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Synthetic diamonds,
what is in a name ?
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Mrs. Katrien De Corte from Antwerp HRD has given
on synthetic diamonds and natural diamonds.
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WFDB CHARTER ON DISCLOSURE OF SYNTHETIC, TREATED
NATURAL AND NATURAL DIAMONDS DATED 2nd May, 2014
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“rough natural diamonds”, or
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“rough treated natural diamonds”
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“polished natural diamonds”, or
" M CHOOL2 E LEA" EE=

“polished treated natural diamonds”, or
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“rough synthetic diamonds” or

«5kA CIO[O}2C YA L During this presentation focuss on (near-) colourless
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Synthetic diamonds ARE diamonds
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Natural HH

2. What is a synthetic diamond ?
e/drtojotE £t

For the purpose of this presentation the term ’synthetic diamond” equals the terms ‘“Laboratory-created”/

Synthetic &’d
‘Laboratory-grown”/ ‘Lab- grown’. y =S
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Cubic lattice Cubic lattice

» Man-made product that has the same chemical composition, crystal structure, optical and physical
properties as a diamond. Or
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Hardness 10 Hardness 10
4E 10 4= 10
Density 3,51 g/cm3
2= 351 g/cm?3

High thermal conductivity
F2 gHEg

« Man-made reproduction of diamond that has the same chemical composition, crystal structure and
physical properties as its natural counterpart. Or
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Density 3,51 g/cm3
2= 351 g/cm?

High thermal conductivity
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« Synthetic diamonds are man-made, artificially grown crystals. The structural, chemical and physical
properties of artificially produced crystals are identical to those of diamonds.
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Synthetic diamonds DIFFER from Natural diamonds 3. Synthesis
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Natural 8¢ Synthetic £

150 km below the surface
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> 1 billion years

>109 9

Long storage at high Pressure and high Temperature
Qi 7|12k 2 a nehof ofsy

Complex/unique growth Simple/repetitive growth £ . .
=otE n Qs ME Chs /HEELE MA 5 L HPHT synthesis CVD synthesis
> Nitrogen-rich “No” Nitrogen 3 CcVDgrowth HPHT & d'H CVD gt
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Lab

AN

< 50 years (days/weeks/months)

<50 A (Y /F /ML)

“Extremely short” at high Pressure and high Temperature
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3.1 HPHT synthetic diamond £
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3.1 HPHT synthetic diamond
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Pressure (2 2])

Temperature (2 &)

: 55,000 atm
11,400 °C
: graphite (5 ¢)

Starting material (222 %)

Catalyst (Z0 )

: metal solvent (Fe, Ni, Co...)

=580iH (2, L7 REE.)

Cross Section of the Ultrahigh Pressure Apparatus

Pressure
Carbide Piston
Carbide Die - A Carbon Source  Solvent Metal
High Temperature
Temperature
Difference
oy’ (20~50°C)
© .
Gemesis
Low Temperature
Belt press BARS presses
Pressure Medium i g h .
e B Seed Crystal NIMS, Tsukuba, Japan Gemesis, Florida, USA
W )
cater ‘ Sumicrystal Belt press 241 BARS press 24
Pressure Sumitomo NIMS, %%, z%‘HI' Gemesis, Dl%, %Eﬂ El’
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Courtesy of Sunerest Diamonds

Cubic press

Suncrest, Provo, Utah, USA
Cubic press 22|

Suncrest, 0| =, REHZZEE)

3.1 HPHT synthetic diamond-rough

3.1 HPHT synthetic diamond-rough 209 SHMLCIO|ofRE E-QlA
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3.1 HPHT synthetic diamond-polished 3.2 CVD synthetic diamond
N2k e CHojotZ E-LkA CvD & CIO|ot=E

+ Largest HPHT synthetic polished diamond by NDT ~ « NDTAFO|A] A AtEl &[0 F7|o] 121 84 Clo[of=E
10,02 ct emerald cut (32,26 ct rough) 10,02 ct O & E HHE (R}AHA7] 32,26 ct)

