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ABSTRACT

The transition metal nanocatalysts (TMN) play an important role in the preparation of
the advanced carbon nano-materials, such as carbon nanotubes (CNTs) by the catalytic
decomposition of hydrocarbons. The studies on TMN and their application in the preparation
of carbon nano-materials have been payed much attention in recent years.

In this dissertation, the TMN was prepared by the modified sol-gel and sedimentation
methods. The effects of the amount of ammonia added, grinding, the amount of organic phase
added, the amount of support added and the temperature of calcination on the yield of TMN,
percentage and morphology of carbon deposits were investigated.

The experimental results presented that when the amount of organic phase added was 0
ml, adding an appropriate amount (120ml) of ammonia could improve the yield of TMN, and
excessive amount of ammonia added (200ml) could reduce the yield sharply; the percentages
of carbon deposits increased with the increase of amount of ammonia added, and when the
amount of ammonia was more than 160ml, this trend became weak; the quantity of CNTs also
increased. The percentage of carbon deposits and the quantity of CNTs were improved by
grinding the samples before and after the heat treated.

When the amount of ammonia added was 165ml, the yield of TMN was falling gradually
with the increase of organic phase added; the particles of TMN smaller than 100nm became
fewer; the percentages of carbon deposits, which were still more than the percentage when the
amount of ammonia added was 0 ml, fell also; the quantity of CNTs in carbon deposits were
fewer. When the amount of ammonia added is 165ml and the organic phase added was not
ml, calcination of catalysts at 1200°C for 2h led to the particles smaller than 100nm more and
improved the percentage of carbon deposits and the quantity of CNTs.

When the amount of ammonia added was 165ml and the organic phase added is 10.8ml,
the yield of TMN increased gradually with the increase of the support added; the percentages
of carbon deposits and the quantity of CNTs fell, when the support added was 15.5g, there
was only several CNTs. When the support was added, calcinations of catalysts at 1200°C for
2h led to the particles smaller than 100nm less and carbon deposits mainly being big particles.

The effect of concentration of transitional metal solution in water on the morphology of
carbon deposits catalyzed by the TMN had been investigated. The experimental results
presented that the TMN on quartz slice has some activity of carbon deposits. Villiform,



particles, columniform, and some wirelike carbon deposits were obtained, and the
morphology of carbon deposits was translated from villiform to particles gradually with the
increase of the concentration of solution.

Key words: Nanocatalysts, Carbon nanotubes, Preparation, Organic phase, Catalyzed

decomposition of methane, Carbon deposits, Characterization
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BARTZENATAIA., AlIi. 80R. SPURKRELS IR, HEHR
TREERXAATEANER. MESKBZEERNEDRR, EUAFKTHAT
BARAE “SERIREILT” BIGKEAA GOREARRF LRI, REEER KR
R, BRHAFSAGEATITE BB R, T CURIBR BRI B4t
FKREAFLERIBM O ., . LS, TR, BE. FREX
REE T RAEMN TS IEAERF O N IR,

1.1 HREEFENT

BELOHE—FERBKE (AT 1-100nm) KIRREFRAGORME (BREGKSRE. 2
K. 20K, 40KBHD . JKMRIRILH T2 5SEEMEARRRYERE, Ling
TR DARFHN REHMF IR PR ERNF. JRELTIRIAKFE &
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BIK, BHRESESEFEZEM FREREY, K20 SamfBk, HREEFH
ELBIIER) 50%; KR 2nmh, R R F AT 80%HTELB]; T Lom AR M BT R JR 748
RFRERS, HZH “REFHE. REELHETETRCUEAREABET
ARTMERGFHEHEREY. B TFRERTROEE, BEFRAETE, WRTHSFEYE
b FFHBEERMANEN XBFETFERARIRE BAEHSHERTESE,
WAL P4, e BHEM LN, SEBARERFSUERTARTEEGR,
KRR REBNY XA EWEME SR+ KRR AE R R, F,
10nm L F PR SR A A R A AL EHE"

1.1.2 EFRTHMN

BGPRBR R T T R —EN, FOKRERNHLR R TS hEELSIRAY
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AR, RELHERTREY . BF RPN AIEGOK A RO 134
FEY, ANEHENREFRENER, ILRE/RTF/Z/TTAFERPEMLBL, A
T AT Bt 8 3R K S S AR R AL FIR AL RS

1.1.3 {FA%M

ERBRE R SHRBRHRT 54 FRTHER T BR KA LSRR P, &
AP A0 R AR, 3R GRS G KBURL I 2R I I SR T3 BE AN, A LAE R
B, A ARG B R EEEREAESE S IR E TR R R ALY,
TR SRR RTIA BB IR BB KHT, QORI Eon e AR fb . STk PR
B, FREBREFEROBLERLENSREOELERRET 100 £F.

UK B BRSHRE T HEA YRR, I thokE T ERSBRIERE. g0k
PEERE. BE. pFURBLETEYERE EREMET R R, XEREN
BXS JEH B R R AR AR R '

1.2 ARELFIBIETEZ

1.2.1 SUREE

TR —FERELRGETE. EEERERKHA TRITEAMAZISE
ERLRIEBT, BITERNITREERREMRIARE, BEL TR, B #
BB AGRMELRT . FTREESE " BRIk, Uk, BOUTRE. BN
%, HAREAREERENE. FERMAIIEESET LaMnAlll 01934
WA, ZEAAIEYRELCEE— P S ET A RR A L.

1.2.2 Bi&%k

BiRGERHEARBBUNNER I EZ—" . BERRBRANSHE LAY NBR
th, FRABFERSEHBSE, BXNEL#ITTER. ERNAEBGRELR . ZHE
ERTEELELPEHRBRMER. TEY, RABRREHETHKREHHON /
A1zOs. Ni/ MgOFINi/ TiO. 45, HEEEREERRNEE L2 AINEE T ER
NARHEHAT IR . SRR, LEAHERN, #ANEIBEETEZRMENENE
W, REGELAERR, BOBEERK. # " ZLIP(NH,),CLAIP(NH;)(NO ), K B IR
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k. XABRBFERE T T XRERE B HPYCHELM . HRSEMMXRDS & H,
Py/C-Pt(NH3)(NO,) 2 H B R AL L TEH

1.2.3 ARZE

B REE R 2 4 R FE SR VR K%, HhBAaEREFELKE
BAMBEBHENE. RS RARGHRRHEHALHERO T EHE T HEEER
et A 4L, XRD. SEM. EDXJR% R R\ EILHHBEESIKE, BEHE
MR, JEFEERICHLA R . RiowZ " MER ZBLERE:, & THRABRE 1.7-7.1 nm#l
PUPRERL: X7 H Bt B FIPKBR R T, R E AR FISBA-15 A& L, I
BAHRKERIRAIGIRAELTR.

1.2.4 1HEBZE

TR MR AR N B AC AT R S S i R A KA B BB R, &
RAE: HRBANER. KREGFHEHERRLTREONEE. BRAKAEBEE
P, S EBREKE. BREFTENTRERS. ST ERERKEE LW LU#aE L
BERFURIENEARRE.

1.2.5 EEFHE

FETHRESESLH. EARFABETHEN, HRATHIFERSRA.
NS B T ARE LT BRAUT LUIE L2 2 F, BT LR s h % LR R R
B FEASETHREEORAZETESE, TEELNEEMNELIREEL
FE Bk Bl {E B % T A A8 945K Cuy Cry Mn, Fe. NifikL, #%—32 tufil 584
A BHIMBEENES, EVMOERTIRRSS. EEHABEMHKE BB,
SFETARBARMN AR T —FWEEE & MKEAFRFRE.

1.2.6 Kf#E%

KBERAERREE THERBEERKE ERKSENMMREANYTRE, B
BURFY AL BABGREURBRATE T « SHETHATHUKRE. SR8
EAKBENBEKEEE, KPEREHKEERSERN—FE&AKRELTNT
&, TUNKBRBBTERS BRERAEDS HESTERBHRR. KBERELZ
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fid. WFABRTRRES. BREERERNE. KEREMA, ARARBF LR,
FA%" R E i R R AR X PR AT R AL E, BRMZBEEER, RE
HEK BRI H B AKTIONE AL

1.2.7 BE-8EEE (Sol-gel 7£)

Sol-gelik: & — R MM R A FIFIEBAR, HEAFEREULBH IR
%, FARKBERARNHEEBENDHERBIEENDOHTER, BERIKRSE R
BRRR, B2ETE. JOBSRENTERSKELRTR" . ZhELFRER
B BRRER. EHSONT. BERERESMA". JeffreyZ " F H ot fsol-gel
BT TR AT B9 K EALRIV/TIO-NE. ZE"H) Asol-gelik, RThHih%
T UASIO BTk bl SZ (sulfated zirconia) G4 &4 4 7B MM 4 GIKAE LA
SZ/Si0;, BAER B 7 T LRI E . sol-geliZE o] A F & AR R TN FLEEE D 75,
BAEE XA R fisol-ge il FEH0IE 8], & Bl BB NI IS MK 2 TR

1.3 AREAFIRERK

BUARAMRIERBNAHEABEZLRER(ETEMER, X FEAHER, KE
THEH. AAMEERR. BORAR, BIE/RE. AERARZ)NHERE R AMHEHY
MERBATIR BIR, #UREHASHIFERLSERERIRR, AIKRENL
M BTt BHHERHEE L HKE.

1.3.1 PRBEEFIRSRLE

13.1.1 BFEMBEHEAD

BT B MBESAR E B 3 A F(SEM)FLZS B 5 (TEM)FF.

SEM(Scanning Electron Microscope) T 20 47 60 4R tt, XM BHERSARE LS
. RTERERA—RRAWBFRAERERD, EERROERKBEREBETF, KEH
FHRZLOEBFRAFAFR, WRRUEHRORASLEHER, REBTF HEN A
£, FPEHTHNGES, BB ENRKELRZABESRERNREE LETFR
B, ERHERFRASAFEESR. BERALAESRE, RBTHFEHRELEH.
AT EREARTORFHREET, FEEBE. BKE, ERRL—BEESRMN, E
SRERTFRUERLT TREREBFRES.
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SEMEAH I FHH AR A, EIOX R M Y R V408 7 LU B 8 2 37 4k 1
%; QOHBAREMBKTERE(10—100000 H)FBFANHE; OFIREMRE, AR
BB TR 155/ . WangZP5E FISEMALHEN & B 3T /5 Pd-Cuf R B AU K AL IR T
EHAS TN, RRSKEANERIIRERREN, REELASTHETRK
KRR, BERLRNE, BAAEEASEREEEMSBEMRENNA.

TEM(Transition Election Microscope)& AT AR, BFHFHKIRE, R
Sy RMEREMNGRE (Brage) SEH, FEMHNR, FAEHBSOEEAEH
MERSBATN R, TLEFIYREEETMLRE, NS EY R
/. HAET 0.2 KRB IOMREE N DM SN AT AR ARRIE. BEAA
AR ALK AL TR 0 4 BT DL R BB A o S PR I TEMB A M T
AT A B SULBS K B SR SR, BT T BB R B BB 1R R 2
KR

1.3.1.2 EFBEFEREREA

_ EHRTEM (Environmental High Resolution Transmission Electron Microscopy) &5 #

RERRIMMGEHRIESE A, RIEGHRTEM (High Resolution Electron Microscopy)
BORKIFEM . SBART NERBER F/KF LR E R NERE, W R EILE R
PR LR T A 22 G M R L B B (5 B, T AZE R BB B A5 SRR R
T, BERFER. BETFHHALEMTETBOREFEAA R ESYROEHN
¥ RN E.

