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Provided are graphene nanosheets having a polyaromatic hydrocarbon concentration of less than about
0.7% by weight and a tap density of less than about 0.08 g/cm?, as measured by ASTM B527-15 standard.
The graphene nanosheets also have a specific surface area (B.E.T.) greater than about 250 m?%/g. Also
provided are processes for producing graphene nanosheets as well as for removing polyaromatic
hydrocarbons from graphene nanosheets, comprising heating said graphene nanosheets under oxidative

atmosphere, at a temperature of at least about 200 C.
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(03] 2GR KM 8RR

[ £ 25047 ] GRAPHENE NANOSHEETS AND

PROCESSES RELATED TO THE SAME

(2]

REE—EaREHEORE  HEA/NREY 0.7 EEXHEITIE
KIRE » HE#HB ASTM B527-15 EEHE H B AH /NP Y
0.08g/cm’ UIREHE - A|MBIE KA MER KK 250m?/g 7Y
Lb*REE (B.E.T.) - BRM 7T —HRUELEKT KRR UAERES
BEFRRFREENERHEE  GFEE&CERAT £2
D#E]200°C HURE T IIEFT LA B FokR -

[55C]

Provided are graphene nanosheets having a polyaromatic
hydrocarbon concentration of less than about 0.7% by weight
and a tap density of less than about 0.08 g/cm?, as measured
by ASTM B527-15 standard. The graphene nanosheets also
have a specific surface area (B.E.T.) greater than about 250
m?/g. Also provided are processes for producing graphene
nanosheets as well as for removing polyaromatic

hydrocarbons from graphene nanosheets, comprising heating

F1H > 2 HEHRER)
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said graphene nanosheets under oxidative atmosphere, at a

temperature of at least about 200 °C.
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CEEEETEEE D
[ s aiE ] BB Aok B R S 2 1A

[ £ 25047 ] GRAPHENE NANOSHEETS AND

PROCESSES RELATED TO THE SAME

CSTNEEED
[0001]) AEEESHBN AR SRELEE - B
TRl EBHRBN —MAEFAFDVEEINEKE (polyaromatic

hydrocarbons, PAHs ) A&/ %EKkH (graphene nanosheets )

ke HBURE -

[ JcRufidin]

[0002] wpg & ey 4 0% A 7 B33 RS2 RMEIE
(CVD) WER EWWEREAOEK  EhaoRBHBENZEOE%
M{ERAEHIE (plasma torch) EAKDVEEORGRKE - &
ACVD O R2GHA R L EEORMILE - BETREKEFRE
DM EERMFNERELEE - FIHH 2 E o2 MHE AT LU EH
B BERAREERT ENNEEHE2EMH BFAEHEEREOE
WHHYRB Bt E WA EERER O EMT I ENESRE -
VEEMZE ARG (AT EOREMT kR ) EAKBE

Y B2

$1E - 439 HEEHHERHE)
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[0003) DEEEEHRORR T REAEE I HEAFHEDL
NEBEFEHUENEEOEFEE (LSS MERmE)
5 40 25 [ 25 F 95 8,486,363 ~ 8,486,364H19,221,688 - 2[5 b
% 9562/437,057 ~ RPCTHESEWO02015189643 A1 [T it Yy
NE - BENERFEBESIAMWE AR - AW BBEEHUEDN
AREFRR EVEBLRE BEIEVBIE T HEK (PAHs )

BEH#@E /NI EZL2EEPHRTE - fLEHENEIE T » PAHS
oA VB g H B 7R R W RE L -

[0004] PAHSsEFEH 17 25 K AT 58 97 0y 20 A% 22 2E 1 B &
MR ENAHERINLEY  REEMLREN K EEBEF
[ B F7 AL SR B ) A Bk BT BB 09 R &8s - PAHSELFERF 2 T2 il
RFEAHR VL&Y (CxHy) » HoiR FELLEHsp® B kL
HEGEEYEY - PAHst o] & H /D 8 S AR HAMEF - PAHs [

fe e A EMBUER - I H ¥ & A PAHsH IR = R R Y A BLR
fEHEAPAHSHYERADHEE BB ERE (RBorm P JE A,

1B

Formation of PAH-DNA adducts after in vivo and vitro
exposure of rats and lung cells to different commercial

carbon blacks, Toxicology and Applied Pharmacology, 2005
Jun. 1;55205% (552H): 55 157-167H ) - NIt > FARG 2 IEHY