E, VS1 E, VS1 Cgasand H,

>1750°C
CVD lab-grown diamond
DT Diamond Substrate
70676
« Production from D to K and from LC to P 800-1300°C 000 e
« Commercial production by Chatham, Lucent, AOTC, Gemesis/Ila Technologies, Taidiam, ... LI
Substrate ,
Z2|o| A KZ2{7HX|, Loupe clean®|X Pique S37HX| 44t ~— _

D =]
o8 MZEHX : Chatham, Lucent, AOTC, Gemesis/Ila Technologies, Taidiam, ...
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3.2 CVD synthetic diamond-rough
CVvD & Cto|otZE-/A

Scio Diamonds

Europe's Europe’s

+H RDAntwerp leading authority in

diamond certification

*H RDAntWerp leading authority in

diamond certification




32 ((;:\\;g Es,_?/gtfé?gllcoflga?ond 3.2 CVD synthetic diamond-polished
= B CvD & CtO|Ot= E-LiA

» Largest CVD synthetic diamond

3,23 ct round brilliant
I-vS2

+ CVD gy Chojot= = 2|0 27

3,23 ct 2t2EEZEAE
I-vs2

* Production from D to K and from LC to P
« Commercial production by Scio Diamonds, Washington Diamonds, Orion PDC diamonds,
Chatham, Pure Grown Diamonds, Diamond Foundry, ...

« DZZ0|A KZ2{7X|, Loupe cleanO|X Pique SE7HX| 444t
4¢8 MZEXN : Scio Diamonds, Washington Diamonds, Orion PDC diamonds, Chatham,
Pure Grown Diamonds, Diamond Foundry, ...

Europe’s
+HRDAntWerP leading authority in

diamond certification

Europe’s

+HRDAntWerp Iead\'gg authority in

diamond certification

4. Treated synthetic diamonds 4. Treated synthetic diamonds
MElg g Chojot2 = Xa| g &M crojoj=c

* Methods to treat synthetic diamonds are similar to methods to treat natural diamonds
g CHO|OFE E & ME|3hs Y2 MY CHO|Ot2 EE MElshs Wt FA
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HRD Antwerp: Lab-grown diamonds are

Treatments to improve clarity “untreated” Lab-grown diamonds +
EH Me 9|8 .
FEE S Sl A (HPHT-) treated Lab- grown diamonds

.

Treatment to improve colour
- Treatments to increase/add colour

- Treatments to decrease colour HRD HEQ|=: HHH0|A dEAIZ] CIO|OIEEE
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5. Growth speed
CER S

HPHT synthesis-NDT: 2 to 3 days for 10 ct (30-50 mg/hour)
NDTAIS] D219 otd: 2~3Y7F 10ct (30-50mg/AlZh)

CVD synthesis-Scio Diamonds: 3 to 4 weeks for 5 ct
Scio DiamondsAte| CVD &4 : 3~43F0f| 5ct

SCIODIAMOND

Welcome to our special
growth chamber

Scio Diamond p d its CVD production process in
2003. We use nny diamond seeds and lab-quality carbon
gases in a special growing chamber. After approximately
three to four weeks, the crystals have grown to
significant size, typically three to five carats.
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7. Screening versus Identification

A-IE Vs ?:II‘HE:'

Screening = Separating stones that are 100% natural from stones that require further
investigations

Mg = o|Alo| El= AECREE 100% MOIDt £2

@

Based on a limited number of techniques/characteristics

7 710 £80| 2 g4
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6. Production
M

The total rough synthetic diamond production (gem quality) is estimated to be
gh CIO[OIRE M B MM(EMEH)RS

1.3 -3Mcts HPHT + 1 - 1.2M cts CVD
1.3 - 38O FHE (D20 + 1 - 1.293F 7i2d(CVD) 5’%

E

#;
T
"

