido&hf 1udTr m~~nuwud 67mooaw k~i~~iii~ H~R#U~~U 

Bimoliioq ~~'.m%xuo~ ri~u annaq ~LLCIZ{QU~~~ kn%un.rdnr3una n9iv?uludis 
d s 

~lr~rnlr;'u~md~dh~~~~~iri imGu m%onn~gmnluu~~b iiu R%II undn o1d3R' 

tiard~m~~;mbIau~ wi%ir(oiiiu nn?3ow?rn 

Name 

Temperam of 

decomposition : 

1) ro give mullite 

and vitreolls silica 

2) to give c m h  

and liquid silica 

Gmd14 ~n?ucl.n~$iiri?udazfi~fl imzrlunuG~wdrrn~~ a1nu~dq~aiQ31~ !nu1 

(Sonja S. Singer. 1960 : 1 13) 

SiO, 372 % 

4 3  532 % 

F%O3 0.4 % 

F 14.1 % 

LO1 0.9 % 

na7lrrdssrw'flS R?-IU~W~~~V~Y~Z 3.4 - 3.6 

Sihmite 

1~45~ 

1.810'~ 

Kyanite 

1,35&1380~ C 

1,810'~ 

Andahsite 

1.3~1,400*~ 

1,810'~ 

Mallite 

1,810'~ 



Fe) Al,0 (SiOJ (S40,) (OH) 1Ujln (Beryl) BqAl, (Si60,$ mjl~~l (Garnet) Mg,AI,(SIO,), 

~mzrnylni (mite) AI,(PO,), (OH), Pa tquB ~~ G~~uu QIu~~~u~Iu~~u~ 

dd d P 

~~u~i~nrirud~~.r~~n~~o=:~~u~~~~uaiaum 8090 idor imsl unnuu4.r 
dad 8 4 

~na~~.rnapnii~B~n'usi~~nlra'~~fl~i~nnw a~uml&~nmi~qC (AIU- 
a 4 

Abrasive) MY BJUD~ ( C w Tool) $3~; uu (Alumina Sparking Plug) QnUw IAiumina 

3d) n¶rfTlurilio4&~1u (Alumina Taxtite Tmdguide) IU~RKIW~SSU~PW 0 LL~T O 
Y 

~-aa~.i~mfiwasu'n(~~h Sbsmies) H R O H ~ ~ ~ S I L ~ ~ (Sodium Vapor Lamp ) $~flfb~Gl 

(Alumina Filter ) ~~%lu'a (Allrmina Crunile) L Q U~ il~qljU~ii~ilu6 P~ S ~ U D: Q ~ ~ U ~ L A ~ ~! ~ 

13~12 nrju ~~uGu~uuo.roz~riui ku~tmlu~nw 8 



Group 
403 

content, 9'. 
Grain &" 

Finmed 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

Fine-to 

Porosity 

dew. 

299.6 

H9.8 

m.5 

r99.6 

W99.6 

96.5-99 

94.5-96.5 

86-9-43 

8&86*.* 

coarsepkd, 

IEC h s  Typc of produet and appliadon 

Sin- rehtory rwmd, he 

grained ve~ions have electrical and 

elecmnic uses 

Siatered, cmmlied prosily, refractmy 

wes, 6ltw media 

Sintered. refractory ~rses, filter media 

abrasive media 

A10 

A1 l 

A12 

Electrical engineering. biomedical 

Tramlwmt materials, highpmsurc 

sodium vapow lamps other optical 

aplicatioas 

Hotpressed b&d engineering use. 

sush a?i machw-tml tips 

'Rec~y%talld' lm&lial& high- 

mnpmmcuses 

Sintmd. general electrical and 

a-g 

Sizlterad general electrical and 

engineering 

Sintemd, general eiectriwl and 

ea-- 

Siatered, ge d electrid and 

engirseering 

Sintered geatr;il electrid and 

engineering 

materials: 

h 

bwncdium 

v. he 

medium 

dm 

he 

fme 

he 

he 

fine 

qm-pms matmiak 

>99.6 

90-99.6 

80-40 

closcd 

closed 

(very low) 

closed 

norninafly 

closed 

closed 

closed 

closed 

cImed 

closed 

799 

799 

(ifgastight} 

799 

795 

786.795 

786 

780 

Ef~casmze 

fiaeroa~e 

medium- - 

Upea 

"w' 

wn 

530 (?I 

S30(?) 

