
He point.: out that i » ir usual to replot the 

rerultn of D.T.A. thermo jr. ims in order to obtain 

different i .1 temperature net sample temperature 

The temperature-me .-uring couple i:- usually 

i o: i ti.oned in the inert sample, in which case it 

fori.u-. j” . 1 ■ of • he diiTerenti tl thermocouple, alter­

nate - of the differential and furnace 

temper u r ; ;ei:u; c: -lined by some switching device 

A1 tern.- t vely, tne : e:; nerature-measuring couple is 

posii.oned : n * separate container filled with an 

iner ■ ■ ? erial.

x ....;• couple h . • :r o ' of ..-en teen constructed 

fro l a  inn: - er * . 1 tinum - 15/i rhodium v/ire 

:• :n • j • . r, 1 . e. .f. of thin material is no 

dis ..av n.f. :e for : empemture me inurement and it is 

v..rv a n . t: 1 e . ‘.Vher ro; ortional control is used 

:'or the r :e o:' tern;. uro change of the furnace, 

thi. eovple ir. used a. the detector.

( c ) l i c v t m ;  P ^ograr.me -Jontrolle- .

Many w'-.rkerr. haye stressed the importance of a

in:: or.:, r e o: nev.r. or .rear te D.T.Ji. work,

( t' ? )
.tl though P. rk and flamer / state:-

"The heating rate ir critical only in the sense 

th.. * . ; ..as. to be the .-..me from run to run in a

■ive.’. Ini'Or tory........ 1 rtr.ii,'ht line heating

cur-.- ir i ref erred for it is easier to report, 

iltbou .. liy -i i not n requirement for

good remit,:-. providing whatever heating pattern 

' ■ u. od lw IV. e t ! t.i v e . " (Pa “e 170).

Mackenzie ̂ “  ̂ and Vebb ’  ̂ ;ive with the above state­

ment, : nd th i,■ seems to ape_y especially when we are

• ’ rested in only a limited temperature r. nge*

- 36 -
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Methods ol' fu ulatin/' tj.e ie .tin/' rat<2 have v a r i e d  

froi L f  to fully a u t o m a t i c #  T h e

most {'simple* mo ;0 d 1 - to .djust the power i n p u t  i n t o  t h e  

f u n  ico from to time, but thin is not very s a t i s ­

f y .  A  ommon me ;hod is to use a m o t o r  d r i v e n

v a n  . ble tr •. -former vaisi reaser the v o l t a  .e a p p l i v  1 

t o  the furn •. .. r determined rata. T h i s

i.s fairly sat:1; factory up lo .bout 9 C 0 ° C .  i f  the v o l t a g e  

supply i:. s' abilized and the heating element is n o t  o f  

platinum, whoso resi: tance does not increase l i n e a r l y

. thod Is that which

employ. M e  ac mail furnace temperature to control the

tred either by a  o f  

proportionally controllii: the average p o w e r  i n p u t  t o  

the fira.ee, or else by a; lying a fixed v o l t a g e  t o  t h e

. ii re sing periods* The d a n g e r

thal hey will c m se A.C. pickup 

by t ■: j  d if fere?, i - .1 thermo-oouj lo to interfere w i t h

jert >s of recording equipment.

:>Pw-:al ;,rec • : * Lons must be ido.'ted to avoid such 

. . okuj .

P r o  : r - e  c o r .  t r o l l  i n .  *• n i i p m e n t  o f  t h e  m o t o r  d r i v e n

Berke3 er 

M e r . j e n t  ; r  a d  . S a n t o s ^  \  G r i m ^ 1 '  ̂ a r .d  P a s k  a n d

(»' 6 )

W - . r n o r  , .vac s . ,  ! • f u l l y  ■ i t o r .  a  l c  p r o p o r t i o n a l  c o n t r o l  

s y .  t e r n s  w e r e  u s e d  b y  G r u v e i * K e r r  a n d  K u l p ^ ^ ,

