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RIEKZF AR 830 Abstract

The design of small asynchronous
experimental mill

Abstract

Rolling is a kind of metal forming technology which is widely used in metal materials. At
present, the major steel mills mainly use synchronous rolling mill for the production and
processing of metal materials.But it is difficult to produce the material such as silicon steel or
processing thin material. The forming ability of synchronous rolling mill is very
limited.Therefore, a new rolling method is needed.

Asynchronous rolling is a new rolling process with many advantages.The rolling force can
be greatly reduced by using asynchronous rolling.So the equipment is light weight, low
energy consumption and deformation of rolling mill, high product accuracy.It can also
decrease the wear and middle annealing of the roll, reduce the production cost,and the rolling
pass is less, the productivity is high, the rolling thickness of the rolling mill can be increased,
and the formability of the material can be improved.And it can achieve the production of thin
specifications of the product.Therefore, it is necessary to design a reasonable asynchronous
mill.

This mill is a compact four roll asynchronous mill. The main design of the mill are frame,
screwdown, balancing device, rolls and bearing seats.The frame is an important part of the
rolling mill, which is used to install the whole roll system and roll adjustment device, and bear
all the rolling force.Because of the weight of the machine and the manufacturing complex, the
general safety factor is given, and the permanent use of the non replacement parts to
design.This paper expounds the working principle and structure of the asynchronous mill, and
calculates the energy parameters of the rolling force.The rolling force of the normal rolling
and asynchronous rolling are compared with the same conditions.After calculation, the
detailed two-dimensional chart is drawn, and the rationality of the structure and the feasibility

of the design are ensured..

Key words: Asynchronous mill, Rolling force, Strength check
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F o ABXFMEARGEAN AT BB IN o B AR B ARG, e i ) L ke 2 3%,
WEANFE IR AR =y, 7 i R SAE R RIE ™ s A RN . I 8 V)75 Z AT
FIRE AP AERLH LA P it N et i A2 7 T2 3 i i it i, PRI BE AR S A 7 AR
77 e BT IR B0 77 i A5 8 [ 7 8 b Dk K [T 1 R i R 6 A2

W FCAE AGEFL IR T P R 5725 BUR L 2 S 800 LA A . AR 4L 4405
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B N TR HEAT KR T B HL ] AR 1 [R] I 75 5 A AR B L Dvd  RIVAT R 15 2k 22 1R 41
i, 9 SEDURIR R AR AL €I 1 260 . S B D BLAR AN 32 T U A T SE AT R A, 7T SEE3
KA EELS], FEEFLHLAIELIERE AR, T aE a4 4= o 2 (HSE A AL A AT LA
DRIFIEA R E, FLHIERE I R A AL R o i IR 5 BN AN A T4 AN 2y
URMR, RTAEF RS LA o SRD AL TG I FLE A, AT INAT R I R BY 1)
AN, A BT AR T A, (R o < J AR I e AN P AR B A, SRR RE, A
AT A FLIN AR T B

1.2 FHAEHIRMNE

StOBRLE —BN R L2, AT URRBEAREL S 77 FLMLE SR, FLILARIE DN,
REARMG, 7 abRs L LUy, mIAL SR, b 7 RLAR ST R AR KRR, PRI
TR, REFFRIAE, AR . b BL B A AL SOE T IAELG R
R o

SO HNLINR AOUE eSS . T EMINSI IR A, G T HELX BT
RinERMAMNIARE, SEERREE, SMHN, WM RN EL. 5
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RALEFIZA N o FD LB T — AL B 20, U IE S T HUHI 4,
R, 5B RUMLEA AR5 R iR R SRR o B AR BT I8 428 () TR A2 - L 1) AR
RN R, BT EE AR, ERERLX L.
MR RASEEAR, WNiEREXNGEETIRE, SHERERmmE. M
G, ERAARRLARAN JT A MR AR A o B BLHINT < S B LA A AR Y TT LA G i s
25 A S BT VAR T ) B T B, 1A B AN 2 7 RO ARECRIAR n

1.3 EASNFEEN L R

FREX AP AL AR M SRS T 20 AL 70 SERT . RACKZE B ELHIIF T 4148
RIRBAZIIAE IR, Exth BT AL BT T IR R G S50 T RER R 40 4T,
fif ke 1 B L R RSN AN &5 i R RS T SR FE AR, SE R T S AP E S AR L B
AR FRG A L B ZERIT B R PT . 20 122 80 4AEALAK, AR AL K230 8 S L i )
Hu R T MR RHEL I 2 5, SO R T R BUR RE AN X F Th RE A RE SR B L B AR 7T, HREK
/T —EHtE.

