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MERKE KRN R K87

TRk E BRI
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FRE 57

R EEET bt
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A AT & 2k AT

2 KPR

B ik X AT EE SR - &R

WEIOF A RS RS RBT AR LS R T AREH &N
BEOGE R MEFAE N F] 41863 £ 17.7 nmA198.5 + 7.4 nm 3 Rk & T 5 5] &-47.0
£ 11.6 mVAn-482 £ 2.8 mV ; K @AL A 23] %6.77 + 2.8 m/gfn6.88 £ 3.1 m’/g ° &

SEM #4337, 2% »

L0445 2 K Bk ASHE T 5 RAR T A R Z Dok B A B R 005 A

A ZHRMK S RRAFRAK  mA L ZTAREAFLERERZRTLE ° 5 HHI10
PR RD 5y F YR T IO E AT L SRS R « KOt R LRI AKX
HERopy I AR KON A R R ok 0 SRR AT B sb AT 0 BE R RGT

A kR RAH T -
RIS | SKBER 2K - KIS
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H TR SE1755_E A Bk B 2 S F oK Bl
PGS 2 0 NEwE HE AR A - fER
i BARETEERMAINY) - #n] RHIE
MZEEZ > St ER R AR R it e
BREEY MR ZOR RUE T & & B IR R
B Rt 2E - REOUR I EEE - BA
HIFF BRI - (RS RA SR EN
BISELT - AR ORRE R/ IMERER 2%
PEELERFIE - B FORPIHY 2 8 B ] 15 i
M BEORAT NS DT A A A S ot 2 AU E
- HET > K ERL T 2 EME EAE

AR RL TR DA A R BRI A A
R REBBERENLEFESEFRE
T - HA BB R B th m] DA R LR A
3R AT AR A B Y S RO RE 1Y - A
FIFHREESR ~ CoQl0 (Hhill) ~ THYIZ ThY ~ B

R - WEER  BER - RARERLE

YIEEYE - DUBSKEAFRIHERENE « B thEd ]
B - TE EEAFORMEEL R - R ZE
JiE - B BREEEGEERAIRRE - oKk E
2 BB RE MR R SRR B i oy
T AR E 1T H B EF R B
International Organization for
Standardization (ISO)f220124E5 H#EH "1SO/
DTR 13014 @ FOKE- SR A BEETH
PERFAENE - FrRR YR A ) 2R
519« Ry T EEHTEY A B E KRB
tER Al - FEEFHIE EHEESE - 70K
VBRI T — (R AR AR 2 8 - 1E
HHE P VABRRES - ISO/DTR 13014 7]
ARV I ATEEEE TR i - YRR L2
MERYESEE © FEETT BRI ATRGI - FrFR 2
P2 BT
(R KNS ST 4347 (Particle size &
particle size distribution) : &5 #rE FH[F
YIS - LR MER =AEEN =R
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RSV ST

ST EAEYVE R N R R E AT -
COFE/ EHBERE (Aggregation/
agglomeration) : F5#EAEI TR T- A5 & ok EH

FEARINRIMEE TR R EGHIRE -

BEAI—RFEEE IR RRE S

HIKLF °

EIZAR (Shape) : =HMERL T B SNER I

iR e

)z EIFE/ FE 22 HI AR (Surface area/specific
surface area) : —#ERITHYYNRIAIEE @ %

R B HITEHELNEREE -

(HFH AR 77 (Composition) @ Z5 KV E 1B

Aoy Mg —{E B Rg I N A Y

(~Z=ELE (Surface chemistry) © #)E ZRIHEITY

{LEFHE -

(B)FHEFTT7EE A (Surface charge) : ¥)/EFMH

HYEET ©

VR FE /538 (Solubility/dispersibility)

DARYEERENGRET - BRREBE]

