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Abstract : The purpose of this research were to study the properties of High 

Alumina Body that used to be heat insulator and to seek the efficiency of 

Thermocouple Pjrometer. The method of this study were to create the 

composition of High Alumina Body from the sample that selected by 

Purposive Sampling from the ratio between. 1-3 AI,O, and 1-3 SiO, in the 

amount of 21 samples. Bum the sample at 160O0c and the analysis was 

found that the shrinkage value ans in between 7-12 percent, the strength 

value are in between 33.40 - 228.75 kglcrn2, the water absorbent value 

are in between 10.25 - 25.20 percent. 

Every sample can be endure fire and Thermal shock. Select the 

sample that appropriate to be forming. Used the selected sample 

forming the tube and bum ai 1600'~ after that put together with wire PR 

Type R and do efficiency test. The temperature measurement at 600'~ - 

130O0c by compare with standard Thermocouple Pymmeter in ceramic 

kiln. The result was fund that at the acceleration 20'~ have the maximum 

differentiate 1% the means value is 0.606'~ and at the acceleration 

150'~ have the maximum 3'~ the means value is 1.775'~. From the 

accurate result it can be used for temperature measurement in ceramic 

kiln. 



- #- uw~u awn ~am:. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

CYIQP%~~ ktlfi (Thermocouples). . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2 



4 
unn 



1 Pyrometric Cones (Temperature Equivalents of Orton Pyrometric Cones). . . . f 

2 IPTS - 68 REFERENCE TEMPERATURE (qmha5qmgii~~~~~~u IPTS 68). 10 

3 u~slsrr~'nn~~im~na~~rbam~~an~fidd~wd~a~~~dfi~u%11~~~3.. .. . . . . . . . . . I I 
d 

4 uamta~ninn~Pislgnrq~ktlf)~~tln~fid~fluudfi~q~lbaufin~a~d~. . . . . . . . 1 1 

5 u~sl~u~'nn~~m~nru~~b08~r~~n~~d~tl1d~dfl~~m~~~~~~~a~ 

7 u~sla~wnuu~~~wu~~fl~'11a4 Thermocouple WurnnTpA.. . . . . . . . . . . . . . . . . . . . . . . 16 

8 u~aaan~~zu?mhu~un~~~~~~u Thermocouple uuuu~rnt~irabfik&~~'L~ 

protecting tube.: .:... . ... .. .... ... .. ... ... . .. . ... .  . .  . . .  . . . . .  .  . . . . . . . . . 16 

1 1 urmanin~~xludsu Extension wire huh Thermocouple uvuulmsglu.. . . . . 22 

12 u~nadacgor~p~~asm~~~~~%t]~n~'~~~ Thermocouple uvvulmojluufir 
4 - w 

ri~w~w~wney?urtnm.. . . . .. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 

1 3 . . . . . . . . . . . . . . . . . . . . . . 30 





wmakwah~rrwu3 a-~,o, wnuhawu. ... . .. . .. . . . . . . . . . . . . . . . . . . . . 30 
uan~hsdahdrrd~~liq8c~fi61a4~~~"~16 'y [A(OH),]~. . .. . . . . . . . . . . ... 31 

4 4 
uans Thermocouple TU be nci~unl~~lmgnr~~~Z I 600 at finrmisa. 58 

4 4 
uand Therrnoc~uple Tube nw~ranisnn(launl~'1#d7td)~~zfl~ $4. + . . ... . 59 - 
nam PR wPB~~luwmun& .... .................................................. 60 - 
bn~ungonrqu?~ (1 so0 "c). . . . . . . . .. . . . . . . . .. . .. . . . . . . . .. . .. . . . . .. . . . . . . . . . . . . . . 61 
aireumn~~u~a~n'lumu~u~daiuiun~u~~m ... .................... 62 

Thermocouple ~~wnnqsnmsa~<u.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 

uflfldhri~filflhh3a4 Thermocouple ddrz~aflurrl.. . . . . . . . . . . . . . . . . 63 

q~rura;ruan~o?'mg~~~ijn~=:nmfim~1d92:~n'3nn Thennocouple.. 63 
4 A 

uR.4 Thermocouple ulwglurrar Thenocouple ndtrkj9~l 

4 .4 
Thermocouple U~HSJ~UUPI:: Thermocouple ndz5q~ll~q 



Therrnoco~iple Pyrometer I ~ ~ ~ ~ ~ ~ ~ ~' T W ~ M W ~ ~ ~ ~ ~ ~I U L W ~ L U ~ L ~ O ~ ~ R ~ ~ ~ ~ T L] 
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uarrn nIu9~ii ~rtiun~9?ia~rruu9n~~~h~~~~n m~s'in~~~~~~~uw~~~~ ~ A U 

?hfl?~?fl~h~t.~fiI~ha ~dan~~urflu~ann~nlunisii~r~u~~u~d~~ido=:3n'in~w 
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ufirn~~iio;jna~~~am~uwu~~uk~fi'~u;jn~~~~~aw~~p~~w mmo qmamnm il ~ ~ ~ ~ u 

u~z~~u~u~ lfi~f~a~ iuder~saheaii~~~u~un~~~111tl~~nw~4~~m~wu~ei~1d nuknqs 
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n'u~n~un~srj~m~do=:cn~trailtqfiu n~on'uu~nsauuv~zn~mY~u~~~~n~turi~a'un'~ 
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2. Ldaa~dAn~nmrm Thermocouple -meter ndz'lqauu~ 
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qw~qiiaaa~m~~~i ~d(~fiw.n'~~~liin&d~rmnmsesJGur~~ 

1.2 dlaBmliP~dnfld~~miw 600' - 1 m0 C 
2. ndu.irriw njrr~~sti~all~n~fiqnni~d1~uq~7nn~~uuItuL~~=:q4 

(Purposive Sampling) iwau 21 heQw qlnPslaure~er~iiwli~7Gn7 (AI,O, : SiO,) 

3. .iud&nrvl n~oi~~~~d~~n~oilnmw'~~~d~~n~m~u'u~'~~~~n~un~w 
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1 .I 2umqao=u~d 49n Gkh~~rwd uqtd GLUQ%& hn'ar Gufin~s3carnztini;t 

L R ~ Si0247.10 %. Tio20.05 %. 40337.3 %. Fe,O,O.88 %. CaO 0.04 %. MgO 0.05 %, 

60 1.42 %, M%O 0.08 %, LO1 3.00 % 

i 2 ergiiuq qlnv'AFn~aoE~ Gu~a5cw"uuun <?ria ;uanirirnclslrrin~s 

LFI~ AI,O, 99.20 %, Si020.02 %, F%O,0.02 %. N+O 0.04 %, LOI 0.02 % 

2. djimpiiu 6~uw%~&mu1*1~1~ (0.001 g) 

3. Y~~?W~U~UM&IUR Centifical la"r?esq5sdl; ~~~IUL?RIIJ 400 RPM 

4. n w~u~w~un~ ~uim 325 iua (Mesh) 

5. n?dtbdsdmas~ ~ ~ n ~ ~ u ~ h u u d s ~ l u u ~ ~ ~ ~ u d ~ ~ t ~ ~ ~  

6. n~~aaw~luu m~n~nuu~~~n~~a'da~iw~~Vl~~q~ld~~~ I MX)'C 

7. LW~~UI~ (Soaking Time) du~9tll30 

8. ~17ua19aa4 Thermocouple tube ~L?U 30 rass6wms 
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i * bqru~qS~a~~~r~~u5~1fiod4~~nZn6d~~1nmm~fluiu~~da4q~uu~~ 600" - 1300" c 

(Type R) 
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1.1 Thermo Electric Pyrometer W% The~hem~vauple Pymmeter 13u%aiis6 

qnr~~~ii ds~r~clrreinnlt n~n5nnaualdil~~~nmmuhu (Thema Electric -meter) 

&s~ra~h~z~~ts~~ic~~u~u'd~~~~~n'u hnil Hot Junction wibazi-aoasrbd~ 

qw8lrru~vmnd~~n'td'Ld'Iu~~~~~hna~~~u (Thermocouple) d~udnw$n~~uwd.r 
Y 

sio~h$uvl%aim~wu~i (Indicator) rrri?r~u~tauan&nm?~uhw~un~~uu~nfiafl'ha~ 

nzurIr(3~ ~zi.i~a,~isu gruwqii~!ueta~rr~~h i~m:: rh~subri dn~u~e~bu~si8'1d 

&wfi~dm&niq Cold Junction Thernocouple srirw%Jflfi.m~td Pmtectue 
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i~6~i?sQqnulrlllaanu~n'11u'~u- 

bwrriqal ~~irnl#~Tlradel~~71 mn o =:t ~ ~ ~ ~l ~ ~ d ~ ~ ~ ~ ~ ~ ~ ~ u i;s 

- Copper + Nickle = 500" C (932" F) 

- Iron = 850"~ (1562" F) 

- Chromel -I- Nickle = 1100"~ (2012' F) 

- Platinum 87 + Rhodium 13 = 1500'~ (2732" F) 

- Platimun 70 + Rhcdium 30 = 1800"~ (3270' F) 

Y 4 4.i 
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ww&1d=usild1 ul+irflrauvi4flluniou twmuua~u (Pyramid Shape) iamuqsnk 

q~ m~~fk4~si 585"~ (1085" F) :uI~~u& 2015'~ (3659. F) U RZ~~~~~L~~ Y QL U O~ 

siy $4 42 Qtuoo' sruun~&~r*~loj$w~~i~~q=:14~a~1'11~u~~~wd~ L~U g~ligii 

Ad!. on ~ N M ~ J ~ ~ ~ ~ R  NO 42 LWU juinqm~~~ii ~IMIUUW~~UIU~~~~U~~ AO 

no4 Segger Cone 6.K) fi Ortan Cone (P.C.E) 

bslu~on~,7jui~gruu@ rsa Orton dld~m~m~~ii ij 2 rum i;~ ~uinl~Q 

(Large Cone) ufc'9uimbin (Small Cone) 
w 

n~sl4rjuingnruqi ipnliaa&u 14nkar 3 Ri ~.rm~ul~6u'~gnnrr~~~u~ri~Zu 

(cone Plaque) Oodqyu~$tlq 82' nimiu Cone 4dnnin~1a~fltdun'nufi=:~~uEaqw~~G 
J 

dksms mnw&nils.r wAirmuduudn? Cone AiumszLmu A'inneq9r~Zfia 

dsru~nrfiwuq%nl fli$r~:daauda~~~n~ ~fluiu 
v Y 

nwwj Cone ingorunii ~QIU~~~ MH~ GL Q~V~ Q~L W~ ~~ffr~~~~lfi~iu~onu~~ 

duKadwdw nwbgnnrqPhs Cone $uciuaw~srcl~~uum~nqfid~du oxidation &a 

row~zrn~~d(l~~n~~~~~~~nhd~u~~~td dla%uqnqa m~umeub~uu?raulun?~~~ 

1.3 Optical Pymmeter ~~iia~rn~m~~~~~i* Optical Pymeter qrl#?'dfimu ~hiu 

ro~u~adrrdh7eon~~ni~~d~tdktl~~~~1uu~w~d (~aaely) wnm&sdariqurfiud dqaril 

$nu uaadwllrt i~Wk#wudsuaturn~'L~%k$fl~n'ld vhalulsodlurilfjtld~~~~n'ufi 

LR&i!sinqnrrm~~uu Optical 8 11~~~m6qwvqiilur117MCiia~~n~k iedtli;sb 

gwmnij~kwsi 750'~ 4u1d 

mim4 1 Pymmetric Cones (Temperature Equivalents of Orton Pyrometric Cones) 
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20 O~.per hr. 

