THOD AND APPARATUS FOR | DENTI FYI NG MATERI ALS Thi s I nvention rel ates
et hod and apparatus for identifying materials by obtaining a neasui?ﬂéiiﬂ
G

it thermal conductivities and nore nore particularly, but not -

excl usively, for identifying genstones which nay only 5 be supplied in

very small sanples. Methods and apparatus.for identifying materials such as
genst ones by neans of their thermal conduttévities have been previously .
proposed. Such apparatus has been either |arge and expensive or somewhat {T

crude and cunber sone, ot ¥ a L n

I denti fying such rrat'er?@ﬂ?]og’s %@vﬁ%@ﬁﬁér@%@%ﬁﬁ@%@ﬁﬂﬂmﬂ to
be particularly small. Although certain of the prior patent specifications
inthis field nakeThiggdsivearsiom relatésntooaanephiodg ande apfparatus for
specifically disclosed apparatus for use in relation to small sanple sizes,
none of these pdepsddlysing mabarialarby eethaindapt ad megsunte Purgetrand it
is an object of the present invention to_provide inprovenents in this
respect. Accor 8hagmed cenduniekitiphes haR@ MOTEr BPEGe PaF HRTHAKF 1) Pakd
apparatus for use in identifﬁﬁn materials such as genstones, .as definfd in

31 %3

t he acconpanyi R§tceFciysiyg U et BENEHPRLRIUT RS St IGh (TRY PRI ¥,

as an .5 be supplied in very small samples.

Methods and apparatus for identifying materials such as
gemstones by means of their thermal conductivities have
been pfeviousiy proposed, Such apparatus has been either
large and expensi§e or somewhat crude and cumbersome, and

10 not particularly well adapted for use.in identifying such
materials as gemstohes‘whe:é-the sample size is likely to
be particularly small. |

Although certain of the prior patent specifications in
this field make suggestions in reiatién to adapting the

15 specifically disclosed apparatus for use in relation to
small sample sizes, none of these proposals is particularly
well adapted fbr the pufpose and it is an object of the
present ihvention to provide improvements in this respect.

‘According to the invention there is provided a method

20 and apparatus for use in identifying materials such as
gemstones, as defined in the accompanying claims,

During use of apparatus as defined in the claims, as an



-2- appyoxi mation, the maxi mumtenperature difference between the
~ ot her pcoupl e junctions, is determ ned by the ratio of the thernal
{ %of ¥He branch or el ement of the thernocouple between the junctions to 5
- -the.thermal resistance of the interface between the contacting junction and

the material to be assessed or distLaguished. The latter thermal resistance

I s=a function of the thermal conductrvity of the material under test’

provi ded. t hat

the area of contact is 10 substantially constant in all

tgsts made with the apparatus. In an enbodi nent of the apparatus or

conpar at or of
t her nocoupl e

héaﬂ;,&%éi‘fﬁaiieﬁ; %ﬂg ABQA ull 2RHDVa tIRATRILF B rd e

copper w re-of about 15 0.3 mm di anet er

een a plrece o

and about 1 crad#vé&nothe tﬁérfn@&bugﬁ.et HenlciaoMc aupl & teenDeesi Byed of

constantan wires of about ‘the same _ ( es _
" been coil ed toshe ovhtlecaogpthagtharndd Fe@idsarddeoftmdata@dcimornt er nal -

ianeter. The constantan wires have

di aneter. The: copper wre has 20 been all owed to project beyond the

const ant an at dlem¢mhcof obhbeltdeagaicosiplishdeimenn athd ojurechbssrsséd so t hat

the interface has al ways been between copper and' the test material. It

has been Sarr antkel thernsherasdstense oy dnentingeifince thetwpennghen naki ng

contact 25

al ways has the sane value. |In one arrangenent the whol e

 devi ce has beetombtaebingndunshdead andorihen@aterial to be assessed

10

15

20

or'distinguished. The latter thermal resistance is
a function of the thermal conductivity of the material
under test provided that the area of contact is

substantially constant in all tests made with the

" apparatus.

