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Abstract

Graphene has the advantages of high electrical conductivity, good thermal
conductivity, and large surface area. It is often used in applications such as batteries,
catalysts, and composite materials. However, when graphene is processed, there have
some problems such as re-stacking and inability to be evenly dispersed in the material
which is caused by its own van der Waals force. These problems have seriously affected
the applicability of graphene. Therefore, spherical crumple graphene with anti-
aggregation properties is successfully synthesized in the previous research. The three-
dimensional and crumple structure is used to reduce the contact area between graphene
sheets, thereby reducing its own van der Waals force. The purpose is to make graphene
have anti-aggregation properties.

In this study, we study the size of spherical graphene. Currently, the size can only
be controlled by changing the sprayer, meaning that the size of the droplets sprayed
from the sprayer directly determines the final size of the spherical graphene. In this
research, we try to control the precursor droplets by using two methods other than
changing the sprayer. The first method is to adjust the spray distance, and the second
method is to change the precursor solvent. In terms of adjusting the spraying distance,
the rising airflow from the liquid nitrogen causes the stagnant droplets to collide with
each other, resulting in larger particles. Shortening the spraying distance to reduce the
stagnancy time of the droplets did not resolve this issue. As a result, the particle size
from all spraying distances averaged around 20 pm. In terms of changing the precursor
solvent, the particles size is reduced because the droplets containing volatile solvents
gradually evaporated during the spraying process. Finally, spherical graphene with an
average size of 10 um is successfully synthesized, and the smallest even reaching about

3 um.
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132 MBZE3 KRBT E ﬁ'F

FEZUARIEREFARR G UG 2 EE A F RIF R
(50 % A F > 2 o 2 Zhuangjun Fan B Ff %7 3 ° 0 4o @] 1-6 7
TR ERRENF P EERALAIRES I ABA R E I RET AN T

@“Fﬁﬁﬁﬁﬁﬁﬁiﬂ%&% Ao 127 25 0 L fad R ARE ) k8T

Flab b g > AN FHREIBAEYRF T - EOE IR TPRE A F R
HWHRORE > T LN Rh e 22l L5 ME- 420 57487
g (s H e A ATHIE 5 R B LS B H AR 18 Y o 45

mg/mL h§ it FRFACRLEN F AFHBFF REE o hgd Ll

HHEUEFRERER RBETHRREEF AT EAP > ER R B
WM Y ko g il w0 A2 S B4 IR R R F Y ang 1
PEG R POCERRA, IR A oo MOR E S A Beik g ok i 5 (91.03 J/s)

PR AR FRAIEI LS R RPT R R B ok R G &

BATSARTRM - B4R G 0 doR 19 917 o B H w kbR o SR B

ﬁﬁﬁ*ﬁﬁwﬂ’jfﬁﬁéﬁﬁﬁ@@»%ﬁlﬂﬁ@’ﬁ?%%ﬁﬁﬁ%

#Eﬂ'z”j’mg}’#mﬁ‘&%m °

100 mg » HEH §end 2 T BpUR L TR 0 Y el -1 4w 0 PR A

BewrliE-p 2000mg - i AF e 20 B o



Slow freezing

Intercalation Reduction /
' | — :}~ FCRG

Oxidation %

Rapid freezing

Natural graphite GO CRG HCGSs

W 1-7. (g kb k@ nRws CRREEGEY

v 112 (b)igd R AR F 4 B EIBE R

B7 RS S TEM W S -

5 mg /mL
GO a#&
/ "ES
ﬁ ﬁ
—_—
Y]

K3B(~-10°C)

gARK GO #4GO
BRIk

W18, Mg @R 2 B2 AT

10



Crumpled
rGO rGO & 3%n Ehxn

S o N = I S 3

B 1-9. Tt 7 55 57 8 W B R cn A Sohirlsg o B ¢ S o

R4 (M
R B RS

fo B AR FE B

B 1-10. <8 - dhi2 2 %% 7 LB o
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W 1-11. 7 & end o 7R PR L s EB SRy B
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b F R RGP o RSB RAFEREF P oot B
T 7R E A R SRS R FTRA SR TR P E AR L ﬁrﬂ
o) 1-12 977 > RRARFIRFARLEF A0 o R AF AL
fo PR m oV RERF]RSGRSRFAAIREY R AL RPAERY A FIHR
SRR R P F R RF A IR S M E R R R s S
BB Ao