OF 

1330 
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1420 
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1520 
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21 70 

221 0 
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795 
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895 
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181 0 
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1 900 

1940 

2040 

2060 

2090 

21 20 

1230 

2140 
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2280 
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01 7 

016 

01 5 

01 4 

01 3 

01 2 

01 1 

01 0 
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1 
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720 

735 

770 

795 

825 

840 

875 

890 

930 

945 

975 

1005 

1030 

1050 

1080 

1095 

11 10 

1125 

1135 

1145 

1165 

1180 

1190 

1210 

1225 

1250 

1260 



1 I 

12 

13 

14 

15 

16 
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29 
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31 

32 

33 

34 

35 

36 

37 

38 
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40 

41 

42 

End point, 

"C 

1285 

131 0 

1350 

1390 

1410 

1450 

1465 

1485 

151 5 

1520 

1755 

1775 

181 o 

1830 

1850 

1865 

1885 

1970 

201 5 

20  per hr. 
OF 

2350 

2300 

2460 

. 2530 

2570 

2640 

2670 

2710 

2760 

2770 

3190 

3230 

3290 

3330 

3360 

3390 

3430 

3580 

3660 

End point, 

"C 

1325 

1 335 

1350 

1400 

1435 

1465 

1475 

1490 

1520 

1530 

1580 

1595 

1605 

1615 

1640 

1650 

1680 

1700 

1745 

1760 

1785 

181 o 

1820 

1835 

150  per hr. 
OF 

2420 

2440 

2460 

2550 

2620 

2670 

2690 

271 0 

2770 

2790 

2880 

2900 

2920 

2940 

2980 

3000 

3060 

3090 

31 70 

3200 

3250 

3290 

331 0 

3340 



%d?a?'n uaru7 R~??'~LUHQ (Temperature Units and Temperature Scales) 

flu ii~l~uw (2534 : I -2) ~ilnmu~r~lunuuu~~~lil~~~un~fim~mv~ij~rji~ 
4 

qnawg~L~urrri~urC~d~udi~iiry uaz~~u~nn~m~~ud~tu~wa~~nm ~i=o~ea~nr~~iid~ 

l~il~~uir;u~~oa~~~16~~1n'ud~~6~~~ n~~iisa (Celcius) we3u (Kelvin) dqroubi 

Grabriel Fahrenheit (1 686-1 736) btl dlmmh6 ~~(lllll~~l~l~l~m~a4~FtbH~~f6121n1r 

sl~una~u~~~~nraui~fi~~IbiI;~in~nmIn'm~~si?arls risu~rhinuwmnhi&w-ir)a 

RB~~LRR?U L ~ ~ u ~ ~ u ~ ~ H ~ ~ uI B ~ ~ ~ ~ ~ ~ ~ ~ ~ Q ~ ~ P ~ PII ~ ~ ~ u'I u ~ 1851 hni~u~~n m~iu 
Y .r 

h~leri~auslqngnr~~~~uU'~uyPF6 (Zero Absolute Temperature) lu nd qad~ilu Ideal 

htdam) ~n~u~~da~~~a~~~ m m~uu~ m~~nt~1~~ mu~dwmnn  he Systeme 
4 

International d' Unites) qa~moundeiq SI ~ ~ q ~ ~ ~ l i ? u a ~ n ~ l ~ ~ ~ ~ ~ ~ ~ ~ ~ n m ~ % b i d ~ ~ n  

rfluu~wnmaiira ~atllri?atlaa~~w~sjih~ I~L~~~L.P~L~/LIR 



L ~III ~ U ~ J ? R & ~ ~ ~ (Reference) Y~PU~RPI~IP~ 

461qutXuy06 = -273.15'~ = - 459.67' F 0.00K 
: 

qmdsnui~neau? - - 0% - - 32' F = 273.15 K 
c. 

qrn~%fi%84;7 - - 100'~ = 212'~ = 373.15 K 

2. I q~u@nOi484ylll?pl (mrence ~empdmtures) ~~~ m~~na~~~g~uqinll 
Y 

n?tdgfi (International Practical Temperature Scale) ~;nri?u~lubfiid~u1~4nqu 

dz~wfi~~~n~a~~~~~~n m\sa~ 1968 wz~iluf/ue~~6td~~~dhnktl~~~~ IPTS 68 M 
3 

~iuumqne'~~~au~fl?~~~d'~~a~qrnu~~ (Reference Temperature) LF~ULAUYU 
i 

~n~a~s~nhu~~au m~~n~w~~~nu.~~u %~~~~ mon~~ (Tri~le Point) rsdilulfld~inn:: 



Y 
m~dn~~~rnu~~tlstn~~ei~~~ ~ws7zdmins~nwdEbrumnu rr?la~iiosmqnrur~jidwG~ 

4 P '  .r 3 
(Reference Temperature) N qnngsni~qndamraa~di~ni~~~~8~nu~~n~~~~iiS'uu~nnu 

r 
lPTs 68 ~~~ M~~~u~~~ Y~~$ M H~~u~ ws~I~~'Iu 2 Ulslol &L%RL%IR URZLIIR%~ 

~lmc 2 IPTS - 68 REFERENCE TEMPERATURE (qm&iq~~gq?lulm3~?u lPTS 68) 

H U1W LW? 

- ~JI W~L~~~U~AQL~L~EIU .. .° K I[%~utam<nm K flrluw& kdu 273.15 K 

- qornnS~o~a~s or 4md13 1 ~~ A ~ ~ U ~ ~ ~ =: Z ~ L J U ~ ~ B ~ J ~ Q U ~ P ~ ~ ~ ~ U 

(References) lunl~s~Lisuril~lnfi~~~~%Qii~?'~~~~~% 



~nasliiurai 

I+na~iuaruqluumm 

ufidm Vhermometer) 

~d&~unmu~1~5lrih 

na?u6u(Fit!ed Thermal) 

uuuunu&u=rj 

w iinmnwn 

A qnql+ W + A ni~u?eih 
~ ~ W L M W ~ 

A g~ylii 3 dWd + A mmu6u 
+A$ntislt 

Ag~ii+~~lmetalAmt=u=ni~ 

iira3 

dmn 

uaannaasi 

lltan 

u~anaaai 

INVAR-Ni + Fe 

+ 0. 

434 n16n 

-13ob.r315~c 

(- 200 600 OF) 

- 185% 540 Oc 

(- 300 5.1 1000 OF) 

- 60 ZU 425 OC 

(- 20 z4 800 OF) 



3. rvtesTu Kd ~?im (Thermocouples) 

1w4uiimai 

crayon 

auhff floiiqGud (2534 : 5-30) ndlia~~n~fiKdillilnljil Id n.d.1821 
rininsm~rmhm~ueniuu Thomas Seebeck mil ds~7nm'hr 2 r&ud~~hs&~:: 

Ir .r 

si~~a~mniru~daudadn7u5~dlB~L%~&aan'td cild~~qmdeQao~gw~'~~d~~n'u qrGh 

nszu~ld~lllva1u~a9oLdum~rnX~c~m~d fw~rnn~dlrt~~esn~un~~~d~:~tl~~sdud~~ld 
* 

w~rru~dlsaea~orv~~i d~~tl~heifln'~af14 ua:(ilrilnd~lu~aeirn6qu~d~mmn 9zdllriinsl 
Jf 4 

~s~Lnbaul*lfilaun~a~u~~wi~m ummisu1*cfi~d~t1ni3 mitioIwvls.0 

riauqld 11834 rininnamms' Jean C.A. Peltier nui~dsri~unmunt~*r% 
Ad - 3 L~~~IU~~~T~~~~~=:C~LI~~~LI'VI~LU~~~~~~'JI srd~lriinmgruuq8dd~~af~~~~~a~Smei~ 

Y 
umndwnia &edn~u~~aud~rrku'~~wa~~~tl~n~~~~d~~z~~sd~~ ~?akno.rhwn~firi~fl 

d i d  
ufi: u~uGu ruaun~u~s7nu~6~Ci7~n?flunn'L~a w?ur'dfluqass dbZCda~a%wmq 

~qwvrliigt~rru~z~n~tli~~~~~iquI?i~i~~~ lum~~n~un'd~~d~~td~~~n~~n~flwa~~~ 

np:ufiiis~.ril tfiqmwI?~dda~tl'Imeimk~~~~n~un'um*a~ 

~~nn~sR'unureti~i~ua2:~n~l~$~1i n~~ilna~~u~i~r~u~n"u~n~s~u~d~i~~~~ 
i 4- 

di~riausiarr~4u~~u~m.rueanq~tt~li1Q~d~~n~~~t~~~lu~~n~q1~~~~nm ~duluilyyid 

3. I L~B~UK~~~~~UUUU~R~J~U SU kauij~~fi WAum~(innqOjnqw~~Sidi~~~ 

rna&Kddatu?! 1821 L~~~ W~~~R~L~~~~IUUF~~~OM~~~' WIU~IH'~'~~H~~~IHU~=:~U~~=: 

~~u~l~u~~uq~n~rmmu~bu~1n~~ umrl~~~m ~ ~ % K ~ L ~ w c c YII u ~ B ~ P ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