%
AE

Diamond Foundry

about 2 - 3% of natural rough production
Ixjg |:|-o|o|.E|: °_]A-I AHAl—EtO' OF 2-3%

oL ©
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Screening tool = Diamond types
MEEH| = CIO|Ot=E ERY

Type II diamonds are
EtQ II CHO[OIRE=

= —

<2 % of natural diamonds
HACO|O2E 2| 2% O| 2t

100% of (near-) colourless synthetic diamonds
FAAE gt CHO|OF2E2| 100%

e

Diamond

Type |

Type ll

Nitrogen present as an
impurity

geg2M Y

No significantamounts
of nitrogen present

EES R E R

Ba
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Diamond Screening tool = Diamond types
MEZH| = CHO|OF2 & EfY

Type |l Wave Number {em™)
Type | yp 2 &mEnergy (51‘; R %m»}" e 1500 1000 500 10015
Nitrogen present as an Impurity No significant amount of nitrogen T — | | i = S . i | | is]
Sagz ERSle Ha present U']{g}‘{‘smﬂ Visible l | ' = Infrared rays: f l
a4 GlX 285 ] ;

0

80

Type la

Nitrogen present as pairs
or small groups
(aggregates;

BEEATIEOR

HoHs HAE EH)

70

7

Transmittance (%)
8

T T T T i T T T T T T T ¥
Type Il diamonds are: sl B8 Gep0e a8 SR @ 1 % 10
<2% of natural diamonds e i
100% of (near-) colourless synthetic diamonds e Type I a (Sumicrystal Type )
— Type Ob

Ef2/ I CFO/Of 2 E ; —— Type Tb (Sumicrystal)

HCIOI0LEE 2| 29 0]t ~—— Type Ia (Natural Diamond)

S8 g 84 THOI0KEES] 100% ~—— Type b (Natural Diamond)
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2. HRD Antwerp Screening instruments 2. HRD Antwerp Screening instruments
HRD HERZ M'E FH| HRD HE = M'E TH|

2.1 D-Screen 2.1 D-Screen

'l.-

* Based on UV transmission
oM £t /g

¢ All diamond cuts

DE HEfQ| Cio[ot=E HEO Ti&
e Size:0.20ct —10ct

AFO|Z=: 0.20 ¢t —10¢t

* Colour range: D—J
N 89D

Natural diamond, not HPHT colour-treated

D20 (ZE)MI K| 62 HA Tolot=E

) Refer for further testing:
* Loose diamonds only

CHO|OF2 & LiA B 7hs
¢ =+ 200 stones/hour

+200 7H/AIZE

* Natural diamond, HPHT colour-treated
* Synthetic diamond

F7H A
* Price: 1,990 euro « ORI (Z)M2lE A CHo|otEE
7424 1990 B2 Strol0 -
= Ne)
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2. HRD Antwerp Screening instruments
HRD WE L= ME FH|

2.2 Alpha Diamond Analyzer

* Based on IR absorption
HolM B4+ el

¢ Wide range of shapes and sizes
H2 Helol AOtFElR 370 TS

* Applicable to any colour
DE M| X Its

* Detection of common diamond imitations
CHO|O=E | A 2

* Loose and mounted diamonds

CHO|O2 & LI S MR El CHOJOH2 E M Z 7ts
* Reliable results within a minute

12y Zotes

¢ Price: 21,700 euro
7t4 21,700 2
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2. HRD Antwerp Screening instruments
HRD HE | H'E TH|

2.3 M-Screen
Melee size diamonds
| Ato|= CHoJot= E

¢ D-Screen: not suitable
D-Screen: XtSHX| o5

* Alpha Diamond Analyzer: screening of entire parcel is too time-consuming
Alpha Diamond Analyzer: T+& M 20j| 2 A|7H0] 28