Webb' '  v Grimuhaw and R o b e r t s  i n

theJ r re; Ly to discus. Lon 011 this paper s t a t e  ( p a g e  66):- 

"Our own view.- a r c  that even p r o p o r t i o n a l -  

O i i t .rollers tend to produce step-wise h e a t i n g -  

rate. This ever-changing heating r a t e  c a n

/ s e r i o u s l y 4
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; eriously affect the ivc termination of 

, r . . A c Lmportant consideration is

that v> r: il true line ar cn to of the furnace 

t«. mpcr- ture coul i t a anired, ti.j heating rate of 

t:.. • caiman c-'Ji never r». lin ar, by virtue of the
tie 1 La c & •

The c.T.-nt : 1 r air :.ent .• •• amoot? reproducible

by input into the 

used the 

found 

furnace to 

700 C.

( :) I . : r- a: . :i J. a; - __a ■- aacor r .

c observing 

*11 differential

:• In the lust sample.

on a

a v Iv i. : t r a i • a a . i by I. erkolharcerv~ ' .

•

11 • r.ot. worthy Mi .t -.11 the. o workers were making 

,rv ».: on • .. - vary . n  \1 -.ermal effect produced 

«• rr • av-ar ai ai. r : la ar obtained a

i fi • ‘ . a a. ty of a out 100 ;:im, for a pure

• a i . ]> o:' a r . , Vh ; 1 .r.i‘ .aavi and Roberts

0 ,0 1  

A a 1hod for 
r-M«t, in*, ia : photographic

> t i r.

it requires no 

a r.1 tr--.ee obtained simulta­

o Ivi n1 es ar< that it

/is very • • •
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is very cumbersome as it requires a fairly large light­

tight box *nd the record:; hav„ to be processed before

used#

Paust^'^’, Grirn^1 '̂  and Grimsh w .n.i Roberts being 

workers the me1

by far the most fr juent-ly favoured methoa is by

• ■ric :en recorder.

1 i*’•» the very t ig ■ Iv. ntage th: - the r-.cord can be watched 

wnile the thermal r. action a- taking : lace, and adjustments 

f ry •

recorders arc v> ry cacpc ivc, and commercially available

seneil Lvity for small  

. . ry 1 some 

pro-amplication of the 1iff\ rcntial thermal voltage 

•Ly that B.C. microvolt

Le»

. . . .

used by Boersma* ’ Grim( J ' ' , Gruvcr •' ■ 1 . Kerr and Kulp 

rjenberg and van San ten ', Pask and warner \

wet . • . • -•

ment gave a sens It ivity uf two inches at 600°C for a 

ratui rue . 

ty 

I c 1 Lon of 1 cm. for the - - quartz 

nd van in their studies

l ie

b )' tur i i ff r * r> ,

I-aak and 'warner f n.anti on the use of X - Y type 

. . A . . In those a trui

chart 1 . u ! varies; with the rale of temperature change 

in the furnace, true obt

lifferentia3 temperatur n erature curve,

/Kracek
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Kracek leseriK i a special potentiometer system that

■ ■ • . states that temperature

■ . e #03 C were easily detected*

Final choice of the liffjrentif.il temperature 

recording equipment dept . 

but the electronic recorder system seems to be ideal

f V O

for routine w o t k .

a .- . :  v  : T a l a s o r a t o r y

The foregoin*' tiscuasion indicates that the choice of 

the a. * .rutus for • particular ajplication depends as much

results .have been reported for widely different types of 

j juir;:.unt, ■ ni careful control of the experimental techniques 

.r.sloyed in oltainin therno^rams is probably a much more 

significant factor in ie ;;er;::inin,: th j accuracy and 

reproducibility of th results.