WEHREM (Wet Environmental High Resolution Electron Microscopy) T B R4l 7%
SET B SEAFRTEE, Xt bl 2SN E R Co-Rugi K LA LT ZFE
SREFEMENRE RNHTRM; 1T AT REEAR ERBEORES RN,
SMEBBEATER THENMMES RN, EAWEHREMEHT UEERMEE M5
KRE™,

13.2 MREAFIREEERIE

EARRE (BESANERAFARD) RS HELEFERTFEREZNZW,
B LABR ST REAL A B9 R T AR 0 A I R L AN FT D o

1.3.2.1 {Bfsx

WHE (BEDERRALERN) BUEHRONNEETE, HFBETYER
BRI AR R R AR AR . AS T ORBEREEREN AR
NESEBEEANZ S FREFE, KIEBETERRMERE, RHREEENE A%
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BRRSHRNE, FAEREHE TEBZOAZNERE, WEXERniRER,
HBETRM AR E B AR BH L RERA 315m° / g.

1322 X SHEXEFEEE (XPS)

XPS (X-ray Photoelectron Spectroscopy) £ % FMREEWRIETARZ —. EXPS
a¥H, —RAREBREROKXHELHEERTS . XPSHFEARENCRERTA
BoRTHEEE, BlEandTtiitiTett. ERANMURLEDNSTHEH I,
FEPUSBREYREFOFETTHER, RFREAREZE-RL-ESHRBEARK
TIHMESDRBRNTFHTEE, HXTEMNEHEXHEEEE FRESFNRTFBR#T
TR, EHCDERIMER T REVRBEHFHBEERMEEBELT.

1.3.2.3 BEH TR kiE (FT-IR)

LKA R R T A PR BN, HRFEHRETRRAZEL, FHLSH
R R AEAR R, FTCUEEFT-IRG I BT AR BRI, 55, 5T
BFTIREE 5 D2 AR R O AL S YRR E EX L, B iRAHEA
FIREFEHEARS FHEM. XiaFNE=PHBTLIMM, BET=HHHE
M.

1.3.2.4 {BEUHB FEES

HEAFIHRRTHATERTFZASRTHERTE T2, SNERE R
BTH B RMRRERENATEZARKE, KIEHZRAEESOCT IR H
X, HEIRASIERTHE, NTEH —MRE—ERENET, XMETHRIRK
B, BRI ST HEETLRGELARER H—EE8",

1.3.3 GREXFIRIBGHIRIE

1.3.3.1 SME X SHERIBOEMEHNE (EXAFS)

EXAFS(Extended X-ray Adsorption Fine-Structure Spectroscopy)& T 474 FH%
HERER, AFRMEREFER™, ARATERSESERT LI SE. ME. E
k. MEEESAHITERRT. EXAFSIER I ER T RABELE (BAD) FRENEFH
TA, SEBHTHERLERMNPEETAFECE. THRELNE. S5 S9K ik
7IMnFe; sCug 15Ru 05043 T TEXAFSRIE, KIMRuZUBZERXFE, WMHTEU
Ru-RuZE & R&FF7E, HRubkFMnFe; sCupisRuoosOs/\THAF, RIFLEMELFIG] &S
THRuf I B e )\ X #9384 Fe.
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1.33.2 X $H&6758HE (XRD)

XRD (X-ray Diffraction) BIE$RITH ML &M KT, RIETKERBETFHZ
REMBENNTRZ—. XRD REXH KL, THTFEE. Bk, BREEE
KBTS RN L, RSETA TR . ShenZE ™ #i& T ABARFAIRE
FEMBRRBAZ-AIGK B RELY), FHERFPHELH FRABRETH&H
K E AP BATXH KT, SEESNTTE, £ 200°CHBIRE TH &8
PR EEZnALOs y-ALOHIDEZN0, HEAHMRRBAEH, X-RHTZoHIARL
B SEN. 1, REARFEpHE R %S E R, TR H pHAE T B K
fEw, BIGRRBURLR S BEpHIER N K.

1.3.4 FRELFIEENR

1.34.1 BFIH# LR EPR

EPR(Electron Paramagnetic Resonance)% il TR B i ENIRHA S BE T (K%
AREERETHRLERETF) RHAEY, 3+ AR A HEXEBRHIARA T AR
TR BERAT A . 8T EPRE I R 18 41770 3 S0 A0 IR B 11 i A TR 00 8 L4 AL V5
. X FARTES KRR, EPRIEERNBEREAERARN, REELKR, #L
FITE TR

1.34.2 ZHSHHEAK (DTA/TG)

DTA/TG (Differential Thermal Analysis/Thermal Gravity)RZEEFABEELHT, WE
FUMRS2HYNHERERRRETNSREXR, THERHNEEBEMRTERH
R, FELa U ReE AT € sUE BT . S EY BT iR L.
ST & TR B A ST L REE W . B L RIA L. EEEEA ) SR
H{ER% . MartinezZ5 " % %l & ML FIATDTA/TG A7, B9 AR AL FUBURLRL B 2 M 8
5, Rty EmERNPERERITFEELEE.

1343 FEEAS/NME X HEHSHBE AR (GISAXS)

GISAXS( Grazing Incidence Small-angle X-ray Scattering Technique) 2 Ui # 1£.77)
AREMNEERAETFRZ —. ZEANEAFRE +428%, BaBLRES~EH
FHEBHB DL . CHENAZEARHAM FRERKAR AN E T MR FRERSCER
. Winans% "% B FHEREE S ARELMOERE L BB AR PR B &

. IGISAXSA T4, XFABEBPPKBNAEFRIMNAGEEHE, LBEEEF 320
T (RERER) B URERIRENZ.
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B3 W BCV(Cyclic Voltammetry) #i 2% AT LA RAE A AL B AL 24 68 . Tang% ™" 7E 68
EIEMKBRNABAR EFRR—BPER, REERHCVRE ZE LRI R B
el AR BIBSRRY, ZBUNRETREHNRELEE.

14 HRELTELIIZER

MR B P A L RE 5 44T BORTSR BT UAMRE AL 7P (VR B 6 O EL B e 1K R N O K
. gREAARERERANREK S, REORTRARSMEATENE, BN
ABRHRIE 1. UKBELT RREF T T SRR, RNYSTEHKMENL
FIRMEHELEIE, WHREZRFLRYSF, WREERRIIITRERE LY
SF

PRBAFOERRE": $—, MRRECEE. RERNE: £, EANA
AR RMNERYE, SEMRNEY, RNGRNEDEHNERE =, —LE
AT AR R ML s 80U, AEGLFUR BN #40h % BT RETROR N, A, #EfL
FIRBERERNIERE, PREEELEFEHMLE.

1.5 gREATIRA

EUREFZHZUTIEPRELLCRENEA, EMLUEHRNNE., &R
R MR . HRBRREFEPLE, HEFRUTRET LELHE™ . 1
T EEEAT, KRBT, TRRRERNRE, SHRNERE, EEFER
SRANBEREAT B S DYt BEREAT

1.5.1 FfEgEiRSuE R a9 A

EURARULTHUELT AP RBLEAR, JORELRZESRERERETRE
ARTEEHMANR™ . £+—ARETEE, 2RELRESERERBESRYG
MABUTHE: &#REHFRARE: EREKEHEat. (L2 Eai, KHEatP
RIRCR 7 s FEREEMPRIRK M RSIE R ORI ZEXERIEA R S R

1.5.2 FEIRBITEHAPRNA
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1.5.2.1 NieiLpemg

KERMNESERELSHSEN HERTE W E, FKELTIEILER AL
RETG T N FHESRMBG. FRENRRE ST REAI K. KL
V&, EFSEHNATEK. BALEY, EREROESEIMNT L REN
HE Bt @RELEUBAREETEERS. RKTOMLFE LB BALFIES
TR CERPRIELIFe;0 0 Hilk, EFe;0.5TIOZ AAESIO), HI&THMAKRE
AL, EJE*E%TMEWHJ%«?%%B@%{E%’)&ﬁ ORI F R A BB R BN e
ﬂﬁ? [42]

1522 ES4bE

COMNORIERAHBEN P A FHTTRAWA RAEEGRY. HERBGKE
AT LLEBER MCOMNOMIFALE, EnTHKBUANERSLEFEN  HAR.
Sarkar¥“iE AL RIESE, EASHFELRNT, PARMKEMFIECORLLE
RAMBERFENE: TELERST, PERGKELRIEEER: X FNOZLE KM,
ERESHFESE, P-RJKEUFHRA LB BOEIFE. S5, 5 SRS
RRU, FFIKPLPA / ALOHELAI AL R T HERE, BAHHRMNEL
HLEE.

1.6 B KE (CNTs) i

NTs " B#RILUK, IR RO AT RREIE KR TEEM%E.
CNTsUUEMRH S # MR RS MR T EEMERBBNR
HBEFHAREERNER . BTCONTSESRRNZRERY. BEENDY
#, BERFERENGRNRNE, EFRERS. IRHLEURGFSTETET
I RN

1.6.1 CNTs g9 R A 4514

1.6.1.1 BE1EEE

CNTstH R EREHETIHER. AEFAMTE, CNTsTLIRS&, HWLlg¥
B, EEER—WRCNTs LRARREA, GTEBEH0ERL, ETUESHERRESE
tEBE. Dai ™ B ATEH, SEECNTsH B LA REHICNTsR BN — M BERES.
Ugarte ™ R BLCNTs )12 i) B FEK T4 ) R, 3 B e BEL 0 45 o) 5 ek B B A PRI
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XK.
1.6.1.2 hEEtkaE

FESFMEETE, CNTsEARFENIRE. PR EER. KRR K1TPa,
H5ERAKBEERILTHRE, Q45 F. CNTsERRBELR AT EMRT
AT LR BONTHE N E SRk, TTRIL RFHMEE. Bk, FUEFH
A& R

1.6.1.3 WRMi1ERE

Stan " {F B — % th B R — N RKHIBEES, WNEH FER DA R BT
ATFHARENASBYEH, WA THRRZHCNTs, BEEHKE (MWCNTs) FH
B2 IR M K F BB KE (SWCNTs) BT #. FRILCNTSEIEF=REMT 8e4t
¥l. 20014, Dillon% ™ #RiEZH4H A A F HICNTs Bk 2 B B B 1A 8aw%.

1.6.1.4 H&k5HERE

REBTHEREEIRMEARE, BTNHRESAPEARERNE, ZIHEFRE
2HRHEBHOEE. BEERBRER. BIXCONTHATHHE, WU HBHR
B, BE. BR, NTELRFRFHG MR,

1.6.2 CNTs BRI BRI =

SWONTsHH T HRMEE . HBNEGE. FRENEEERFTRSTIE;
MWCNTsA] LLRER SR A S8 Y. KB, KERTRERBHZ RS E.
KT H. BARNEESZ, 4, BTONGRERER. FEREUREHTSLEH,
RETEEAFHENBEAER, BRRAEEME: BRERCNTSERIRIELHE %
HRERECNTSE bR R, MM AEETREEMN . CNTsTHEE A A9 A
x1-1%,

1.6.3 #)& CNTs WEEHE

1.63.1 REBICE

FEANERREATHECNTNIEAE ™. GRANEIETER. HIL
ERPRHE—EENNEESERER, UBHFRAFAGERER. &, E5HNEEHE
%, ERIVKERIES, BRABEERRNERE RANERRAR LARK™Y. 58



B30 2 Ebbesen % A ek it, BIKT %178 % B K HICNTs.
1.6.3.2 BXFERE

BAARABENTETIZR: ARBLRRETHELNLBHEGRB B, £~
CNTs. Smalley™ % A& /{8 Bl #0628 RIEHEIT T SWONTsH i B 5 %, %Eﬁﬁﬁﬂp’ﬁ
HEREBS5HENE SHEHI&HMWCNTs.