2 rm ANAE B Y E BT IRRE

FFAEZIEE -

ISO / DTR 13014515 28R it 77—
FERARBEALIEE - DURAHE ERIRE I - 20FERA
T HIEEHIE S - S Y LR B AR
HHFHEZATHEE - MRS M ERMEE
FOEERAE T T AOAERATES o MR vE TR AT
LTS L BRI R L S oK B B A S R
2 2 E g R RO RER - SRS [ TEaoK
MEREE AR e HRTE R -

A FeEH B B AT K R L T TR
& R AN AHEES AR RS
ISINEIRYEE S IFKE5 ~ 7K - Bl5E
B %2 AU B R P A 2 R AN D LR T
BIDASHE E L B B EE - REA TS IES
KEMAIR T R PR SRR IR 8
R BT EZ FER KBRS o« FhAh
B I E BRI B i i ke -
Jei e B DA B P R 4 o B B = P (R A A e o
FoE o R E R R RS
(B2 360 EL ' ) ] o R ) T 4 e o

Bt - AWFFELATTS B R FORE B Rt 5t
BRSBTS/ NEZOR MR - By REREL
—SERELEREORL - TR AL T iR AR
2% -

MR
— R

78 % 7 5 S O T B 1 O PR AR oK
LB RSP RAEER RORALE BR A (iR R
B RS 2 ORI ) 3 BTG T AR R
NP1-NP10KP1-P5 °

= AR
EEETIK ~ 0.5% 7\ (kBRI A T 7k Z

E o
= - (RERENTE
1. BYREESS 5 (Zetasizer Naon ZS, Malvern,
England)
2. 28 B FE M (JEM-2100, JEOL,
Japan)
3. BRI AR T O AR I U T R B SR

(FEI NOVA-600, FEIL, USA)

4. LR ERE LA i H &= F (Tristar 3000,
Micrometry, USA)

5. EZZRRIYEE (VacPrep 601,
Micrometry, USA)

6. B AR R FZ UL Fr B T B A B AR L
(K-Kit Transmission Electron Microscope,
MA-tek, Taiwan)

7. i & 53 7E 2R (Pipetman, Gilson, USA)

8. BT A OLE SR (Inverted Microscope,
Laica DMIL, Germany)

9. B[ M (Centrifuge, Eppendoff 5702, USA)
10. # & B %25 (Ultrasonicator, VCX-600,
Sonics&Materials Inc., Connecticut, USA)

1. g g & %8 (Vortex-Genie 2 mixer,

Scientific Industries, Inc., New York, USA)

- B BN RE R TR RS 2R



43

T ESRBEN SRR oE

EARMEE R EA

PLO.2 pm g B E R 0. 5% /S fm i B2 51
(Sodium hexametaphosphate, SHMP)/A W * 15
FES R R R B 000.3 g » TNA0.5% 7S [ i
FRENZKIETR30 mL » B E S REFE305 8
A H A R A7 10 mL (FERERHE FIE Y ig) -
PA1500 rpm#Es it (3207388 - B ImL A&
FERSEE H IR 3001 » W A L IEE L
R B ABRECES G TR - B EE T
RIEELE - BIROULEUN PRI 1508 - S
HriRRE2s °C - BHIARE173° - RIRBEER SN
W pHIE F7 » EHEERERS R NAR & e
S i EAS R4 (quality report system)
HBRamEEE 6K - B E & &l
% o
h~ BENEFRAMIE(TEM)Z A

A SRR A B L E S L B SORFERL
ISR (EHR R Z IR R, 00065) 78/ E &
T B K Z S R R S A L DAEAR
P20 R BT - FAZEIR T REZR % AT % E
TRAMEE < B2 R T B T AR - i
80 kV + ARG & - #5 LT
S, 7 S SEATL Pl AN NI 145 =8 i G v A