20 tH4T 40 AEARY], 4l E W 7038 TERF 5T S A% 20 & FL R T I3 et 7L 38 TERf 7T =
HE SR TR, X AN AR 48 150 o] T AN S8 Sl LA A AR T DX 7 AR R (1 AR T 7 A %
B, IR L AT AR EL R 77, S B Lk, IR T —Fh AR R
TR NRHE R D ELRDS AR . BRI, b ilml T2 Emal, b L s B F R AR
1320 TARRBIRE . 1958 4, Coffin KB T CBS #L#HL; 20 tH22 60 FARY] HEH S FLAL;
20 4l 70 FACHTH I T F-BO FL1E; 20 th4d 80 AFEARW) XAHEH T HA RS ELL. 1966
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25 ) A L AN S BT DA T LA A5
(1) BN TR — M LRI, AEAR L 1 R o 2 A R LR i T AL TR 42
(2) BELP AT T EA S8 SR URIEA LT TR 24 84%-88%
AR T AL 3RS, TARIRR TR S T 100C £, SRES ETF60°ChL, i
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F 25 FLINELER

SLAR AL PSR LA AT FLADIN T T, B RN TARNLRE R Rty LI 2
PERINIALER R N B SN B LR DA S 51 S 5L IR A bk LR T 1) FLARIM &5
o — B R B ARSTRIHL Sk =3 4. VA SLIRALAR AR S ™, e 2 s i, T
PAMRIE REFIOBOE . SURIFEARST 80 U84 X ER D KK L. BITER
d MRS 1

2.1 ELAEARRIEH

2.1.1 3 RBBHKEMER

MR TARRRAR S KN S 77 A 1) 58 ARG N U K et , @I BA R

FAR G SR
B SE L LERr LA K i R T8I b K —ME A & a, B

L=b+a (2-1)
AL TE R 5=200mm, K, BUFEE K E N L=500mm.
VUARELNLR AR K L e bla, wIiRdEER 2.1 i TAER EA D MISORIEERZ

D:.

® 2.1 BMIUARELNLK LD, « L/D>v J Do/Dy
ELHLAA R L/D, L/D, L/ D,
JERELHL 3.0~5.2 1.9~2.7 1.5~2.2
FHALHL 1.5~3.5 1.0~1.8 1.2~2.0
K ELAL 2.1~4.0 1.0~1.8 1.8~2.2
AT ELAL 2.3~3.0 0.8~1.8 23~35

AR TARRE AR D, =180mm , SRR EAE D, = 450mm

2.1.2 FUARBHIHKEFER
R ) ELARANR B 5 AR R B 2R AR 47K, AR o SR AR 1A RST IR BR 1,
i1y ELAR SRR B (A2 F T, ARAE AR i a93h 1. HER AT fuvr, FRSUEAR A0 5 40 &

4.
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3t B [ g A1 R
RSN HRRS,  HTRRSMEROR, BRI ABRE R, — B Ak
d=(0.5~0.55)D (2-2)
WRAEUAE, BT AR RSB AN d=90~99mm, AU di=100mm. {FE3RHIK
FEARAE S AR, FEIX B, =237mm

ORI EAR d, = 450mm , MRYIGHAKIEIL L, = 237mm .

2.1.3 FLARRSLAVBIXNFIR ~F

S AELNL B TAE SR TR IIAN ], P EER I AR S R AU AN [A] o e 3 Sk () RSTI
AR A A Sk 1 R T 2
AR ML, EARYE T E:
d, =0.85d (2-3)

D, =0.85mm =100 =85mm . A LNENLKFE [, =75mm »

2.2 HLAELRRIM Y

F T 5L5R 1) & S4B E R F S8 R ML A ML bR v TB/ZQ4289-86(LARAN)H B HLE »
PEL TAERR AN IIEN 5 9 55Cr. 50CrMnMo. 60CrMnMo- 50CrNiMo- 60CrNiMo.

60SiMnMo. 60CrMoV. 70Cr3NiMo %%,

AELTAERAMEIS A 8CrtMoV. 86Cr2MoV. 9Cr. 9Cr2. 9Cr2Mo. 9Cr2W.
9Cr3Mo. 60CrMoV %,

AR HAA: 60CtMnMo. 75CrMo. 70Ni3CrMo~ 9Cr2. 9Cr2Mo. 9CrV. 55Cr.
42CrMo-~ 35CrMo % .

TEIX Bk FE 9Cr2Mo N TAEFRAISC ARG AL
AEL AR WAR T WK 2.2,
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R 2.2 WHL AR AR T AL

FLEEAR(mm)  ROREELNE HS)  EBCMNEEZRE (mm) FesE G (HS)

0~95 6

0~300 90~98 8 30~55
80~90 10
0~95 10

301~600 90~98 12 30~55
80~90 15
0~95 8

601~900 90~98 10 30~55
80~90 12

# 2.3 YRR E

ik WO RMBEEIEE (HS) H/MNAEERE (nm)  FRIMELZIEE (HS)
60~70 45
EL 50~60 50 35~50
40~50 55
65~75 40
AL 60~70 45 35~50
55~65 50

gt B3R, ®HLG
TAE#: 9Cr2Mo, #R5: HS=90~98 #&%i: HS=45~50.
WK 9Cr2Mo, E: HS=60~70 #i%i: HS=40~45.

23 BEERFEIZE

LR BOE TR EZA PR )2 P ik FLAR A B FLAR . i FLAR R T RHA RN /K
S R DK ARG B A — A7 05 sUIE I ALAR RIS o B I LARIZA 5 3R] 70 4N
FLARANBEERALFR NS F2 MG TR ] i B G AL AN R S WG FLAR PSS

UG FLHAL A B 2R U0 R
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(DG 5 AL HR 5

(2)80E A L5 5

(3B I~ vt T A L R

(DG B H AL .