& 1.1 CNTs F 7] B2 R F AR
Tab.1-1 The potential applications of CNTs

REER Sk A

PARBIEREA PR BB AR, PAREROBER, BKRES
BTFMENSRE  SRREE, KSR, FTFEFX FHES

kEAR  AEPER ESES EMEESR
EZ BEE (GYRERTHERIAARE R
e gk, KRRKNE, EERES
RAMH WaEmE. €. MERAZAHE, REHRSE
AR B EEE, EETHbHEKE

EWHE  BTHRE BRFHETR, FRETRSE, REFRT
BT SERBRLEEIOHE
L AR IE L, AYULERR

1.6.3.3 ESHEARE

1k 2 S AR YT H(catalytic chemical vapor deposition, CCVD)E—Fh 8 s 47
TE, # ZRRESEHRAENLTHE " . BUERERESERENSEG
LR LIEB)REERBAT(NE. %, RHRENSHE, EBCNTs. EZIEAL
ERIEBRETEFCNTs, BAFBARK, EFHLLFER, REMMEHMNREAHEL
FFRMEREES KR E=CNTSHAESTE ", BHEHCNTSHEER S K% S5,
I REN ZEH &HCNTsHIT L ENE LR, WHEBBKE, FHCONTsHEETH.
RBUBEERXNE .

1.7 ML BRI R RN B I 1 1 4

1



1.7.1 & RE%

AHRE R T HEALESRIRE (CCVD), EFXERLFe. Co. NikHAS
AT, L. ZEARE. REL. EHBREAESERE, 2R REXTR
HHHE, AR B AR E[RESERES, £ 530-1130CEERN, KELE
YYRAR A Y B B T AL FIEA T T BSWCNTs. MWCNTs& 7240,

1.7.2 LR ERBRBRE Y E Y

WIEA P RBRRNBREDEBREFER. FFRABRR 3 HERERSE. BE
R FAHIREE, ZEMPYE S MLERERAR. REWHRRERLKE, #ILH
AL B RR RN =Y B A5 LT LR

1.7.2.1 SKRBEA%/CNTs

EFEFERANBRAE (FENRRZENRRE CTNs, M1 SWCNTs. MWCNTs)
AR AR 277 AR FIE FER IR A 4 .

SWCNTsH 1993 ERILURK, BARRFHHERGEIIRSFH RS ROL5 M
LEFWTZXE. SWONTsH A THREEE. HRNGEEE. £RBENEEERE
BEHE™; MWONTSTTUAREE SR EREY. HXKB%. KT, #1L
FIBAAZE™, Hoh, BTFONTSREREK. TERKEURTCHPZELEN, RETED
BEBEMEEEE, BRRMEIME: BIRRONTSESURARWE HEHaRYT
HWCNTsHE hieE, MRENAGETEEN Z.

1.7.2.2 K HHE

FARNRBEETUS EFRARMEHB. Choi% ™ Bl #ARBCHN
NI/ T CNTAM R, A KB T N A TR EFARS Era, HEEAKREIME.

1.7.2.3 GyKEER

EAEBERR NI TE S TR BLEPKEIR HBRBETET
EFBR M AN ERKE, FlMERECCNATLEREEEOERE.

1.7.3 M RIESMEE K CNTs LR

EEARE SAERNKRTET 2 AU T UL REHSWERILFR



— e

2

RE AR BISOBRILEDEEAIET L, BRI #G REEL
FUBRL A — AT, BRAFRAE; EARRIAT, CNTs #F1E4K.

B HACAE, A B ENRERN KRR EH O E KN BERE T4~k
R, Bt BREERARITR T T SR REERE NIE TR IR D HN 1™
RERBUERANESREERTREERBEANEZSBEESF N HUUTER: KT
B AECEE X EIE R iR FEERA T T BoE R RE K, B AR E AT
HEBRE BT R ETEIER, FEREILEK™,

174 BEHERIMFRDES

EER, BRIAEEBRGKEOFRCIETRANHHRE. GullonZ™ 4 51 fHFe
RN AL & HBR K EREM B, HEBE T EBEMRIAT R LR G, R L
FIRFEEM AR . Weik ¥ —EBHFRN kB T ZREER+S, U=
REABIR, ELRET B IIRKMMWCNTs, BR A% 0.5 g/h. MaugerZ"™ K H
sol-gelE R AR HI & T B FINiGUOR AL, I ST S B T Insg AL S | ITRE,
NI REE LHIA T BFHI MBI KE RKEFI(CNTA), % B 5 7] B 1535 & 5 B & A+
$l. HuangZ:" fF FINifE 4L FI 4L CHL 2R H1 & T CNTA, FEEIEH 700CHNIORHH
BEALEYE, 750 CRINIBIE LB TR . DingZ “ HFe ASIOMEN, EZYWR
REF ASARTBEMR L BAECH,, R UEIECNTA. LuZ™ UREER A E A HICo
Yok AEALTTRL, R AL AR CH IR 8 T B HEIRCNTs. Kaminishi%™ M2 LAC,HsOH
HERE, MRS T A SHNA S OB M BIONTH S S BRI,
ZREETUEZTSPRERE. ChenZ " FRHMBIESREE, FEALBRTE
B & TNIOGIK AT A FH % 4 L7 AT DL AL AR CH, ) % SWCNTs, EF =9+
SWCNTs & &t F M R AR 10 .4 R AR AL U BT 18 OB = R SWONTs B9 & B 38— 1%
Pk JeongZ ™ FIF LS SATIIRE, # FFeMoMgORE Ik 7 1L RECH, N CH IR
S, #1% TREEOMWCNTsHEE ., HanZE ™ 7ESiOy/SifE LEI1& T BRZISE Y
UKL, B R AL A AL R AR CHL P LU & SWCNTs.

1.8 FEFFTEARHNBRENX

FREHACENWKELAN G ERLBUEPREBRREEETT —RIIGR
RIBRZERBPR™ ™, B EXLRFERE T HELES BIRELANSERIE
. EMER L, FICRAT St RSol-geIEMBUE MITTIRER T EKEME. M
OB UR B AR MEBEXNELFER ISR FHE T H&0EILFEL
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2

PRAUBPRRNEEE. FREOFRE RN T RLESBRKELAT G T
EURBELFRREE ECNTSEP KRBT LA AT ERNEGFEEX.
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BH IR

E_E IR
2.1 SSBERARF
B A ERRANFIFE 2-1.
R 2-1 ZRRAA
Tab. 2-1 Reagents used in the experiments

28R Mg #FR R
RS VigiiEa) Ni(NO;),-6H,0 ReEm KRR
R=M ST C;Hs5(OH); KA KM ERN
LK st C,H;OH RERNFRBEAT
2K Pagiiead NH;-H,0 REBRERRAF
RER e CeHiz KRR EFHRA R
ks viiieat MgO RambERR="

2.2 R
AT ERAETI TR 2-2.
#2-2 LRAE
Tab. 2-2 Apparatus used in the experiments
£ RS/ EFET R

EEIBEHL 6511 R BZHAHHL. HHE R LR AR
BRI WMZK-01 & EEERMNERT
EfhiAER TDGC2-1KVA £l FE 28 EHAEABRBREARAR
RRXHEZE 2XZ-1 B h REZFE LREBER
158 B3 THE 101-A B85 EENERBEET
L AT RS XM-T-4000 %51 REWPIREENR™
BFRF BP221S s F R F LR P
BEEEHX CSF-1A % LA S
A R e B g KSY-6D-16 E33i8 i 124 2% R KRS

15



BoE R

23 LWHE

23.1 BB TEERARBLTGH &

HRE 2-1 IR E, IARMETMA—EEIESRHREANER
R=E, E—EREMEZREAT, KXRNEENTKZE. SHANERNEK,
Wmcte RS —RA I, RANEZR, SE=Y: WPFEPHTRE. 2, 85
REBEGYR, REHTREZTRNFETR BEL2IRERERTEILESR
UK. R AR T RARR R -RBE MR 2 AR : R RTE R
FJE AR NI FUAE A RUTIETI 20 B 3R, KRR T a4 & — Mg .

<—a d
W \
e, b P
N A
h
—
— _ e AL
£ J
<-—
i
-«

M—

B 2-1 KRB AFHELRER
a: EFIBEHAL: b: BHE: o BBAERE: d BRETERE: . EERBEE: & BEEFEK: g
HiEE; h. BE; i FREE; j: H¥ES

Fig. 2-1 The apparatus for the preparation of nanocatalysts
a: electrical stir, b: stirrer, c: globose condenser, d: globose dry pipe, e: isobaric dropper, f: rockered flask, g:
constant temperature trough, h: thermometer, i: lift platform, j: clamp stand :

16



FoE IR

23.2 HEETESRARBELTREE

R “23.17 FRRESBHTER KRN T E ARH—ENEE, RMERFDA
EERG, RABARE, BESRNSE “23.17 PHSBRRFHER.

233 SR EEBARELTIAHE

EHELRENTESREREKER (RZERR, BEE (R ZERAHE
ERERETHFATRENARARE L, AAXEERARE LHEBRKTEHBIH
ERRKRE LO—ERENR, BIENASEMRNEINRED B2 800CH
Be 2 /pEE, WHIERERAERRA ENREIBTEERIKBUN A: BZERREME
RHl& S REAR I HLESRAKELT B, HEITESBEHREKBE (LLEE
B KR, TR ERFER ERRIEAABR N GRERE.

234 FEERARELTELRERERBRRL

ALK F R RS RUIRE(CVD), FA%ERLR S B AR RN
BERSGRE . RVATHEEEES BRI RS RN E R BTG
KRMES, REEEENAETREE (B 1M 2) TRILFRRERRILE.
£4E 1: 7ZE700°C. HySHE % 200mUminfE R 2 i, RSMET 600C, B
HyS % 20mV/min. CH,RIE 180mV/minz B 2 /M EEIEINS, SRR &4 2:
£ 700°C. CH/SHIE 200mVmin& T KM 2 /M, RiGEIENH, ERRMN.

2.4 FHRIE

24.1 EHFBRFRHME (TEM)

& TEM—100CX1 ZE 5 8 F BB AL R R W ATRIE BH BT
EWERAEBRAMBKELE, TUEERREIELAES RERE= DR, Flas
R RER D BFHO VRO EXES, T UERRBBRAZNRD. LRY
AR, SMEERKESFEE. RESEROT:

R BUERNRUDE THERE/MIP, MAERSEH (TURLKDE,
HE. REERKEYR), REETEFRRGNTES 15min. EHAHHFERN

17



$-F B

FMEHBO SRR, FRENRESEFLTREEL, E2B0ER, #
U R

B FFPBERGELEANRE, WEFHNEH, EMERAREKNXELL
& 2B BT H R

24.2 FfEBFEMNIESEM)

SEMEFMMAAERFREEMX A, HRENRTREESAEHEERE~ETK
BT, B BT, FEXHENBRKETFEVEEE, 248 FREEEME LR
. AT HHE AR RER BN —MRIERR. KPP KA FREFENBBES.
“RBEFESHEMBEERRBEES, SURRKEANTSEEREK, BHEA
SETRASAHOEGERE, RAIBERBRAKEROLIHERZ.