7\~ iR IUE FRATYER(SEM) BRI
SRR R B A R BT 5 - 5K

KRB L DAE SR RERE FR AR RS & H R

Ko B AEZEZ IR S R IRt B AT _E

T~ tERERERALAS A %2R

EFAEE FIRIEE (isothermal jacket)
MERE  ERRE - SEE - OB - RFF
P EoE B R - WEE DL B ER R = (R AR
o B B F TriStar 3000 FRHEIREFLIF 5378
b o FREREEFEHF 2/ i - FIHE
T RISV AT P T VR RE R 22 R I 1= P 4
HOER R A EE T -

I\~ B Rz &E R S FREME
BB EREENR
o FH BRI fl i o L R R Tl B 1 S VAR
RS BT EMERE A - FRBLAE 55
AR E A WERE N 2 B ERRE - [
2.0 pm Bt P L R U A A R T T L
it F A B 2RI/ Y 2000 %3 K F 43 S AT B
RE - B AR N2 DIFETTHE R
SR RS EZ A _E R R TSR EE
TR ST FERIAE R » 8 FImage TR (R H B HEST
Fi 53 AR B LR R /R SR IR BB A3 (RERZ KA =
& + %1 2) - B iR A4 ~105RkE
BEEIES (4.0 pm x 5.4 pm)f 2 EETHE]
HIRERL - &R HT20058 DA B2 ks -
EREET A
— ~ R K/ NRRIE RS 73
TERRE BN KR IERZKRE KD
NIN0.5% 7S fm ok B S 0.5/ NRf % > L1500
rpm K B/ (2057 $8 % HE T B RE L BT R &
H o 10T ERAKEBRD IR S5 R
179.0+ 1.78 nm ~ 173.7 £2.56 nm ~ 216.6 = 2.79
nm > 190.8 £ 2.05 nm * 170.2 £ 1.60 nm * 163.8
+1.13nm > 200.5+ 1.55 nm ~ 202.6 £ 1.73 nm »
197.7 £ 1.72 nm}2168.2 + 0.86 nm ; 1-100 nmfi/
FHE A B R43.63 ~ 46.88 ~ 16.36 ~ 99.9
77.76 ~ 80.27 » 61.90 ~ 39.74 ~ 63.83 5266.18%
(B — K FE—) - BEYHTEURE(Polydispersity
Index, PDI)7£0.210 = 0.047/£45 » PDURIEMRL
SFEBERFSBUETR - BUER/NMUERM
R FAEA R BUS A9 5] o STRTHE R
INERACE BRI SR 53 B F5203.0 + 1.28
nm > 196.2 222 nm ~ 188.6 + 1.98 nm ~ 196.8
+2.10 nm2208.2 + 2.36 nm ; 1-100 nm#fii
BBl 55.5. ~ 48.58 ~ 94.94 ~ 68.17 K
89.59% ([& — K32 —) - PDIHITEL.98/E 45
TEERE » R BR R R I B =
T BBkt S — B - Bl
EEKE Y 2 SF R £ E] 100 nm
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B8 Record 912: 20130523 NP3 SHMP 0.5hr 1

10000

(H)

Number (Percent)

Size Distribution by Number

1 10 100
Size (d.nm)

1000 10000
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B— - 10 ERKEHRMNE A GE
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Rt _ . o
— EE mmm @ ik
SEERIE 1-100 nm e T B L (m’/g)
(nm) KiF ()  EHD (mV)
NP1 179.0 43.6 R -52.9 Ca,C, 0O 6.61 JINFEART B BRIR
NP2 173.7 46.8 30.7 nm -49.7 Ca, C,0 11.73 JINFELRT S BRI
NP3 216.6 16.3 50 nm -47.7 Ca, C,0 6.86 JINFEART B Btk
NP4 190.8 99.9 ZKAR -16.2 C,0 0.87 THIRIR
NP5 170.2 77.7 18&E I H -46.3 Ca, C,0 7.61 JINFELRT e SRR
(141.1 nm)
NP6 163.8 80.2 30.7 nm -57.1 Ca,C,0 8.66 JINFEART R SRR
NP7 200.5 61.9 70.37 nm -46.1 Ca,C,0 6.34 JINFEF R Ptk
NP8 202.6 39.7 59.3 nm -47.4 Ca, C,0 5.67 JINFERL R Fre itk
NP9 197.7 63.8 30EAH H -49.0 Ca, C,0 6.58 JINFEURT R SR
(84.7 nm)
NP10 168.2 66.1 HEAK -57.8 Ca, C,0 7.61 JINFELRT e SRR
Size Distribution by Number Size Distribution by Number
(A), (D)
=15 =15
: 1 10 100 1000 10000 1 10 100 1000 10000
Size (d.nm) Size (d.nm)
( B) Size Distribution by Number Size Distribution by Number
20 (EIO
= 15 % 15
% 10 %’ 10
1 10 100 1000 10000 h 1 10 100 1000 10000
Size (d.nm) Size (d.nm)