In an embodiment of the apparatus or comparator

of the invention, the short branch or_elemént of the

thermocouple has been a piece'of copper wire of atout
0.3 m@ diameter and abdut 1 cm in length, the rest of
the thermocouple has consisted'of'constﬁntan wires of
about ﬁhe same diameter. The constantan wires have
been coiled to provide a spring inside a glass tube
of zbout 3 mm internal diametér.' The copper wire has

béeniallowed to project beyond the qonstantan at the

junction held against thé_méterial.to be assessed so

: that_the interface hes alﬁﬁys been between copper and '

25

.thé-test material. It has been arranged that the

amount of movement against the spring 6nﬂmaking contact
always has the sasme value. In one ._arrange',ment the
whole device has been heated and removed from the

source of heat before placihg thé Junction in contact

=

resi st anc 1%
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sousce of heat before placing the junction in contact

‘| ghial® . The resultant e.mf. depends on the thermal. conductivity of‘;ﬂe

- “Jmaterial. Additionally, where the contacting junction-has a | ow _

N capitance the conparator is particularly suited 5 for assessing
. sanples of material. |In another arrangenent the junction renote from - .
the test material has been continuousl y=Beated by neans of a snall v
el ectrical heater. - Use of apparatus of this.invention is nost 10 o

beni ficial in distinguishing dianmond from other genstones, which other géﬂi'"
have a simlarly cubic structure_and a closely approximating refractive
index to that ofwiditartinel nateriakal uBBSoreshd teRds Sl T it $eSrde in

15 that it entails the non-destructive ass anﬁ%%Of sgﬂﬁlgf whi ch ‘may
only be avail abltthexsthargaknpfPRdyrptyd tyarte iR BTt hvention

U] o be descia 2ed IR, OLniaTihe, Mol LSRR OMISED o gy, o
ther el Co”pa“”éﬁeﬁﬁﬁ?fgéﬁitéﬂcgc%%éd%%%%£¥£¥ké'¥%FHé%%%%ularly suited
5 for assessihg.small samples of materiasl. In another
arrangement the Jjunction remote from the,tegﬁ material
hés been continuously heated by means of a small
electrical heater.
| Use of apparatus of this_invention'is most
10 benificial ih diStinguiShing'diamond from other
gemstones, which other gems have é Similérly cubié
structure and a closely approximatiﬁg refractive index
to that of diamond. o | >
ther values of the present invention residg in
15  that it entails the non—deStrugtive aséessment of
samples'whiéh may ﬁnly be évailable as very small
samples. | . |
An embodiment of the invention wiil'now be
" described by way of examéle with'reference to the'
20. 'accompanyiné drawings, in which:- |
Pig. 1 is a schematic sectional view of thermal’
comparator épparatus in accordsnce with the preSent
ihvention; and | -
" Pig. 2 is a graph showing the variéti§n of
25 ' thermoelectric e.m.f. with time in relation to various
gemstones as Seﬁsed by the cbmparator.of Pig. 1.

In the comparator apparatus as shown in Fig. 1,
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|nveht|on and Fig. 2 s a graph showing the variation of 25
therﬁ9€1ectr|c e.mf. wth tine in relation to various genstones as sensed

by t e conparator of Fig. 1. In the conparator apparatus as shown in Fig.
1, - . .thernmocoupl e junctions are forned between a pair of primary
thegnncouple.elenents in the form of-l¢v0 | engt hs of .enanel |l ed constantan
wire 10 of 0.46 nmdianeter, and a secondary thernocouple elenent in the 5
formof a short (10 nmm) piece of copper wire 11 O 0.22 nm di aneter
connéct ed between el ements 10. A contact in the formof a conical copper
head 12, of sohbﬂﬂ@@cpﬁ§§etﬁamcﬁhﬂmﬁ(anﬂnaﬂﬂaﬂﬁeb¢§V%©ﬂdérE€1Fo°fhe | ower
thernDcoupIe junction. The copper -.wire 11 and the two

t her nocoupl e JEH&@PSﬁSt§P€QQQQ§QL$z?hﬁm9%ﬂ$d@ﬂtﬁ%% berg| @EvEWe3, which can

slide in a gla unting tube . The constantan wires_10 are cenented at
15 to the insigﬁnggnanggeﬁ&a@FQiﬁggﬁ%ﬁﬁ;%%ﬁﬁ?eﬁkF?ak@ afsgrﬁalmﬂorn115

over part of t

h f th f
the. ot her endggFthg Iggg'}ue %éb%ﬁﬁiég$ﬁhn%%taf%T?ﬁ [gtg§gpﬁlsrom
amount when thg,devie a' Shidh etss(e,q) W r}?fec?e hgsd ér%é@cwireuﬁ gs a