5/ SEM #ATRIEFRIES B T:

HIRE: ST RIT, WEFUERE: MRBHARAR, WEGEEARSRERER L,
FHARELZER, WRHEKITEARAREBEN L, NIEARAHERENEE™
VI —HEEERIRL; EHEFHEERUERNEEABABREBEORETHE
B, EHRfGREMRARE, EEAROEFHENSHA.

WA R SMAOERBERYE £, BTHE, WRER, LGS RBEE MR
AR SHFEE A .

243 X SHREEIE(EDX)

AR PEEN BET T4 EDX XEFER#TTRAEHERNEEMT. BE
ERREAFTEN X AETHREARBITILREI . HUREED: X ETH
BEBEKNSEREEHBERTES, XABTHRERA~ENRTRE (B
BARRE, ZESLEREEANS BRI ELERF ST RFRES XAET
HIBEEASH; 7 X-Y BRWU LRk E-ae Bk, AR X LB FRORHE M
(AR X RETHEE, YRR HENEREN X ARTHEE).

24.4 BoHBAK

HMTHE ™ TERIERERST(DTA). REH(TG). mERHEHEDSC).
DTA BR—MBEAHRYREREFARIEF PR AB AR E RS YA ]
BRENDEMMLETR LS S EXSHBERNREET, CRENERSAK

18



BIE LR

& RS 5 R R B R R E KR, B3] DTA #ifk: #if EHRER
BT B SR IR

TG B—HEIH AW RERFARIETH R REBEEZLNE BRI TH®
A RER MBI Z B T . FHREE—HA 0.1-200°C/min, BELFHHE
B3 1200C, TATHEREYHRBEE. SR BERN: KE. ¥EF. i
ENEAHEER: K TFERSYRANREAT BE.

A58 R A Pyris Diamond DTA/TG #M AT HERFATH T, REEZSAR
THEHEE S 10°C/min, HETEEH 30°CE 1200C.
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FZF FAFBGREATORERERL
RIRRBREEEERSITE

KRS K ER-RBEN T A& T RN B LIRS RPKELT: FERTK
X 1mol/L HEKFINE. EIALFBIE. FHARRMBEREFEEEN EAFME, #
HIR I P REB B ERNRR MR,

3.1 SUKRMERIF M

3.1.1 MELFRA N

o M3 RATLUEH, A EAKRMENEM (37-120mD), ESBAKAELAL
B, HEAKMARY 120ml B, WEEARIBREE 80.8%; BUKIIA B4k
s CA\ 120ml 3% 200mD), EAFIRREHEK. ZRETFEEZRNARFFE
BERFRFBALRESORY, EARED TERNSRE, TEERTRLES
ST, AR BAREK, SAERNSRE, EREETHENLIES
RELET.

Yield of nanocatalysts/%

o

T T L) T T L) L) Ll T
20 4 6 8 100 120 140 160 180 200 20
Amount of ammonia added/ml

B 3-1 AHAEFMERN 0 ml M HRTE S BAKELRRRBEEKBEME
KB4 2%

Fig. 3-1 Curve of yield of unsupported transition-metal nanocatalysts with amount of
ammonia added when the amount of organic phase added is 0 ml

20



B=E ERERAKNY
3.1.2 WMEAFIEROEE

f SRR R [ 4585 8

A 3-2 REVKFIMEN 200ml. HYURFMES 0 ml. 2 800°CL4 /S8 3t it &
SRAKELHE TEM RIELR. B 32 ERBSTHATHE=ENERRS, B
R REISCRY TR, A ABTTIA 200nm U L; M 3-2 BRFTEARLEFEL ST
—ERRTAN L, FR RS A7 50-100nm 2 ],

32 % 800CKHEE K HBRAUTE & BAKMEALFING TEM B
EKHME: 200ml, HHAEFME: Oml

Fig. 3-2 TEM micrograph of transition-metal nanocatalyst calcined at 800°C. The
amount of ammonia added is 200ml, the amount of organic phase added is 0 ml

3.13 AoMER 511

3-3 REKBINER 120ml. FHARMER 0 ml. 60°CEZ TS FARRH
DTA/TG #i%k. W 3-3 878, #5H DTA MZ7E 300°C LA — /M RBIHIR IS, Xt/
BT RS BERMYRL AN ORKY . B RE TG ML ER, 7 28C
B 150CZlH, MZA—BRATENRELR, REELEEEREN 629%, ERLE
KEIERRE: 7E 260CH 320C2 B —MRBIMAETE, KERSAESE
) 26.1%, MNELESBEEMDRKTBHAENLTRRMIEREE, 450CL
J, TG B —ERE TR, XEELARERN 3.18%.

3-4 RE/KEIMER 200ml. FHARMNE S 0 ml. 60CEFTHR/EHARERN
DTA/TG #i%k. & 3-4 5 3-3 FIXAIR: 7 28°CH) 150CZ A, #hisk LR KR TFRE,
REEGBHMAEN 6.1%; 7E 260CHI 320C 210, A EE 5 EESEN 302%, ; 350C
UG, TG MEEMA—FE, ARG RE.

Gbprd, EUKFRMENHN 120ml R 200ml B, 60°CEZTAE/EFEFR R
DTA/TG HIZERIFHERHEE, BNIM DTA Bk eEsB L BLE 300CESL, XK
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izt DA T SRR

TG BIZR7E 260°CHI 320CZ AF M RAMKRESH, WREFAHAKIRE, £zl
BhEHs R BEANME AN T ESRELY,

80 8
60
40
20
0 _ Le
3 2 ~
@
§ -40 &
-0 DTA
-80
L4
-100 )
-120 TG
200 400 600 800 1000
Temperature/C

B 3-3 60°CHZ THJ5 TR+ DTA/TG £

FKBMWE: 120ml, FHHFMWE: 0m!

Fig. 3-3 DTA/TG curves of the sample treated at 60°C.The amount of
ammonia added is 120ml, the amount of organic phase added is 0 ml

60
40
20 I
0
.
s -20 6 g
. L
-40
g o
- DTA
L
-80 \\
-100
TG
~120d——v T - Y ' 4
200 100 600 800 1000
Temperature/C

3-4 60CRZ TR/ T H i DTA/TG #Z

FUKFEME: 200m, BHHAEFME: 0ml

Fig. 3-4 DTA/TG curves of the sample treated at 60°C. The amount of
ammonia added is 200ml, the amount of organic phase added is 0 ml

3.14 MEAFRBEERMNE N

& 3-5 RAVAHRMER 0 ml B € BAKEAARBEERBEKFINEE N
Rt B 3-5 FARTLUE W, BEEEKFIMEMN 37ml HinF 120ml, FEEREH
KELFFREEETHHN-32.1% CEERHARERBIEUNEEREEPH R
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AR N 2 R 51T

ERR, MBHEBREHRE, BRAETARTERE/G) ®INF 4.1%, THEK
CIONEM 120ml (39 pH B8 7) #nF 200ml A pH HZ14 9) B, TELE
FKEAFHRERETAHNEKT 0.8%. XTHEHTEAFMBREMHRET
BRAMFAE, ZWTRANTESBAEMDBR AR ASMHELENSR, HMERT
& BT S BARE AR RBRIENE: 2EKMARBRT—E &6, WEAFIFRE
HEEMAEE. ]

]

<

!
S &
T .3

Carbon deposits/%

——— T
20 40 60 80 100 I20 140 160 "180 200 220
Amount of added arnmonia/mi

B 3-5 SESRAKEANRKBERRE KT MRARILHLE
Fig. 3-5 Curve of percentage of carbon deposits on transition-metal
nanocatalysts with amount of ammonia added

3.1.5 B TEM RIELER

3151 &4 1 THE™ TEM RIEEF

B 3-6 RIFEARETES B EIALAERL P RIFRBRRMEMS | TRESY
B TEM B F . B 3-6a REVAAFMEN 0ml. EAKFMEN 120ml B &L
FE SRR YN TEM B R . M 3-6a PHETLIMEZ S JLIR CNTs MK 2 B BRR =
VERBRERERHTRY, HP CNTs 427 20-100nm 2 [6). }N427E 10-30nm Z &,
K £ H7E 200-800nm Z 8], HAHEKH—HRKL 1200 nm.

3-6b REHMHFRMENR 0 ml. E/KEMEN 200ml ) % LRI P e
ERBRYIH) TEM B R . WA 3-6b PRILIEZ S —E CNTs. EEA—RIRWAR
R, Hh CNTs RZ i, HAMBE 20-100nm Z /8] WRTE 3-15nm 28, KELH
7E 200-700nm 2 [8], HHFHEKH—BKL 1100 nm. B 3-6b FiLH F L A ARBR
B,
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GEFR, AYUEEMEN 0 ml &, FOKGEMER S SRR FIENLF b
BBV DHOHE —EXW, FKEMED 200ml B, B~ HERLH CNTs.

B 3-6 JF BRI I £ W g0 K RE AL FRIRE AL B AR MR AR - M) TEM R

HHARFEME: 0ml, Z/KFEMBA: a 120ml, b. FKFEMAES 200ml

Fig. 3-6 TEM micrographs of the carbon deposits obtained from the decomposition of methane
catalyzed by the transition-metal nanocatalysts. The amount of organic phase added is 0 ml, the
amount of ammonia added: a. 120ml, b. 200ml

3.152 F%2 'F#!ﬁ#% TEM RIEER

B 3-7 RAEFL AT I & B4 K AL TIZE REAL F IR BB RN 4 AF 2 TR
# TEM B . B 3-7a BEHMHETME SR 0ml. EAFMES 120ml B H & 144077 4
R RB BB = TEM B . WE 3-7a BT LLE R JUB — B R R —L
PR . — B SRFUBR - HE ONTs K BE A 4, CNTs #9532 A 7 20-50nm
20, ARTES5-15nm 2 [, HAKBEL 400nm; KRG ESB5 A EE 20-100nm 2 [,
K E ST AR ZE 300-600nm 2 [A]. B 3-7a FHARBIK = WHL2 2 A6 ZE 50-200nm 2 [d]

3-Tb RANABZSME R 0 ml. FKAINES 200ml BT & 09 #EAC I B 5
B YE TEM B . B 3-7b PRI LLE B —4 CNTs FF S JURBIB R N 7=4,
CNTs fI5M2 A 0 7E 20-50nm 2 [7], WRENALE 5-15nm 2 [A], KRE4H 4 7E 200-400nm
Z[8; BURFP=YIRIZ 5 A E 50-200nm 2 [8] .

3.2 EAFIFER M

3.2.1 FHEEFIKERGRMN

ELESBAKENF G ZLEP, 60CHZTREHITHEREXFRE 400C,
Ar ST 1h /1 800°C. ZR LR 2h MRERNMBLREFT—EHEM. £3-14
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BB AR TIGOKAE HR

S T ZKEMEY 200ml B il & KR ZEL 400°C. Ar S4A T 4% 1h 71 800C. &K
shaEpE 2h KR EEALE.