Ay A FEBPAHsEVEE IV & (fE BB > EUFE £
2007/19/ECHE R BB TR i 17 & KU A H (a) FE(Benzo(a)pyrene) =

& m0.25mg/kg ) ° IESL - PAHS{EIR R | _EHY F {£ 7] fE 25 #A [H &

2 H -+ 439 HEEHHERHE)
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LR LB B E R EE M S e B F ER Ty sE & £~
Mz & o

[0005) B4k A FERIAS (WCO ) 27 ifp a8 &l &
(Harmonized System, HS ) #sFZPAHs 3 S B 1B EUE -
ZEBEAEIEFE M (CMR) WE - H I > FreyBONREACHIf X VII
KOHE P PAHSH RE RG] 50.0001EHE % (=(1mg/kg) -

[0006]) & &1 A A 748 i 55 %8 Wk B % # PAHs Y 08 (b 52 B
o BERAVHERE > FIWRK (Soxhlet) ZH - BEFEMFEHAE
Ay JEMER M (a2 ) - KB PAHSHY B REIEE HIR - 20
B KA EAREE G EEMPAHS)S LAY B RIP K & B
Yo WL - BIEEZPAHLRHEBEEFAENRELE - LAH A
SPAHNEEEYMIM Y REKA - FHIIFE A EME —EEHE
RN (82) J5i& » DAERF R A AR HERR AR 2 &
RAERNAEGEEORR FR-APAHs - B AN ZEEN > HA
R BT REY) o — Bz ke o 0 RAE BUAR S by Y B U
b fla EEESHEEHELIRVE-PRBEIEZTHSE
Hy e

[0007) RtLIEEHEMEHERNE  AAFEREE > H
HAEESHIEEVENPAHSIVARGRRR - EIE F - BEZA A DA
fERRILERRE (MR K R ) K LPAHs » HiE G IR R
S PAHBY A£G RHT A -
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(AN E]

[0008)] AT ANAFVERTGTHEENAORERKA -

i

BBl AFEERRHESORCEEE > NIEBE RHRE
WIREHE - AEEE—D A REUFBAEEN OB HR kR BE
% e

[0009) f£—JH @ RE—EERERKE > HEHFNRY
0.7TEERNE FEIERE -

[0010)] iS5 —JHE @ REE—EEEHRRE  HEH/NR®
NO.TEE RPN T T IEKREE » HIEBASTM B527-15 4 &
BH/NAE0.08g/cm’> IR E B E o

[0011)] BH—JiH > BRE—ERAEFFREHHREES
MEFEBE Y 7 A BEAAE £ /04200 CHYIRE T L K HEME R A T Il #L
amERORR -

[0012)] H—JiH @ RE—EYMER2% KAWL ERTE
(B.E.T.) W&z » Hpz#EaEtftERAT T2V
200°CHYRE M InEva B RRA -