~~a~~~~u~rfiun'yn~~~~~~~d~sd~n~ei~~~ 

3.1.1 ma8uKdr?Ymuuu S (Type S Platinum 10% Rhodium V.S. ~1atinurn)lra 

3 1886 Le Chatelier ~d~Rwf~nao %~d~~~ bwfiluaudmm WR~RG~ URZA?IIY?~~~ 

~~~RHZWIU 90 % qeann?%h + 10 % 1s4bieu a~u~ooQgoruqiiI&q~ik 1400'~ ia 

dau?rns%~il~~auuu~~nn?u~~uu~u S, rrlmo~lun~n~ sllu lPTS 68 rrqil*qulsnH 

niinm6n 

A gnnqii 3 Gnmsf + unsun=am 
+ Lllitruit 

?aq% 

ainnii 

iwrnfin 

37 ilr 19 Oc 

100 ii4 300 Oc 



Irml~oul~audl u~z~~mudflu~~~~ui~~~lu (Calibration and Cornparision) ikupjs~ 

dqwirosu~u2hir (630.74'~) 41.4347 wiiari?,oma (I 064.43'~) 

mo%Tdril~uuu S dwlu~n1ij~ulu~n73=:iLt~td Oxidizing unr Inert bmufilulmnra 

gcu~niiVi7~ 1400 c alulmnu~i;a I 482 * c usik 
4 

~uu~r~~~~an~aza~u'y~~flw~~ Reducing, Vacuum w%mma~udi;lermbH=: rdu 

mzh ~kr nri uazIfi.rsqetar. du alrrir~ +RLM dmadsji( 

na fi~'li~duiiecI4~ziie~drn4n'dw1 Protecting Tube ~L~ WIJ(~~ WZ L~U BZ~DII~U%~: 

Bqm~qii~al riirr~n.rura~na~iifiqma4w'auw=:wfi1~~ii~=:~7islanItm (contamination) 

4, i 
1~4mj~rnw~ii~a~ ri~lrius~~~mulr(fiiufiim~ma wnn~oim.n&mwnu (Composition) 

mua&nqsldj?rr 20 0 d?urrau.ed k~nuw~dduuan~w~flu ~l~ldclu iqlflqnraud 

iimld n~srd~sufininrdu~~=:~?i~1~11~n~s~u~'d~~fi~n~u~~~d~tdufi~~~~f~~tlu 

3.1.2 mo3uKdrYruuu R (Type R Platinum  13 % Rhudiurn V.S. Platinum) 

~nas%A'tlr~wuuu R wquuan*ii?wn w mXu aiunuimm wn7'ri& 87 % + 1s~$rra~ 13 % 

wd~qzil~~wu R I#~~l~~i*lnqanimuu s nldqm~pSqaqnU I~M)*C 

3.1.3 hn~ffuaflsru~u B (Type 0 Platinum 30 % RhodiudPlatinum 6 % 
A * i 

Rhodium) ~~m~un+4urn~aI~~ 1954 ludszrn~r~rrasu'rs nluuani7q?nwfi7'ild'uu 

wlaugniw7nrtaGfi 70 % + Wuu 30 % , fiqunuimwtna~5fi 94 % + Mttu 6 % 

~nohKdillin~uu B ~rl#'u~mdadqniqrrm s ufiruuu R uriq~nrru"ndduniii;~u5~ 

w.r~arnun7unil 1704'~ (3100a~) luanqqd.~h 

Oxid ing u% l nett udlri~~rru~rniln~~l~~~ra'tu~n~~=: Reducing Vacu urn uaz~umudii 

loaa;lffl~su~~'~h~=:~dd~~iiuu~~ R unzuuu s 

3.1.4 LWOAUK~L~~~YUU J (Type J Imn V.S. Constantan) ~dwiln IIR~CU 
J "I 

r71uslqiirslnlrms mensz*i~lrr'meflu W~Jairt~n~qnrnsliiiinq~n'uni~vq?'aq 

~infignniir~ml~umu~ft~~~ ia?d&nmaeal# rdu rwiin $'in iu'lnuqd dm:: 

uln~uanlnaluirflu Oxidizing nltnm~etisulnuilh~=:u~slrni~~ 60 % ~J~B~UPIJ 

+ 40 % ma~riia diaulrirunil Constantan a~uwnufi~qp7i;M rns&nirdI+ 
Y 

siouqniqefE?tr~wGn umtaqutiu+dw Constantan ?aZah~%tlpu un:Biorr~na~u~3u 

uuuu~mo7g?u uuu J 



qnmuu~~sa~nes~u~'~~~a~uu J ~uu~rhuiunn~nmud~~u vacuum, 

Oxidizing. Reducing IT% inert ~$NMJJZWL%~ 760 * c ~il ~ ~l ~ill(k41 ~iij ~ ~ ~ d ~ ~ ~i1 
4 

nil 'C ua~d~w~~ii~sni~ 538'~ (1 OOO* F) ~lundu~w6n~rriin Oxidization hakn 

ngt nixlnRuv~ i~~%~nr~~?d~~nil538 O c sriia~I%fi~urnssTunil~~a~tb~~Iu~~=:d~tl 

~rio~~nqolh~uuwiu ~~nn~snfi~e~I4~~un~uhlu 20 3 *rui~d~rur~uaa~h~=:~na& 

~L~aszrddsuld 0.5 % (wruan~ii~~~u$uluL~o~~i"~ 
4 4 

3.1.5 ~Q&A'~~L~WUJII K (Type K Chromel V.S. Mumel) L~ant~~ibhd 

~Xd~iTnsl~u~mimqw~i~q~ni~u~~~~ J u~~plfi~pnni~~a~fidot:Gd~n~&A'd~3fi 

uuuluida~rruqnri~~~nbw2:uatlmi~j Siia 10 % + kdau % rrazaqanuimn 

&a:rr~ust.uiw CL~L~~R 95 % + 5 % Y~~~ULI~UCU~ W mrqii~ii~u, t~uqndfi LLRAG~BU 

iasiou~~n;na~u~~uuuuu~wo~~wil~ K ~iludirsunirsd~auwh~~~u~n$~~~ rwtoal4fu 

anl?zalu$du Oxidizing !nett ~ n h k ~ ~ d ~  alulsonuqnrw@~ 1260 * c ( 

2300 * F) LLRL~~MIIJJ~~X~~~ -250.~ ( 420 * F) 

~wiaciqrih nmuieu rruu K iia~u~ml~~~ub%dun'uq~u~3~Ldw~n~m~Ln~%~dLilLiiR 
d 

rruu K fl81fiu94~~1 D B UL B~~~~~~~~~L UII~ U~ 

3.1.6 maffu~d~3arru'u T (Type T Copper V.S. Constantan) drs~ma?%fl 
4 Y ~3il~uuunr~u~rh~hn~o?'mq~~~~i~ni~~~t~4mnuii~1m~u~ nqclwnraq rneoTuRil~ilfi 

uuu T iqwnneww uazt17aaui7wn Constantan lwin?rrn?sl4mu dn2fi~uvnh 
yd 1 

qu~+ibmna -184 * c ~i~~ijn~~u~nisl~d~ni~~~~~udu~ Zs ~YZI~~N 370' c ~Yi7 
Y 

$uiulwmr~qortrp~gmh 370.~ &mnls~?n Oxide wabarm~9~u~d~~3n~=:L~uu~n~u 
Y 

~~uu~udnun~~~nieu'tu~~m~n~pldi~~~~ui~d~~~~d~cfi u ~ z ~ ~ u ~ r n I ~ ~ ~ u ~ u ~ ~ ~ ~ ~  
-. 

ddu va&um, Oxidizing. Reducing 9% Inert nlsl%~~udiies~uti~n'vn~t~fi1ktl 

H ~~srd~~~'d~raanur~~~n~%~d~~~cddtlu~d~ &lrirmu7zriu~~u~'nwui wnnlr 
' 

n~fio.j'l4~~ulu 20 3 ~~UUBLUII~JGZA un:thn:# ~:r%urudm~tu % 

3.1.7 rno~~u~r'ilauurr E (Type E Chromel V.S. Constantant) 

a~ou~n+7q~ndaurrfiumd7~ 10 % P~J~TC&IU +W % WI~GL?~A UE~:~~~UA'U~W~ 
4 

Constantan gnr~~~~~%~udn~o @~iw -250 'C $4 871 'C L~~l,'fiwnl~4l~??~h 

Oxidizing I)~a~~7h~d~7 nh~l$u~n~#h.i(~il~uyu K 



3 
~uu~errnas~u~il~iladnd~~u~wflw'~1tlu~w~u w~uil~ju'u%~n~snfiwm~ 

Qi&az~nvmuah du fia~~u (Rhynium) L%€~-$UU (Iridium) uldsrfla$ns% 

nil~~il~uvu~~ri ~dm~~~nrarru~dd~~~d~~nu~uu~gl~~td~rim ks:~hnlfirillgu 

UUIIU~MYJ iulusu'~ nmishl 

thh-G?~ (Gh, hknijau, iiZneccikiin, Pneu) qwnufijSihqruapilQ~w 

91" -240.~ $4 1230'~ qnr~u~~h~h~~drwiimw~~ K uiiU"~~qn~sl~~~uul~w=:ii 

~a?ia~nqwiniwurr K 

nn?iiCu 20 % , bGuu 80 % - nfi4td'u 5 % , Gutl95 % ~~WWUW?~UW R s 

W~ ~ ? $ U ~ O %, ~ ~ ~ U ~ O %- W A ~ ? ~ U X) %, ~ U U ~ ~ % LLazBri'Me'qn'rlQ 1 wuu.~unii un=?im ~wrlstd'u 13 % , (lsdtru 87 % - W~I?~U I % , k#tlu 99 % 
gmgirIXqan41 

n~lR% 15 % , LB.BM~ 85 % - W~LZ(IU 1~'ko4md~uLBl~~w~aniquuuii 

elquaau naq~~aiiniu~ 
, . 

nrqiifi 5 % , WuiiiIi.195 % - 99.9 % , nnd& 0.1 % riiliqnmrru7nlA 

n?skrikabum?t~~nuHi4ri~~hrr?~uh~b?ni7LLuuddd9~f~~fi@~fi~~~~d~ 

tce%iou 40 % , wclu 60 D/. - Wau nu~m5mgn*qiiViq~da 1830'~ 

~ ~ L W W  - fhflmu 74 % ,%&u 26 % 

nj,mu 97 % . 'kimu 3 % - Aa~mu 75 % . %&u 25 % aw~on5fiqwvqiEgd 

;a 2760 * c 
$4fl~~ld 95 % ,%&u 5 % - 6 4 6 ~ ~ ~ 74% , %&u 26% 

L 

net u~ - nep 97.89 x . kuafi6 2.1 1 % di~~h5.qmqiii~ni~rn~'1~nua'~~~~ 
hhq.n 0' c nuyd uei~~wu~~li~w~n~~mqcldtt~iiq~ni~~min~~~dn~ 

-Ji 
hrutl- me4 99.03 % , rain 0.07 % hnkn~Pingm~~unrrd~~flu~uu~nq ifi~rwdeu 

rmn'yw~r unrii~aiiotnmA 



Rl s ~ 7 U R R ~ ~ NI OII ~ ~ ~ ~ ~ ~ U ~ J ~ W Thermocouple UULlUlRtpU 

- - 

snm 8 unn~~m~ru~rciPulun~~l~~u~n~~TuA'd~il~~u~~~~~~~uI:~~~w"~la* 

protecting tube 

3.2 dltldmn% W%QL~SS&<~L& (Them~nxnrple Hardware and Fabrication) 

d~ud~nsun'd~~~~un~~~~~~'td'~~m~~n~~~~~~~~flnfiu~~udau um~rd~uriudri? 

inoi~uni~fln ~o~u~zd~tddsznau~td~ 3X*nlsoenuuu ~~o~fi~tru~~rrrprn~nn'uwn~w 

nq415jnr uarlrio~ y n7tZi~~uiuma 



3.2. I &rno8u;drifr (Thermocouple Elements) whn~~i;an6~hiih~nm~' 
J u* 

bAil~3il~l&?nri1aum ~7ufi~7tlw*n4n7~~7u~n~iu Ilauuau~aafnuznkn~s=:w*~~ru' 

ddeu ~'ta~rydsa~qdaurrau~fiu~~~s'un~ch ~z~~~~i~~mtauceq~~ndi~a~tlon~w 

(Stable) IU~~~I~~~UL~~~(~UW~WQ~M~~Y~ZU~~JI~W~'I~~U ~;M~ULL~~LLN LLR~YIU~B 

an~~z~~akulun~slihr~~d~~~~~~cn~&~'dcil ~u~nhrQnL4suio~fi~uB~fiB~~+~ 
4 

Asnirhnil qndacilrriub (Measuring Junction) u~rhclii?u~u~urrrfld~~n'sdn~~m~~ 

~suuudi;Ibb~ksnL?lflui~'q~~'td ~3ilurycl&rilldil. ~nAad-1wh65n~Ju~n&1~ umz~isu 
4-4 

ds~~~li ~a~arnndsda~s~nriauuu Butt Weld :adwuunmnqn qndaGm~flucnh~uar 

~~sud~~u~?'w'uflld~u~~tt~tl~u (AS bestos) dJaw~mnunmu k u ~  da~uqmder~ulruu 

Butt weld ha~sl6d~uclrr~unp=:~dm~~uu~ j ~qu~tnthM~lifiw) OU~UL~ULLUU~IIL~~I~ 

Y J 
;uh-noq~&u dubnah~ilkil~ 2 j kulmniahaawunsri~l~~u~~ 4 ~wa~rnmsiamo 

I+~?u 

3.2.2 mwuIclwJe~nir.j~n~~ua'd~ir~ (Metal sheath) dmlri~nm1a~crn8~ 

hnil~~~ittlujBtlt~Q4~~4 W~ U~~~~~'L~I~~~ U~~~~ U'II~~L~ B %~~III~I~=: A~~~~=:~~ U~~ 

nlflh Metal Sheath 6fl~~ld~n73d?~n~~w'9~n~?%A'd~~~~#7n'~ Metal Sheath 

d-4 w i 3 % winnanunnmurni~I~~~tdc~wi2:Ka~~~u'u iia wu~dGau~mria ~posed) 

uuuW Metal Sheath L~~u~.~BLIIB%&~~?~I (Ground Junction) U~ZUUU~# Metal 

Sheath duqfleie (Unground Junction) Metal Sheath .~lm~~mrrgfuKd~~~uu~~~m~~~=: 

dun~plu~na 'imaiarhq nugorrtrJiiqaqm~k~tui 843 *C (uuu W) W~U~P 1053 'C 
v 

(uuu 309) si~ahn~fimqruqiiq~ni~5u srk~l;iaqod~sdu du 

hGuiiGu sl~u~onbqw~~ij~q ZOO'C 

~~'u~GIJ 50 % I9ciuu 50 96 a~u~mi~qcu~alnYc 2400'~ 

unuwq& tr~u~ooi@qnruqii~ 2480'~ 

3.2.3 QU~U~~ Q~L WB&~~ (Thermocouple Insulators) ~~9~904L~e& 