23t 400C Ar SURF TR, REFTBHRERHRERN 31.3%, STBEOHS
K 21.7%, FIEMKERLEEKRT 3.6%: 218 800C. ZAF ML, REFEMH
MR ERN 23.6%, SHEHNHERN 92%, HEMNAERELFEKT 14.4%. 800C
KR, REUE KRB R ML TEIEER 52.6%, BLUTE LA KL
MR R 55.7%; Bf SR TS MO &L 78 2 AL A R R T eh 2T B IO FE S 78 2 i
WHIEFIE. X RRBTHERENMED THELEPEREL MRS, T
IR E A, R AER RN RNFREL.

b 314nm

B 3-7 JeRRELT S MAKAELAGENL P RUBBTE YN TEM B A

AHAEFME: Oml, ZUKFEMM: a. b 120ml, b. E/KFMEN 200ml

Fig. 3-7 TEM micrographs of the carbon deposits obtained from the decomposition of methane
catalyzed by the transition-metal nanocatalysts. The amount of organic phase added is 0 ml, the
amount of added ammonia: a. 120ml, b. 200ml

3.2.2 WMEAFIFBRIESENE MR

F 3-1 PRSP FIEER R Z KRR 200ml B 6 & MRELTIE PR EM T #
WHERBBR R NAMER, £4 1T, d 60CRZTRELHENH MBI AL
FRBREE R H-12.0%, B 60°CHZT4R/EREH B HIH B2 AR ESR S
-16.9%, WEHWEELZT 4.9%;: EFMH 2T, B 60CHETRELTENF MBI
HEAFIRBIEERN-6.6%, B 60CIZTREREH B MR B HELRRKEE
EH-13.4%, WEWEEZ T 6.8%. 7T NGTEXT R EAELAEL P REB PG ERR
AR,

3.2.3 FABR Y TEM RIELE R



PO T ) 1l e e FCHE G B e 3R R R R I BV 1Y) 555 O

31 EURGERNRRTREER
Tab. 3-1 The data of preparation of catalysts and carbon deposits

OCHETHRERET KERY KRERY KR BRNER" ¢ BARHEss’

it % % % % %
% 313 23.6 88.7 -12.0 -13.4
2 277 9.2 93.9 -16.9 -6.6

a: 400°C. APTECP TR 1h , AP 20 20 SESTENEEBPEH. MEEREEIMOWR: &
ER%)= [(RNEHERNFER - RS OER) /RNITHSMFR] x100. b: 800C. Z*(H4E4 2h.
c: WE%)={m/[my - (Ams, - Ams,)] x0.8058)xpx100, HF, m,: 2 800CHEEEFPMEERR: my: 60
CTHREFREHRNER: Amg): B 0CHTTIRED) 800CHEHE LER: Ams,: BREBAFTIDEE
HEANIRER: p: AFRPABZRILDMRE. d: BIBENER )= [GRERNG KR - B
ERRESAER) AR NAEERANE] x100. e: £ 1 THEFREBEBERN. f 442 FHRILP
RERBBRN.

3.23.1 &4 1 TERE™) TEM RIESR

3-8 AV ME N 0 ml, ZUKFMER 200ml. 60°C KA T4/5 208 i
BE MAKAEALTIREAL TR B RBE Y TEM Bfr. AE 3-8a AT LIS — ik
CNTs. Tk, SeRYABLRE—EIURY . B 3-8b =, WHERLH CNTs, BN
£ S # RS, HAMRLE 30-100nm 2 /], KR 5-20nm 2 [, KEEZ 700nm.

3-6b BRHEHARNE R 0 ml, Z/KZMNEH 200ml. 60°CHET4/5 R0 B
L S R KAE LA AL P e R AB =41 TEM B )5 . [ 3-8b AIE] 3-6b #LL, AT
P CONTs B BEE L T/EE, RUTTET LR EERAXK ML PR AR
A% CNTs HI% % .. '

B 3-8 T MAKAELRIREN FIRBBRE=YN TEM B
FKEME: 200ml, FHMEFEME: Oml, 60°CHETREHHE 2 I

Fig. 3-8 TEM micrographs of the carbon deposits obtained from the decomposition of
methane catalyzed by the transition-metal nanocatalysts. The amount of ammonia added is
200ml, the amount of organic phase added is 0 ml, nanocatalysts is ground for 2 h after being
treated at 60°C

-
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B=F FREBAKEN
3.23.2 F14 2 THEBE™Y TEM RIEER

& 3-9 RAHARZRINES 0 ml. KZFINEA 200ml. )&+ L0 B &
A RE AL TR AL B e R AR BB IR P-4 H) TEM 8 5 - AP 3-9 17T LLE 31| — £ CNTs
IV 2 BRCR BB R B0, CNTs KISMEDTRFE 20-50nm Z[6], KESMHE
200-400nm Z [7]; FURARIRGK = YIRLAZ S ATE 50-2000m 2 (8], F50R BRI B 2 i F B
HRBKIRY .

B 3-9 T &R AR B e R BB Y TEM B A
FUKESIAE: 200ml, FHABFME: 0ml, 60CEZETHREHE 2 it

Fig. 3-9 TEM micrographs of the carbon deposits obtained from the decomposition of methane
catalyzed by the transition-metal nanocatalysts. The amount of ammonia added is 200ml, the
amount of organic phase added is 0 ml. The example was ground for 2 h after being treated at 60°C

3.3 AHERMERRW

3.3.1 HEEFIKEA NG

B 3-10 BEESBMAKELN R RBERHIERFMEE ML EL. BERN
HMAREEM, 2 800°C. U RELEHT 13 B 103 5 S 8 99K AL 7 WL 3 I\
31.1%ZHiw/E] 25.3%; £t 1200°C. ZSFAEF RS MTEESRIKEL
TR M 31.0%ZE S E 252%. AR, EREREMARERT, BEEFIHERM
B, TS RAKELTEYER R EHT KA.

332 MHEAFIERBE NG

B 3-11 REKZINE A 165ml(pH {H2975 8). 2 1200 C L4 /5@ EIHL & MK
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BT R

EALFIE TEM RIESLR . B 3-11a RAHUHZMEN 10.8ml A 2195 & RAOK A
WHET TEM A, B 3-11a FRRFBEANPE LR RREBRL, a2
167 20-100nm Z[7]; H&PHRTHARAR, EAREREOTRULRAAN, £ ik
RYEZE 100nm LA L. B 3-110 ZFEHARZEINE 27.0ml 573260505 & MK A
e TEM B, 5 3-11a AfiEE, B 3-11b FRAZRS A7 20-100nm Z [ KIFEARTH
i3t 2 IR AN K REAL TR O 3 H AR D HEm P IR T LR ENERA S .

32 T T T

—a— Calcining temperature: 800 C
—e— Calcining temperature: 1200 T

Yield of nanocatalysts/%
8

2

0 2 P 0 0 6
Amount of organic phase added/ml

B 3-10 e RAGS I & MRAOKAEA AR BEA ARG R A9 32 L th 2%
Fig. 3-10 Curves of yield of unsupported transition-metal nanocatalysts with amount
of organic phase added

b 208nm

M 3-11 £ 1200°CAEH% 2h /583 3 & WA K AEILTAIHY TEM B A
HHHFEME: 2 10.8ml; b.27.0ml

Fig. 3-11 TEM micrographs of transition-metal nanocatalyst calcined at 1200°C for 2h.
The amount of organic phase added: a. 10.8ml, b. 27.0ml
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& 3-12 F BR T HHARME K LT 800C. KRB FHLEMBLES
BAKEUREREPIRBEEG 1 &G 2 TRORBREERNERNREL241T,
FEERVAERMENEN, SESBRAKECROERREEE N 80.3%FH K/ 3
65.9%; &M 2 F, BEBHARRMELIEM, SEEBEIHKELFPRFEBERN
221.4%BE B E] 50.8%. W, Z[EHARRMERME, 7ERERERS 800CH, BT
B ESRAKEARERLTREFAG | NS 2 THRBEEZREBEIER
pik=g:ap Pk N B ‘
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B 312 FHRBHIESRAKRENFELFRBBRREER/EARN
BRI AR 800°C TR HE 2 /et

Fig.3-12 Curves of percentage of carbon deposits on the unsupported transition-metal
nanocatalysts with amount of organic phase added. The nanocatalysts were calcined
at 800°C for 2h

334 BB TEM RIELER

3341 &4 1 THBE™Y TEM RIEER

B 3-13 REKMAER 165ml. FHAHFMERFE. £ 800C. ZRABFHEK
B & BAK AR R R TEM B A . & 3-13a~d ZEHUAER
P 10.8ml WA TEM A . W 3-13a FATLUE 5 — &2 01— B 2R
B, HH CNTs MIAMEAATZE 20-100nm 2 A, HBHTZE 5-10nm 21, Hik
CNTs HRRERWMAEGIE . B 3-13b P EEF —REEL v o B—FLREBR =),
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B RR R R4 R G110

B 3-13c ERiZx—EEREE=YRIMEL 60nm. AL 170m ] CNT; B 3-13d 8
RTEZ% ONT FHE - NMHEFERREMXIE; 7% ONT FIFEHIES RLY 60nm
F—A K4 70nm. ERZ 30nm FIRETRURY, R 80 AL FBRL.

& 3-13e f R A HUHEINE K 27.0ml B BT R ALK =80 TEM B A A 3-13e
Hr R B B e R B 3R T AR B BB R N = R B AT R TE — R — SR BB 7
Y. B 3-13f BRXE—ELRBBEYR CNTs, HAMEAFZE 10-90nm 2 7], A&
SARZE 5-15nm 2 [d].

& 3-13g. h REVESRMESN 54.1ml B BT AT~ WH TEM BH. ME
3-13g FHUE B BIREKHSRBR R N — LB ). HEXRE—RN—%
KRBEY, 2F SRR (WE 3-13hFiR) B, TUEBRRBEEYELERLH
CNTs R EFPKA%E, K CNTs B5MEAFZE 30-80nm 2 [6], WRAHZE 5-10nm
ZIa; BAKAESMES 150m.

3.3.4.2 &4 2 FHEBR™Y TEM RIEER

3-14 REAMAEA 165ml B FT A E & BAKRILFER M 2 FRALFER -

R YIH) TEM B F. B 3-14a. b RFHAHZEINE N 10.8ml B, £ 800 #5458 2 /Mt
JE TR EAL AL B IR BB E TEM B . ME 3-14a PETUNERFLHE
WHRE—RE—HELRE=YH—EIRY): B 3-14b BRiXELRYE CNTs, H
SMBRATIEE 12-74nm 2 18], WBRAATTE 5-10nm 218, KAEAFTLE 200-1600nm 2 il
& 3-14b FIEH L EFYI R — B KB A % . '.

3-14c RAEFRTIME X 27.0ml B, 2 800 K545 2 M S B ELAIEIL FER
RERBRF=YI0 TEM BB R . M 3-14c H o] LA 3| — S B 587 — iR () CNTs, H4h
RBAAGLE 10-40nm 2 8], KB HLE 8-15nm 2 0[], KESATE 200-1600nm 2 [f].