U s B IR B - o R HE - i b AR A

B— $’ ;; 7% 0 4B 1-3 P77 o ﬁ*/i—a" it eafd %\ -7 /% "T#&ﬁg 4 W T ,1 @
FABLERFDEBREF > FREF D A Shs TN B R R gk
BRI A F A R AT B E@ R o S Bl AR < A

EFIH 20 pm kol o T R et e TR AR SRR R T B

-

(Crumpled Reduced Graphene Oxide, CrGO) % [§ » {6 o * 372 #1717 v $p A

o s Pk R B Ry 4 7 5% (Small Crumpled Reduced Graphene Oxide,

SCrGO) -

4
o2
3
it
o+
™
F‘
o
«3
e
-
W
by
&
=
%
i
et
;“\\A
A&
k-
ooy
£
e
;“\\A
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i
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134 GO * % k3R 2 4R

A AR TG cE- FRWUH ﬁﬂ%ﬂﬂfjﬁ{GO KB il Gy
v ’;K{i%?*—i%’@pév'lrp,g#fd’ﬂ LI RABFEGO 2w chdk AR > &
LA RE LS s 24 A g ] REkh SCrGO » Ft F H it
KOG BAR B R AP P RS LG EF BRI G I EERY
F] 5 W IR R F N R AR A RTILE > T AW T AR i AORAR BT B
By b d g & <1 SCrGO o 4l 1-2 #751 o

BEBETRFAH G A BRI TEBFE F - B — X FRT LAH
S BE T [ 3 R e BE o F] G R RN B 0 T B Ao B AR Y B SR R R
Tk ch g E TR 0 B2 B 73 GO G A o Fl L AIE
A2 GO A A FTZ Bk GO § # v

PEFRFHENEL -FIAEFREETERRE > FRAT UFRBLY
gon SRR RRf FRAF TG AT -

J. 1. Paredes BIFf *Rl3E 7 GO &% I #:2 # hA 47t o 4o @) 1-14 #77 >
T BTy AR L e F A B R ARG PR
YR~ P & P fE s pyridine~ THF ~ = & "% 02 1 et HoY 0 3 fRe g
Foo k22 F TR 2 g BHA- AR - F IR E e AR RT R
16O A dckts B4 0 ATs 3 R BT R FlRaT 73
Wz kel (b AR R GO Attt L A THF £ 5 i3 1237 5 /23 A
F e fE S0 g ok fe pyridine 4§ i3 fE FEM VR 2 A T Bl Ak
ERPHNUETBIELALEFT LB ARTNES L R KO G E

B 1-14 ¢ 2 FI o P OBmE R R OA Y FeR iRt F P npn e
Mmoe o RS ke GO A Fliqp vt ,f‘-ﬁé’-lll VRRenAIRY A RA > Fp S K1

SHETE Y o f R AR pend B KRB AR N2 B A F R BERFAHAR

BWH DB E R Kiess GO &g Y e dit o
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ARV ILED LG A KRG G R B TR I fik e pyridine 7 2

FE GRS AR F R BRI ARIENE IR EEG 1 (HES

EE
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YR - PHRBRELSaETD 2
21 9 %%ES
1. Graphite powder (325 mesh, 99.9%) * & #- > Alfa Aesar » 7782-42-5
2. Graphite flake (100 mesh, 99.9 %) » % & #> > UniRegion Bio-Tech > 7782-42-5
3. Potassium permanganate (99%) > KMnOy > #E4Ep4 47 » J.T.Baker > 7722-64-7
4. Sulfuric acid (98%) » H2SO4 » #ifit » Aencore > 7664-93-9
5. Hydrogen peroxide (35%) » H2O2 > i % i* & » Showa > 7722-84-1
6. Hydrochloric acid (37%) > HCl > & % f& > J.T.Baker > 7647-01-0
7. Acetone » C3HeO » 3 fit > Duksan Pure Chemicals » 67-64-1
8. 7 &3 F &Y INGO »FH# 2 fitit pH3y "o > =+ 500 nm~
40 um > 7782-42-5
9. Methanol » CH40 > ¥ fig > MACRON - 67-56-1
10. Anhydrous ethanol (99.5 %) » C2HeO » & -k iFpt » ECHO - 64-17-5