K~L~R ~M~~U~LYIB%I&~LII n'u Metal Sheath d~uI~~~r~flua~nl~n~~~ut]n&"a~u 

sanlq6 . ~zrjiiriiauaanl.16 Go ~yoindrussnlrn' n'nawr~io~n'udlflu 

ams~sliimirriiou (Heater) IuiClqfiu juidq~uau Ae Idwsegiiriclueenlrn' atlflu 

Metal Sheath d~ni8--~~1lh~ddlnrndu6~ ufiriiue'ndll# Metal Sheath ijau?n~inna 
Y 

dum~wezpirr3~1u~~n~'~mlH'ud~ ~k~~n~u~~pnh~do'u~u~~'tdn~~n~l~~n~~u~''wn 



3 Ad 
6udowwlnnviu~fi h Metal Sheath u~iln~un~~~~~d~a~~~unu~~'IuK'~ Sheath 

-113 A 
nis$?0~3td&a~aau4&71fl& Thermocouple wnznY6r$#1 L% up4 UFCBZ~~ n&~u?unl~ 

Y 
~fi b~~a*;I~uau~uuuuno=:L~t~~ (Ceramic) t~uuuui~+mu~~u ji$~n'l~1a~ti17uan~~4~u 

Y Y 
ii~~~ouu~~~iionnjuu81~h~~=:~a~u~7'1dauu~~n~~n0=:~1~~1ua 99 % ~ilu A, o, 

Y 

uon4lnk~flw Oxide '1l04fi73fil4l~lh SiO,, MgO. N%. CaO. Fe, 0, q~uu?ao4 
* 44 k4 

no-~dadauqu flo iiluhilmtfuuiifi .a:: vacuum IR'i ~ilu3brra iiluauqulrlfi~n~ wn 

g~lrqiip~l k471J j~n~fiuurrfi~~iiu fin 1~uu~rh~u~~~d~ilud~uufiu~8~6~ 

Thermocouple u~:~~u~~onuqruuq~~~ub"ii;11900' c 

nruuuu? 

v 

niogda'uri~ 

0.W. 

riio'tIn'n'u Gfi 

numouo~a'e, (Psi) 

nusiaurd4 (Psi) 

Transverse Strength (Psi) 

iiuddn%n1rnuw69 

$u%k*fJ7uhU 

24'~ - 250.~ 

24'~ - 500'~ 

24.c - 1000'~ 
26*c - 1500*~ 

dauuauwn'n 

99.7% 40, 

0.00 

3.85 

rUiH"uEfi4u wqu 

300,000 

30,000 

55,000 

6.2 x 1 o-~ U L ~  

7.4~1~~ ML~~€I 

8.5 x 10-~ ud9o 

9.8 x lo-' wdau 

99% $0, 

0.00 

3.7 

'LuZH'ufffiiu wqu 

300.OOO 

30,000 

55,000 

6.6 x f a6 

7.3x10-~ ulhu 

8.1 x I@' ~?LI 

Nl % Mullite 

20%Gbss 

0.00 

24 

b"Lfiuffn4u U~U 

100,000 

14,000 

20.000 

I 



R?¶J 9 (do) 

- - 

qmUuu3 

8url PA nfn 7 mu7 LI 69 
dab~wnu~u 

24.c - 250-c 

24-c - 500.~ 

24-c - 1000~~ 

26-c - 1500~~ 

n~nhna~ujiOuIn~ldm~m 

(Btd ft2i hr/* FI in) 

24 c 

800.~ 
I 

vl~Fhn7tE4l~ff~llb~~ij 

fjdty 

nl'l~$ibnn'ocl ~aunrmun' (I 

MC) 

A7 Dielectric strength 

(vottlmi I) 

rilnnuniunlu (ohm cm) 

f!? Te 

99.7% 40, 

6.2 ~ 1 ~ ~ da£I 

7.4~10-~ ~I EI 

8.5 x anhn 

9.8x1@~ mitv 

230 

60 

1 9 ~' ~ 

3~0.~ 

9.29 

230 

1 013 

800-c 

Ilaucrsrr~11"n 

99%A1,0, 

6.6x10-~d~0 

7.3x10-' Illi?~ 

8.1 x la6 vthu 

-- 

210 

50 

1950'~ 

3540.~ 

8.61 

250 

1 10oec 

a7~?l~u% (Mohs scale) 

%n?~fw 

80 % Mulli 

20%Glass 

16 

1650'~ 

30oo.f 

4.95 

250 

(1 
9 

Cast Extrusion 

9 

Cast & Wsion 

7 

Extrusion 



3.2.4 Protection Tubes &m~?iugnined 2 dznw ;a lah~aluu~aus.munw 

IfiKa~na%Kdda um~ilasn'tdn~~~~u~~~1a~~~~~ma~ii1J~3fs ~inania~a~n~'~Ii~~u 

L~U ~u~~~'~~~uI~?z~BII~uW'~ 

mo&~~~il~ldbou~d qm~~~~rssmo~nil~ilflii~=:~dil~~'td&~fl~~dn~~s~ud fluid L~U 

nv6finhu inaluKu+irqs u%luu~a&n~~~~iasn~m~m~~~n~~ild~~n~dmn~od~d~~~b~ 

kmnqun~4ia~ura~mutund$ud Protection we11 ~fld~nn~~dd=cdil~w~6~ 

kouir4z~~winfi~&ii fluid buirn'ymesTunil~i]afsr~m~ uarilmkunmuniare~mu 
tr 

b~~baandnluum~ Protection tube d 2 uuu Zs LLUIJ~HZ~L~~LPQ~HZ UYU&%IZ~U 11d 
i Sd 

nl~dfiu?ois&nisd7~n'u111 du aa&n~ (Themowells) M% Bulb ~snurr?luwuw 

~wiiounid kcmhl id is4 4 uvw dqu sbuz~nilu8~an~nd 

3.2.4.1 FI~~UBU~~~R 11Ulf O1~fh4lUdd~cldM~~~Jd4 700 ' c 

(1 300 a F) ~~u~ztudnin~~uirilu Oxidizing 

3.2.4.2 aoarmciil fi~mtd~naah (Austenitic Stainless Steel) 

n'rirultlmreynsu 300 du 304,305,310 cl~u~m1~~~ud~rurr~~~a9~n 900' c (1 650 * o 
4 

n 1039'~ (2000'~) YA~IW~~?L~~U~L~]U reducingb% 



3.2.4.3 daGn RLRULR~~%~ (Fedtic Stainless Steel) dhanu~fia 

aynsu 4~ idu 430 ,446 l#~-~u~~nart~ir~~iia 975.~ 84 1 1 mD c ~wrruwYua~udi~nm 
~3% Oxidizing UQ=: Reducing 

3.2.4.4 %'in&fiatI (High Nickel Alloy) Gbm (Nichrome) uw: 

auhufi (Inconel) a~u~rn14~~uS/~ru~~ij~a~4 1 1 sdc luduanl?:: Oxidizing 

3.2.4.5 Protection tube uuu ~qniind ~vu~~aun'ucna~~dci~a~iid~u 

afiuaowaqRGu q~~ur~iiqpriirrnil Protection Tube uuubuz~tnu~ ~fliluuhandrndh 

nhu Protection Tube uuuhw=: 

rrn~n~#d~u'lutj~cd~~=:ij Mullite ~~lrd?urcs)ltS/ih 49 Mullite hrdu 

&L~%J QMu~~??uu$JuN~uVI~U nlJi3;lnn (Mechanical) um:wvl?~fi1?rrhu (Thermal 

Shock) Auqn L PI U ~ ~ CI ~ ~ ~ ~ H ~ ~ ~ J 1650~~ (300~'~) 

iioaunlfiu$I"L#du Protection Tube nluusnb?1u~nlndijida91d udsz 

kslriiivfiaandsn w%ciIuoitnnuiah~: ~n~1:~ai~i~b:iui~u7an~~~n~Bt~ 
v 

W u 
eqhla~m (Fused Alumina) ~qldfsl&%l Protection Tube bnntnluuanu~zn~ubd 

~w?sonu~or~~ii~q~& r 980 ' c (3600 ' F) 1ri'lik~w~n'urnefi~dc~1fid~d~uc1#u~fi~ I 

3.2.5 Extension Wire ~dfi~~~nfunl31fidl(ls1( sruznl43zaila 
r 

Measuring ufir Reference Junction ul4d4t1~~lrn6r a~a~nasTu6dihjaiinn~~~~~u~n 
3A d i~6~ioau~~~uu~risluda~unurn~~pnni~ a~omar%Kd~~tl unriiq~audnwn~oii~~ib 

u~~ndou~~~nlu~nr~gii (~enoelectric) mrriieufi~me~fi~~~m lui~qnr~+slrita 

~nfaqrnmcumlnln dsxqu~m fllfl%%sli&-~nil Extension We ~ui&zliauiia 
* 

Extension Wire ~~~~'~L~B~Tu~~L~R&YIIu~B~o~~uLv~~u's~ ~U?UUUV\~U~M~~U 

- 4 
(nonstandard) $ 4rk1~p~ndd~ Extension Wire 2 UUIJ ;a uuun 1 h4?nflis 

Iloruln~ltl~n'uk~nahKd~~m umruuui 2 d~~~n~~rd~aairsln'~w'~c~~4TUKdci3n 



mnq 1 1 unrwio~lTm~isu Extension wire tilwiu Thmocouple uuuu~~tgw 

i 4 
-ension wre ~ildwi~ld~~ wou~u~~~i~inn~tlu~nul-6uu~d~~~~~i'i~~r~ 

m~o~~d~sri~vi~l~~i~ rnv dirmnld 

3.2.6 (I~UIJSZ AQU#U dqud~maudu~ iiiin~~ti~6q.j dwmri~~~LiiR 

dlirnnm nln' &udiidn q~UI~~a49~in~%~d~i3 9:&.rA9~m~-1edw~r L&J*~OU ILK 

3 t 
~rsio~~o~'Lq~~un~f~dmn~~;1'fi~w3nu~u~ni~uspade luge, hodsuuuquick 

disconnected, d LZ((IUUULL~~WU color coded strip, selector switch Mr terminal block 
Y 

TR uu.rdsu ~~uhmo?%~d~ilnosnu'~'~~~d~;~an~0n~~~~~~uu~=:~m~4~~~1 udx~iin 
3 

%hh~ i w ~ o ~ ~ ~  quick disconnected connecton L UI U~~~I? U~ U~ U U~ Z~~ M~~~ U~ R~~ 

oomv?'lo~Auur%~Ia*~~u~mu~ ~dd~~i~~1~drio~6i~~ti~~~17~~~1a'~ kd W terminal block 

A ~I J ~~&~Adu~i~~~uu"~~~~n~~~~w~=:n'u~:n~~uuu~~~ ~~w~na?tunil~il~ 

3.3 ~~P~~~~~BY~U~~~~ M O?" QI~EUH Q~~ (Respom time) 
*. 

LPI'W&IT~I~ ndw 399 ~?~lltti?d %I rn~~fihu8n4zh nj1qm~Q~4% 

ldownsiock W%R~UR?%J~U R?IIJ~U~~IA~~ Protection tube - Sheath - tlu~ rim 

344=''o.r&35~gru~@ ~9iu inao~n~~in~cuu~ii#u~dn'u First ordw Thermal time 

constant. 



t do 7 duil time constant ;wd?~~flId%dl? , w L~uh~m6nillwlz , V  flu 
hre~1Tou~er~ , c ~fluA~~~~mhu4lmlr. h ~~td~;~&~zl~~m~n~oci~ttinn~~uifau ~a:: 
3 A" 

A cfltdwunw~~~u%u 

nl~~d~auud~tri~~s~~~u~~~u m~~ nesruriqaan~flu 2 adw ge uuu~di(su 

vd~aathah~ ~9ukmdau6u~a~~ (ramp) u~m~~lli/eu~d~~n~rdi~m~~h (step) ~3unlo 
Y 

\dduuudcrl~wuu ramp ~~~~P~Q~A~~ Mz~u#~~~~IuHQZ~ %'LIJ~Y n 47 dilu 

J 3 3 
nv~dfieuudnsuuu step qru~qiiias.i6~rau#~ni~qod~~Z~'i~ unr~ulu@aet 

4" Y 
Exponential ri7 time constant i;d?raRmn?m&BnLifB 63.2 % maqorrrqih'i~h 

K r "2 
mu fiin~rl3bm~mnil ST lrminunwi~ IW % ~%aqwqii4% %4ui196ma 

Response rsamo%~dL~a~uedtYu au-1rn~~u~edtnefi6ddm nlnieuq* Measuring 
4 

Junction bulb or we11d?rsn~TJudo~i7q (ari space) na7u~hIun??\w~lf34 fluid PI~IUMU? 

uiura~ Fluid tifiznv~nkn ~~d~~l~~~m~i~mm~~ufi=:~nw'~a~dtb 

3.4 ~?~u~mnnmrijers?nmotha~~u~u (Conduction Errors in TC) tunwlq 

~wa~~u~il~~ilRin~m~~lilud~sC7q7n d c la 1% 'C i~rJuriasaamUmo9luiid~i31~i~ 

Wfiw'nsdn'y Ruid iu inll~~~n?~llnrfi~k%ImfI ~rlii ~ ~ ~ w ~ ~ A ~ ni ~ ~ ~ ~ u ~ ~ u9 ~ ~ 

cda~~~niiR~luiauaon~nqauanpat~~~na&~~~~~w~a .~rnn~snrrne~islq~~~Zm~ 

a~ni~ludw M, ' c iic I so 'c (q~~q~~uda.r~n~qqdtl~~~uh~i~~~~~n~h~~ 
L ~ R  ~d~~ wnn~9udfd~~~rn) lunluna&aun??urJ?d3=:~?~ 2.5 LUMP 

sioiu+i ha:: 10 w~ode?u+i Arrcns%Kdd~~uu K umruvv T ~ad~~wnmdlu 

n~u~nstTuRil~~il~~u~m1in~=:'1Qu1qnw"~~u~nn 1w~~~in~~~~aluhsa~~nfi~ani1 

awvumbqj ~wssTunil~Tlilauuu K 9~~3firiQnrra~rr lif~1.r\~nn~nilm=~uhuid*~"ni7 
4 * d d  um T nr~nn?udqnir 6&u ~wart~nussm?~u'r~na7~1ir?im~~nn~pii~~~~~1hu88n'11~~ 

L ~ ~ T ~ ~ ~ ~ ~ ~ ~ ~ ~ P ~ ~ T ~ Q ~ ~ L I Y U I ~ L ~ ~ ~ I = : ~ ~ ~ ' ~ ~ ~ ' ~ L ~ ~ S % ~ ~ C T J ~ L ~ ~ ~ ~ ~ ~ L ' ~ U  50 mm. 

4Uld 