. . . . . .

at ] sr. tas jiscusse-d in t ac previ-'uo suction, a brief 

description will Le giver of th*. main features of the 

. iuip-. nt a. . mil., i f r t. pr. s nt work,

(a ) Pescrirticn of Apparatus :

"."r.j ’Di fferential Therm .1 Analysis Apparatus”

(sou Fi . II, 1) .in th Chamb r of Mines Research 

Laboratory was developed solely ior making measurements 

on fairly sm .11 las1 sampl- s containing unknown amounts 

of quartz.

Thu components of the ; | para t us are:-

(i) Two electrical tube furnaces, one with

its, :x i horizont. 1 and the other vertical. 

(See Fi;;: II, 1).

(ii) An A.G. Power supply (220 volts, 50 cycles 

per second) controlled ty a circui.-breaker 

labelled "Mains" (Fig: II, 2).

/(iii) An

(28)
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(iv) 

(v)

(vii)

(viii)

(ix)

An "on-oif" switC'. .or controlling the pow^r 

ly • • rnac . . fun • t elector

■ vitch which iirect;; the ovver to either the

(Fig: II, 2). 

.. twin- • r-Voltmeter. . tl» I .

A "PurnaCv ?ov. . r Control" v ri:-.c by means of 

v-hich * ... ;;ov\or to c iCh furnace can be set at a

• rv. k ■ rminoi value ueii;g the ibove Wattmeter..

furnace. There are two 

; ‘irs c; lea k , • rc I r. : black one of fairly

• r re, bl

:m-_ vho.'e vr'j trading or. :..j consist of strips of

Ehe resiactive

1. .. lders will be described in a later 

(Pigsi II, 3> 4> and 6). 

h wid< rmos flask containing water at

room tempc . top has four

-• let into it. fill

Two of these morci 

tuber form tno cont ctr for the iifferential 

thormocoupl lea is (the thin wire), and the 

other two contacts for the temperature-measuring 

. . 

A ". i■ ;r- " t.r, graduated in

legr . . This instrument is designed

for ■. i 1'. inum versus platinum - 13$ rhodium

. . .

contacts at the back of this meter lead to the 

U-tubei . (Fig; lit 2)*

A ML rtl rup" s1 ibilized D.C. micro-'olt

/amplifier
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amplifer. (Pi^: II, 9)* Its front panel 
embodie 3 meter, an "on-off" switch, a 
'non-lino r-U ne ir-recorder" selector switch 
;i»d •. "iv.: .<>" switch. This has six positions, 
’0, 100; ;?00j 500, 1,000 and 2,000 which 
correspond to the full-scale microvolt 
deflection on the meter with the other switch

Maximum amplifica­
tion (on r it. o >0) 13 200 , jo j. full-scale

. on my range corresponds to an out­
put of 10 millivolts.

(x) A "ou;.vic" 10 rr.illivoll potentiometer recorder 
(Fig; II, 10) for vhich the above instrument 
serves as a jre-amplifier in its "Recorder" 
position. The recorder has three switches 
:r. .rked " a*.. " "motors" uid "test" respec- 

. a .vi tola for the
illmnin . t li rhts in the recorder. The 
ch .r*. speed Co:: be set at 1, 2 .and 3 inches 
,er minute or per hour respectively by means 
of two gears.

(Det li1 . rel ,tave to the maintenance
i.\ : o; r V'. of the above two instruments 
;re iv.-n ir their re si active handbooks). 

(xj ) A !3[' ci .1 • codesi md for the horizontal
(Fit>;: II, 3).

(xi i ) A k.\o! ;:r -eft in the recorder zero. (Fig:
XI, 2).

