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Separ ation of synthetic diamond and graphitein

supercritical water oxidation process
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Graphite-Diamond Purification

|
Chemical purification

{

Physical separation
W

l |
Froth flotation Wet oxidation

Dry oxidation

Specific gravity method
v No chemicalbyproducts v Fast separation v/ High purity v/ High purity
v Graphite recovery v Non-toxic v Technically mature v No wastewater discharge
v’ Environmentally benign
v Low separation efficiency v' Low separation efficiency v/ Strong oxidants v Slow reaction Kinetics
v Slow separation Kinetics v Difficult process control v Wastewater management v’ Post-treatment required
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(@) 100

—0O— 0,:G=0.215 (Runnl) —— 0,:G=2.12 (Runn4)
—— 0,:G=0.53 (Runn2) —0— 0,:G=3.18 (Runn5)
80 4 —T+— 0,:G=1.06 (Runn3)
- —
_ 60 -
‘o\:
w
40
20 + q
0 T T 1 1 T T T
0 5 10 15 20 25 30
(b) 100
80
60
S —O— KOH 0.1 mol/L (Run cK3)
w —8— KOH 0.2 mol/L (Run cK4)
40 4 —{1— KOH 0.3 mol/L (Run cK4)
—— K,CO; 0.3 mol/L (Run cK5)
—O— NaOH 0.1 mol/L (Run cN1)
20 4 —8— NaOH 0.3 mol/L (Run cN2)
—F Na,CO; 0.1 mol/L (Run cN3)
—— Na,COj; 0.3 mol/L (Run cN3)
0 1 1 1 1 1 1 1
0 5 10 15 20 25 30
Time [min]




E3-1. 34 W H 295 Ats 3ol 9 S A&
A <=  EEUE  Aad &g AEE WS AL AAEE
K] [kg/m?] B4 B | FH [mol/L] [min] [%]
nl 673 357 0.215 None 0 7
nl 673 357 0.215 None 0 6 14
nl 673 357 0.215 None 0 11 16
nl 673 357 0.215 None 0 16 20
nl 673 357 0.215 None 0 31 20
n2 673 357 0.53 None 0 1 10
n2 673 357 0.53 None 0 6 21
n2 673 357 0.53 None 0 11 31
n2 673 357 0.53 None 0 16 355
n2 673 357 0.53 None 0 31 35
n3 673 357 1.06 None 0 1 12
n3 673 357 1.06 None 0 6 35
n3 673 357 1.06 None 0 11 48
n3 673 357 1.06 None 0 16 55
n3 673 357 1.06 None 0 31 57
n4 673 357 212 None 0 1 16
n4 673 357 212 None 0 6 50.5
n4 673 357 212 None 0 11 55
n4 673 357 212 None 0 16 64.5
n4 673 357 212 None 0 31 68
n5 673 357 3.18 None 0 1 28
n5 673 357 3.18 None 0 6 55
n5 673 357 3.18 None 0 11 63
n5 673 357 3.18 None 0 16 64
n5 673 357 3.18 None 0 31 68
cK1 673 357 212 KOH 0.1 1 57.5
cK1 673 357 212 KOH 0.1 6 71
cK1 673 357 212 KOH 0.1 11 79
cK1 673 357 212 KOH 0.1 16 82.75
cK1 673 357 212 KOH 0.1 31 89
cK2 673 357 3.18 KOH 0.1 1 65
cK2 673 357 3.18 KOH 0.1 6 79
cK2 673 357 3.18 KOH 0.1 11 83
cK2 673 357 3.18 KOH 0.1 16 84
52



cK3 673 357 212 KOH 0.2 1 59.5
cK3 673 357 212 KOH 0.2 6 79.5
cK3 673 357 212 KOH 0.2 11 825
cK3 673 357 212 KOH 0.2 16 85
cK4 673 357 212 KOH 0.3 1 63.5
cK4 673 357 212 KOH 0.3 6 83
cK4 673 357 212 KOH 0.3 11 85
cK4 673 357 212 KOH 0.3 16 89.5
cK4 673 357 212 KOH 0.3 31 94
cKS 673 357 212 K2COs3 0.3 1 69.5
cKS 673 357 212 K2COs 0.3 6 85
cK5 673 357 212 K2COs 0.3 11 835
cK5 673 357 212 K2COs 0.3 16 92
cK5 673 357 212 K2COs 0.3 31 96
cN1 673 357 212 NaOH 0.1 1 535
cN1 673 357 212 NaOH 0.1 6 69.5
cN1 673 357 212 NaOH 0.1 11 78
cN1 673 357 212 NaOH 0.1 16 80.5
cN2 673 357 212 NaOH 0.3 1 56.5
cN2 673 357 212 NaOH 0.3 6 65
cN2 673 357 212 NaOH 0.3 11 74
cN2 673 357 212 NaOH 0.3 16 79.5
cN2 673 357 212 NaOH 0.3 31 89
cN3 673 357 212 Na.COs3 0.1 1 52
cN3 673 357 212 Na.COs3 0.1 6 73
cN3 673 357 212 NaCOs 0.1 11 78
cN3 673 357 212 NaCOs 0.1 16 81.5
cN3 673 357 212 NaCOs 0.1 31 85
cN4 673 357 212 Na.COs 0.3 1 525
cN4 673 357 212 Na.COs 0.3 6 69.5
cN4 673 357 212 Na:COs 0.3 11 74.5
cN4 673 357 212 NaCOs 0.3 16 80.5
cN4 673 357 212 NaCOs 0.3 31 88
53
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& 3-2. SAA M AT S flRtol i A TR A vt