7

11. Liquid Nitrogen (99.999 %) » iz f& % > # 1+ £ ¥ 5 L& » 7727-37-9

18



22 RHEEZL

2.2.1 Xk ¥EStA 45 % (X-ray diffraction, XRD)

&k B R 5 Bruker - A%, 5 Bruker D2 Phaser - jp| & FF » ik kR 5 Cu-Ka

X-ray > 20 £l 5 573 40" > ki A g HET BN RET L o

2.2.2 #% 7§ 3 B4 (Scanning electron microscope, SEM)

®RERM L FEL> 4152 % InspectF50d - # i %8k 4ei@ T /& L 10kV » &
< B & % 500 & 100000 % >spotsize = 3.0 HATHE K 7 & ;p:q‘n’h‘ﬁ BiES g
BB F A ARORA L E R FF R R SRR BRIk R
Fp otk ERITS N P20l 2 AR F BB RFLIN RFLY &
Farr 80°C R R - BB HK AT T HucE P -

2.2.3 & § B st (Optical microscope, OM)

%k B 5 Olympus > 3% 5 CX33RTFS2- | # %8 : P& 5 10x 485
40x o BATHR F RFRRRSEES N I REER 1| mg/ 3 mL HE & IFH
Bk MARERRRT S AL L RHBRFRI08 CEA S 0.1 mg/ 3mL) >

ErAg B RRF | A4 P20l 2 2 B EH A RF IR P L £ RE

FERT o SRk AR -

224 AT

AR R AR ERAR | mg/ 3 ml hF EFFHRR  RERRA
F 544 0 P 200 pL 2 7 EFIERER R 0 4 x 3600 uL 2 A kR CRA
5005mg/3mL) £ UAREARET | A4 #FE 6 I NFEFEL R

B 6| FFS4p PRELIR o

19



2.2.5 =% & (Tap Density)

FFREDER G AFPPATIOR T &G R ® o IR S SmL 2

e
T RERFNT AL DBREBEF e T RERGH 1000 <18 TR EHHET L

lﬂb

Ei% qﬁ_’ﬁ/?l 1ﬁ%—)§-’ﬁ§ﬁﬁ%,—p‘f D=

R AR ) M HEEEE(@E VI EF (M)

23 kL

23.1 PAOM 22 § i* # &% (Graphene Oxide, GO)

LA R A Bk R AW A8 & 2 Preformed Acidic Oxidizing Medium = j#
WiTGO™ o ff L furkis T o W9 g BEEM A e T 23 mL kALY X3 A
48 > a‘%fr?.%%'&;‘z’]:%c lg 25 THIE10 245 0 - ERREH T 35°CHip? T
W24 ) pFis s R R-HER I RFP L0 24 HFINREFT 0 4o x 50mL
R I DA T“A” 10 mL > 27 k&4 3 85°C W ig @ et 15 »ds
o MR RRES I RIS AT A T ERP e r 10mLiEF Y& B (s S
$ K eheng 4R B AR T 500 mL BAERE 7k sok s 0 £ % 500 mL 3

Ak - = o

20



232 M- 22 =BT ERF  7&Y% (Crumpled Reduced

Graphene Oxide, CrGO) & =

==

P MBS SmgmL ¥ P FEFRARECFGHEY VM ERE
JL26 AR A bk B B B Feor B R BEF A
WEFziRg »r Y > RBEZLN BT R FHRE L RITEFB LY
KRGS RERBERGTTT FRREIEE 7 5% (CGO) ° &8 M- g
B4 CGO s » kB iE% i » 350 co/min ehg § - 2 EIER G 0 F- f
FA3300C 3 B 223 600C 0 1] PF s = 4RE 600 o