AT7 R BGE FLAR, BN LR AT 20 AN IR E LR S AN A L, RN ELAR &=
ST EUT R S AR AL, BB v BLER 2 ARV L AR . T FLARA 2R i
B, JCHRRRIER TR R R ABRESEAT I, A R AR
FLUEAR, VR e o R RV L AR AR ORAE, IRV L AR A M RESR H AR sy (1) 22
R BRERMLIRA RIS BRI, DLORIER LA B AR 14 RO A AN R R R
s A RA R A EAIEEE /. iR evige, X5
MR R AR LAEORIR ™ —2alf g eiiE; AL, mifa e
FLARINBESS SR BCE, WA AN E, ARVPFAE A AL TR N AR e R w5 B
REfIK.

2.4 FLRBERZ

PUEREALHLA I LARRR CREARN) MM SORIE CREARM) » FLHIE 77 AR
PRAE TG B SORER, P SORBRAIRBEBLENIIE. BT SORBAGBORINITE, HER
NITAFRERN 1~2 15, SIS Wi KAV TAERARE L . R ARAFL R R
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2.2 PUARFLHL AR S A0 ARt

U SR AR RS SORAR AR B N BIARE T SRR DI R 6 25 it i R AC R 25 iy, CARAR 5 50K
BRI I HERL £, AN £y R

PW. _ -
fW_le_lzt’fB_kl D24 (2 4)
Rep kLU AR
KA £y = f > MIELARAYES 00 5 AR FLAR LR Bt st b
Mys _ By _ Doy ]
MWW_PW (Dl) (2 5)
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P, P, — SR TAER EMER J15
D, D,—>( 7RSS T/ERMNER,
A P=PF,+P,, M

1
P =P— — P =P-P 2-6
"1+, /D) v (2-6)

D, =180mm, D, = 450mm , M :

(%)4 =25"=39, F&A[H:
1

B, :PL:LP:S.M{N, P, =P—-P, =3349KN
1+39 40

8.6

Tl R E AR TARR B A5 FL I AT i 3433

©100% =2.5% -

BIALH S 704 1740 /R RIE TARSR b, (2 2B 25 i, 1 HAx i 20 97.5% 191 AL SOK
B HT AL S R R o et SORBRARAE, AR TH IR SORR N 8 4% K 32 A L
ARSI RS . 0 AR 4R R A% S AR SR i i (1 HH % N 7

(1) TARHN /i3

TARAZ R P, I, S 15 M, A

M,,=ql’/8=P,(/8)=(P, /8)(L+2c)
=(334.9/8)(0.5+2x340) = 28.5kN - m

7K P 5K 3R RIE — AN FLSE B 1025 ith 7398 M, O

1 T,, b, 40 0.2
M, =—x—(a'—2)=—(0.91-—=)=4kN -m
r=5 4( 2) 8( 2)

VERIE TAR R B & R0 i 7056 My
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M =M’ +M,’ =28.5* +4> ~28.8kN -m

E FHAE 48 B v 1B 7 B e K 1 B 709

M 28.8x10°x10’

- = —=49MPa
0.1D, 0.1x180

o

VERI T ARSI L N A9

6
o MK3 _ O.78><103 _39MPa
0.2D°  0.2x100

(2) AN S5

LR 1AL B A K75 it AN, F 75

P L. 03349
M, =-L(a-=)=
wWB 4 ( 2) 4

(0.913—%)=55kN-m

M
o= _ > _60ppa
0.1D°  0.1x0.45

Wrid 1—1 S R /1 (d=240mm) -

L _(p/2)e _(B43.5/D)x024 _ oo

0.1d° 0.1x0.24°

Wi 2—2 B R 71N (d=450mm) -

_(P/2)e _(0.33/2)x0.237

= : 3 =4.3MPa
0.1d 0.1x0.45

TAEREAN S AR A H 9Cr2Mo #illi&, H oy =235MPa, 7, =200MPa , 3% 55t R

o, =180MPa, KIILFFEER,
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:i'_=2!m //"

¢ 4 8 12 16
4 ,kKN/mm

K 2.3 DURFLHLFLER AR T T 5
2.5 KEINGE
®HA: H=108mm, h=1.6mm

R Q345;
i 200mm;

ﬁ’g
%{(: 4501’1’11’1’1;

FLEEMEL: T/E#: 9Cr2Mo, RESMERE:. HS=90~98 #E1%:
YK 9Cr2Mo, 3R GMEE. HS=60~70 #E1%:

TAE#Z%: D,=180mm, L=500mm;

VKB D,=450mm, L=500mm.

11 -

20

HS=45~50;

HS=40~45;
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A=A, RIS, 2k A A EVE MBS TR .
D Sk

FEFLANML B L TR E IR s, KL S SRS S, @I ieR
B EREGA LSRR, B HACT TR, IRAGALE] S Bl . SR I A5 O AL 1R 7752
ER T4 LB S I EE &
2) aRANIHEIE

MRYE K ESEMBE, KRG IE, A9 AE S b — 2 2 R K 2 da vh
o
3) HignairHik

WRYE AN S 2 SR B AR X B IRES AT AL, & SE i e 1 Ao _E A5 i 7
D, I AT S RN, SR A P BT TR 77 p Ji s 42 B SURIRTTHERC Y H UL R
(R 70