genstone
0,22 mm dlameter connected tetween elements 10. &

contact in the fcrm of a-cqnlcal copper head 12, of
somewhat less than 1 cubic mm volﬁme, is soldered to
the.lower-thermcccuple junctioﬁ. |
10 * The copper wire 11 and the two thermocouple
Junctlons are held in a PVC slide tube or sleeve 13,
which can slide in a glaSs.mounting tube. 14. The
constantan wires jO.are ceﬁenﬁed at 15 to the.inside
| cf one end of the glass tuﬁe and take a spiral }orm
15 over part of their length; The point of the copper )

head 12 pfotrudes from the other end of the glass

r]

tube.1u by sbout 1 mm, but. et acts oy this amount
when the device'is preseed égainst a hard surfece,
such as a gemstone. |
20 During test work the'free ends 10" of’fhe _
constantan wires 16 were coﬁnected.(via copper
junctions at the same'tempereture) to a digital
milldiltmeter (not.shownjé en ‘instrument having a
| limit of resclufion_oflnot more than about 100 uV was
25  used. B
| .ihe_comparatcr apparafus.was first placed in an

environment at a 3pecific elevated temperature. In
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Durlng test mork the free ends 10 of the constantan wiress 10
e connected (via copper. junctions at the sane tenperature) to a digi*al
l'ivoltneter (not shown); an instrunent _having a limt of resol ution of .
nore than about 100 [err]V wa s 25 used. The conparator apparat us '
was first placed in an environnent at a specific elevated tenperature. In
-5- one exanple a test tube resting iasa beaker of boiling water was useq
and it was found that the conparator reached equilibriumwth its
surroundi ngs. after two m nutes. The apparatus was then lifted fromthe té&?
5 . tube and the copper contact 12 was pressed agai nst a genstone and ‘the-
maxi mum e. m f. rorg sheampildyat hesti thbsoressing vids o &anirl. of Helldrd of
“change of eemf. with tinme is perhaps a nore sensitive neasure of the
‘thermal conduct iwdter was wsedparhfuitewssi foupd thad dehg eFORRABRERTF i ne.
The tabl e bel ow sunmari ses the val ues that were obtalned W var| ous
di fferent genst areachedvearibiyrinBHadhgd s SHgnowybdl ei%era t°cubi ¢
zirconia invariably gave the smal 'est. The vari ati_on, of time

~was observed 15 minykese aIHeKRPBAFRT Wp@a%m%t%ﬁ%dﬁ?mlﬁgﬁoggst

5 tube and the copper contact 12 was pressed against a

gemstone.end the maximum e.m.f. registered by ihe'
hillivoltmeter was recorded. 'The rate of change of
e.m.f.lwith_ﬁime is perhapS-e more sensitive neasure
of the thermal conductivity, but fhe makiﬁum e.m.f.

10 1s easier to determine. . The table below.suﬁmarises
‘the values that were obtalned with varlous different
gemstones. Invarlably dlamond gave the largest e.m.f..

~and cubic zirconia 1nvar1ably gave the smallest.'
The varlatlon of e.m.fs w1th tlme was observed

15' using a Tektronix TJpe 7623A storage oscilloscope
“with a plug-ln amplifler Type 7A22, The behaviour of
some of the gemstones and of a piece of glass'is shown _
in Fig. 2. It is noted that there is very little
deveiopment of the e.m.f. while the comparator is

20 .being transferred from the boiling water to the

| material'to be tested. Furthermore, the rapid rise
of e.n.f. when contact is made with the.sample is
usually followed by a rather slow decrease.' It is
-thought that the maximum e.m.f. should correspond qulte

25 closely to the value that could be expected if the

bulk of the gemstone were contlnually malntained at

-room temoerature and the remote thernocouple junection



with*a plug-in amplifier Type 7A22. The behaviour of sone of the gemstone ]
and gp®a piece of .glass i's shown in Fig. 2. It is noted that there is very
littte devel opnent ~of the e.mf. while the conmparator is 20 belng
transferred fromthe boiling wat er tqsthe material to be tested.’

Furthernore, the rapid rise of e.mf> When contact is nade with the sanple

I stusual Iy followed by a rather slow decrease. It is thought that the
maximum e. mf. shoul d correspond quite 25 closely to the val ue that

could be expecigtiel il %#ﬂ&d"é t@g@ggggf?g%fasgnghau@mfiawt ai ned

- at roomterrperat ure an reno unc - 6-

mai nt ai ned at %& 1#'@ P‘ﬂern%rk ﬁggr‘lf,gwe tﬁﬁg@tﬂ Ll J. Sci.