B 3-14d BBV IME N 54.1ml £, £ 800 5545 2 /i 5 T B AL ML PR
fERBRFEYI TEM BB . B 3-14d AT A F|— & CNTs FUKESREmR=Y, R
% CNTs SMEZAREE 12-74nm 2 8], RRAFTE 3-10nm Z /8, KB 7E 200-1600nm
bR

34 BIREERZME
3.4.1 XHELFIWEBZ D

I 3-10 AT LB, TS RAK AL R A LA IR R AL
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B 3-13 e AT S R Ak AL F AT MR EARR R0 TEM B A
EALTIZE 800C FAEHE 2 /AT, HHIARAENMR: a-d. 10.8ml; eand f. 27.0ml; gand h. 54.1ml
Fig. 3-13 TEM micrographs of carbon deposits obtained from the decomposition of methane
catalyzed by the transition-metal nanocatalysts which were obtained after calcined at 800°C for 2
h, the amount of added organic phase: a-d. 10.8ml, e and f. 27.0ml, g and h. 54.1ml
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B 3-14 JERERALTE S R ORI B AR R IRB YR TEM A

800 CHEHE 2h JEFTBREILR, FHAERMESH%: aandb. 10.8ml; c.27.0ml; d. 54.1ml
Fig. 3-14 TEM micrographs of carbon deposits obtained from the decomposition of methane
catalyzed by the transition-metal nanocatalysts which were obtained after calcined at 800°C for 2 h.
The amount of added organic phase: a and b. 10.8ml, c. 27.0ml, d. 54.1ml

JVFES, 23 1200C, 2B PR FE A& MK LR &K T2
800°C A 5 TR EMFIR R K L. XHAZE 800 CAEEHRIELREZE 1200
Ty ZRARPHEELE, RAERERD, RE 05%AA, FULESRAKE
WAL 1200°C 2R FUH T REREE IR R 2R T o

3.4.2 FHEELFIRER KRN

B 3-15 RE/KEMESA 165ml(pH EHLH 8). AHAHGMNES 10.8ml B, £ 1200
TR EARTEE RPN TEM RIELR . B 3-15 1 ERFBEAATE
BETRAHN /N, B2 7E 20-60nm Z [A]; B & B T RMKEARRZ .
A 3-15 MM 3-11a M, HARAAMAZE 100nm U THABRRYERATIEE, ARE
BEPCRPRL BN, HHERERY, 1200CHEKE 2 MR T AR S BE, K2
S FE 100nm LA T RIBRCR Y E R A B 182 .
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B 3-15 £ 1200°CAE#E/ERE MIE A RALT &M KELNE TEM B A
FUKFEMAL: 165ml, FHARFEME: 10.8ml

Fig. 3-15 TEM micrograph of transition-metal nanocatalyst calcined at 800°C. The amount
of ammonia added is 200ml, the amount of organic phase added is 10.8ml

3.4.3 ELFIRBEERNT W

B 3-16 B8 T HHARRMERAE N ZiE 1200C. FRARPERAETIESR
AR PR 1 MEM 2 THRBRNERNZRlE. #4041,
AR ARMEAREMN, SEERIKELFORBEMEEN 160.03%Z 5 52
-5.45%; TE4&H 2T, BEAVAHRNENEN, TESBPKELFFRBIEERN
222.76% B H/NE] 90.77%. W, SEHARRMBRME, 2 1200CEEF AT RS

w- - T v
20 —s— condition]
200 —e— condition2
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= 1607
2 0
E. 120
S 1001
i -] B0
£ o
3 TS,
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-20 T T T ™
10 20 30 40 50 60
Amount of organic phase added/ml

B 3-16 £ 1200 CA54% 2h MEIMIIE RN € MK AL FIREL P IR RBONE R B
A AR o ik 9224k i 2%

Fig. 3-16 Curves of percentage of carbon deposits on the unsupported transition-metal
nanocatalysts calcined at 1200°C for 2 h with the amount of organic phase added
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BRAORBEACTIZE AL P AT R AR &1 | A2 TR ER R A VAR MER
nmw/N: 5% 800°CREBEFT AL MBS ERMLL, 1200 CRERE T HHAR
Mgk 10.8ml B ATAREMAIESS 1 TS ELNTHIARGNER D SN FEE
WHIZE &M 2 THRRKEER,

SRR R Y 12 R 5 i i

3.4.4 FERFY) TEM RIEER

3.4.4.1 &4 1 TR TEM RESER

B 3-17 REHERMERFER, £ 1200°CE4E 2h BEHRAEAEITELBIX
LT B R BB =YK TEM B R . B 3-17a. b £EHHERMER 10.8ml &}
B8 AL e R =0 TEM B . B 3-17a BT LUE FI— L i
MERXRE—BHN—ELREBRRNZY . B 3-17b BRXE—FLRRB= ML LR
CNTs, HSMRAAREE 20-80nm Z[B], WML 2-20nm Z 7], £# CNTs KEKT
500nm; BLE—BSRIBY T GERPKHKAE, HIMEL 30nm.,

- B 3-17c. d REYARFINED 27.0ml B BT LI & B a0 K M AL AR AL B e 5 AR
WY TEM B Ao AW 3-17¢ F0] UE B — 2 ABRB RN BCREBR RN =Y. 3
LR AT A AR A — 2 i ) AR E R RE— RN — LR R =Y. B 3-17d
BRXE— SRR RN % HE CNTs, HAMBHTHEE 30-90nm 2 /6], KA
# 3-10nm 2. Jg]. .

3-17e. f REVARRINESN 54.1ml B T8I &8 91K LT AE AL B e 3 AR AR
BEYE TEM B R . AE 3-17e H] LB B — S H0R BB R M= P — 2625 ghid . 48
EXRE—EH—ELRERRNFZY . B 3-17f ERiXE—E LR RN =95 %
HEZ K CNTs M BRIGIKBEA %, K CNTs FISME A MZE 30-90nm 2 1], 2R
% 10nm £4.

3442 &4 2 T TEM RIEER

& 3-18 BIEMBRLE S BIKBEUAERG 2 THRALFREBEB=YHTEM
BhHe E3-18a2 2 KMAERN 200ml. FHAHRMERN OmlFF, £ 1200 4% 2 /IS
LTI R BB TEMR . A 3-18a P ] LUE Wi L F Bl — & 5 5
PR YERE —RBEICNTSH—RINEE . K/EL 1500nmiICNT, H4M2LT 22nm.
WAL 15nm, EEMM, REKY 4nm. HCNTHITRRA —EAER AR FIBIRL,
— ke S T AR T R B T A K.

& 3-18b RANARGINES 10.8ml. ZAKIMARN 165ml B £ 1200 542 2 /BT



TR ALEAL T R AR =R TEM B . I 3-18b ST LUREEE % ONTs, 3

SRAYARLE 10-45nm 2], ARAFEE 5-10nm 2 7], KB4 F7E 200-1600nm 2 fi] .
3-18c RA VARG INE D 27.0ml. EAKMARY 165ml B2 1200 £54E 2 /NS BT

B R AR AR I TEM B . A 3-18c PR LIMME R K BARE 5%

b 100nm

B 3-17 FEARETEH & BRI PR R R N1 TEM B
HEAET): £ 1200°CHEHE 2h.

AHAMGEMRA: aandb. 10.8ml; candd. 27.0ml; eand f. 54.1ml

Fig. 3-17 TEM micrographs of carbon deposits obtained from the decomposition of methane
catalyzed by the transition-metal nanocatalysts, which obtained after calcined at 1200°C for 2 h. The
amount of organic phase added: a and b. 10.8ml, ¢ and d. 27.0ml, e and f. 54.1ml
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TE—RA—EZRBE=Y), XY 4 KL HR CNTs, HIMR L 12-74nm, 2Z (7],
W2 5-10nm Z [A], KJESrARZE 200-1600nm 2 [ o

3-18d Z2FHARFMER 54.1ml, FAMAEN 165ml BF 2 1200 £iHE 2 /NS BT
B R R BB TEM B . AE 3-18d AT LAMER SR B AH B 4858
TE—RI—ELREB=Y, XL=P4KZHR CNTs, HAMRAEE 12-74nm Z [,
ARALE 3-10nm Z [6], KES7H7E 200-1600nm 2 [f] .

b 172nm

B 3-18 JEHER RS &M AR AR B R R R N0 TEM B A
fEALT): 1200°CHEHE 2h, FHLARFEMES 54 a. 0ml; b.10.8ml; c.27.0ml; d.54.1ml

Fig. 3-18 TEM micrographs of carbon deposits obtained from the decomposition of methane
catalyzed by the transition-metal nanocatalysts which where obtained after calcined at 1200°C for 2h.
The amount of organic phase added: a. 0 ml, b. 10.8ml, c. 27.0ml, d. 54.1ml

35 EHRHBATRERAKEXTNFHEEEXRERSTL
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3.5.1 BRSEEIE

R 32 B TERBETESEBHKELAAET LR RIRLRE 800CLLE 2h M
1200°CHERE 2h MR ER, WERELFRBBRBILERNEIE. 2 800CHEELHE,
RERBEF —TEH, EELRHREZRPITRIR: 2 1200CHKLE, EEXER
MRERRATRIRMRER, ZERLRIBAKELFRRER 27.6%, FRE
REELFIRERME (31.0%) HEEE FEMRER-10.8%). ME 3-2 PERE—FI%IE
AUER, ERERRETRHIFNEARNFREEREFEREL HHRERHT 0.6%.

E32 FRBRBIESEIKEAAGZOERLRIEEN
Tab. 3-2 Comparison of data of repeated preparation of unsupported
transition-metal nanocatalysts

TRRS RERM% . REEW B2 /% B ER %
1 7.8 0.4 31.0 160.0
? ' 4.6 0.6 . 27.6 161.0

a: BB, FUKEMEN 165ml (45 FpH{EN 8) HHMEE RN 10.8mlIkR. b: EHLK. c; 800CH 2h.,
d: 1200°CHHE 2h: e: £ 1200CHHE 20EBEAAMBRKRYER, £ 700C. LARBTER—EHE, REE
600°C T #— & BB ANHMCH S R — e ff .

352 TEM RIEER

ESLRHZNERERLESRPREUFESRMS 1 THRTELFREBERK

B 3-19 BRI SRR PR RBER™Y TEM B H
Fig. 3-19 TEM micrographs of the carbon deposits obtained from the decomposition of
methane catalyzed by the transition-metal nanocatalysts
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M, MEBKF=YiHAT TEM RIE, RIELERWHE 3-19 Fin. B 3-19 BoR, BER=YHE
W% CNTs, HSMEHMEE 20-90nm Z [, WFRZE 7-20nm 2 [6]; B 3-19 FH—RHBif
BIR K20 5000nm B — B SRABT=Y), HHMRY 90nm, LRV FE ARZE 3-10nm
ZEIMEREM (BT TEM RIER, &SRYTRARRAR LER—FEE, UK
FRNEIRTBHEREW); B 3-19 FiEH LERREFE~Y.

B EEEX AN TEM RIELETH, ERREITHESBIKEL N LR
EHAECFRBARBRR LR ERT ST

3.6 AE/NGE

& LRER5HE, BINTER:

1. FHRRMER oml 6, MEERKRMENIEM (37-120mD, TEESBIKME
R KR ZH N, YEAKMAER 120ml B (46% pH EAR 8), WREFEHHE
80.8%; EKMAB4LEIEME 200m] i, EAFWERRTGEEK, RE 55%; BEERK
ZMERIE (37-200mD), FEHEAFIERLERNBRBRNESF | THRBREE
%M -32.1%Z B INE] 4.9%.