P=p, F=p,b,l (3-D

A F 3 SRR CRbr it m AR N ACTH B3GR
b, — 5L A ELAE-T I R
L—HfhMK E (R IX KD o

3.2 #LEIARTE
3.2.1 BEERABMMHE
VA LI — AR ST AR S i 70, SR FE 48368 P03 P SR AN e R B L R 2

IR EERE AT, b 1 LR R BE 5T, i L, 9D 1 ANEERERS NI BURE I, BRAIR T AL
S (0 BRI 77 o AETE S LR 2 BLRL I IS T 20 1) S M A G e A N [ R I A
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REEH T,
VLN 1 B4 A K5 T T R A LR R IR DL A5G o ZE AL PR I S 5 i v 511,
FEBE TN — R 4, = 0.12-0.15

30 WAL g, S LR e R 1)

ALHDEEE (m/s) LAk Wi A e
3LLF 0.14 0.10~0.12 0.08
10 LR 0.10~0.12 0.09~0.10 0.06
20 LR . 0.08 0.05
KT 20 0.06 0.03

AP BT RT DS, Bk, AKAEMET, WP 2 =0.15.

322 BEELEIRGTESRONHE

SO LSRR T BN REE L 2, U T R ELHIN &R RN SPRE, fE1S
ARSI IR B BERE 77 10 KA T . anlEl 3.1 PR AEAHIRIE SRS, T BEL
FRHVESE Vi KT MELRAVIESE V, » IXAEAG AR T FZDELHIN A 7 o2e, Rk
I ETTE RN, RS DTS . BRI tBRE L o, BN AR AL TR B
TIHTT TAAR S T SE B 20 AL o

K 3.1 K 3.2
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RS HITHE

329, AR R,
MR- %S -
-2P +1,,-1,,+1,, -T,,=0
AP &ER:
D . «a
PX = pB?aSmE

a+r,

T, = W.B.%(a —1,).Cos

D .
T, = ,up.B.?;@CosEz

a+tr

D
T, = ,up.B.?(Ot -r,).Cos

D r
T, = ,up.B.3+ ’iCOSEI

wALA (3-2) #éSin%z%,Cosazlif%fE?%:

=)

1113 AL AR R 2 AF AR )25 LA

FIrEA

r1+r2=a(1—2i)=2r

B =015, XHCEHEMEEAR=0.15, K15 Cosa=0.99, f#fS:
a=27, a=0.0471 5
2r=2.3", Sin2r=0.0397, Sina=0.0471

UG 5K IME O, = 40KN , #iik 1115 O, =42.009KN

SR e, = 2
B.H

S

,$mm%ﬁa=§%
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ty =111MPa, t,=125MPa -
&R LR B S T B A RO

Px=Pa+2K1nZ—" (3-4)

AL ELHIE IR 2K —t,, » HoA, 2K BFMEA S 51150, K, BALELH]E 70:
hx
P.=Qk—t,)+2K lnﬁ (3-5)
B EH 2 D FL ) SE IR 7T A R LI 77
P=(2K —t,)\RAhB (3-6)
4 H=1.8mm, h=1.6mm i, M Q345 A 1EME{LHIZEH o, = 448.5MPa .

ARHAF -

=&

P= (1.15x448.5MPa-111MPa) ~+/90x0.2x200 =343.5kN.,

Ik, o S 2R KL S 770 343.5kN.
FARIZE AT T R [RLD L G I R AL 309 469kN, FEBEANZEAT THEL
Ik, b SLEIAR R R L, AL FI AR T 26.8%.

3.3 5LEINRERTE

3.3.1 (LBl N A ESERER I

AL FLAEAE AL S AT PE R 2 A BB AR T, FLAHE I th 28 5L — A R
HSE, T AR AT, SLAFXS LR ROME I 70 PRI ELAR 0o i) 05E, BRATRRZ %L
H0HE M, EL] R MO S5 5L H ) P T A S A B B R F AR B R
I H, HTEWLA S S EL S DU AN, FL S F0 07 [ AN E .

PUSRELHL H P A AR BN I TARSR L B P AS K AR K SORBRALR . EATH P FR IR 5)
Ji 73l R YR B AR R AN R 5l S AR

ABLT AR sl TR 5 20 A sl s 3h B R PN AR R B RS,
A AL LA [F) AT s IS 25 5L . 32 040 3.3 B
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RAERF Rl it GRS 53 % SUBLDRESHOH

]

O,

K 3.3 IRBh TARHMELYLEZ T

YER T AR LD EEE =4, 44508
(1) (KIS P, J1ENa, PHalli)iE;

(2)  TARSRAARALMES 1 F, A BERR AR p 5 HAD);

(3) SRR TR T Ro
2 RS SRR AR AL I BE R 7 e TARRR S SO R 2 TR (TR B BE IR I, SORHRERT A

IR R W RAEELVERIE G 0,0, 10 E b, IR [EAZ BB 52, R T8 5 BE =
712 p, MHY), FHAE TAESR S SORERAMR S — MR NBEE JVEIIEE mo — I,
m=0.1-0.3mm.