~~~uirnn~~nlrm~si~qmuq~R~~~m~oTuiiII~~ B~SI?)~~UUWR~(IIL~~ ~du 

extension wire qarieri?q lunlda jaw extension wire sr&asrnu'.~?~ii'I%mwnimko 

rnsrr~uiun~u&dhm~%iid~TIm ~~aqJnmid~U(i~iinZl~n vi%iamm)r~ii~~~ef mo 
i 4 

Shield mu Extension Wire 6srhd&hnlodofls Ground stil4~ng ~wnrrinru~dwaoun 

~~ii~~~nrnefi~d~~a~ri~d~tt~~~ud~u5~'il~an'~ri~fu ufiziilnqnnlu Extension wire sm 





~UV~~GLME~~;~LS~~M~ULI'SC~M$~~U~Q H ~ U ~ L ~ ~ ~ U U U U  (Feldspar) 

3 
~daiufluru;lriilon~~Yw'~~~nmmmu ihmnluannr~ilJuiiu~w d$Zm?nindduuanmiru 

~urilr3didmhni~ @5ml 'KaolinizaBonl' &rra inhdd 2531 : 9) ~uandrii.1~ 

Inup r~~~:aAldrrs~ui;~lwnuld~~ iia i  sô oamnariua ~UUIU~~II MRI mnurinw 

nt~lliuasij~~~ur~~u3u'~tl n?nkl~na"ur~m~%~bsd~u~ bwi~~dunun'u%~lu&q 

iilra8u~liin~mn~iiiao miluamnR~~uiiui(a~~vrisa ~~ll~~clr~~~~~iun~l#~flu?'~~~u 

vi~gmnrmm~~du7 uldn ~4% q~nvnmmm.r;ala qnriunmil annS~5 gmlclanm 

imqnulr( um~t nimunqna' (2523 : 6647) neiqaiq fiu~wrnmauuflu &r*in=uas 

1~uiinnaiim3 ~riqnvu u&umludz~nn~n~1ia=:~id~q4 (Alumina) unziilmnonos 

win (Iron Oxide) ~~~wuld~~hwauri~~Go~rahu dbrnqtnmunww 

Y 
nsru~unmiiniium (Kaolinitation) ii~~aurad~Fmv4~ .ju (Singer 

1960 : 12) 

I. Hydrolysis &O.AI&.6SiO2 + 2H,O --> A2O,.6!5iO,.H,O + 2KOH - 

4. Hydration N20,.2Si0,. H,O -> A1,0,.2Si0,.2H20 

UdMm 

~s~r~u~soilrrunlun? m1rr6nawn~n2mU 3 uuu&wnir (quWissru~ 
i " 

q~n~~nnu~~a~ilGwinin~&. u.J. J. : 10) iie 
4- ,A- 

I. rruuw~nns ynuu (Residual Clay) M~ U~~?~ B$~~LL M~~L~~J &;n13~<4 

4-4 
ed6ud 3uriirrem9~1Ju un& 'LohW ~wrmu~lnd 6 w AaQwrdu iiurw 

4~nutlli~~iiqnn~4n~n'Lw" 



2. IruuiGn~arn~d91nk~d4ii7L~m (Transported Clay) rfifl9lnft~d~uuu 
Z 

u~nua:~nn~ufiu~W'~n~~rl~=:~~uKau'~u~i~'I~~ 
Au r 

3. bUu$1ik'ulqlnn~~n9~td7h~ (Hydrothermal Replacement) Uuri 
? v 

~uqv i;rnlu~~wrtti~t~~~~~'~~u~mtd 

qruruu%n~~n~amme~ ui'iu~79 nqonnu qaraaiu7nw nl anm~~w~i 
* d4 

iiuaw sriwri~~~~ma~uirn i~u~aqmnuu~~a~~da~td~u rwu~uruci.liulns)adm 

rrarucnt rlnr~u~imrmsz~n~W ( ~ m ilun'mii. 2535 : 53-54) io au7rr 
-34 J 

(Partide Size) ~ M~ UII U~~~~ U~ K~ U~~~ U U U~ mmz~~u'u'na?%~d~u~~~dfiu~n~4 

Aunnur~ittq (Plasticity) mmudaunrda1~~4 (Dry Strength) n~iunulmrranrddfiu 

O~~J A ~~rn-~~ltm~i~da~iq (Drying Shrinkage) ndwb(th1d ~dfinz~$usr~~&?~rr 
d 

r~~~auwzn~wmi~ctlau4~u~nnd1~udfiualu 

$tlh~ (Particle Shape) aetrri Kaolinite aylwrn~Gdfllh~rflu utiuvn 

u'daa iirulrnm 0.05 iki 10 hfirau ksmdu.lwna+zwiw 0.5 hmu 

R??u~ ulsn~un-irum tdta usye (Base Exchange Capacity) qauuu%h 

$61tlhlll$ Kaolinite iWaouln 



I. iirnlaridw wnn~dmswuil rilu~u~nifliifi~~nn~~~~~ aaiunitloui 

~dnn'adqi wi n~saa w mr ~~ ~I ~ ~ ~I U Y ~ ~ G W G ~ ~ =:II U ~ ~ ~ U ~ ~ urirllu~uvmd 

aiu~m&flns.rlbi kubliesa~u n'udw q~u5imdu ~~uZu~~i9~mnd1~'11iai 61madia 

C~i.i&a ipiiqmcln~a4gorq~ i 690 oanxrarian (3074 ~amv~qrrn~a~) 

2. ii w~19:uaa rruIuu?~~~~uiia~&p ~~m~nn~nrdnn~n~rn~~sd~tnSgl 
Y 

u~r~u3san~~ll~ua~n'u~w~~~~ Znun6~~zuih.j n ~w'rrfinlu~mumitur~uwtwwa~~ 
% i 

qqnrnAq~wiaduiii~n lurwZmui irreuclnuhennniru R~UJJM~ Sums ~Z~ZRVIB~~ 
Y 4 * 

uvk(n br~qurnulhu qzmsdnwnt %h~u~1rLnr uhuaniiuna oamin5uu~: 

nno d~fiu?hs I%R&I~%I i[ilh3\rkftu (Hydrocyclone) ~~€I~I~H"~u~u~~~"Lu~o W'~ 
3 

uhBu LI~ v&sk~urilutiri~~~h~wial~~ Z U ~ ~ ~'II ~ W ~ ~ ~ U ~ ~ ~ ~ D ~ ~ C ~' ~ ~ ~ U L L ~ ~ ~ W~IU 