- 2. BYAEERMES 0 ml B, E/KEMNEZE 120-200m] B & LR, Bid &4 1
TR R R R R BB MR YR E — & ONTs; 414 2 TR FRER
PR N BARTBRBEERR, H CNTs F—%&LR=MHEHNRD.

3. BALFIRERRATE BT B, 1 B TRETE S B K AL F e R R N
BRI E R RBP4 R CNTs BB E.

4. E/KEMETE 165ml (AR pH L% 8) £4K, BEEFHMERMEN M (A
10.8ml ) 54.1mD), THEESBPKMEALFIPBEZREFE, SELSBHREARPRZ
AT 100nm BIBURLBT & ELBIRRD: 800 CHEFEM 1200°CRE R /G BB LT, 213411
TRARRZBERRRN, #ARFRBYEERULBBRS=T CNTs B8 EHEEN
RN E R MTZEE KA : AT FHEIARMER 0 ml HEER, FHHERNER
i 0ml B, REALFIFAREERARRY S CNTs M EHMREME; LM 2 T/
W GESER R, EURIORBYEZNERZYH CNTs I3 B RN
2.

5. 7 1200C T REFEAR 2 PANREEXREBRR, RMEE T ELFNTE
#, BEAMAT 1-1000m ZFHPRRY LU EREN S, EEAFREBFRRNEMS 1
T, BYAEEMER 10.8ml F 27.0ml Bf, £ 1200°CEEEE B ML RBRIGER
BWRTFZ 800 CAHEFERMBENFMFRGER: FIMARMES 54.1ml Bf, £ 1200°C
R EBHELFINFBEERNTS 800 CE BRI FIMRBEMER, FHIL
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FHE GHBARELHOHEREELPRIRE
MR NER51TE

R s R - E MU E T AR BT RS RAK A BT ik
HE. BREENEARMER. R PSRRI R IHR N
M.

4.1 FEFINENELFRZIE

4-1 REARMEN BRI ESBAKELARERAZFEL. WE 4-1 7
PAE ), BEE R AR MER GO 4.0g BINF] 15.5g) AT K EZET I 52.3%
#mE 79.8%), ERZHSHNRETEEMRARMENEM, —FEEAF ST
BESBYMHRES B TR, XIAERAMELTRENEZHR/D: B—HHRE%RS
BAESBEH AR LBRDT .

iy
ladad b ol a1

alola

Yield of nanocatalysts/%
BRE9EBARARIIIIIER

4 6 8 1 12 14 16
Amount of support added/g

B 4-1 BRI S BAK BN FRER AT I B2
Fig. 4-1 Curve of yield of transition-metal nanocatalysts with the amount of support added

4.2 FkRME HHE L FIR R H 2200

B 4-2 REVAERMERN 10.8ml. HARMEND 15.5g. £ 1200CKEEFH RN 5
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FNE  HBEBIKEAFINHERECTFREBPRRNNER ST

BATEEBARENRN TEM BA. B 42 PEATRERARIS, £8T 24
FBRORRY, FHIRYAZEE 200nm B E, DEIEF] 800nm; & 4-2 HHRDIN
JALAR —ER BT 30-100nm Z [ H50RL .

B 42 £ 1200°CHHE 2h R MBI ABRLT &R AKELFIR TEM B A
FHMEFEME: 10.8ml, HEFME: 1558

Fig. 4-2 TEM micrograph of transition-metal nanocatalyst calcined at 1200°C for 2 b,
The amount of organic phase added is 10.8ml, the amount of support added is 15.5g

4.3 FHERMEFELXTIRBIEERR M

B 4-3 R BRI E &R AKENFBIRE ERFEHRAR MBI T ML NE 4-3
AT LAE B, AR R AR RN A 1 WA 2 TR EXEREE
BARMBEEIMTRAD: BERMER 4g £6R, FM4 1 TRRBREERERNT 44
2 THRBIMER, RARMESERMN, EARERSF 1 TREREERNR/NER
KT &M 2 THBNER. U BB, SATRMERLIERBELRNBRK
WEREA, FEMNECNERSF | TRRREERKGERMEKX, FELEXMH 1 TR
BRI E R PR AR N B A IR .

4.4 REH TEM RIESR 51T

441 S 1 FRBEEY TEM RELE51H%

B 4-4 HZ 800°CHEAE 2 /I TR BN B BT IE & B AR AT 2R
BRNF=YE TEM BA . B 4-da~c BREARME R 4.0g BHELFIEL PR EEHR
YR TEM B . ME 4-4a FAJLLE FHE S BRI =Y —L& CNTs, H APk
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FNE SBEUGKREAAOHEREEUPREBERRENSERS1TR

REBRF=YI KR EE 30-100nm 2 [0, BEFIREFARRE, HRASCRIRIZL 200nm.,
4-4b. ¢ B~ CNTs HISMES A EE 15-60nm 2 [6], WRSFMZE 5-12nm 2 [8], MilEE
20 45%, L% CNTs MK HE KT 500nm.

B 4-4d RBAFRIMESN 6.9g B BT & BAK AL L B R RB =)
# TEM B . B 4-4d BB Y R KEBR 2 A RS REEL B/MIBR 2L
50nm; BAMBAKIAZY) 300nm, XT]EER BB/ NRCRIER Y & £ B R TR
B 4-4d FH —EHEFEAARMER, XTREEECABRIESE TR YHER.

Bl 4-4e REARMER 15.5g B 18 2L I & B A KU AL FIRBBEBETY
) TEM B fr. B 4-4e BRBRF=YARE —LBRRERSTY, #BUSRR=YREH]
BB RN .

2

—=8— condition1 J
—e— congiition2

3. 88888

Carbon deposits/%
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43 BAEGFNEN ABRYIESBIKELARREERNERBRE
HHUEGIME: 10.8ml

Fig. 4-3 Curves of percentage of carbon deposits on transition-metal nanocatalysts with
the amount of support added. The amount of organic phase added is 10.8ml.

4.4.2 &% 2 TR~ TEM RIEER5itie

Bl 4-5 h%Z 800°CRKE 2 /oSBT B B BT I & R 4R ML AL B AR U AR
BRI TEM B R . B 4-4a. b REMAFINER 4.0g BT AT P RR AR
PYH TEM B . ME 4-52a AT LLEBIRERRE—ENRBEZY, XREAFIRT
HEBEIFHOEEY. B 4-50 FAILUEIEL hTRARBIBR YRR R SR
—4& CNTs, HF CNTs HISME DA 15-40nm Z 6], WBSAEEE 3-11nm Z /], CNTs
I B 7E 60-580nm 2 [8].

B 4-5¢c REAFMEN 6.9g B ARBLE S BAKRELR BT RRBRB=Y
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BUE  ARTIKELROHEEELPREBRRR NN RS

9 TEM A . AE 4-5¢ F ] LEBIKEBBK-Y, SRR Y 2R hELRAINZRE
i ERAFH RS E—REBNERY, RELBRERAFH—EIRY, KB4
40nm.

. B 4-5d. e REMATIMEN 15.5g B SR AL & R 40K EEALTIHE AL TR Se AR AR Bk
P TEM B R . B 4-5d 7] LLE BV 2 BUORCR IR =Y, K424y 40nm FIRRIEL
£, RENLAMREREK, £91000m. B 4-5¢ HF—LFROREBETY, KR 400m, E
11— BARAR; B 4-5¢ $FH)/UR CNTs, HSMEL 60nm, NZZ 15nm, KEKXT
2000nm.

! F ¢ a
f ',‘!s ¢ 100nm

} i e

B 4-4 FUREGTHE S K AR AL RE AL T bt
MR TEM B A

BOOCHENE 2 I FTARELT, BAAR MR-
a-c. 4.0g; d. 6.9g; e. 15.5¢g

Fig. 4-4 TEM micrographs of carbon deposits
obtained from the decomposition of methane
catalyzed by the transition-metal nanocatalysts,
which were calcined at 800°C for 2h. The
amount of support: a-c. 4.0g, d. 6.9g, e. 15.5g
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FWFE  SABBGKAELRN BIERAELTRBBERRNNERS51T#®

¢ b 208nm I

B 45 HRESESBAKAELRIRELF
BRI TEM B A

B00CRELE 2 /M BT AREILT, BT
aandb.4.0g; c.6.9g: dande. 15.5g

Fig. 4-5 TEM micrographs of carbon deposits
obtained from the decomposition of methane
catalyzed by the transition-metal nanocatalysts
which were calcined at 800°C for 2h. The
amount of support added: a and b. 4.0g, c.
6.9g,dand e. 15.5g

4.5 FEGRIE XL FIFRBR MR SR RO R

B 4-6 HRBATIMER 15.52. 2 1200°CHEEE 2 BT FTAREETE S RAIK
eI P AR RB =80 TEM R Fr . [ 4-6a RAELFIZE R P RBBIHRE
f 1 TEB=YE TEM B, WE 4-6a P LIFEBRR= YR ARIALE. BB
BARRBRALR PR, HRRXT 100nm, B A7TiX 700nm; B 4-6b R AELL
FUZEREAL AT R 2 4F 2 TR TEM B, WE 4-6b 1T LLE BIFR™
PBRRKEDGAE . HAERKHBRRAIRY, HEBKT 1000m, HBEATE
1200nm. F=AEXFIZ K RETHER, 7 1200CHE T, SELBRELDAR L [
HEERAME, FRRORBEHRRET SN, SBEPREER ENE.
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SBNE  SRREIGOKAELRIM SIE R ML P REBRERRNNSER 5111

b 345nm

( —_—

B 4-6 FBALTHE S MAKAECTIREIL TR R TEM B R

1200°C 5%% 2 /DRFTARMELR, BARMR: 155z EUFRBMERRNEMS,: a. &
#1: b &2

Fig.4-6 TEM micrographs of carbon deposits obtained from the decomposition of methane
catalyzed by the transition-metal nanocatalysts, which were calcined at 1200°C for 2h. The
amount of support added: 15.5g; experimental conditions of decomposition of methane catalyzed
by the transition-metal nanocatalysts: a. condition 1, b. condition 2

4.6 ZE/NG

Ga LRER5WTREBIMTEL:

1. BEERARMEAEM (W 4.0g INF 15.5g) T & B AR B EZ 8
i O 52.3%8 % 79.8%).

2. BEEBARMEAIEM, £ 800°CREH/E 2 M FERE T &R K AL FIZE
RN RN AN | &G 2T, BBREEZNZEHED, LHREEZH 1T,
BUR R ERRDAEFEER. EECPRBBVBRRNES 1T, KR
H 4.0g HEBRFYHHEFE CNTs, BAEFRMEN 6.9g M 15.5g B, FBKF=HLLRiR
WA SR A E; EELFREBEBRNEAS 2 T, &EFMEND 4.0g
B, BMETYEERPRCRY, REDE CNTs; BEFMER 6.9g M 15.5¢ &, #
BV KBRS HBRCR =R E, RE LR CNTs.