MR AURAL S R ARSI RR IO LR R M, B AR B SOK
BRI M, 5 TARSREAR B M, = H A, RN
My=M,+M,+M, (3-7)
(1 KELS M,
M, =Pa (3-8)

A P—HLHi 775
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AAC R T (30 53 % LIRS EGHE

a—H5L1 717008, HR/ANSELE 34 F BT 5 5K 21 KNG K.
BNT,>T,, Fibh, a=Rssin(B—¢), HF

R —LAFRRAAR
B—AZE R K T T LI T4 Y s LK LR R0 A 5
@ — U J 5K X FLA 7377 TR 5208 B P R A

=1

@ = arcsin
@ =0.0006"
L=ya, Wy =04, R1§ =108, k1§
a=1.7mmo.

M, =Pa=343.5x1.TN -m=584N -m .

(2) RIAFHALB SHERN I M,

M,=Rec (3-9
_ _Loosp (3-10)
cos(@+y)
i 0— TAFRE SOKRIE L SEELIA, HzarcsinD eD ;
et W}
2 2

m —AE AR S AR SR b AR A 10— MRS B S E RS (— Rt i
T m=0.1-0.3, XHEHRm=0.2) .

y—HLIRIE O S R JT R I ff, y =arcsin pZ’D ~.
2

—+

c— JRJ1 R X TAESRI I, c=mcosy+%siny;

e— LAFHERI AR 5 SORMAZL I IMAZ B (T TARSRIRAZ EE S e (1)
E— 0N Smm 2] 10mm, AR T TAFRA SRR K BEARRWARDN, ETHEAES) 1%
IR T AL AT e=0, BEBT R ZEIRAK, XZ6=0°) ;
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AJERZE BT (30 53 % LIRS EGHE

P, — SRR BEE AR, p, = foxr (e AVYF BRI Tl A A2 1) 2
B r=120mm;  fNMEBEERL L =k, AP BT AN 2 5 Y S B k B
/2, VELIT AR Al AR BE R R B £=0.004)

N p,= kfi =%x 0.004x120 = 0.75mm ,
gL

y=024", c= mcosy+%sin7 =0.2xc0s0.24° +90xsin 0.24° = 0.58mm ,
R=343.5KN, M ,=Rc=200N-m .

(3) KRIARRRBR IR I M |,

M, =Fep, (3-11)
A F—TARRAAL R J): BT >T, 1, F=Rsin(6+y)+Psing,
W AFF F=1622N.

— TARRREB AT, p = kﬁq——xO 004x50=0.31mm .

N
g

S M, =Fep =1622x031=0.5N-m

£3 bRk
FLI 7IHE

My=M,+M,+M, =584+200+0.5=784.5N -m

WA AR EAE B 79N

M x =2M, =2x784.5=1569N -m

3.32 3L ERSAESEAIIIR
SLAR S B P R L2 SR T LT R b ) B AR, RS A s LA BB A O
SLGITRSE .l P AL Al A, i—ﬁ;:/ilﬁ, S A7 PR R i, H A AE

i, afRAEU=1.2"" 0 MY, =2m/s B, V,=1.7Tm/s »
VRIS, FLAEN TN
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AICRZ A B (80 W38 HLRAAESHIE

1)

2)

U, =V,cosa (3-12)
FLAFH TR R
u, =V (3-13)

1 BL BB AS 22 30RT PSR AS

U, =V,cosa=1.7xcos2.7"=1.698m/s

u,=V,=2m/s
B i 4 2 :
N LAEREE: V,=2m/s, n = = r/s=3.54r/s=212r/min
D,  3.14x0.18
v, 17

=3r/s=180r/min

FTARREEE: V,=1.7m/s, n,=—2=
VERR LR 2 mis, M D, 3.14x0.18

TR REE: n, = N 2 =1.42r/s=85.2r/min
D, 3.14x0.45
s v, 1.7 .
FBSORIRH: n, = = =1.2r/s=72r/min
D, 3.14x0.45
=t 320 _gy
n 212
=t 10465
n, 180

FLARS HAL A B -
HL LB AR 2 [ B i bk 2 A ) WK A 45

WORBAEEN A F: 1,=0.93~0.96, Hln =095;

TR 2R B BCR: 0, =0.96~0.98, Hln, =0.96 ; WS ESHEr=nn, =091,
GERILilWabSER

E B 7R R P o R, B

M,+M,
+M s+ M, tM

D~ kon — don

" ! (3-14)
=—+M +M, =M

kon — don
I
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AR Z BRSO 83 E RSO

X M, —EHEIYLIAE;
M, —5U5R LU %
M, —MIREEE 050, B = LA o LA 0 A SLER K AR sh L gL

CEE I b BT A I IE, M, =

1

M, — 7S B0, VELHLARREI , o T4 Al e B S B 77 A 0 B B T 3

e 715
M, —307156, SRS LA ST, B0 i A I el sad i 5| 15

VEAT R AL 1) 058 s
i — BN 2 (8] A% Bl L .