L pps %CGORREERE > TP EERRBRERT L T &% ((GO) -

1) 30 min stirring
—_—

2) 30 min sonication

3) 30 min stirring

4) 30 min sonication

5 mg/mL GO

(aq) GO solution

Go
RY
; Oy
d ,’ ) 017
’ 1

Thermal reduction
(25°C - 300°C 3 hr
300 °C - 600 °C 1 hr

600 °C 1 hr)

" 1—& Total 5 hr $ LG8
.,

fussl |
PPr——— Y
Freeze-drying in machine 11 hr

W 2-1. MR- i TSR B R e AL T LE -

21



233 WRBEFZZ =287 ERF 7 &% (Crumpled Reduced

Graphene Oxide, CrGO)

ﬁi,%mﬁﬁﬁsmymiﬂz§%¢@ﬁ%»%%$ﬂ’F“#af
R EREF36 00K 2208 35 AAFESAASHME 2004 E 0 BT
SAAEGHRFBEWYFARFUERBEF AL RBREF E 7 M4
SV EEESERERETE  KRIFL IS Ada o BEFREADWFF AR
WiRFAG O RAPRL K LRI BEFF OREFRG T cRT R IR
o REARR O BN R F P iR - BRI RS RICEB ST 4

S 11 pE s 520 MEMRT 5 E40CH R 40C 0 FfE vk g R B

otk

=~

/{

FRlavk L EEF R KT TE EFRHREEF 75 (CGO)- 58 #-H
FAFHCGO e~ g B B Y > i » 350 ce/min g F » HEFER L -
A 3300C 3P m-F 3 600C > 1) pF > %= E 1 4FE 600C -

Lo 3B Ris > TP EERREFERT 2 5% (CrGO) -

22



1) 30 min stirring
—_—F

2) 30 min sonication
. 3) 30 min stirring

4) 30 min sonication

5 mg/mL GOy, GO solution

Thermal reduction
(25°C - 300°C 3 hr
300 °C - 600 °C 1 hr

600 °C 1 hr)
Total 5 hr

SCrGO

> LN, pre-cool 15 min Freeze-drying in machine 11 hr

B 22, MIBIRFEATEEGR R B NE S HFL T LW

W23 ZFFEE2F%R -

23



2331 WEEFEZF FRRERSE S CrGO

BPE S L AE 233 2 A2 Apk v (AePh AL EH KR o &
FREWNEEP » CRATEHELRF A0 2 B apedp ¢41% ¢ p Rl
PREE RS ALY G NS 2s10 08 IS A A BER

BEAL - e CrGO & % % 5% 233 4p ke o

\ 4

spray distances
(15,10, 5¢c)

W 2-4. FURR 2 F Fp REESEGT LR o

2332 MEREFZ2ZFF GOB3A &=+ CrGO

BB AR i 233 2 A ARk - L h L R EGR
RO E o AT GO BAIDL B Yok AL E LR B B2 L
fRer 9 piv i GO enip Al o Wi HA 3:7 (e g L4+ -k) e kg s
Bl @R #-15mL 2 iR 35mL 2 33 KR frk SOmL > if > £ 250mg GO
it ? (ER I Smg/mL) T30 4808 0 £ A g5 AR 30 A4k
T REPWEZE RT L -0 R 2O R B g B RAY £
BT e GO AP 224 AL EF 317515713 =

24



B b0 12 BEHE LA e GO B R LR et Bl A R
Fp ik 28 GOBRTTEMAFEY cFFERSRFEE > ARE
BEALL 10 24 > AR EF B A G2 7 T SR IRHRE L XL
SASa s BFFADWURE DR RFONEF LG o R AP AL 0 5 R
AR P E e BT AMHIONEEF MR- B g

Por o FEARERB ER T @R BB 2 5 (CGO)- Bl #-H
4 e CGO e » # 51 F % > & » 350 cc/min ehg § > ZEFER L 0 B
A3 300C 3 ppF s B g A3 600C 0 1 PE s B 2 B IR 600