3 
doz~~ ~1+1o5srqiiwq~~fi=:IIfiu~~'1a~~w4nd~~ ~wu7z~~rr~clrui~rum~ufluLLw=:$7 

A ~v m~sub?!qnqn$~~gIldvQ~ 1780 ~lllrw~%~fi (3245 ~emd7~rnb6) my ?v~'L%irraw 
.a" CYII 

Eusa u-firqoiiv ~uvlahibkuua ilcm rilu~r qiiu~unimm~ unr-u rran?~n~~ww 
L R ~ 



usnwn&sunhelnmd (2526 : 21 3) Efifluuridw~~ludtr~w~I~~~i~w'~d 

~hncl dstluri imha unt mn abn'o qms5tm6Sh rag quns mat 641 nrih 

qnaghiia urrsa%mm nsrm srm LLR~S~G~~A 

4.2 8z@hl (Alumina) 

szgiiul ~3iluin~iiun'l#a1-1nlu~ w a~~nopu~rmiin6 eqiiu~u%p$ srKwn 
3 

RBFUKY (Corundum) (Bauxite) b~~ddd (Diaspor) 

Edln6 (Gibbsite) uznlwiazqikiiirclub~4~ (Aluminium Hydrate) qmmlalmij~ec 
i dY 

0rqiju1 ii~ A124 WUU~H%~~Q~I 102 (Nelson. 1960 : 305) BZQ~~U~ ~~~qnus m~ 

nzawdzulnr 209 es~qrr~~issl (3722 esaldirrulan') rn~~:f(iiw~ilu~salmw~~u%u 

(Refractory) f~ann~qn~~rmnuinqnsd~d dnRsr~iitb~~dna~uu1's'Itdp=:611 8 niuim 
r 4 

i-~lfl%iii?jm (liq (Abrasive) b~~~nlr rrfi nno jluphmq mahWa ~ ~ ~ u f i r n ~ ~ ~ ~ ~ ~ ~ u  

;~?x~u,'t usduv-i smey"Iu@rssrr~os (Gem Stone) uarnfies~~eu~asn~r~u~ rr~u 
A *  

s$SiuaR'nCos n~~~ilu~lfluq~a~unmmmsJu~w~~~mI5i~iIw ';aii?murteu 

h+4i;4 2050-2240 aalllL~~L%J~ (3722-4064 aam*l,vuIziG) ~cr~~u~~~ua&ij 
Y 

R~TUL&V (Inert) unmvied jTw~resnmunzd~s ~infi~~~~ m~~nrlb~i~~~~~~~nf~~ 

aiimw6~luqugnn~~nm~1m~n~ kasriid~wfirrd~ fi~sriinfiau idu Bhusonld 
A" d 

ks~r 0.1 - 0.2 ~~nrn&~~tl~nld ~BR:: 0.1 uan~in~u~~~uiin~mn~~68~ thb6nfim~ 
i uu 

(fnu~ inhR 2531 : 30) ..rylqclM argiiul qasu-fi rre* ~ur~e%u#u~ufi kt% 
YYll 

i3uiwqlulun~srii?4~~Q~u uw~?rrmdvw~~ii Ae 

a~~H'ar~iiul (qdnif hasfig. 2531 : I 1 - 2) Wuri 
i 

sr~u'rGwb~rn (Aluminium Hydrate) g~mlawi AI(OH), me wlun?nr.il 

(Calcine) uril.rzlrksrgiiu7 a~d~nsu$~aesfl~fi~~u'u~nfq4 wiiiaulfluplro~ 

oz@~Guirclula~rnu1nni1 ~m~qwauuSi*i~'LH'w~au~~~6a~ unznmn~zRd?uii~ 

fiwn'fi&Kaa ueie~si~I3~~s1~~~3~~~'~u%~~~~muw'~u~ 



4 4 

iiu (clay) iq~rnw mu RB A&03.2Si4.2H20 Z U L ~ U ~ ~ U ~ S ~ D Y ~ ~ ~ K ~I ~ ~ ~ 

m2;ou ~wrrol~i~d~ud~IS;vl3~un~~6~~wn w=:n~uiw~ d~u14~~rniiau~niz~~n'ui~w2 w 

n'w&? d~sn~ur)un~mmri?~ma~~La4muuw~~n'mn~6~k~Lu ~ar~3iluRil6~riorqiiu~ 

uariti nl (S~OJ t~ri&niisuri?crdq ~udiisulfi IAui Aur 7, 
Y 

ergiiu~v%srgii,~~f~~mnl~6 c3ua~nl=nau~ieO~tdBrng~in'~lu~nwM=:a~~ 
i II ' t 

Il~znau tat19 uaatmollrmauui nl46~~d~~uwhaiau~=:Q11?'~~=:~~~~~nu~n~~~u 
d d z 2 w 

~s~~n~:lu~~ur~niindgn'1wri azqiu~~~si~rilu?'~9~fi~tmnm~~ ntw~sqoraud 

dauwr~wlrorn~r ~du nwmuiaug~ iifimrrui~uwum nmuuiqay7uzriuga ifluriu 

kl~u~nlugma~~nrnimqnu2d (Refractory) idqing (Abrasive) unr~3ilud~uJmneu 
J 4- Y 

H$nintloPkdm~uhu~ng%nunu a% dfihd~~uhqflur6~d~wau bdwwn?slqflu& 
i* 

fio~s0mdi;orqiiu~r3ur07d=nmuil~n kdu1ua8mn'od4Ln4asilu~w~~ndzLnn;i~~ 
Y 

ar$uqo$mrfiua ~ua~~niindu~~~bl%mz~2u~u~n'I~ w ~dllaMuR' it u'nrrhnil 
L&SU~ b-azqGu? (High Alumina Body) 

9~s~clhras~sqiim (Structure of Alumina) 

q~rni~rnii~sesqiiu~im AI,O, ii:larin$mpn 101 .W ~aluarna~ii~ililur~~ 

~lznoudul ~eanek&~ (Corundum) ~~~~%.4~ld%naIIbi~bl3m'1 B~Y mnh6 (Bauxite) 

Zslo~ndsf (Diaspore) a~~i~s (Gibbsite) Irch~nYnc~etargitu~~zG~~ltn~~ 2 gnaw 

bqj go a-4o3 unr Y-AJ+& luuqa~hemcih p-40~ li: dmrraun'~lh~&tuo~n~~ 6 

dra Na,O. 1 1-1 2 #d2o3 d4~~~9~~~7 m~nn?fl~~fld~~n00~~'~~ W (Commercial Grade) 

a-A,O, ~~uflwfirnesa~iiu~di~w~uy~msd 1rj~~l m~~~iuuu~ m~~~4u~'~w~~~~:: 

cddsuld d?u Y-A,O, 6u irrn~ns~il~w~nn~nl~no~~b~m~~fi~r~hiz~~u hldd9ww4~ 
A '  

500 aprrlra~~ian ~rgqLiui~~u~sadj?aufi=:waL+un~~u~u~~qwvQ~ 1 150-1 200 



~1519 13 ~fi~an~~~ifiu~~lin~m~a=:~iu~~i:~~~ldv~ij~~i~w~~m~ 

(Sonja S. Singer. 1960 : 1 14) 

mnc t 4 pIiilnratu.irilrq 13ua~d~nous:~iruiufi=:~=:~ijtdib~rn 

(Sonja S. Singer. 1960 :114) 

7-Series 

(Low Temperature) 

Gibbsite, Hydraygitlite 

Bauxite 

y-Alumina 

Composition 

A1,0,. 3H,O 

AI20,. H20 

*IP, 

armwuii 

*1@3 

w 3  

AI,O,. 40 

A120,. H20 

AI20,. 3H20 

AI,o,. 3H,O 

U-Series 

.. (tligh hperature) 

Ba yerite 

Diaspore 

Corundum 

d d 

Corundum 

Boehmite 

Diaspore 

Gibbsite 

Bayerite 

. .. 

Xq$nwn'nrwajntpi 

a 

Y 
Y 
01 

Y 
I31 

~r~nsdnm~m L U ~  

01 

Y 
(]I 

P 
a 

P 



Ir 

mn.r 1 5 ua ~ar)~~u8~on~rra~a=:~~u~n'~~~~1 y-A,O, uar a-~l,Cl, 

(Sonja S. Singer. 1960 : 1 15) 

@ on- t-14 

I]NIUU?I 

na?un?;rhtw?=: (s.G.) 

ficlh (Crystalline Fmm) 

hn~nhra~n (M.w.) 

qntlwouazaia (M.P.) 

yiih (B.P.) 

n:alu$qnaun~ Z'C 

n~wdmsu 3 ufin.rkt.rfih~uda~d~~c'~[wd~o~~vu~~w'~ [AI(oH),]~ 

(F.H. Norton. 1952 : 14) 

~~i?udiio~~iirnduu~~rl~notl 
rl 1 

I. u$fie5uku n'ionrqu (Corundum) qnsnwmu ms A,O, irfllwansruv 

~an.zInuo~ t~u@unnduu ii~~qua 4P3urrci~u~1~~~utn%j11~~'~ du a~a~%iirilq 

9zhnhn'y%u (Ruby) i/#~~''sa~~~u &In<? (Sapphire) bflU6ld d~?luLLWl?l 

y-~umina 

3.5-3.9 

ranrz'Inufie\ 

, 101.94 

2050'~ 

2250~~ 

0.000098 

a-~umina 

4.0 

b sfnuan 

101.94 

~W'C 

2250'~ 

0.000098 



4 
'I~RR~ i~'un$ nnr rnysuq'o uni iwrqsni uazn%zma ciuJarnclwumnmi~ 

~h"qn7 eaa~du crafpwk? ni uarai$md4 1&u 

2. Gnuanlad (~auxitd I ~ U ~ L U  is liiwueni (~sux) 

~srm~dhua ~flilunwsu6n'nauzci~nfiuq .ru~mrrilltim&dm&uafiu ~&fi:anuluuaiu 

U W ~  - 

China 

USA 

Guyana 

Vietnam 

S.G. 