Mﬂ:(l—l)MKz( L 84S 1osnem
2 TV T 001 63
M.
Mo 20 s AN m
/ j 263

l
THNFEM,,, B R A B R, T R A E

Gty ap (3-15)

M, =2

n

A G, R HIEE;

p, e FEEF I R AR A

d,— B S E AR

[, — R RN R RS LZ 18] AR B LE .
NI M, N

2
M, —s92_ 6D _doy (3-16)
dt 4 dt

Xh GD* =R A S R LA TR 0
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AR BRSO 83 E RSO

%O RIS SRR R T

W1 3R % ARG BB BLER s e, (8 al AR PEFLALALH A ], CARFTa] ¢ Jukaseds, LA
BT AP EE M, - B, HIE 3.4 Fis, B 5ERERE ¢ R RR, BN

fiugr 1L

@
=
FIEE
K34 FLHLEBIHLE A I
T HEHLIF:
MD:Mf: 7845 N-m=137N-m
ni 63x0.91

R, SLHLEEHLE LS 137N m.
3) BHHLINE P, -

My (3-17)
9550

P, = M,xn _ 137x1300 — 18.6)w
9550 9550
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ARAERZ BT GO %4 = FLHWLARA BT

£ 45 FLHHZRRIZIT

4.1 5LHlAYRE

FLANHIHLZ S AR N i e AR, LR A e B LR R B 2 B S 0 2 3R AE AL
b WIZREGRSZ EEEL T, A 2S5 EERTHIE .

MRIEFLANHLIRES A ANE, FLAHLHLEL 0 o P QAT 3 A 17

(1 FAHLEE

Wk 4.1 Fror, PSR — R B RS SIAE R e AR R AR, R
B IR S FEANIEE , ELHARANME o B YL 32 70 R BB SREL AR 5 vy i A2 3 4 4 R 4L
B, WnELEI T BRI AL ARIRELHURRCT FLALE . X BT LR UL, AP el HS
B, T EABERININIEE . SR AN AR, R, FLHRR I ALy
A MAHLER B il Y BN, XA ELBL— A B & e B

1N ()

;:) ~
G

K 4.1 PISCHLZR G K el 18
(2) JFaHL
TR LB A ARRD Lo AR 7 R, i 4.2, & FZ RS BN ELAL L,
HEER AR By, fERF AN Ean FER P AHLEE, BT 32 2IAHAT
PUREAE R YIRS, W LR Z T [F) 3 AR R AR R AEAS o SRADJT LSS, REHRT B,
st AT AR 77 R SLAR A BT it e N o T aUNLBE S 2 NI R 2 o 2 AL
R 5 RO R T R ) R R bR S U AR R U7 2 L b AR iR T A Y
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LI
\
{—A -
/\ ’
(a) MEAIEHE (byERIEHE (OF:LipuE:7 (d) RHELIES:

K42 PR EmERT
RIPLRER R, flIERA, —BE TIRKWZERE, KA AE HE
PRt AU Y P LA

42 RN ERGHEH

4.2.1 MBERHEARRT

WLALH S B SO BT S5 L B 11 0 B RIS T R0
(1D HLAE D& H

MLZEE O H 55LREH . SO ER. WIER, Mk, #BEEREE, PLK
AR R B R B 0. AR AL BT L R IR R M s, DL
AR EURIE

T DU R LKL AT R

H =(2.6~3.5)(D, +D,) = (2.6 ~ 3.5)(180 + 450) = 1638 ~ 2205mm

X D, D,—TAFR. SUKHEA, mm; B H=2188mm.
(2) HLELE 58 FE B

FEM ML S, HLALE DR R TR R KBS, DMET . DUARALHINLEL & 1
T P — SO SOR AR AR I 1.15~1.30 £

B=(1.15~130)D, = (115~ 1.30)x 450 = 517.5 ~ 585mm
RWEE T, RO A HLEL 5 R E AL S 3 1158 5~10mm, 7R [ RoR N
B=B_+2s=580+2x20=620mm

A B—HIELHE D5
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D,— 3R A, mm;
B, —SURMRAKFE S, mm, H B =580mm;
s—E PIEHRJEEE, mm, — % s=20~40mm, H s=20.
(3) HLAL T R
WUAR AR i T R AR AR IR FLANML RS . SR A 1 ML S2 0 s S5 2 11
AL ES = AR 5-1 15 DUSRALHLHLE S AL AR 5 5L AR I0F 77 i LA -
§:LL46 (4-1)
U VU AR ELAT AL 22 3 18D [ A
F =(1.2~1.6)x240% = 69120 ~ 92160mm>
ST DUARELAL, AT A /N U T TR W T o SEBR b, — MO el i R
SNIFETE W, 300 T AL AR K R AR
Fr AR 28 56 {8 B I 1 RSO 272mmx 272mme.
F =272x272 =73984mm’

WLER g p T EE an ] 4.3:

+ o+ + +
+ o+ +
+ o+ +
+ o+ — + o+
+ - & ¥
P + &
+ o+ | +
+ o+ &
+ o+ P
+ 4 4+
+ o 3 ¥
. + o+

K 4.3 HLZREHRE K
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422 HZREMRFIFRN

LA HL ML ZE — MK & BN 0.25%~0.35% ) ZG270 ~ 500, H: 5 T #% R
0,=500~600MPa, ZEME S =12% ~16% . ZG270~500 F& KGR 1A 77 v gt 5 P 1)
BN, BB G AR, (B S P A BRI G B 5l R Y, Tz N
THAN. R 0L R, WALARAIILEE . HIESE. AN IRFLHLSCARAILE
B FLHLILZE SR

H TR AL f Bt AR L (R A, AR BRI R % . — RHLZEM
24 ZHON m=12.5~15; %FF 2G270—500 K, ViR /[ o 15 LR Bt -

X g [6]<50 ~ 7T0MPa ;
X3 AE [6]<40 ~50MPa ;