Instrum 39, 5 resi stanc e“constriction, it was
found that theﬂneeﬂéfsﬂ@yfeﬁéHEéSéfniben&Bnatfea%@eabl@t5was\ﬂﬂuﬁafor the .

contact radius of about 0.01mm TABLE. Maximume. mf. from Ther mal
Conpar ator Sanplat the resulfew@re condR¥LaHE Rifhf o PaGurlld vity
*WnKk . Mean Range of 5 readings D anond | 990 2320.

1.56 1.4% - 1v&iuk0 for Gheinchmtact radi@a- 38 sbout 0.01mm.. 1.19 1.07 -
1. 27 (synthetjrc)

TABLIE. Maximum'e.mif. from Thermai Comuarator

Sample Thermal : © Maximum e.m.f. mV

Conductivity*F/mK Mean Range of 5 readings

Diamond 990-2320 1.56 1.47 - 1.63
10  Corundum 32-35 1.19 1,07 - 1.27

(synthetic)

Topaz 19 | 1.01 0.97 - 1.06

zircon  hat = 4.2 0,99 0.97 = 1.04

Spinel 12 . 0.83 O.7h - 0.96 =

15 (synthetic) | |

et | 0.75 0.70 - 0.80

Quartz 5.9 - 11 _ o.'75 0.67 - 0.82

asatt . o 0.62 0.58 - 0.65

Cubic zircenia - : 0.50 0,45 - 0,53
20 * Values near moom temperature from CRC "Handbook of

Chemistry and Phy31cs" 57tz Edition 1976-7.
4+ Yttrium alumlnlum garnet | '

++ Gadolinium germanium garnet

The heat source for the thermocouple wires may

25 take_the form of an electrical resistance element
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19 1.01 0.97 - 1. 06 Zircon,

4.2 0.99 0.97 1.04 Spinel 12 ' .
0.74 - 0.96 15- (synthetic) YAGH _ ) g e
0.70 - 0.80 Quartz , 59 - 11 N 0.75 0.67 - 0.82

( . 0.62 0.58 - 0.65 Cubic zirconia i
0.50 0.45 - 0.53 20 * Val ues near +pemtenperature from CRC "Handbook .
of Chemi stry and Physics" 57th Edition 1976-7. + Yttrium al um ni um gar net A
++ Gadol i ni um ger mani um garnet The heat source for the thernocouple wires
may 25 take the formof an electrical resistance el enent -7- cenente
to the wires. A rsesisstted teatke Wwhyese eAprepdstiiveadwiatiesh may &€ i nst ead
of .indirect heating as described in the enbodi nent. Further, -the heating of
\a branch or el em@mplAyesl in(sddihiphosBupFe ngiesd Sloiinideat ¢ he centre
of the branch rather t han at _the iunctlon If the heater circuit is

provided it nmay iNFHYIRE A% AEBEHEPERgIBe P @E G MED e conpar at or

reaches its OperatlngSﬁongééé?ntﬁenBeatagge%¥a%?%%anch or element of

5 the thermocouple may be prov1ded at the centre of the
branch rather than at the junction. If the heater
.éircuit is provided it may incorporate a boosting
device so that'the'comparator'reaches itéloyerating.
condition almost immediately.

10 The contact head 12 of the comparator may be of
materials other than copper and may,.fqr example, be
of gold, glatinuﬁ or other materialé which may be mqre.

Suited_to particuiar applications of the invention.
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thangﬁﬁpper and may, for exanple, be of gol d-—ptattnumror other material s

whi ch may
8- CLAI ME:
genst ones,
junctions

The contact head 12 of the conparator may be of nmaterials other

be nore suited to particular applic _ ygent i on.

1 Apparatus for use in |dent|fym WEI“M““;E h as

sai d apparatus conprising a thernoceupcte taw ng t Rer nocoupl e
between dissimlar. netals, one of the junctions of the

@

t her nrocoupl e having a contact 5 assecBaPed therewith for engagenent with a

matefial to be tested whereby nonitoring the thernoel ectric e.mf.