Number (Percent)

Size Distribution by Number

10 100
Size (d.m)

B Record 1590: 20131018 P1-3 1

1000

10000

B st mERRNRKIEBER AT hE -
(A) P1, (B) P2, (C) P3, (D) P4%(E) P5
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RASEVIITE R SR

R SR ERETREK BRI Z R KA
__ lem ZE gy kmE# Wik
SFGRIE  1-100m o o A (mg)
(nm) K (%) (mV)
P1 203.0 55.2 23 N -52.6 Ca, C,0 5.50 /INFERT R BRAR
P2 196.2 48.5 237N -47.8 Ca, C,0 11.83 /INFRRT RE BRAR
P3 188.6 94.9 B -49.0 Ca, C,0 8.28 FINFERE Ry Bk
P4 196.8 68.1 23S -47.1 Ca, C,0 474 JINFEE R R
P5 208.2 89.5 Z37S N -44.9 Ca, C,0 4.06 7INFEURT S A

REER TEOK ) R EIE

DU - #ERRTRERAIADT « (VEERIEZRIEHT

PSS i BN R PEEF S (R o BT S 22 S L I
HEANEE » (A RS IE A R R Rl S oK B Y

FARL » @QHEATHERAR R RFACB IR
RIF G E D REFER AR - BARKE
2R - B HAN AR DB - TR
NI BB - BUR TR B RIEIRE S
BB - R RN B RETIMIE I oK R 2 B Bk
By o (KRB R IGEINT » 35 - YA
- KRG RER R RE - BERZ

S ATA
BRI AT REE ZOKREZ R RIS M B AR 1Y
RAE -

— ~ RMEFT

THEF KRN KA R R ERIIR
I10.5% 75w % S AT 2L 0.5/ Rf % » 1500 rpm
R SH A 02057 i P2 HE AT BN RE L B AT B = -
101FTHE R BRI R A B A 73 71 F-52.9 +

B

3.73mV ~ -49.7 £ 5.51mV ~ -47.7 £ 3.96mV »
-16.2 £ 1.28mV » -46.3 £ 4.41mV » -57.1 £
5.03mV ~ -46.1 £ 4.68mV ~ -47.4 £ 3.99mV »

-49.0 + 3.86mV }%-57.8 £ 3.73mV (F—) ° 5{F
TTEREREAK G ER K H B 75 F-52.6
+£3.87mV * -47.8 £3.64mV * -49.0 = 5.50mV
-47.1 £ 5.57TmV F2-44.9 = 437mV (£ ) » DL
EAERAT0FF KR E BRI BR T 14 2% I & ]
1£-30.0mVELT » HAEFRE BRK Bk~
HAAE TR Z R HEERIIANR-30.0mV - 8
TZ%S*Y‘H&%&?H?T,TM LEBRIITE0.5% 7S