530(?) 



RI~IJ 9 L A ~ R - ~ G ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ L U ~ W ~ ~ I U ~ ~ S L ~ O ~ " I ~ ~ ~ U H ~ P ~ ~ ' ~ ~ ~ '  la-o:gGu~nnr wa'~ 
r- b 

n'fuw'~%r 1i3narlrum8u7 (R. MorreI1.1987 : 1 1) 

Requirement 
Type of highdumina caamlc* 

Eest Ahemathe Avoid 

Ciltertoin 
Other type of ceramic** 

210, fofsterite, gh-cemrmcs 

Cordierite, Sic, S@,, mdlite, 

glass-ceramics 

BeO, Sic, WC 

ZrO?, mmt sihfes 

SIC. WC 

ZrO, mast silicates 

210, A1,O@Oi' KPSN, slaJons 

Porous allrmiarnilicaits 

SIC, RBSN, some sialm 

A110$30,, 30, 

Nm&des 

SSC,RBSN 

Sic, W, Sq, 

SIC, B,C, S i,N, 

Sic. SqN, ZrO, 

La,. Sic, Si,N,, WC 

Sic. WSN, HFSN, glass- 

cemics, mullite, cordierite 

Proprtk: 

ThennaIExpntim 

Themal 

conductivity 

Elastic moduIi 

S~~~I~LZ$C 

s m  

ternpews 

Fracture tougtmess 

Stalk Falip 

resistance 

Creep resistance 

Hardness 

Wear rcsisraace 

Thermal shock 

resistance 

high 

low 

hi@ 

low 

hish 

low 

high 

low 

w" 

k@ 

high 

hion 

slim 

impact 

wb 

*** 

*** 

Al, A2, 

A3 

A8-A I2 

Al-A3 

A9-A12 

Al, .M 

AIO-A12 

A1-A4 

A1, A3 

A1 

A2, A4 

A1-A3 

mos I 

AS-AS-A7 

A1 , AS-A7 

181 

- 

A9 (high 

mullite) 

AS 

A5 

A8 

A5 

A5 

A7 (1) 

A2, A3 

A5 

A5 

A8 

A8-A12 

Ai-A6 

A4, A9- 

A12 

A1-A7 

A4, AS- 

A12 

A1-A9 

A749 

A7 (2) 

A6-A9 

A8.A9 

A4, AP 

A12 

+ 

A7 (2) 



Other type of ceramic** 

Sic. RBSN, HPSN. glass- 

ceramics. mullite, cordien tt 

Sic, Tiowe*** WC, some glaq 

carbon 

TiO, iitanates 

Silicates 

Be0 

Be0 

BeO, porcebk 

GIasses, sapphm glass- 

ceramics, q m  

RBSC,SSC 

SSC. some zirconias 

ZrO, Tho, cadmn 

Cwbo 

Requirement 

Thermal shock 

mistance 

Perminhiy 

DieIe~tric Ioss 

Dielectric toss 

Dielectric 

breakdown 

resistance 

Translucence 

CO~O&O~ 

Corrosion 

resistance 

Critertoin 

high 

low 

high 

low 

low 

im 

high 

- 

- 

acids 

ahh 

remiw 

metals 

hot gasm 

mela 

TYP of hielumina d c *  

A7-A12 

A6 

A6 

A7-A9 

A4. A6 

Size 

Green shape 

complexity 

Grindabihw 

MetalliPag 

Cl~srllmit 

AI-A3 

A1 -A5 

Al, A3 

~43,244. 