L 3RERE PP BEERREFTERF 7 5% (CrGO) -

1) 30 min stirring
—_—

2) 30 min sonication ; o
)—> 5) 1 hr high-power sonication

3) 30 min stirring

4) 30 min sonication
it o e

I 5 mg/mL GO ] GO solution
| (solvent: water+EtOH
or water +MecOH )

Thermal reduction
(25°C - 300°C 3 hr
300 °C - 600 °C 1 hr

600°C 1 hr)
Total 5 hr

» SCrGO

—— LN, pre-cool 15 min Freeze-drying in machine 11 hr

W25 MERFZLAF GORAATERRE EFNE A HIMLTLE -
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234 WAL RIFER %
téﬁﬁ?%m’*%ﬁﬁ}wﬁ, ’// 4‘”?‘]’%'1}‘ T AR T RIA R "F‘%iﬁ@ﬁi“
BEp g AT Sk “ﬁ B % o A= %éla/zi’ AT R /J\Bﬂagﬁﬁﬁ

SRR 1k ek SRR A B e 0 g SR I e A

W

g4 B e RIBFIRSE ) B ST N E S N ] f 4 SCrGO HEzv

F A el SOmLFH-kiR R R 5 101 A 200l 5T R EE
KrFHEY > T ERBEREF AR CFEEES S 10cm o B B F E] 7w

2P T B LR EREFLIEL 15 A4 BERADAR BB RE R

PR o RBPRAL LG EFF AREF Y Bk A IEBEFNAR
BFAEF PP FAETZ EFIPAINRAET 2L AEL B2 a2 Pk

NI I el U Eip o~ T T

EHIEHR > EF B TEE RY

F_*

5207 > WF P PRSREF T ﬁ%ﬁﬂgﬁi&dgﬁ?%-}b%ﬁ v AR B o
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YR -FLRE
3.1 BWERS "2 RFHEL
3.1.1 X sk $Est4 45k (X-ray diffraction, XRD)
R AIH XRD ¥ & fEa R R 7 R0 A SR BT (8 iR R 1 o
4o 3-1 #77 > § * £ &% (Graphene Oxide, GO) % 2 Theta = 10.74" 5 (001)2
PacE Y AL TR NS F TR AR ORE RS
FF (001 Ap Bl Y o e F I B R F * T £ (Reduced Graphene Oxide,
GO) S BR BBREZ2F VP Adpd @ rE R e piry 4
B SR FEEGE FIH S A8 &R 4 0 0 2 Theta=26.01" 3 (002)
2. g 00
FULPEFEEME -2 &SRR F EH(CGO) 7 EET] 2
Theta=10.74° s pcid 255 B N33 » 8 % A P » 53 MOR Bl A m 25 & argg ik
BATRH FEF TG OOUR S R R OUE  RAGLRAE TR L 5d 3 EERR
sz e B R F 7 5% (CrGO) > £ 2 Theta = 26.01° 2 £ sz 23 %
BREAdH XRD Bldp = 223 i@ ot o e 5 &8
BEGEREE 2 AR 32477 0 Z /A7 R EiERGAY L SEF R RR
@ 17 5 SCrGO-5cm ~ SCrGO-10cm ~ SCrGO-15cm = f& A& 4= » # & p 72 Theta=
26017z FFHEUELL FRR 2 A > » LG BAREAP AR 5 oo 54T F] AL
AFET FRiada A2 nfApEl o d Atk 2 BAT g ey 4 TR

A R 0 e R B LR -
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s CrGO
e GO
N CrGO

F— CGO

- ____,//\\\__¥ rGO

Intensity (a.u.)

GO

10 20 30 40
2 Theta (Degree)
Bl 3-1.GO ~ 1GO ~ CGO 11 % CrGO 1 XRD Bl3# ° 15 1 f4261 CGO fr CrGO £ § 7 ikAg