3.15 

2.85 

3.1 

AI&---- 

89.0 

70.5 

88.3 

36-39 

. . q- 

6.0 

25.3 

6.5 

5-9 

- Ti02 - 

3.3 

2.7 

3.2 

4-9 

Fqq- . . 1; 
1.2 

1.4 

1.8 

25-29 

0.05 

0.25 



nozu ?unrl?~u~oej (Sayer Method) z0 t~un?~l~an~~i~7~ft~~w'a~au~~~~n~u 

&~Aau-lamsankn' (NaOH) ~fIbbl?l~~~~irua~~l~~If~tl7CU 160-170 ssflqira~iur 

9=bi~~ieuergGwi Aaunqr 

AI,O, + NaOH -- > ZNaAIO, + H,O 
m- 

u~~~ n d u~~~~~a uar~~~ w~~ri~~~ n'~~~ u n~~ m~~sl~~ n~~~ (co,) L ~ B W ~ 

k~~suoz~iirumL9ua~sn'Irin;Iw'~ (Unstable) iaawqooiml jZ'iw~riu CO, lrljlcl uarda 

~r~~ulu~~~zn~u~snuun~=:~ii~~~ulammn~'~m' [~(QH)~] aenulrsi 

Y 

n~t~rhergiiuwqnumnl~fi ~~u%nianlnu~~a%~~aiu~rn~~a=:~~u~u~IQ~~u~ 

2 R'nawm~u~a~u~uu~rdu ;a arqiiuilmbsrm iiwrszpiiu~urmlru' 

aqiiu7b~non (Alumina Hydrate) i&oyludaudzneu 3 hLnq~~%1]9~111~ 

35 ~daf~iui &"&wGn kmaks~Ju~uiinwuiu111~R ~a~~uS.rdsa 2.4-3.0 mmuriat 

47 mm:: 2.4 ~flcunmdhu~flu~~~~~nosu~~m~nd#~~ Id 
II 

oreauwrraku' (Calcined Alumina) :~~~~nn~~~8z~iiu~'taLnms17u~n 
Y 

g~~nij i 000-1200 ermrmr~ua 4~rilu~u~ir~eu~ni~u~~~~n1~~1~0m~w~~ 4rM 

aqiiuq 98-99 ~dllaMw* kuh~~hwt:iiplwtnu~~~ a nmuciadnnlr. 3.3-3.9 qrlflu 

~qud~*an~ofimn.i~n%q.r L~U USBSM+T~ZQGU~ U~n~~ndfi~~+LgUn~~~Auta~~~;~~ 

uasuii? ddu 

uen~~n<~~n~u~mi~m=:~litd~~~~~n 2 i~~muz i;eergiiuqunynlf (Tabular 

Alumina) :a~flusr~~u?n~~uau~~~du~4 ficmqm a - A1203 uinnh arqiju~umlaca' 



~dm~9qnd~un~sLrn~B~v~q~~4 1650 BJI~~L'I~IL~VII G~(IU~~~~U~I~B~U~~~YIU Y RL ~ ~ 

&-wrux&~a ~~zQ~JuI?~?.' (Fused Alumina) ~ilunlmaauer~iju~unfi~~u~~ww~ii~~ 

nil 2000 aanqaarisfi pJrriin4z~ilu u &iuyr~iilud4dund*P (Abrasive) 

nlsa6nue nbi~~~~~~t:~iju~du~s~~~~~m~%~~=:~~u~~~n~~ i~nq-ii 

k~Rrrrroenlrnilzdu~ ~~~~ia~sisa?imn'~~dn'~~~ijuimri~~u~n tuihquira~u~rnnhs 
z ,4 dJd 

A,O, u'rqnsnwaanis~usai ;a t4nm~un~sn~s~un~wni~miu (Mum) slrTclwAnlo 

RZRW ~armn~lsn& baIiumuh~ib(l~Q~I(n (NH,)SO, d~~iiiovbarqG~Gtlus'w~dw 

gnaupirijai~ I 000-1 200 eanlr~n~iclr srK a ez8iru.mdiirrmuu~ndd4 99.995 

rdek4taijT 

3. uhduLiullu.' (Sittirnanite Group) ~i]rruA4/llsmeu ~?tl~~~~u~w=:~~n~ 

(AI,o,.s~o,) hsrmmii~rii~hd 3 air&idaudznaui~iimu~u qdrrmuunndwn'ud 

qorrufi~~mr Uiuri 

3.1 ~ D ~ ~\ u R I (Silliaanite) ifll w~nstvllfiafimJsn %tlwuz~fhui*i.r 
% 

~;nun na7uua'srz611 6-7 ~ai~tiwii~w?~ 3.23 uaqa7an6q0uth ialdl~l~ $tladmu 

nv ldllkln8~ldkufia lrj~r~wlunon riu~iluuida~uqn nuayIu3uuds aanlukunriai 

tininnhun'un~n~shiu ludtnn~2nenuu'o~~~i~~~ia c(~ud~sd~rnfidiiqnm~w~ 

9:nud~uciu aaFje~u'm7 ll&a u191h urn3~~~~ra~tlk1~ti 

3.2 I~fiduJ (Kyanite) ~ilufJaln~uukmPirn $fimurclw uuu ~fluidu 

186 (Staurolite) ILRZ~B~KU IU~ OZL~~~~U~~~UI W O~~~RZ~"U~=;~~RLU~B~~ Id u ~ d ~ 

ei~w'ry'luei~~d~m~ a?r~re%md rlhua arrFp.i?n~ &pblmui UR~~S~~LGB) 

ad?rn7 %L~~URZMUU? 
P 

3.3 ~&~um?~ldi (Andalusite) r~~ers~~esu8unigr~o'Iud0=:1m~ w ~du 



~??q?~fil~t~fiq S~~V~IL~J 8h.m v%a~;u?uznsn ldllkuat8aldllkla ~iin9~nnwuds 
1 - 

fin?waoa$uftumlu (Shale) I.)BHUIIU?U (Slate) ddsz(~khii~4 ~dfz~nnlnssrnurn 
A 

u~n~dirwd~n~drl~~sdunqwu~4~n Buun* uousj~irnfi~~ {dim uaz~zsd~q 111% 

lueiidsrmfi~~tia~d7ii~~B ardu senun?iunw~aulri untie AUU rli-~a~ 3~;" 

tuoslld t~afl-d ~~ualni vrriidsk&unruun~q1~a1~~8~~~~~1~9~ 

uanqinu Jd 3 aiir\ununrju~niiu+~ui~ fiijinrliiu~m~d4&~~uw idp=:~nn 

e~GIuuianm~du~~~~nir t~ocuriiina~uunni~~nirdfmd~u~as AI,O, : SiO, 

r~~m~-wnzAdei7~a~fi (synthetic Mullite) U~~nn~Rilazgiru~un~?in~'u~n% 

uwnunir u&a wdqnnrp~ i 8~ ssmrm~iua sr~~~u"~u~~mn~ijn~~uu~~fuin 

?rnowd,aqmbn'&~ 3Al,O,. 2Si0, $~aluri~silmir 3.1 6 

3.4 laud% (Topaz) ; ~ ~ ~ ~ ~ L ~ ~ ~ ~  AI,(SiO,) (F. OH), L~u &u~~ 

~n?rhdnisu (Topazion) ~unrmws Lfluukiflrritnuuuam~nmu~n %nacur~~iluu?~ 
Y 
LU~(IU~ULLJU RWULI~WZ~ 8 nn?i~dwiq~*llr 3.4-3.6 umn~nhuuh ~i-~iil 

t u'l ddwioa aul u.njuunrds9 Imirsll~~~e~au~u~ahu~~'i~rnn'u rinin~ld:1lu51~ 

uiiy~s~nllnsl ~aamd hiu~r~dn6aitll~s' ~mmdnenudd~rnao~w sjuimq~iin 

u~slrluu5v 4lmsAea 9juim0r~8~ ~~UR~RB~S~LRZ~UW +llj.l~~~%mm~ 
.r 

1~ah~d~~11~~m~u'uu~li~~i~ii~r~iun' h~icl damngnnluum7a dqu nl 

ins& s~fimqUi ~n~ndmnbhuq wiir(e5i" aa~5jaru'nq 
Riedl4rr~~~nnrrid?uil?=:n~11u~=:q~1uu'ii,~i~d?=:n~~m4~nud~~1n~~Ej4 

rcal6~ibbra'l (Sonja S. Singer. 1960 : 1 13) 

SiO, 37.2 % 

53.2 % 

F%03 0.4 % 

F 14.1 % 

LO1 0.9 % 

nqiuuiwz6u 8 ~~~utja~i~~m=: 3.4 - 3.6 



Y 

sr~~u~~u&dnn~~)ad~ud~~d~n~11~a4~~~~~~tl'11~bl1ld~0~~1ld~~~n~~~n'td 

Id bsltl~an~z~~~a~a~~ud~dm~~~a'nr84u~u (A,% 2Si4. 2H,O) ~i~d~kd+ 

(KNaO. A,%. 6Si0,) u~zhMalnfi (AI,O,. 4SiO,. H,O) :~r~ud~n'td~rsd~sn.?i~~1'3~4~~ 

wuAu~qnin6 nclnz~$umsrMnri~~i;a'Luuni~~ id d~uudul diezRir~uylud~u 

dmou$dua~um~m du a~ebbn' (staurnlite) Fey@, (SiO,), (OH) ~ailkn (Epidote) 

Ca,(Al, Fe) AI,O (SiO,) (S+O,) (OH) LUG (Beryl) Beg, (Si,O,J n751dw (Garnet) Mg@, 
3 

(Si o,), LLRZR~~IR~ (Lazulite)   PO,), (OH), :4LflUiilriiiuUi~U71flUJ7U&7u!d 

unum~e~o+qiiuiluaimn'w4~~miind 
Y * A *  

usnwn w9mniu.li(ii2~~3~.~~1~~~ du luruetuilwa:~miisu.gm~~am~flu 
* 

~uwl rki~qnuM +@r~-iiu u~a~ksr~~a~iru~L~u~i~~~a unram~-- liuhs13 

oz@iru~b~non [~AI(OH)J w%t=:qiiu~um&u' (AI,OJ nwrnwcwuww \uJyyir 

a~giiwiunu~nWrie~tun~mh~f4~~8~u~~~uisln'~~~ ~d~l~iwauu~~~u~=:fi~n'~n~~ 

l&mdwnd?Gu\d ~du 

1. ~5CbI.n' \~QE@UI (High-Alumina Ceramics) L~ w P M~' wI~'L W~~~ 

o~~Puia~~auwsluuinn~i80-90 rdskhe7 dna~uuiau~~~~tn~~~ni~u~mn'mn'~onIn6 

L%TI fin ~P R % U~ 4a~fla11~h~?nia~a'.p (Alumina Abrasive) rn%a~ah (Cutting Tool) 

I?IL%IU (Alumina Sparking Plug) $nun (Alumina Ball) nz~?~~lhsrdluth:la (Alumina 

Taxtite Treadguide) ~~mnanmiane uciuse4la93&; jinnta&(AIurnina Substrates) 

uao~ldh~zau (Sodium Vapor Lamp) rientos& (Alumina Filter) R@SR (Alumina 

Crucible) tfldu fl~~~u w~d m~ bf1r~iiu1uda~ifl~ 12 ndu ~lu~mlm~e~szq~ui 

~ U W  LW~UR?O~~ 18 



v 

mslr 18 u(lna~lfmn'r~in'mz(iju7n'~ 12 nju ~~vul:rur~~n~tldjlu~u~n~nc 

unnei746u (R. Morrell. 1987 : 3) 

Group 
content, % 

Type of product and 

application 
Porosity 

Finegrained, 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

Grain 

dze" 

I EC 

class 

dense, 

>99.6 

=-99.8 

>99.5 

>99.6 

99-99.6 

96.5-99 

94.5-96.5 

86-94 .S 

80-86*" 

impervious 

fine 

fine- 

medium 

v. fine 

medium 

medium 

fine 

fine 

, - 
fine 

fine 

fine 

materials: 

dosed 

ctosed 

(very low) 

closed 

nominally 

closed 

closed 

closed 

closed 

closed 

closed 

799 

799 

(if gas 

tight) 

799 

795 

786, 795 

786 

780 

Electrical, engineering, 

biomedical 

Translucent materials, high- 

pressure sodium vapour 

lamps, other optical 

aplications 

Hot-pressed, limited 

engineering use. sush as 

machine-tml tips 

'f?ec~ystallized' materials, 

high-temperature uses 

Sintered, general electrical 

and engineering 

SinteM, general electrical 

and engineering 

Sintered, general electdcal 

and engineering 

Sintered, general electrical 

and engineering 

Sintered, general electrical 

and engineering 



Group 

Requiremerrt 

IEC 

dass 

*'2O3 

content, % 

Type of product and 

application 

Fine-to coarsegrained, open-pornus materials: 

A1 0 

A1 1 

A1 2 

Qther type of ceramic" 
Ctitertoin 

Properties: 

Grain 

size" 

Type of high-alumina ceramic* 

Best Alternative Avoid 

Porosity 

>99.6 

90-99.6 

80-90 

Thermal 

Expantion 

Thermal 

conductivity 

Elastic moduli 

A9 (high 

mullite) 

A5 

- 

A5 

A8 

fine 

mame 

fine 

coarse 

medium- 

coarse 

high 

low 

high 

low 

high 

low 

- 

- 

A8-A12 

A1 -A6 

A4,A9- 

A1 2 

A1-A7 

m 

m 

At,A2, 

A3 

A8-A12 

A1-A3 

A9-A12 

open 

open 

open 

ZQ, forstetite. glass- 

ceramics 

Cordierite, SIC, Si,N,, 

mullite, glassceramics 

BeO, Sic, WC 

ZrO,, most slicates 

SiC,WC 

ZQ, most silicates 

530 I?) 

530(?) 