(>•) Ee .cri [ t j on o i_unplo Jio.1 dor.•.
(i) iiori ;-,oi: t.qi Furn ic-. : (See Figsi II, 3 and 4)

/The
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The oa;..j.lo holder for this furnace consists 

of two cylindric ■! crucibles of 9 ram. height and 

C mm. di i. me ter. These tre located on a platinur.. 
t . '.eplutr which to two wells 1 mm. deep sunk in< o 

it to mcco: ‘ the crucible';. The differential 
taorucoca ■ j • junctions enter through a inch 

di.imetar holes m  th*. ; ■.•.opiate which ire aligned 
with corresponds , holes ii the crucibles. The 

thermceou;le leads are insulated from the base- 

i * . ; i,ch othei by t\,-in-duct

the :aaplt ir. elaj... tubing of t  inch external
. out 2 ram. up into the

cruci ales.
The V :sepl.ite is centrally mounted on a 

. -i jh ii imeter ceramic tube. This extends 
tr:c -ull 1 ." a of the furnace ,-ind is held

jbestc ceraenl end- 
•a. Mr. . .'hia i a in turn held in position in 

tho furnace ;r two knurled nuts.
Th : arr. ace-tempereture thermocouple Junction 

i. loc . • e 1 o;. the floor of the ceramic tube 

in ole tely below the centre of the platinum
fc a- leads from the differential 

i t.:.a;,per : turo-thr rnocoupie emerge from the 

■jaa ice -it. the of the apparatus.

Thi-' end of the holder is protected by a 
cylindrical mot, Li cap (Fir; II, 11) which has to 
he removed in order to remove the sample holder. 

The four leads emerge through a slit in the side 

of this ca] , and .ire admitted to the thermos 

flask, which is in the space belov the vertical 

furnace, through a slot in the door.
/ (ii)



FIGURE II 1J FI Hi,’ACS ..ViH SAiuFLE LDER 
* u i ol'i'l' ?,, {•:[;.l CYLINDRICAL ULTAL CAP



(ii) Vertical Furnace : (See Pigst II, 5 ind 6)
i hi; s. mple holder consi ;ts of a cylindrical 

1 j • 0 . . i:» di a:.eter,
i ' Lch i re sunk two identical wells, S mrn.

d 1 ram. in di uneltr. Two £ inch diameter 
hole • l a  d ui from the base of the block to the 
co* tre o t h e  eases of the two wells; these 

admi; the g inch di jr.eter twin-iuct tnermocouple 

i!:.*ul *ving tul.es wnich c .rry the differential
4 ho ii ocouple wire. . The tubes are cast into 
positi n ry me ins of . di. c of alundum cement 

so th ' their ends a'u flush with the bottcir. of 

. the wells.
alur.dut:. cement disc also holds a third 

an-r;c* tabe .vhic! carries the temper,iture- 
mc .. . ■ n ‘hermocour 1 . This does not extend 

.bov the disc, the-, junction actually lying on 
ti.o di e. All this is supported by a two-inch 
:1i  ̂eter c ,r m.ic tub aid a hollow nickel cylinder 

wi:h u internal flan ,e. The tube is twelve 
inche ■ Ion.;, aid is inserted into the furnace 

froti bo low. It is located by a plate which

1 • j... i *.c ; ■ i. :i"a ■ Tow the furnace. U j *

II, 6) .
Ir e four le-ids issue from the bottom of the 

tube nd pas:; through a slot in the sliding 
plate* Thence they puss directly to the thermos

flask.

Discussion
(a) Furnaces:

A3 already mentioned, an investigation of the
literature did not reveal that either of the systems

/commonly •••
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coniuorilj- ernj loyed, horizontally or vertically mounted
■

ce tubes had distinct advantages over the other.
v. former sy -tem icemed to lend itself more readily 

to convenient mounting of platinum crucibles, and 
rhe latter t u a met il block s imple holder. The 

desire to try ’'nth these types of s.irupia holders 
will be dincu: sed J iter, but it was this that led 
to *i . decision fo build both t horizontal and a 
vertic .1 furi-ice. This lid not add greatly to the 

ppar md there was the chance that
it would greatly Lncr le its v tlue as a research 

tool.
X • ul'i • r ntioned thi.t many alterations were 

u • ■ ■ ..i;:..- nt be .ore it was considered to be

,'fnc n-y. De-ails o i tness will only be given 
.re c..r-,-ii 'itiv 3 thermo rams of some interest are

• . o ->vn. . at

The hori: on t .1 furnace i.' comprised of a core 
n .  lor internal diameter of about 54 mm.