B T LF kS GO e rGO p e ndn o @ & A (001)% (002) 5 AR L ELAE B T -

— (GO

e SCrGO-15¢cm
e SCrGO-10cm
e SCrGO-5cm

5
)
wn
:
= SCrGO-15cm
[
SCrGO-10cm
SCrGO-5cm
10 20 30 40

2 Theta (Degree)
B 3-2. 1GO 11 2 7 FEFEHL(S ~ 10 ~ 15 em)#7# 2 SCrGO ¢ XRD H3# ° SCrGO + & § 3k

REH o F1 2 rGO Apt o (002)i i APUELE R T
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3.1.2 # 4 ;¥ & 3 B4 (Scanning electron microscope, SEM)
#F 1 SEM % CrGO 2 3 SCrGO i {7 ¢ Lz & % - 4B 3-3 2 (a)
Aroro I B2 AT E 2 e CrGOr H A A 4 & = Rk gﬁj%*#, T 455 50-
500 pm > £ 35k F84X 4ol 3-3 2 (b)4rom o B HBLE § B R A X B
bk iR AR IR 0 S R B v - R o @ I * R AL A e
SCrGO-10cm » 4] 3-3 2 (0)*777 + B x84 A3 E§ = bk B4 < 454
5 20um (20.99 +8.07 um) > H &£ HTE 3.4 F $24 0 A2 A doB] 3-3 2 (d)
ST BRSO BATE AT L BRI R AE e ¥ - B SR OR A
TR AR T B R L RTS8 2 B L gk TUR R e

Lo PR IGR T BT A o

W 3-3. () M0 - ki TR 2 B () H A B (o) M F TR E L #(0)2
et WA SEM Rl o (R GART T B AT RS S R BATRAE > A - S0 SRR D
x> WiFI R f}_ﬁi,l\gﬁiﬁ%%%&{% R

29



3.1.3 k& B4 (Optical microscope, OM)

d 3 b — o] & SEM ez > AR BH R T 0 i % 2RSS D
R EGEE PR o AT RS AT RE A R B EZ AT AL
Flt b o] @A e N 0 @ R RACBLBRRI R T B REET o

el 3-4 2. ()97 0 AFREEAE 15 A4 RT o STRB PR T B
G ORE  RESERT L E A SO Y o o) 34 2 (b)47F 0 A JREERE 10
DR R B G AR R BT o o) 3-4 2 ()T 0 A R EE
S 2R T 0 < RA a7 B SRELE A AT i L BB TIIRR
T B F DR TR 3-4 2 (o) Bl S RAEAT T oA A G SRR
AT A g RF ORI AL > IO AR o P T ILE Z B S PN A
PERRER G I ERT LHPAFONEH Y oA 0 Is R R e R Ad

P AL I o R BN M N F R 41 § S8 S
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50 um

Bhfm > 7 LAgEmE gy 4§ ReDing 2 o oot 2iibaif o
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32 SRBATE BF R F R R

N
o~

d % SEM #2_F it B R B 2Renzh ok £ L

‘#«
il
e
-
fats
=
+
I3
fuy:S
.
"'}\‘

I 7 B AR RIEEFHIRE R+ o

TA 3L AR ZHRBATE B RT B R o CrGO HRF % A
% 1.43mg/cm’ » @ SCrGO-5cm » SCrGO-10cm ~ SCrGO-15cm # = 87 ) i
WHrE AP IRE B A A B 5 099 mg/em® ~ 1.10 mg/em® 2 1.24 mg/em?® > & f&
2 AR L BRI RS A DL FRIR T BN T2 PFRT R
Ay od BRARESEFRT I A RiEm gk o P EEAE T B 3-S5
Aror o0 ABR AP T 5 BATIHRK > H AR SRR T ¥ - 5 100 um £ 20
pum B 8o A HAFH R A S DL ER2 GO BiRkAR SmgmL 2 R 0 259

23—5n10"7mg1 23—071'10_9 mg o FEFLpUBE 2 NEE Im x|

mx Ilmeg B 5 A#BGE 5 @7 F £ 23k [ 3k d 5 2.62mg/em’
RF R B R ERRE R R LA R AN AR A P TR
Kk F o 4oR] 3-6 T 0 RF RARBIRFE YOS AN FEAY S
PN Aph WY R RE R P WA IR B2 RE B

BOKERRIE - i@ SEM MEET R 4 -
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4 3-1. CrGO 11 2 7 e vf EFEH 2 SCrGO R F B & o @ A7 PR | *THEF BRA T A