[0013) H—J7H @ #E—EH G EHE KA 5L EH
yElie > K ZeEaEAESLERAT L2/ 8200°CHYRE
TmEaEERRRE - AR FERR BEAER S -

[0014)] BH—JiH #E—EANNELE2ERRENESE
Kz BRREE A SLMEREAT £ 204200 CHR
BIERRR -

4 H - 439 HEEHHERHE)
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[0015] fE— Tl > AEME—-EANEEOEGRT LR
B - B

LLZE /D 60m/siRAE R FEABE ) (STP ) HYRE i & R ¥ B /£ A

BTy ENE F - DUERT A0 B ROk R iz I A #1000

CHYZR R SRR A KTl ARG OoRE o LUK

R IEERAT HEE/DEI200°CHYEE T # —F N itt o

AYEAERIAE - B
LLzE/b60m/s STPIVEE K WY E EAEBHFIRES » DL
(B pr it o 2 & 5ROk R/ plZ - Sl A SR 10007 CHYZE /SR RS 5
KAt aEHRRR EMEAMREERTRR - BEE
FORRERKEEES14nmay A &E S AE HBEA KPR EER
3HYHL 2 G/DEER - LR R ECE 0. 8HY2D/GEE R » DA K
ERIEERA T LEDVE200°CHYIRE T & — 5 N & ik
EIRRORR o
[0017) FE55— M » ACIEBE T AN R EoERTK
FRYESRRRE - B
LLz/b60m/s STPRYZERE ~ i DU R FHIRAV LR & & 7
X AWNEEHRTH 2DTSEEA/ 578 (slpm ) BB R
R Y E T AERAEE o (S E AR IUE £ % SOR
Ao AR

S5 H 439 HEHGAHED
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R IEERAT HEE/DEI200°CHYEE T # —F N itt o

BIHRORR -

[0018]) fE5— Al » AR T —fE AR 2 H Q2% RK
REVEARRAE - B

LLZE/D60m/s STP ~ 3 LLA JRSR AS B B it e §Y & 4% fE 2 R ey

LER B EKWHRIENERIEY R THZE/D1.25s1pm iy /% KR

Meit 2R E ABSERY RV E S - i L AT A 2% SRR

R BAK
R IEERAT HEE/DEI200°CHYEE T # —F N itt o
BIHRORR -

[0019] #E£ X —HH » AR T —fE AR EE G 2H K
REVEARRAE - B

HE R EEABRAET - ATl SRV E R E A BREH

EWEEELE L2 /0 60m/s STPRYEE #HIT > 5[ B {HEF AT
HUE Y 2 R Y) B (kSR S M (5] o A AR B R GRS 2
I RE - R EAFT A ZRRRE > Tl A RE kA

(BRI & RST4nmiy A S E ST A E H B A KR ECER 3

S G/DEERM AR FFR0.80Y2D/GEER » LUK

R IEERAT HEE/DEI200°CHYEE T # —F N itt o

BIHRORR -

[0020] ASCIEBEHY S — e — AN EEH O RBHRKkA

B - B

—V

56 H 439 HEHHAHD
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LLz/b60m/s STPHYZEREE ~ 3 DL R R A B P it e 0y BB 42 ME
RN R B EKWHIENEHFIEIRTAH 2/ 1.25s1pmHy
AERABHERMBEEAEBRENAEF - Eml2/0120g/h
ERBEEMMAERT KR » LK

EREMRERR T EE/DE200 CHYEE T #— 5 T it &
=IETRRR -

[0021]) AEHENES—TEmE—EBHANEEOEER KR

HE R EEABRAET - ATl SRV E R E A BREH
HEEEE L 2/ 60m/s STPHYEEE 1T > W g5 EFEFFT
HUE Y 2 Y B (82 M (5 o A 0 AE B — R R R
LRI RE 0 PE I DLE D 120g/h Ry 28 3R B AR BT A4 28 50K

—V

R BAK
R MR A T AL 2/ E200°CHYIRE T #E — I # AT il o
BIHRORR -

[0022] ASCIRHEHY S — HmEE— AR EE O EMRRA
Y B RLAE - BLE

LLZE/D60m/s iy 2R &R & i) 8 = A EHAYEE F - fE 1 BLAT

RIEREAIE D R & £ /0 2g/kWh BT 2 3 2 4 B il 5 38 16 5=

R IEERAT HEE/DEI200°CHYEE T # —F N itt o
k

7 H - 439 HEEHHERHE)
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[0023] fE5—HHE - AR T —fE AR EE G 2HRK
REVEARRAE - B