N T BT IEAUERAE S B AR, 7 5L AR W RN AL 2R AN A B AR T o R I — 2K,
PLER I 2 45 R 80N

n,>n,— (4-2)

b n,—HUARI 24 R H
n, —5LER I 24 R AL
o, —HLZERR IR 3 LA PR
o, —HLZERBL i AR PR -
FE— B OLT, AR SR EEAR R 5 i AR PR B LA A 2, 9 1 24l L, mlk
PLAR % 4 RHURCN -
n,=(2~25)n,
ML A R E I, WO 5 I, HLRE L4 R %N, N 10~12.5,

LR KN ER SN 7RI R EBE T RN, 24 REHOR, UL
ZRIVABBE TR, XIS, FLHLITREARSZ KL 1K
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423 HZEBEEMTHITE

1. HLASRE T

FLANHLBL IS BRI T 5, — BERR A N T 2P

(1) A HLZRES R B fa A SO I RISE, mTHCH TARNLSERR AN S AL I R 2, FEHL
KT TEAE SR AL 3 o At AT ST DAt Ak 2l T 8 R P 52 IR W, -4 5 SR A 1 ) 6z
He

(2) WA ENEL B AN =R A H L, FE— RIVBSOKR
AR, FPRARHE A E 2

(3) #E SN TR FAE R

(4) WRIEAI R, AR Rk (RAEUEE, FRBpik, A
Feik, JREE) RIAFEASE IR I

(5) MRAETHEAT R mAR . ARV R PERh AL BRI DL, RN A AN AR
e

FIMR 0 S, 9 7RIS, — B B AR

1) A3 HLZR AR B R Hh 18] i T AL 32 AT ' HL AT R, 10 HIX AN J3 R/ AR
JilaM b, AFFAER— B b, BN M X AR S, HLARACA Wil e,
DIAEIIASZ J). Biizda s, BT FUR BACAE AN E] L L A AR AT N
IS F1 e Ei0f 8y IO eS| a2 1 s B T S s TP S B N A
H— BN, LN E D S 3%~4%, #r] LA AN . R 27K F 73 J1BORI (1]
an, B E T A 15%) W SEE R IKF S ) B R .

2) HLARSEMX & H R B O &R FRIK, T HAE R h T B R AR AN
FralEE KA 77

3) EERERAMALAEAR AL CRefil) SRR (IR A A1 A 1) P A LA
KED » BIPLZRARIE 5, HLZRE AT DR AR

FUHLRIELE] S R A FHAERLEE L, BRI, TSR R s BE A AR ORISR, 2
BEFEIENMEHEELIILAE, R IE EEREATHE AR AT SRR D it 5. 1 4.4 4
EVASNEE) R gt DAyl
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= 1:/2
= 3
\ =M R/2
I
o —-K;.
—
E\\b
I3 E
AW |

K 4.4 55 5 BAELE S i )y K

R=§=$KN=171.75KN%172KN
NN
HANE S Allzzfny 4, I, 4 (4-3)
4 I L,
21, 1, 2L
Refre 1, — BB b A
1, B S E I
1 —— B ORI T
I, ——HUHESLAF: () W T 58 1
I, ——HLER T R 2 ) W 5 PR
Bk b NS AR, B L = L0, R M, A
b b
M1=R—ll><2l1 £ (4-4)
4 I 1
7+7
I 1,
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. bh’

3
Lzlyzzgﬁiglz206xﬂfmm4
3
12=329§§3—=456xufmm4
12
JUEZSA =S
852 . 2188
172852 2% 2.06x10°  4.56x10° _
M, = 1 X R5) N 188 =18318kN -mm
2.06x10°  4.56x10°
SAE RS

:R_II_M] =172><852
4
AT, ek LA AR IR R 1, RS A B2 AR AR 1, AT DA 40 ek 7 A R Y

M, —18318 =18318kN -mm

BHREM,, TR AR I LA R A A

%@ﬁ@&ﬁ:(w=%?)
TR )
o, :%:ﬂ=0.002kN/mm2
W 272, 450
6
SRR R )
R Mz_ 172 18318 — 0.0064kN / mm’

0-2 =—++ = +
2F W2 2 X 73984 222 % 2722

KTHULE, ZEREEADNT 10,

i X T 2G270 ~500, BEBEHIVF B JT [0,] =5~ Thg /mm® , AL I VF R 75
[0,]=4~5kg/mm’. [o]> 0, [0,]> 0, HOWUELHRE 265 .