SX LGRS F 0 W36 A E R R AR R B I D B AL S L R R

BREBRPE -
Sample name Tap density (mg/mL)
CrGO 1.43£0.017
SCrGO-15¢cm 0.99 £0.033
SCrGO-10cm 1.10+£0.012
SCrGO-5¢m 1.24 +£0.033
SCrGO
CrGO Radius : 10 pm
Radius :
50 pm
Im* 1l m*1m
CrGO : SCrGO :
5mg xmg 10-7 5mg ymg 20 109
—_—  x === mg —_— = ]y = —T mg
1mlL % m (50 X 10~%) ¢m3 3 ImL % 7 (10 X 10~%) ¢m3 3
1m 3 B 12 1im 3 _ 12
(100 x 1076 m) =10 (20 x 1076 m) =125x10
25 1077 x 1012 25 20 11079 x 125 x 1012 25
3 22,107 =262 mgmL 3 =2 7107 =2.62 mg/mL
(100)% cm? 3 =4.5cmy (100)° cm? 3

W 3-5. 3+ & H 2 Bk R B T CrGO 1 2 SCrGO ek g % & ©
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(b)

36 7 b ¢ 437 B FURT B AR A LB @3 F #7052 0 g0 (b) Ak 70

NPT HR SR T B L RN R AR R Sl
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3.3 BATRRF 1 7 B A FTILRIE

ERCRINE S A R R I 5 A O e ) I ol B o
CrGO(Z)™ % SCrGO-10cm(+ )& B # 5ot i > e 4o F ¥ % I CrGO &
PR B RS R Y 0 @ SCrGO-10cm 323 A T3 iFpE @ o 2t o s iR 5
R AP I BT o A e PR S RUEIE 6 ] PF (S 0 SCrGO-10em s i g 4 4Rt
CrGO 3 i gg 4 BiF » 4~ % 41ip) SCrGO 4 7> CrGO »

Vb h SR 6 ) PRI 0 A EARTR R 30 AT 03 A4 KRR
P 30 L AcRRRIF S AT B FE Y chA e dE 0 I SEM R RE o 4o
B 3-8 #75% » i 6 /] PPtk s 0 CrGO #5240 F iFiR 0 F 595 5 #ER b
480 @ SCrGO-10cm # F A 400 i eh e B4 (7§ Sk ehB i 2 7§ B %

k27t > SCrGO 4 47H %> CrGO o

CrGO SCrGO-10cm

¥ 3-7. CrGO 12 2 7 Ip vf R EEHL2. SCrGO a JTthiplid » 3 & © P o A4 B CrGO @ 3
PR BRS R Y o 2 As AR &R R AR ERT 0 SCrGO-10em 7% ik g 4 v CrGO

BiF o 4 dip] SCrGO s Frih it CrGO -
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rGO-Ohr ., CrGO-6hr

B 3-8.CrGO 12 2 SCrGO-10cm (2 7]) A $HiRl 383 & - PF et i $ 52 SEM Wl » (% 71)A
FCHREEI A Pt iRtk & o KB 6 BRI CrGO #4030 R igin? (e &% 5 #R

i 0 @ SCrGO-10cm 7§ 3k ch g Fo 2 FONFH > 24 7 SCrGO eha Fit g2t CrGO -
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34 Ak EA 2 BWBRT O F 5

3.4.1 HF - i
T kAP SEM BLEIMUE - #8290 £ 2 1) CrGO he < > 4o 3-9(a)

ﬁ?ﬁ%@kﬁ%m~wmm»%iﬁp;$%~ﬁ&%n¢%$m¢n4¢

[}

R © A R ) 2 F R R F D SR AR T R AR 4

?N

A AL RTIGR T B o B SEM B} g Rl ATk 2 4 ke
F &Y AeBl 3-9() ARt o RIS H T 0 RIFRAEEIREE PO
TR S SR R 2 B30 67 SR B G LB A3k inT B4
A2 5 S VROT BAFRRI S RIS RGOSR R R

7 - .. hH= A nl - .v/ y
PR HFIRLEE Y EET TG YRR AL o
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