530(?) 

Sintered. refractory material, 

finegrained versions have 

electrical and elwtronic uses 

Sintered. controlled porosity, 

refractory uses, filter media 

Sintered, refractory uses, 

filter media, abrasive media 



Other of ceramic" 

ZrO,, AJ20@0,, HPSN, 

sialons 

Porous alumino-silicates 

Sic, RBSN. some sialons 

Al,O@OZ, ZrO, 

Non-oxides 

SSC, RBSN 

Sic, B4C, SI,N, 

Sic, B4C, Si,N, 

SIC, Si3N4, ZrOs 

Zr02,SiC,Si,N,,WC 

Sic, RHSN, HPSN, glass- 

ceramics, mullite, 

cordieri te 

SIC, RBSN. HPSN, glass- 

ceramics, mullite, 

cordierite 

Requirement 

strength,25*c 

Strength, high 

temperatures 

Fracture 

toughness 

Static Fatigue 

resistance 

C ~ P  

resistance 

Hardness 

Wear 

resistance 

Thermal 

shock 

resistance 

Thermal 

shock 

resistance 

Critertoin 

high 

low 

high 

high 

high 

high 

high 

abrasion 

sliding 

impact 

high 

high 

Type of high-alumina ceramic' 

Best 

Al,A3 

A1 0- 

A1 2 

AI-A4 

Al, A3 

A1 

A2, A4 

A143 

most 

Al, A5- 

A7 

A1. AS- 

A7 

m 

M 

Alternative 

A5 

A5 

A7 (1) 

A2, A3 

A5 

A5 

A8 

- 

Avoid 

A4, A8- 

A12 

A1 -A9 

A7-A9 

A7 (2) 

A6-A9 

A8. A9 

A4, A9- 

A1 2 

A7(2) 



Other type of ceramic" 

Sic, TiO,,"" WC, some 

glass, cadmn 

TiO,, titanates 

Silicates 

Be0 

Be0 

ReO, porcelains 

Glasses, sapphire, glass- 

ceramics, quartz 

- 

RBSC, SSC 

SSC, some zirconias 

ZrO,, Tho,, carbon 

Cabon 

Requirement 

Permittivity 

Dielectric loss 

Dielectric loss 

Dielectric 

breakdown 

resistance 

Translucence 

Coloration 

Corrosion 

resistance 

Critertoin 

low 

high 

low 

low 

low 

high 

acids 

alkalis 

reactive 

metals 

hot 

gases 

melts 

Type of hig h-alumina ceramic' 

Best 

Al,A5 

M,A9 

A1 , A2, 

A5 

A1 , A2, 

A5 

Al,A2 

A2 

A6-A9 

A1, A2. 

A7 (2) 

+ 

A4 (for 

some) 

A1 , A2, 

A4 

Al, A4 

Alternative 

A9 

- 

- - 

A6 

A6 

A5-A9 

- 

* 

A1, A2 

A1 0-A1 2 

- 

- 

Avoid 

A1 -A8 

A8, A9 

A1 -A7 

MA9 

A8-A9 

A4 

most 

A1 

many 

most 

A6, A7 

A649 

most 



2. u~~n'cu~gdr~ (Mullfie Porcelain Ware) r~uu~nn'Eun~ijfiids=:nrnun67u 
A 

n'Y%a2iullu8 io 3AI,O,. 2Si4 alu~ponuna~uhu~qaua=:n~~~'an~%da~~wd~~qflb~~~ 
Y 

Km'eBw5i 4~469 1s0o aPfinradtdubJ r%uwmkq~u~nnh r 7~ aqmrmciua iaeu 

~ ~ UI H ~ A H ~ Q ~ ~ U R Z ~ ~ U ~ ~ ~ ~ Z ~ L ~ ~ Q (Centifugal) H&I WI (Crucible) gdnfia~M@ 

n7~luim7ku7 (Thermocouple Insulation) L~&U 

3. unumasseqiiuilur~hl gad (Rhodes. 1972 : 65) nti?si?ereGw 

iin~~ud~K~iytu~rriieu~iim~~qn~Gm sriir~iusLn~suuiin~ri~iud1~Lf;w4Lin~~u ~mqzl4 

~ ~ ~ ~ ~ ~ ~ L ~ ~ ~ ~ ~ ~ ~ ~ L ~ u R ~ ~ u u ~ ~ ~ c B ~ ~ I I  d~uaz~su%inr~i~n~o~~~u"pekw~4F7~u~n 

b u~z~n~.1m.~i1un~~'t~11=:~~u~'I~~~0~~tldu1nl~n~~'~~=:d~1~h1u"~m~1~~3sy~~~ 
* 

w8 mtinl:~ rd~ud~l~~iimril~~~u~~u (Matt Glazes) d~u~~dcniieu~uir?l?riuuu aq iiul 
* 

~~~~iluwin~u~r m~~~~~w'~~~~~w~d~~~~w~un::~~~'~u'~~u~dari~~a~~~fi~ uonwnirk 
Y 

.d?s~h~nmuuiaunk dwarilqjmnvmu ui~m4jk$unrien~nZm~'1~3m~muInh'~u 

4. u~Y?(I.BJBz~Jw~u~~~~%@ (Stain) bo~~ld1ci~hfllsrag2u~~~n 

nld~laa (Spinel) d~~flmmd~nau RO. %O, *~miaR'nhndu 4% uemm Sb203. B,O, 

Requirement 
Critertoin 

Processing characteristics: 

Type of high-alumina ceramic" 

Best Alternative Avdd 

Size 

Green shape 

Complexity 

Grindability 

Metallizing 

Costlunit 

(Met type of ceramic" 

large 

small 

good 

good 

good . 

A7-A12 

. A6 

A6 

A7-A9 

A4-A6 

most 

A7-A9 

A749 

AI,A5. 

A6 

A143 

A1-A5 

Al, A3 

A3,A4, 

A1 0-A1 2 

low 

Porcelains 

- 

Steatites,?orcelains 

A1 -A3 

A7-A9 

- 



5.1 m~~viil~lfi (Water A~SOMO~) n~trJn4u~i~ilucludd~~~tll~Lmnmui~ do 
Y Y 

iirrdrniw44& rwltu2iqmqn hv%b riH'i~lu'~mG~~m~Ui~tl~tb rua~uhi~ rrq n 

wiggi;lriwk (~lifmhs and ~adod. 1965 : 38) r& slsurnq~ (2538 : 18) ntimil 
3 Y 

~~~~nrsamt~r~u~~~=:~~.sr'sa~'~~~7~11~~~~a~ ~u~uinn'mn' luniqm~ubrr?n &I 



oq.rqraRkrioclni7dn% (Nelson. 1984 : I 3) ~n?rnri~mw~~~~~~~~n~~~w~ rilU 

&d (Rhodes. 1974 : 31 1) 



I. niusi?sdw nqunieci?saflun?oi~a~i-d hwln m~ui~uu~wrw 

(Purposive sampling) iiuw 21 hadw wn& d?ura~~zqhim~17~n~ (AI,O, : Sio,) 

K4Fl1974 20 



2.4 munu Thermal Shock 

2.5 ddn'r~~~'lun~dmqcuu~ii 

3.1.3 nm PR Type R 

3.1.4 ~U~R~BUID/ 

3.2.3 W ~ J  MOR 

Y 4 
iumaun 5 d~nmuqm Thermocouple Pyrorneter 



5.1 n?m~r~?n~~~~l~a#~491n~u1(~iring Shrinkage or Burning Shrinkage) 
4 Y 

I~~ni~~i&o~n'~n~pu~di~~~uu~R'~~~u~~ ~~~sl~~ m~ u~~~ m~~~~ m~a w~ u~ & u L~ U 

-u A 
~ans~t1a~'LH'ro7nm~i~~~~~=:~h~~uu1111~0~~imn'~n'~ri~'kr ~J~ZGIUI~U~~~WI~IU 

ktnw ks14~mK-ad 

Rhoder. 1972 : 200) 

ka m = ~~R?~UU;JUN (MOR) fi~~a~~~ufihnhlm1ns~~~ww~ (kg./cm2) 

.. 
5.4 aaqunu Thermal Shock ~ ~ ~ ~ ~ ~ ~ P I ~ ~ ~ ~ W ~ L ~ M ~ S ~ W ~ ~ . B ~ ~ J ~ ~ ~ ~ X T ~ M ~ U  

riom~~d~oud~s~~w~ijmd~~nmhr~:~%rsi 



5.5 d%3n3rmn'Lurn&~?~uw~ij ~~~nn~~mi&n6=~d~4~~~~1~=:auq7n 

n14;i~~m~~ u6abuldm~flu Tube dmau6umnm PR ~fiqhhi&~&u:: hnlraov 

L~EIUh ~~%.'mia~u~~~1~1ud~1rn~h m0c i ~ k b 4  URr && I ~O"C fhkh4 

Irncll4~manraP~luu~~u~~~~an'uum=:~~u~d~c~~an'u .ri~n~rGu~nrr~n~simq~u~i 
w 

yn 7 IO'C &fiu~n64ueiqmv~ 600 "C - 1300 OC 











(Purposive sampling) huru 21 h d ~  ~~nkdau~m~ecpDu~i~7tn~ (&,O, : SiO,) 

3. Kwdsf/3nlrq nq5<u~!~&ri~n~lmsilnwh~rlm~nqmfiuu7n74n~~n~w 

d~~e~~e~riun~~?'~~ m~~ij iia 

3.4 naqunu Thermal Shock 
.< 

3.5 Ilx3nSwn\un~oi.g mapii 

4. I. 1 5wqa 

4.1.2 mzgijw 

4.1.3 flam PR Type R 

4. I .4 drarlnwtmef 



4.1.5 l'"lslg~~~~7~g~7~ 

4.2 ?dn& Gufi n?nfldn'~~miind mwhsmmsd ma. kd 

4.2.2 M~M$NH@?~ 1700 OC 

4.2.3 MOR 

4.2.4 M~ W~~NU Q~ 1300 'C 

t: 
5. nu~oun7G19'a 

a" 45 " Y uuun~si~r5un~m~3ta urwaww 
Y *  

iumrmeud I ri~u~nrd~w*u~m rl~~~~~~~~~~u~~~~il~ w'~ 2 1 kedw 

isud 2 iwn~qurrarr 

iumud 3 iuflaim~tu~n' 

iUfliY8d 4 L~~-mmtl~um--l4"l"n~w 
Y d 
aiiwaun 5 d~ns~~sl Thermocouple Pyrometer 
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mw~~fmy 1 I qn~~anrnfi mqq~1~~flfl~d~~nhfla Thermocouple 
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