LLZE /D 60m/sHyZR EE ~ 1 LLAT i JE By A ME I 3R By KB 35k W

2 RYIE I A BRARET - feifi LLE /D 80g/h iy 2 & 4

Pt o |Gk R > UK

R IEERAT HEE/DEI200°CHYEE T # —F N itt o

BIHRORR -

[0024] 5 —HHE - AR T —8 A2 0 206550k
REVEARRAE - B

LLZE /D 60m/s STPHY ZE JEE i K 28 58 2 B e 72 A B8 4% Y 2L 1

o DUE AT Il a S0 2R ok R opAz > 6 A R ORI K BT Al A

BIHFORR > UK

R IEERAT HEE/DEI200°CHYEE T # —F N itt o

BIHRORR -

[0025] EL&& & - ACAT AV B R br LR FT IR EH
WHY > NI RsF &AM REREEZ B A IEERAPAHS E H Al %
BB REEMAZBEATHAORRRRA - 1A A3
Frat ey RN FREORE KR VRE -~ AR IR
ZETnHREE BRI ZA MW - NIE - BEREHN
E AR OR R BB A T -

B8 H 439 HEHHHAD
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[0026] A SCHraaYy 2 P F0 SR £ 0 18 & 4 2 0
BB T HYAE T2 A EY > (eI s H AL EE e A

Mge » Hop(R&EHE T HYZIEZE A FIHY -

F Nl
Hy | A A

QEEMG ST ED
[0027] DL M EEREM R REOVE T  AEBVSEE
it 51 -
FIAEZ EHE > FBIBEE oFIABIEA-ANEIGE -
WO ETEVE A AV E PR (MR ) -
F2AE (THE) KBE2BE (CGHR2AERIE 1B-1BHYHH
&) EorAREASRYEN —LfLIEE ISR -
FIEEEERN A EHSEENEL > LAFERR
S14nmfG B[V HL SOLREE - H T ELEE AT HE—(H17E
W RPN EZER60m/s STP (fERIREMEET) » HIEH
AEENREEEEEE25E -
FAE S EERN — B EHSEENEL > LAFERR
S14nmfG B Ay HL 68 [E > Lo HOE 5 2/ FE g (/N 60m/s
STP) -
FSEENE AP EAN— 2 LERSEEIE - 2
KAAEAN SR RS &R Y E BRI E RS -
FoEE B AP 2T EAN — B ERSSEEE - 2
KAAEAN SR RS &R Y E BRI E RS -

E9H 439 HEHHAHD
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[ & 7]

[0028] AXFTAMFNR "HREERLR , EEAERERN
BEOREERRR &SRB EEI RS RS BRNERTFE
AYsp*BIVIRIR F RV — A Z([HHEERE - BLEENVHMPIE
b—Eoy Rl BB > MK T EM3IDERE - 5B
i 5 A B MG FRORER (GNP) ~ BRFEHRRER - HEGEE
VHEGRG  ARFBRFNNEROREG - Ol BRERK
FREfE 10BN FE D @4H - B REHASTM D 3663-781%2%
(Brunaver® A ) &8 =B.ET.LEXREE (=250m*/g) I
Woo BRI EEHBAC0.5~10nm 2 [E - HEEE KNI ER
50nm - FELEE R EDS5  MEEE RPEERI0: 1B SRS -

E AL S LIS 14nmiy A E &K & ET TR - B ER
HAIAID ~ GRI2DYest 7 (9 Rlfr 491350 cm™! ~ 1580 ¢cm™! »
2690 cm™') PLR—RPAE/NA3HG/DEEE (G/D=3) » HEER
— KA HE0.8(2D/G=0.8 ) HY2D/GEL 3 - 0 A S FFT{ A AT

G/DM2D/GHYEE R ZH B LU wHVIEREAVEER - GEH TR
From] DAB 40 & AR RRE pr AT 0 W= B E A 558,486,363 -
8,486,364%19,221,688 DL K 3= [ B B HH 55 555 62/437,057 Ay # 7

AR - EEXHREENEZEBSI I HF AR -

510 H 0 39 H(EHRRHE)
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[0020] ACPrRIRyZRIM " HEfELL ) AR RE
RAT8Ua 2B Ay &M R TRV EE - #l40 > “FHEEE R/ 100nm A
PR E R2nmiy AR IEELEAFS0 0 18V k=EE -