Factor SS F P Ss F P Ss F P SS F P
WA =18 w3 AL =68 HEg A1t =11 & w3 At =16 2
Cation 288.0 30.316 0.005 561.125  154.793 0.000 300125  141.235 0.000 231.125 68.481 0.001
Anion 2.0 0.211 0.670 21.125 5.827 0.073 6.125 2.882 0.165 6.125 1.815 0.249
Cation:Anion 50.0 5.263 0.083 3.125 0.862 0.406 3.125 1471 0.292 1125 0.333 0.595
€ 38.0 n/a n/a 145 n/a n/a 85 n/a n/a 135 n/a n/a
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Type 1 salts Type2 salts
According to Marshall classification

LiClO, Li2SQy

NaCl, NaBr, Nal, NaN@) NaSeQ NaSQs, NaCOs
KCI, Kbr, KI, KNO3z, KBrOs, KIO3 NasPQu
K2CrOs, KReQx K2SQu

NH4Cl, NH4Br, (NHz)2SQ:

MgCl,, Mgl,

CaCl,

SrCly, SrBry, Sr(NOs),
BaCl,, BaBr;, Ba(NOs),

MnCl;
FeCls
ZnCl,
CdCly, CdBr,, Cdl,, Cd(ClOy),
HgCl,
TiCl, Ti,SO,4
PbCl,, PbBr;
According to Valyashko classification
KF, RbF, CsF LiF, NaF
LiCl, LiBr, Lil LiF
NacCl, NaBr, Nal NaF
K2CQs, RCOs Li2COs, N&COs
RSOy Li2SQy, N&SQy, K2SOy, KLiSO4
Na:SeQ Li2SiOs, N&SiOs
K2SiOs LisPQu, NasPQy
KsPOQy Cak
CaCl, CaBg, Cab Srk
SrCh, SrBr. Bak
BaCk, BaBp
55



Unprocessed

S
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(a) 100 (b) 100
4+ K -% OH
—& Na —&— CO;
90 90
80 80
£ 10 £ 70
) o
60 60
50 - 50 -
40 r T T 40 T T T
0 4 8 12 16 0 4 8 12
tr tr
(c) 100 (d) 100
—8— KOH 0.3 mollL —#— NaOH 0.3 mol'L
—#— KOH 0.2 mollL —€— NaOH 0.1 mol'L
901 —4— KOH 0.1 molL 90 4
80 80
g 70 g 70
w w
60 60 4
50 50
40 T T T 40 T T T
0 4 8 12 16 0 4 8 12
tr tr
3-3. 2% A4 ¥ 2% U WA 9 2F 2 WA A g 2
(2) 2} %Fol & 15 ko] A} Aol
(b) 74 Fol& 2L ko] HAF Apo]
(c) KOH &% ®¥ 15 79 Hx} 2}
(d) NaOH % ¥ 15 3te] HA} 2}o]
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Abstract
Separation of synthetic diamond and graphitein

supercritical water oxidation process

Kyungseok Yu
School of Chemical Biological Engineering
The Graduate School

Seoul National University

Diamonds have been utilized for cutting materit®&rmal conductors, optical
materials, and electronics based on their uniqopgsties. They are considered
material candidates for promising businesses ssiskm@iconductors, so research on
artificially synthesizing them is continuing to developed. Synthetic diamonds are
usually produced by high-pressure and high-tempexafHPHT) and chemical
vapor deposition (CVD) processes. Synthetic diarsoabtained in the HPHT
process should undergo a post-treatment processrove the metal catalyst and
residual graphite. Separation through a physiqasion and chemical purification
processes has been proposed. However, it is difficlseparate the materials by
physical separation completely, and chemical maifon requires a large amount of

strong oxidizing agents and a wastewater treatperess.
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Supercritical water oxidation has already been usetteating solid wastes,
biomass, and carbon sources. It is possible ta@ahie solubility of homogeneous
catalysts and oxygen by adjusting the density eflitid.

In this study, we use alkali metal salts as a hanegus catalyst and hydrogen
peroxide as an oxygen source so the catalyst apgleoxcan contact the graphite
surface directly. Reaction time, amount of oxyggpe, and concentration of alkali
metal salts are studied in supercritical water atiah of graphite. We conclude that
potassium salts have the better catalyst for graghiidation and using potassium
carbonate damages diamonds less than sodium céebdrestly, after treating
synthetic diamond and residual graphite providedljoy Diamond Co., FE-SEM,
XRD, and Raman spectrum were conducted. It wasirooed that only pure
synthetic diamonds could be obtained through thmemuitical water oxidation

process using potassium carbonate as a catalyst.

Keyword: Supercriticalwater oxidation, Synthetic diamo@daphite, Alkali metal

salt catalyst, Separation process

Student Number: 2014-22614
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