i ER KA P E TR E

= MEBRKY BB RHERD D
i

DASEMBIZE i R A B B by BUR RN &R
KALE BN 2 BIREAIE = - BEEESKEE
B3 AR TRACE B R R ALRESNET - HH
& =] LB EN 0K E BRI HISEM &
HREE BUIR S IR - FE R FrEifERY
SRR SR E I BRI ZORE BN/ Nk -
HoR R EE M NPT : 66.96 nmZE1.05 pm
NP2 : 84.14 nmZ%E500.24 nm * NP3 : 157.03
nmZ1.83 um * NP4 : 515.63 nmZ3.05 um °
NP5 : 328.96 nmZE867.19 nm * NP6 : 128.91
nmZE8.05 um * NP7 : 117.77 nm#%£585.94 nm °
NP8 : 93.75 nm%234.37 nm * NP9 : 93.75 nm
#£1.99 um&NP10 : 140.63 nm#ZE1.15 pm ;
AN - ST ERIE R R L B HISEME
& Hy RAURESNE — B & A SR & FrlR By
FEBY - R EERREEINEEE
{7y B WO R2 BR A /INRERL - HL/NFEDRT oy 5% o [
S3fiFsP1 : 70.31 nm%99.44 nm * P2 : 59.75
nmZ94.48 nm * P3 : 93.75 nmZ£252.43 nm °
P4 : 117.19 nmZE304.69nm & P5 : 200.25 nmZE
489.39 nm ([EPY) - DIREEEH EREE (Energy
Dispersive Spectrometer, EDS) /7 i 75K E
Bl RAME TR RACE BRI R ROT R - AR
TRKE B R R A LB BRI REEDS 73
Mtk - TR AR AR 2B Al DA
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A

288.02nm

128‘?'5”#?1

1.050m

66.96nm f 328.12nm

114.04nm »

500.?_{4-nr'r1

.Ifet|H\-']ﬁn|mlg TWO || our |
- ETD|15.00 KV -0 | 35000 x| 7.4 mm 0.14nA |

B= - mMERKEHMZIFHNE FRATEE (SEM)E1G © LL(A) NP1, (B) NP2A& ]

59,750

94_431‘11'11

74 foet| [THYE ]ﬂll mag ||WD [ cum |
A5.00 KV -0 " | 20000 x| 5.0 mm, 0.58 nA |

B ~ ERERERICEHRM ZIFRNNETREME (SEM)RE o LI(A) P1, (B) P2A 1l

e FEMhR ~ & $FHTR - BRI TRER
] ey - BRTTERKRB RN AR EE
Bk h EE R R H5 TRk G (BT © NP4
EERKHIIMI S R R E - R R

e 1 > BH S EMIE o RIL/FEDSEZE 2 45
1. . TR -
o -c . mEIAE%HZ?—EE Ei/ J

FH SRR » OO0 7 i 2 1 E e i
T ST HE S bR LR 7T » 36 F] I Brunauer-

B - ESKISHMEEEBEINLEE (EDS) Emmett-Teller (BET)W[T T2 ETEHRE K
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RASEVIITE R SR

B K — 2B REME - #5510
HFZRE RN B 2 R ETE NP ¢ 6.61 m?/
g NP2 :11.73 m’/g * NP3 : 6.86 m’/g * NP4 :
0.87 m’/g > NP5 : 7.61 m’/g * NP6 : 8.66 m’/g ’
NP7 : 6.34 m’/g * NP8 : 5.67 m’/g * NP9 : 6.58

m*/gRNP10 : 7.61m%/g (F—) 5 A - 545K
TR KB BN EmZ R EE /P 5.50
m’/g > P2 :11.83 m’/g > P3 : 8.28 m’/g * P4 :
4.74 m*/gFP5 : 4.06 m’/g (2 ) - {fFSEMAIHE
ISP ST37 8 )& R VN S #2373 7
AR R PR RO RER B R i A B E R B
B3 % B NEA ZOKRE 2R/ NEERL - HEHTATHE
RIS B B SRAE R A B R R =AM LE
Bty FEURL_E IR S A A TR AT -