[0030] ASCATHAYFRM " FIF7EKE , ~ TPAH 5 " PAHs |
ETEAERE ~ B~ R R~ s st A 1Y) B A0 5O SR BE Y
A SEE AR P TP e iy — s B2 5 - B 100FE A [E |y
PAHs - PAHSHE & E BREMIE SV EFEL (B0 > {FEREEED) A
JEREA—ER 5 ) - A ZE—{be - Eft T IFEERENR
B BREHES MR RMNETREEMYE T - PAHSHIR A
moE AR PR  fF B X & ( Biphenylene ) -~ J& /&
( Acenaphthylene ) ~ 3E (phenanthrene ) ~ J& ( Anthracene ) »
%7 (fluoranthene ) ~ t£ (pyrene) ~ _HZK ( Xylenes)
Z% ( Napthalene ) ~ X H-(a)FE ( Benzo(a)pyrene » f§fH & BaP ) -
K 3f (e) Bt ( Benzo[E]lpyrene - f§ ff £ BeP ) ~ 7K ¥} (a)
(Benzo[a]lanthracene > &7 HBaA) -~ & (Chrysen > g &
CHR ) -~ X3 (b))% & (Benzo[b]fluoranthene > f§f% & BbFA ) -
KH ()% B (Benzo[jlfluoranthene » i1 &BjFA) - &3 (k)
% H (Benzol[k]fluoranthene » 5§ &BkFA ) F 7&K H(a,h) &
( Dibenzo[a,h]anthracene > F§f ZDBAhA ) o

[0031] ASCFTAARIM " RIEMRGA ) " RIEMER

et e b R A BCE R MR A

511 FH o 39 H(EHRRHE)
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[0032] AT AAYMEE " SABEMRA L " S AeRE
efaan 20— O SRR SAE BT SRR -
[0033] ACFrARyRM " SAEK, SHEREBESY » &1

BHARR « Z5& -~ &% - BRE > BRLEY (DBEALa) ~ #5

BaErERE (FlaeE) 2R -

[0034] AXXFrAMRML " BERA ) X" EBFREE ) &5

SHEDV —HEOAK SRy & R E R A -

[0035] ASCPATHIEyFRML " EFAE , E4ENHs ~ Ho » HaS >
CORMHIREEY) -

[0036] ‘A E£fHiE S TR HERARETLLUEEMNE » Fla
BEEAEFEPTETRRER > ABEHNREEEEE (GC/MS)
BTN BENAERBERE LT EEI-o-TE (BaP) WEBZHE

HHE) o ASTM D7771-17f&Z # T Standard Test Method for

Determination of Benzo-a-Pyrene (BaP) Content in Carbon

Black | 7t " EALIRR b P BT RIS HIIREE 504 - BE AL IR A E
ERFI-a-tE (BaP) - HeZME A HRPAHZ G HAL L
e - WM EYPAHs T o EEIRE 2 AT A e I £l HY PAHS #Y &8
Ao AT YR R ZZE HUE F A2 B4~ 6/NEF > TTASTMAERE By 16/1NEF -
RRERE AN PREE T/ PG RS R ER - AL ERE R Z
Al JERR R G o EWYIRIRYE > BEBGC/MSH #5717 >

512 FH o 339 H(EHRRHE)
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BT E R EPAHR S YIEL IR < 3% 77 AR R FR S PAH B335 ~
90ppmAYE4LR (0.0035~0.0090E & %HJPAH)

[0037] ASCFrRARYRIM " HRE % E (tap density) | 215
BBEHI T -2 ARANERELEE R S WBEE LM
FEBHHIE[E > WWASTM B527-15fZ% T Standard Test Method
for Tap Density of Metal Powders and Compounds | Ffift - §§
EHETEREERUH R REEE (Hlmg/cm?)