A10-A12 

AI-A3 

Best 

*** 

Al, A5 

A8, A9 

A1. A2, AS 

Al, A2, A5 

Al, A2 

A2 

A649 

AI, A2. A7 

(2) 

A4tfor 

some) 

Al, A2. A4 

~l. A4 

Porcelah 

Steatites, porcelains 

large 

small 

good 

good 

good 

IOW 

ALtermtive 

A9 

A6 

A6 

M-A9 

- 

Al, A2 

A10-A12 

R.ocessingdraraderis4h 

Ad-A6 

most 

A7-A9 

A749 

A1, AS, A6 

A7-A9 

Avoid 

Al-A8 

AS, A9 

Al-A7 

M-A9 

A8-A9 

A4 

mast 

A1 

many 

most 

A6. A7 

A649 

most 



Y 

n~~ii~n!~~~n~~1uw'~m~i~~bc'u'ui~ ~ur~nwrw 2 n?u&'--G 

1. AI,O, : SiO, 

1 : 1  

2. 2AI,O, : SiO, 

2 :I 

t. 

n~sis'u&! @s'tlb~a"~n&a3aha=:~dnmqquli4L~u 2 irih do 

1. 5mqSlJ 

1 .q ZUTI~ 

1.2 aqiiu? 

2. r~%a;ou~r~dnd 
4 '  

2.1 LR WJ~~ 

2.2 ahumaldrlm 3 ?hi~n?u 

2.3 $u~~'H~wL~~JwR~~~u~::u~w~'PA~' 

2.4 ~wrlui% 

2.5 LT?~ L.P.G. 





2 bh, 





3 n~mmaou~~~ur~u.r~~1.~dn~~~~wu~~ ~~nmmmrsu&~;?an~s~flwu~~utln"u 
v 

Thwemocouple U~ W~~I U dmngi~njan3n~usi?aEi~9id'p=:~n~n7~n7fim~~w~~ 

d~~mulmnam 1-2 asmraariirra d;lrilud~dotjlu~nm.n"dni? 

nwuSqwnn-wh~PunlsiQ nulsoa$tdiil Thermocouple Tube an' 
apl d. 

q~nn~~aqcluai uqsn i~u~lajludrnnaun'Yqma"m~cuu~Zdi~%~~~ ~ul ~qn Gnd 
u'ro4qu rmraG!u iw'shGdsr9nlnm uss?~~rrimqd~n~iw~an~T;;9"ayn 

d~n7.i. 





&UR Fn&d. k n ~ ~ ~ ~ u ~ ~ ~ ~ ~ # a ~ ~ ~ ~ ~ ~ ~ ~  uzlzr8alu8u . uun$ : d~rin$rc&;l 
ionutl~sm~y~~nzri. 2531. 

fim1 iY~&79il. kq~liillsi. GU W~R!~ 3 ."?4LYlWl : gd?~l"fOi~llij~(~1W"8,2539. 

R. Morrel. Wdbook of properties of technical and engineering cermics, London : Her 

majesty's ststione~y office, 1985. 







nmdznou 3 ufl.4 Thermacouple tube n~ua&nl9~wl%?mvqii 1,700 m.1~1~~3r?uFi 

nlnllznnv 4 udw.ln?ds=nau Thermocouple tube n"y~~<Fqsls%$ 



n~mm~n.rr~m~u~u1s-~za3u~ Q1 

diak U% ~ h d Thermocouple Tube 



v 
4 - V 

n7oi~Ch.r n~matla~iuaauflu !a-ozmij.161 41nK w8mn'a.n' Thermocouple 
I Y " 44 r *  

Tube RsJuur4jvuqade ak~ei~w~rr~uo~uflub-~~~~u~d~w~~=:wun'un~sl;;~~~j~ 
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