F RRBEUMZBERE

F R 3 2R =R oz =0 iR L R R
MR EHINP 1 R B B 2 -~ B
R~ REAR S5~ FE R B B/ B B IR R R fE
KR o A TEMEIZE 53K E Bk BRI 1B
T AR FIFOREZ B IR T R BRI R
RIoh - HAEKKIS0 nmAYZKFERIFAE - 18

&= LR KRR MR R EE TR
BRI RIIRRERLZ FE DB DL

REFE (nm) kI ELR (%)
<50 52.3
<100 81.6
<200 90.5
<500 98.6

<1000 100.0

RO~ MEIOHRRIEZEM R RETRKILE
R RS ~ REBLKLRETELER
FREEHRE (10MF) —REXRE 511

LIRESANTi] 186.3 £17.7 nm 198.5 +7.4 nm
FRIAIE 47.0=11.6mV  -482£2.8mV
FEIHITH 6.7 £2.8 m’/g 6.8 3.1 m’/g

EDS/3#71% %*@ﬁ*ﬁtﬁﬁﬁ’é\ﬁﬁfﬁm;ﬁm
E1E - BHEE L2094 HZZ R BRI B 7%
KEBRIG I B8 R82.0 + 101.0 nm > FEEL
K/NEIETE17.4 nmZE843.1 nmZ i » HH/)
2100 nmPA R KRE BRI AL+ 80E 99t
81.6% (£=) - AN R ERA S
o R M R ITEMBUER B2 - fErh]
DAy B W)k BE kT (primary particle) 5 25 55/ 5E 5
YAKI (aggregate/agglomerate particles) Z5 KB
¥ Z VIR AER BRI R/ NFR 100 nm » #RSERT LA
DLSEHIZZ AP 2R /N - BB/ EFEER
AEEHIRASHITED pmPAE o RGER A i
IR % o RTEUIL205 S RE RN TR
ki FREBRGAISRERE SO » I EK
F567.5 + 30.9 nm ; FREERK MK A 146
O SPHEER1047.6 + 858.1 nm v fEEE%
DREBG ZBEEE RBT1% (RIY) -

ir b AR EITHE R KRB TG R ARIER
DARACE BRI RIZ R E R I BB AS AT (3R
1) AEHEPNPARRZ 28 - FHERERES
HIN YD R AR B2 2R 5 - 2
PR eE &R - AT DAMEM R 7337 R R A
B 2 YRt SR A LA R R IS Bk 72 SR -

ZENR

1. PEN (Project on Emerging Nanotechnologies).

=M~ DEAEX R AR R RIEE FRMREAR RIS BERE

ki AU RE SEEIRIAR (nm) BRI ET 53 B (%) SR B
REERAIRT + TR EE TR 765.5 + 849 .4 100 205

TR AR 67.5+30.9 29 59

RER kL 1047.6 + 858.1 71 146
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Physical-chemical Characterization of Commercial
Nano Pearl Powder Products

YUN-SHEN CHANG, CHIA-DING LIAO, HSU-YANG LIN,
HSIU-KUAN CHOU AND HWEI-FANG CHEN

Division of Research and Analysis, FDA

ABSTRACT

In this study, the physical-chemical characterization of 10 commercial products labeled nano pearl
powder and 5 products not labeled nano pearl powder are investigated. The dynamic light scattering
results showed that the average particle size of 15 products ranged from 163 to 208 nm. The zeta potential
was from -16 to -57 mV. Aggregated particles were found by scanning electron microscope. Calcium
was the primary composition element of nano pearl powder products detected by energy dispersive
spectrometer. The surface area was from 0.87 to 11.83 m’/g. The physical-chemical properties of
commercial pearl powder products with or without “nano” labelling were similar. The testing method of
physical-chemical characterization of nano pearl powder was successfully developed. The surveillance of
commercial products was also conducted.

Key words: Nano pearl powder, physical-chemical characterization, particle size