the jrunctions of the . thernpcouple after making such engagerment with a.
mat eri al tQLAMIested foll owi ng heating the thernocoupl e praovides

identification data relating to 10 .the material under test, said contact

being in the formof a head secured to said one of the thernncouple

junctions,
resilient

cont act ceﬁ?%%t%?%§seﬂaa@aﬁﬂgﬁr

retract a
“the resili

10

15

20

t hel headPPRIFAEUE GBFUNBSOLN ddentidy 1o9e Medsrdaks ISUah ras

bet ween

nmeans and a stop belngtaSSOC|ated w th said contact whereby the”™

Hét EPPRIF1E3NG: & O FFQCA PR A to

edetern1fed di st ance geflned %y sai d stop %%_lnst t he ctlon of

TRRANGP-2 3““‘Abb8f‘it STHEEDr Giktg A erth

the junctlons of the thermocouple having a contact
assoc1ated therewith for engagement with a materlal to be
tested whereby monitoring the thermoelectrlc e.m.£. between
the junctions of the thermocouple after making such
engagement:with a material to be tested following heating
the thermocouple prov1des 1dent1f1cat10n data relatlng to
the material under test, sald contact being in the form of
a head secured to said one of the thermocouple'junctions,
the head having a volume of less than one cubic millimetre,

resilient means and a stop being associated with said

contact whereby the contact can be pressed against a'material

to be tested and caused to retract a predetermined

distance deflned by said stop agalnst the action of the

resilient means.

2 . Apparatus according to claim 1 wherein said
resilient means is provided by a coiled electrical conductor

which acts as a spring.

3 Apparatus accordlng to claim 2 whereln reslllent

" means in the form of a c01led electrical conductor is

provided in both of the electrlcal connections to the

thermocouple.



- mounted on a slidé

mgdi | i ent neans is provided by a coiled electrical conductor’ 20 whi ch*-gct s

a spring. 3 Apparatus according to claim?2 wherein resilient neahé,in}
the . formof a coiled e ' onductor i's provided in both of the

is itself sl9dably received in an outer /&

el ectrical cogn ' her nmocoupl e. . 4 Appar atus according to-
any one of the n” | wherein said thernocouple junctions are _
menoer i
nounting nenber. - 5 5 Appar atus according to claim4 wherein sakﬂ)'
slide nenber and said nounting nenber dare poth in the formof tubes. 6
Apparatus according to claim5 wherein sajd slide nenber congrises a tube
S

of PVC and said nountli ng ARRSERHHF aSFRFTRE Ot dRegPhssherpreceding -

X Jounti ng AR 7 % W1BE eRogPasinerbreceding
oL 1 'ar "ot al € BR o et oR LS. uRariPne aBeoraingBoon

f th di 15 cl ai ns. I S| | | cal ' .
Re%oci at od wi th En@ T ASISUH G ncEs et Sohbat Lsgnpey. coceToRg In.cn;

according to any one of . ' claims in_conbination with voltage

5 S5 - Apparatus according to claim 4 wherein said slide
member and said mouﬁting member are both in the form of

tubes.,

6 'Apparatus according'to claim 5 wherein said slide
member comprises a tube of PVC and said mounting member

10 comprises a- tube of glass.

7  Apparatus according to any one of the preceding
claims wherein said two dissimilar metals'are copper and

constantan.

8 Apparatus according to any one of the preceding.
15 claims comprising an electrical resistor associated with

_the'thermocouple to act as a heat source,

9 _ Apparatus according to any one of the preceding
claims in combination with voltage detecting apparatus

capable of detecting thermoelectric e.m.f.'s.

20 ' 10 Apparatus for identifying materials .such as

genstones sﬁbstantially_as described herein with reference

. )



capébl' f detecting thernoelectric e.mf.'s. 20 10  Apparatus for

i denti€¥Vying materials .such as genstones substantially as described herein
wi'th reference- -10- to the acconpanying drawings. 11 A nethod of

identifying materials such as genstones by use of apparatus according to
claim1, the nethod conprising the step®of heating the thernocouple,
bri-ggi ng the contact 5 into engagement Mith a material to be tested,
pressing the contact against the naterial so as to cause the contact to
ref\cact a predetermined distance defined by said stop against the action of

the resilient ans, and nnnitoring,the t hernoel ectric e.mf. between the
junctions o° tHe IFTHRRIE LD @raFhBIBext of the specification has been

reproduced by photocopying the applicants original typescript. It may
contain a few anendnents which are difficult to read. The original

typescript contal ning fOeREa BENIHBRL L TTKo R k228814 0uR LI° JURESES
by use of apparatus according.to cléim 1, the-method comprising
the step of heating the thermocouple, bringing the coﬁtact |
5 into engagement with a material to be tested, pressing the
contaét against the material SO as to cause the contact to
retract a predetermined'disténce defined by said stop.
against the.action 6£ the resilient means, and monitoring

the thermoelectrid e.m.f. between the junctions of the

10 thermocouple.

The text of the specification has: been regfoduced by photocopying +the applicants original
typesczipt. I% may contain a fow amendments which are difficult to read.,  The original
typescript containing these amendments may be inspected on the premises of the Patent Office
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