Requirements for proper melee screening device (2| CO[OF2E M EFH| 9|

¢ Automatic
s

* Fast M-Screen
HE S5

* No sampling
HMEHA o] T
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2. HRD Antwerp Screening instruments
HRD HE 9T 4% Fh|

2.2 Alpha Diamond Analyzer

RESULT: RESULT:
identication ‘Sample has baen identfisd as diamond Identficaton: ‘Sample has been identiied as dismond.
Type dlassification: iaAs Type dlassification: s

Absombance Units

T
3500 3000 2500 2000 1500 1000 500 3500 3000 2500 2000 1500 1000 00
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2. HRD Antwerp Screening instruments
HRD HEQ|= M'E T

2.3 M-Screen

Round brillant diamonds
22 C B YP|QIE tojoj2c
Size: 0.01 ct—0.20ct
AFOIZ=: 0.01 ct—0.20ct
Colour range: D —J
MEHR!: D-J
Simulant detection
FA Zd

45 cm

Fully automatic screening
RS ZA

Minimum 3 stones/sec (Depending on stone size and batch size)
E[A37H/Z (A T2 L Z AR THeh

Price: 78,000 euro
7t24 178,000 R 2
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2. HRD Antwerp Screening instruments
HRD WE L= ME FH|

2.3 M-Screen

Detected:501  ondisc19 | IEETERITANUORERIN Not on table; 0

) 0
Parcel Information 1

Name: specimen
weshe: __ tosma

»
o 4 = d
= W4 e

Screening results:

* PASS: 100% natural diamonds
* REFER: furhter testing required (synthetic? or HPHT treated diamonds?)

* Simul ‘OutofSpec: simul (moissanite, CZ,...) or diamonds out of specification (ex. M colour)

M

(L

[
i)

i

00% ¢ ootz =

o 4% om NE
=

A FIHAE Ha®g? e 120 K2|E CHo[of2 E)
o AR ALY @ FAP(ROIALIOIE, 74, ) & HE AP 2|9| CHO[OFZE (Of. M ZH2Y)
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3. Lab Screening / Detection Procedure

NN MY T TR

3.1 Screening / Detection Procedure
ME/ ZEEHAL

1st step: Screening & SN THA| . ME

* D-Screen
* Alpha Diamond Analyzer
* M-Screen

2nd step: Detection 5 HA THA| . ZH

e DiamondView™

* FTIR absorption spectroscopy

» UV-VIS spectroscopy

* PhotoluminescenceLaser (PL) spectroscopy
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2. HRD Antwerp Screening instruments
HRD HE 9T 4% Fh|

2.4 M-Screen Plus

* Same principle of M-Screen

M-Screend} 22 Y|

* Different Size Range: 0.005 ct — 0.10ct
AFO|Z= 1 9]: 0.005 ct—0.10ct

* Faster speed: Minimum 5 stones/sec (Depending on stone size and batch size)
S &= 22 570/ (&F 27| S AR w2

¢ January2017
2017 1€
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Movie M-Screen Plus

M-Screen Plus 271 (B A%I3)
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3. Lab Screening / Detection Procedure
A

ded a2 Ex

3.2 Detection Instruments
IR

DiamondView™
= Study the growth structures in the diamond
CHO|Ot2E H& & A7

IR Spectroscopy
= Verify the diamond type
Cho|Ol2 = EFY 2ol

UV-VIS and PL Spectroscopy

= Determine characteristic defects of HPHT and CVD synthetic diamonds
120 A cvD g4 CHo[ot2Eo| A £ 24
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3. Lab Screening / Detection Procedure
dd ME ) AE ZEx

3.3 Case study : large CVD diamond of 3.09 ct
Ated| A :3.09 ct CVD 4 ClO|OtR E

=5 s ‘736.9
g P
e v - 7366 |
2 ud 575 nm / A !"
: i / o .“
S O N |
o 7370m - ,
/ S ‘;f" : f
" - \ PL633
UV-VISLNT . i At
¥ = ‘I' Wavelenn:(mn) = & = = Wrskagt am = =
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3. Lab Screening / Detection Procedure
My e ZE Ex