[0038) WIASCFTAMFRM "B ER ) ZHEABEFUEE
A RERRR o & PG5 35 B E 5% 8,486,363 -
8,486,364F19,221,688 DL K ERHS FH 555262/437,057 > BT A Y
HA A5 Y 7 B OF A AR -

[0039] ERRIREHENR - ALAN "TEEH EAE
BHEAXENARIERE 1% KEENOEHFERENIRE
R Y B D N ETI10% ~ 9% ~ 8% ~ T% ~ 6% ~ 5% ~ 4% -
3% ~ 2% 1% -

[0040)] AFTAMEFL "E2RYE  BEEEEE2)0—H
RFH L&Y EYE

[0041] ASCFrAAYRM " #4& (thermal zone) | Z#5H]
DL 40 35 48 e 0 R A% 2E AR WY ERIE - B EREE AR 1 402 R SR B0 B )
BEp#(LTE)NESR HhplmEEBREMRGNEHRECICP)-
HREBHEIE (DC-plasma) ~ R EH (AC-plasma) UK E

FIENREMEE B A UEEEBTRENARBHMP KN E

513 FH 0 339 H(EHRRHE)

~IE
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o BHEASE(EEEBI005) THALTE HP&EF -8+ -
Hh MR R - A0 B R A TR B R AR Y
[0042] ASC{EMAAYMTRE " PRt ERVERE YR |, 2 AtE
GEENIIR - IEENIRRPNEFREFETNYR > WA
BAE AL K (B R E R EE RSN Z100% 7 WHY
[0043] ASCFTRARYMGEE " 2B AR (quench gas) BLHRAY
th® ) ZReRYENSGEUNEIEE (HWslpm) & » FK
RENGEURENERE  ZHRABNSEURHENREN O
FiEAZREE T EERETE (standard liter per minute,
slpm) > SWRYEFWEFTEANERERE - A XATHWIMTE" %
WA AR BLRAVEE R iR R W R A & B N Ay R A R
AHYBRAY B H B (1 S HBYBR S 1 250 A bR ) « A ST AV g 58 T 4
BOR AR ELIR AV EE R A5 R AR E S8 YR RR S B9 & B iy B R
WHE (HIOE0H BT #E T HERERYENE
BAREEE (MOS0 E w8 EE o ey w8
[0044] AT EEAAYMTRE " AR ) SHE LA TEE
ESTP N EASEARNEMIESHAR > HANKER17.9=
AOR/IZEERIRE (STPFN@EAVEEE ; ARE.W. LemmonfIR. T
Jacobsen) - HIERMAMAMHER ~ AR - &R - ARNE
BRARPEEFENR17.9mW/m- KA (E [ H A RAE - B L REE
RGN - AEEEM A B KR - RENEHRAE TR

FEVIHY 72 K AR (quench rate ) © R AR 8 H 1 & 52 B I 41 50
B 14H 339 HETERES)
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AER B E A o B AT DU E AR HE 5 o /Y H T i 5 DR 2 T B [
fir & o WALHTEMRE " AERRE ) WiEERFEFNIDCELEE
T EAT R AR 55 0L ARV PRFE R AE (sheath gas) - AH R REE
Wiz i ENES (22 ESEMEBOIE)

[0045] WASCFTA @ PRIESAHE > SHIFTA RAEREAN
R FORAERERENMES (STP) THE - AEEE T A &
MESHRE BEEAERETEENSEMEET#42E -

[0046] ASCEERIEYEEM "4y, A0 " AT, AYRE T AR B AR
LB EEREE  EEREERFAGEENE - BER
TR IE R EE S 2 V5% £V 210% 8 R
CWREZREFAGSEHEHMANZE

[0047] AT AKEABRGER T ERVAEHETRA
HeAERERMETMIPE » FIORKRZER - EEAEGROR

R AR 490.06g/cm’ BV IR E % & > AIASTM B527-154F

WDJ\%*

Bif;

# T Standard Test Method for Tap Density of Metal Powders
and Compounds j Frift < Z Ak HEIPAHEE 0 /NR&J0.3E &
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