The wall of the core is about 4 mm. thick, >and if iu 
wound with 17 a . i . , ’.. nichrome wire to give a 2,000
watt element. The tube is centered inside a 250 mm.

nt end-

t iucea, ,r.d thi intervening space is filled with

aite. • - " 18 hori ' lly
mounted on the rack whieh ■■ constructed for the

. . . .  : 11' l' Th*
b.ick of the furnace tube is closed by means of an 
end-cover of asbestos cement similar to the one used 
for the sample holier mounting shown in Figs: II, 3 
, ,. This is four inches in diameter and three- 

quarters of an inch thick, and has a i inch internal 
flange which fits snugly into the furnace tube. It



is held in position by two nuts and bolts.
c< core i 450 mm. long, has 

ui internal li iineter of 5b mm. and has grooves of 
v ‘or 1/9 inch on the outside to carry the heating 
element . This c e n s i i o i  approximately 100 turns 

.... re to give a 2,000 watt
i< d by asbest03 cement 

end-pieces which fi t dj rectly into the rack and
. • I holes in them to admit the tube.

At. -aluminium can *50 mm. in diameter surrounds this 
core, th intervening space again . eing filled with

vermiculitt!.
A te" i 1 block is attached to +’ie rack between 

► * •,q ‘urn s ihd the ends o l the heating elements 
c o ’ ' ■ c ’ c i directly to these terminals. A complete

i
ci rcui * di r m far the apparatus will be given in a

It should be noted that these

furn .coa haV* been built to give lon̂ . lile. -he
.... 8( i om exceeds 1,000

watts so they ire being operated v.ell below their
ire has considerably better

temperature properties than nichrome, so should the 

horizontal furnace heating element give trouble, it 

Will be replaced >i this »at< rial*

♦ i ! i t ► r-'ture showed that the A review of the iiteraiuxc-
greatest sensitivity could He obtained with twin 
rl.-ttinum crucibles, but that the greatest repro­
ducibility was likely to he achieved with the use of

The heat of reaction o/ a nickel block holder. ine neau
+ i v: r-:ion is small compared with thatthe quartz invtroion

. i t w is decided to attemptof most thermal reactions so i
/to
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w isis possible, it 
thought v •.t v> r;- • ir> f L lesion would render possible 
improv«. i ,i'-icy oi re3Ult? (with platinum crucible 
sample iioMf.".' compared with those reported by 
the *s • J ■ with Dr.

- jarch Institute ,
C.o.I.R.» x?r- tor , it wao decided to try a nickel 

lolder as m LI. Henpe, a*.’ mentioned
■ x'v v , t vo r te f u m c e  and a ample holder systems

w> r 1 c -t* ■ . and b xi 11.
7t.v' ■■ :. ,v I ecu br efly described in Section 

, ( , no r ’;rrttod in Figs: II , 3 '̂ nd 4 and
Y : II, and 6 respectively. The internal
dimension; of the crucibles and the wells in the

meter of 6 mm.

n a depth of - mm. It should bo mentioned that the 
cruel r les irt mountti so that the dap between them is 
nly 2 mm. .apart. A
tut nick * high thermal conductivity, it tends

to minimise any temparat>ra p l i a n t  that may exist 
betwen tn t. < and inert t amploe duo to any lack 

.

.f.ply in tht c- S'! of the crucibles, no they were
la.

Th, wr.ll thlcknoau of the platinum crucibles is

0.010 inches, their total mass together with
the platinum base plate on to which they fit being

t v of the system is very .75 o:m. , so the heat c;ipa . ■>
small. The base plate has overall dimensions of
36 mm. length by 12. r mm. width by 2 ram. thickn

this  system as compared withThe main feature of tins sy

/similar .••
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