3.4 Case study : synthetic melee diamonds
Al &t - g el CHojot=2 =

Refered diamonds (type Ila — IIb) from M-Screen show HPHT growth characteristics under DiamondView™ imaging:
M-screenOf| A <Z=7F AAp Zat2 M El CHO|OFR E (type Ila - 11b)2| DiamondView™ O|O[X| Z 1}
(HPHT 8% §30| 22 )

Sample 1:

Sample 2:
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3. Lab Screening / Detection Procedure
A ME 2 Bxt

3.4 Case study : synthetic melee diamonds
Agfl 2 - BHd R CHojot2 =

Presence of Ni-related centers confirms that the melee diamonds are HPHT lab-grown:
LZ 2He Aol ZM = HPHT Y YO 2 H X E ¥l CHo|ot=2 20| S

= ==

883 8847 4838

- N/
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4. Grading Report and Screening Documents 4. Grading Report and Screening Documents
ANt M'E 2 2| ZE A8MeME Eal 2| E

a1 Eaboratory Grown Diamond Grading Report 4.2 Screening service for melee size diamonds
gdCto|of2 & ZAEA

A AO|= C}O|OIZE MEHA AMH| &

FHRDAROYETP

*  M-Screen + Alpha DiamondAnalyzer
* Full batch screening — NO sampling

HE A -dE dA8ls
e Turnaround time: 2 days

2977k 2d
*  Costprice: €5/ct + administrative cost €20
HIE s R/ +EZ 72220 RE
Detection service possible on special demand
2 20 it 42 ME|A TS S HS

Laser inscription: LABORATORY GROWN + certificate number °
2fl0]&f 2@l : LABORATORY GROWN + ZEM =z

Turnaround time: 10 — 15 days
2877t 10-15¢
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4. Grading Report and Screening Documents 8. Conclusions (1/2)
HAEMe}ME At 2| ZE 2E (1/2)

4.2 Screening service for melee size diamonds

* Production of (near-) colourless gem-quality synthetic diamonds improved
L AFO|= CHO|OFZ E MEHAL MH[A

SN A G| getEl EAET oH CHO|O2 E A4t
Return to costumer after screening (M8 =, K& AJH|2):
* Closed sealingbag (& 2 A{H|2)
* Corresponding screening document (4241} 2| L E)

* Top-quality (D, LC) polished synthetic diamonds are on the market
FAB|A|ZHOf| 2| D EZE(D, Loupe clean) &4 CIO|OF2 E LiAo| S

* Rough synthetic diamonds are so far easy to identify

DAty | e, M2 H2 &4 ChojotRE Aol 2y

RGN LSRN » All labs present here have detection/screening of polished synthetic diamonds in place
edCiolot2E LiMo| M Sl I 2 TR 20| ZHANM 7ts

Natural diamonds

Document number

Date

c

e

Chatham
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8. Conclusions (2/2) 5. Summary

2E (2/2) 2 9F
HRD Antwerp Equipment .
HRD QHE Q| ZHH| HRD Antwerp Equipment
HRD HER I FH|

D-Screen Chatham * D-Screen

Alpha Diamond Analyzer M-Screen + * Alpha DiamondAnalyzer

M-Screen Plus * M-Screen + M-Screen Plus
HRD Antwerp Lab Services HRD Antwerp Lab Services
HRD HEQ|Z ZH& Sl MH|A HRD HEQ|= ZHEd A MH|A

¢ Laboratory Grown Diamond Grading Report
Laboratory Grown Diamond Grading Report SHACIO|OFR E 2 A
Screening and Detection services for melee diamonds * Sereening and Detection services for melee diamonds

Wef Ctojot= = Mt 28 MH|~
S YCiojor2E A, e Crojot2E ME 8l HE
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