3. £ 1200°CKEKe 2h EAZMA RS ESBAKEAFRER™ENHAENRZR,
AR T —EEBFRERKOIRY, FHIRYAAZE 200nm Bl E, DHGXE] 800nm; B
RV ELE — LR 27 30-100nm Z [A FIB0RL. BT S8 B I & R 9K e Ah I 7 1
R SRR RV 1 &M 2 FTRPWLLAE I R K R BRCR fid R
MhE.
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Bl SR BN BETERIIRE. BT AL P RN AR RSN
2R

51 ROBTEEBEARBUNRE &

&R BEEEBRIRELANRASELE _F “2337,

5.2 FEEFEY) SEM RIEEE 51t

5.2.1 R EELT A MR~ SEM RILE R

5-1 R 0.5mol-L it £ /8 £h /K ¥ W51 & B0 B0 2 B AE AL FIZE AL B AR SRR AR
BRMEE 1 THRBYHSEMB A . B 5-1aB RrA A RH AW TS M EMES
KRO—RFRBEETY, HEEAHE 60-1000m2 /6, KEL 1um (HTFHEEL,
BB R R AR LA g 1) —S—RIURBBE= YN —m 2 — Rk, KE
£4J 150nm. '

5-1b BnA A RE EAHE—BE—EIRTEY), L ERE 50-100nm 2 7,
KBEZE 300-700nm (BHF{UM SEM B A EMEZ, FrLlResfHmgaE) 2 H. 55
5-la ik, B 5-1b PR—ERBBES~YRFEG, TAEIAERFRME.

B 5-1c BERARKRRE LA E—L—EFUREE=Y, 58 5-1b ik, & s-1c
PR —BRRBE Y ENFR .. XE—EIREBEYERAE 50-200nm 26, KE
7 300-1200nm Z [d]; —&—EFREBEEDH —HKE— I BRY, HERL 200nm.
B 5-1c BB E — Loy, HHARTHE 500nm.

5-1d B RARARA LA RERDSH—EIRBBE = WRTRLRFZY . b —4%
TR EH 2 7E 50-240nm Z [A], KBEETE 300-2000nm 2 [A]; —&—HFUREB =4
H—IRR— ARy, HEAZ 300nm. B 5-1d FEHHELERZRES 10nm 195
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BLRFABKT= ) -

B 5-1a~d#F 2 e 0.5mol-L™ 3 3 & /R £h i 7K ¥ 8 5 6 0 20 R AL RIZE R L P A Y
BB R A& 1 TR ARISEME R, BAPRE-DNRERLAEZBLR, 7]
fE R i1 T 150 & B9 # 0 B RE AL R - TR A3 515 A

-

B 5-1 £ 0.5mol-L™ sk it £ J Ak 1 7K ¥85 90 46 £ 8 0 UM A R RO AR B P 0 O SEMR J
Fig. 5-1 SEM images of carbon deposits on quartz slices on which the catalyst was formed from
transition-metal salt solution of 0.5mol-L™ in water

B 52 R 1.0mol-L" )i & A6 7K ¥ W0l 4 A 780 70 R AL TR ZE b TR A AR AR
BRN M | TR WHSEME K . B 5-2a 8RR 5 RIEAAH T — BRI~
Y. XE—EFREBE-DEERAE—R, AL EFUE, HERMHE 80-140nm
28], KEETE 5-2ah — IRV WIKE . T2 —EIURBR =W T2 —
AMERRY), HEBHGE 100-200nm2 [7], FH—L30HR ™ ™ ™ h TR R BRI T hE
REAFBR. B 5208rAKERFRE EME L — IR~ YRBRCR =4,
Hp—BUREB“ W ERE 50-240nm2 [0, ZKFEE 700nmAiR . BRCRI
VB EARN R L, HRZ2MZE 100-1000nm2 7.

B 5-3 R 1.5mol-L it I £ /& £k /K ¥ ) & (X 7 20 BUAE AL U ZE AL FR SR AR AR
BRNE&M | FRBRBEDHSEME . B 5328 R AR REA% T AREFHIE
—RE—EFRBB YR BRCR Y. B 5-3b 8RR KA Rl _E0AHH — LBk
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REBEF=PAJURERY, K PRREB= YRR E 50-500nm2 /7, HRYER
27 300nm, £y 1000nm.

B 5-2 H3 1.0mol-L™ s 4 h 7K 4 3L 46 0 85 43 LA AL ) O BB = M O SEMLFRE S
Fig. 5-2 SEM images of carbon deposits on quartz slices on which the catalyst was formed from
transition-metal salt solution of 1.0mol-L" in water.

B 5-3 1 1.5mol-L™ich i 4 A &k A 7K ¥ 3061 4 £ 7 20 LA AL R B BB = (I SEMUERR
Fig. 5-3 SEM images of carbon deposits on quartz slices on which the catalyst was formed from
transition-metal salt solution of 1.5mol-L" in water

B 5-4 e 2.0mol-L™ fyich ¥ /R £h K 1 4 TR 4 EURE AL TR ZE AL R AR 20
BB | THIRBK=WHISEMIE A . B S4a B A KA REAH T KR ETIERE
—REERFBRCR Y, BRARZSMZE 80-200nm2 7], DEHBRYIKLEL
2000nm. [ 5-4b87~HA 5 H Rill L4 E —LBRRIABR =Y, 2R 24 7 ZE 80-600nm
I

GREBTR, et 4 Ak i 7K 5 VB 28 B 780 20 L U 4 R 9 K B AL U M AL P A
R RN | TRET —EURVABRCRY J E OB BB KERIRE K
Hm, BMEF=Y I — AR OB RER R B — IR
KEZEHZE. BRRIBR =96 S 2 4 i .
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Il ; SRR — B I"'_'_ - ] --.1.
B 54 £ 2.0mol-L" o & R &k fr 7K 4 o 25 £ 8 20 BEARE A AR (O BB - M O SEMUR
Fig. 5-4 SEM images of carbon deposits on quartz slices on which the catalyst was formed from
transition-metal salt solution of 2.0mol-L™ in water

5.2.2 BoEELT B RFRER4 SEM RIEER

& 5-5 £ i1 2.0mol-L™ ) Z. BE ¥ ¥ %% B 785 /0 O o & IR 40 K AL RIBZE A AL B e 20
R R &AF 2 TREBRYHISEME . NE 5-5arh i AMER AR LB FL —4%
AURFBRCRIGR ), LB YE—EX B HMEES, XURRETERRN
EH& BB BENRI S A S5 R,

ME 5-5b FATUAE B S — SR, S5 5ES ihmasRE, bk
REZARE . —RLR=WHERLAN 1000m, FHERF=YKEL Sum. B 5-5b B
™ BIR—BEREEWEMEZR, ENS5ARRR—EAE, LERY 100nm.
K BE M EE 2-4pm 2 (]

¥ 5-5 3 2.0mol-L ™" i 3 &R £k ) Z BEF W61 % 00 1 20 BRAEAL R A B BR A= ) MO SEMR
Fig. 5-5 SEM images of carbon deposits on quartz slices on which the catalyst was formed from
transition-metal salt solution of 2.0mol-L" in ethanol
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ZAULERRRMEERGITRBRMTLER:

1. S BERAER ORETEE: M 0.5mol-L"'E) 2.0mol-L™") #I%& T H4#
HELEBEARA, EECFREBEBRRNAS 1T, BEHIESRBEKBBKREN
¥, SEEBEARANBRBR= Y — R IR REZHRD . KEEHTE,
BHCREBREY O REZEEMN: LB SR HKEBRMIRER 2.0 mol LB, B>
YIABRORBBE DA E, EEAMERH—EFURER=.

2. B4 2.0mol-L"' ZEE ¥ M) & I 1) BT I & R 40K M L FRIBTE 1L FR SR AR AR
BRI &M 2 FRBB= Y U—E IR = DRBRCR =0 X, E':P//"% BRI
FYREE LT, HKESMHE 2-5um2 8.
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ERE it

REE=%. FNENBEALENZRERURSTAITE, BRUTER:

1. BYERIES oml B, BEEZKBFMENEM (37-120mD), EHELEBAXKE
HAIE R EH N, SEAMARN 120ml B (K% pH AL 8), WEAIEEME
80.8%; EKMAELELEEME 200m] B, HAFKERTRK, RE 55%; FiaHEL
FITERAL B BB RS &1 1 THRBIEER N-32.1%ZF# 1B INF1+4.9%. BKH
BNEFE 120-200ml T F P HI & SR, SEid &4 1 T KRR R NE FIR
BB YPE—2& CNTs; &1 2 THELFRBEFRRRNERPBEERRSE, B
CNTs F— %L RF=YHEHHRD.

2. FERERERTE X B AL AT R B , 5 B TR B 78 i AL I A 4k P e AR B IR I
BRI E R R P CNTs I8 E. 7 1200C TEH 2 M (RERMEE, HFin
—ERBFHM AMBAEFEAARERAR, KRS T XS HE, BRenT
1-100nm Z B B EHEHE . '

3. EKBMETE 165ml (AR pH HLAN 8) AAR, BEEFHAHRIMERE M

(10.8ml-54.1mD), SE L BIKEAFREZTHER (N 31% FREE| 25%), HHH
/T 100nm BIFRLAT & LB/ 2312 5T 800°CHT 1200°CHEHE /G BB (LT, &
1 TEARRRESRKRN S, BARPEREERUEEE=YP CNTs HEER
PR VHRMEREMTESH R SHEVAERMES 10.8ml 1 27.0mi &, J5&HBR
M ERHRTHENTREESE,; MEHIAARNES 54.1ml i, FEHEORREER
NFRHEPORBREER, B5FIAFNENR 0 ml KA, EEFRHRREERH
B ONTs BB ES R . 44 2 THRAFRBBBERNS, ELFIFR
B ERNRBEYT CNTs NEEFRUATANE, BEENEBYERNKTH
ERBBRMEE,

4. FEEBARMBKEM (N 4.0g INE 15.5g) T HE B KR MR Z #
B O\ 52.3%38 031 79.8%). £ 800°CREHE /518 300 s Bt ¥ & /B 4 K A AL e i
WHRERBPBR RN &M | MM 2 F, HBREEZNEHRD, LHRELFLIT,
AT BRI E R MEEER BIERNEN 4.0g i, E-NL PRI RN
£ 1T, BB~ YHEHFS CNTs, MEBLFRBERBERNENS 2 TF, BB~y
FERBROR=Y; BARMER 6.9g M 15.5g Bt, &4 1 TRE&MH 2 TRRE=Y
B2 ARG IBRR= A E, REJUREHALFH CNTs.

5. £ 1200CHEH#% 2h EARNAR BT E S BRAKBELARERENARASR,
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BT —EARREKHIRY, FHICRYRE 2000m B E, DHIEF] 800nm; Bt
RYEAILF — LR AR 30-100nm 2 [A MK TR; HAEmL BRI R N &4
1 MM 2 FRFEYHLLAS LR RARKIBR SRS E.

6. ERAFRBMBUBRNAGE L T, MEIESBEHKEBORENEN, HaE
HEEREACHANRBREY PO —RIRE=YORERGTRD . KEERHEE, Fk
REYHBEZEEM: LT ESBEKERARER 2.0 mol LB, BBKFYLUBR
REB=DAE, EAMELRT—EFUREE=Y.

7. 814 2.0mol-L T I & & £ Z BB & B0 B R K AR AL FIBZE M AL TR A Bl
BB RN &H 2 THRREP= YU —RARE DR 0 E, HhbE—HETRR
YR ALY, HKEAME 2-5um2 7.

8. ABELELEHKEUNNFELRABILPFRBBRABRRNEIRNES
HEEF; BYHEMNER 10.8ml. £ 1200°CKE4 2h 5A BB IEH R BT & B K
AR A BB PR RE B RN S R BT R .
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