2. LA

WLZRAE T E 7 1) AR T & R AR TE ML AT R (AR T f, PR o LRy, el TRt
PR B TR BB R B U A BRI o BT AR AR T SCRLH ta 25 b 06 ) T 5| i 2
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TEAEYI) £ 51 R TP

?’ 1\12/ EPE 2

g S e \'_A

L.yl2 J

K45 PRGN G ER

L8 2 A 1 5 S RE B AT AL AR . 2 SRR 075 i A
B, BB IEREI M, B
=B (4-5)
e f, —— BRI
fy —— A A R B  E
£y —— YA LR RS A T
J; —— BRI SRR
[ 4.6 A IS BLA A BB 2 )
R
27M
|
|

NN

—
|
|

Kl 4.6 HIANLZRIIBESRSZ 77
AR~ KGEE, SRR S A

I} Rl M,
ﬁ_ﬂfm 4)

(4-6)
A E—HIZEM R F RS, E =2.1x10°MPa ;
I, — AR (PR 5
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| — R e
R—&%L%ﬁ%ﬁ,ﬁ?ﬂﬁm,—ﬁR%ﬂﬂﬁ%—i,%R=§;
M, —HUAESTRE ) 756

2
Jir A fi= 3272 9><(172X272—18318)mm:4.50><1075mm
2.1x10°x2.06x10 24
" RI
iy 4-7
1=K or @

Ah: G—HLZEM B BT U) A REL, LG =8.1x10° MPa ;
F, —B5 (1 d  T AR
K—RE R iR R4 X TR, R K v 1.2,

i Bl fre1ox— 2312 5 8107 mm
2x81x(272x450)

RI,

5 =55 @)
KA, L — A PR
F, — LA ) g 100 TR AR
FiF A = 172X3272 —1.51x10"* mm
2% 2.1x10° x 73984
HLEE 53 AR T

f,=4.5x107 +2.8x107 +1.51x10™* = 0.003mm

Tt FAURELIL, BLAES RV £,] 9 0.4~0.5mm CASLHL) , HOBLAZRIE 2
K.

3. LA AR /256 15

FERLBIRRE R, T RN BT R B A AL, B

M,=M,+M, (4-8)

e M, — LR 75
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M, —AES RGN THLEE LM 4 (FEIEEELBITSOL N M, =0)
M, =K 7151 RS TR 77
Wk 4.7 B, KF 70 Q SR R 1A

M, =0xc (4-9)

R

?

-

Bl 4.7 K¥FT7 Q SR Kt 7
e 5L PO B HINURE R .
F L AR B AR A A L = AR OB 77, RS SRk a2, DLRAEF SLILE TR RO 1R
M1, B BRI 7.
FE—RIEIL T, K O bl & A EL I T Z %A RIS AR, Hof KA AT 4%
FAIE

2M, ]
0. = 5 (4-10)
i My =20 (4-11)
D
KA M, — TAERAEBN S AR J1H
D—H5LERERE,
_ 2x852x10°

y My=M x1135=1.07x10" N -mm .

k max
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£ 55 AN TR ERNEMER D

51 ETRENGEHEK

JE N E H ATt sh Iy i S A T sl AU i) =R ai R

) FHEF
FAR SRR, R, BB R A SREB, JE TR TR R
2) HBETF

FELB R T S d i A AR VAR B L T RS I [ 1A e el ok A AN T R A A
BIZBN, B LT A AL, WRIEAL. BRERELHL. BB FLILSE . R R
MR B T IR BOR RUE, TR R RERR, B R . NI [AE . BRI

JE R E A MTER KRS LSRR . RS R R R
FEA K. IR TR/, BB A3 E T4 Ay P e T e BRI e T 4 5 K
e
(D) PREETRE

TR NI — R T Immys, SFCHTREE FREE . XK MR E 2 AL
Bl BRIRELHL. RN LWL R AT s UL b 2R A2

1) TAERTERARATRE . PR A T+ B 4L

2) GRS, AHr RN, BRI ELHI SRR R
(2) s THE

X A% B FAE R ELBA FLE ORI AN FLAL b, LRI AR o SRS B KR
Wi, Pl TR E ARG LR A

1) 507N P 2L P 5 P v P R G

2) AR

3) WABER, REER:

4) FLEEPATE DR TR T A
3) WEET

R T 2R E R AR RGBSR NS TR 22, BRI R AL ARRAE N . fEIX— %
B, BRIUEGLSS, G52 RENFARE. BERGE AR DeHER R%. 5
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BN IS AR E A LR BRI MR EA TR A
1) PRI RSSO S
2) AR, AR
3) HUAE SR s
4) fEFPOE AR, SRR,
5) KHbsHER I e, fitl FHUES A, TARERIZhRAN, R .
Rty LA BRI, A SRR R T E P

5.2 FL5E G R K2 4 K e

5.2.1 HERGES

SLAREN AR P R SOR BB I FLER, JRIRRFELARAENL AL R IEMI AL B . LR SR 5 — K
BRI AR SR ZE IR K, HoRr o

1. SRR R, 3 R Al 52 A RS (1 R b R 50 PR R 20 P9 T PR AR KT
VI FH L7 i 5 19

2. IBEHFEZEIK:

3. TAEMEES .

SLER SR (1 RS BEE Th R BB E L, RAE T 3R 1 R AR . HF B U R
AR SRR . IRAN K 32 B OB BRTER T4k, DUBI IR VR T hlk . ESEL
UL, BT AU R AR R I RS, R VRS AR . BT AL 2 R Sh Bl K .

AT S S AR R VO B [ R 7l T AEER A VO 2 [ R 7 el -5 i
FHEE G, R AR AT BT AR P = 7 e

522 HERESDIHE
WL R T B A @ b AR T 2, R 5 A B i R P2

10°(CY
L = - 5-1
! 60n(Pj -1

X L, —CUDBF R R BUE Fam, hs
n—AA IS, r/min;
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C—HRFEEN GHT, N, dRREA 7
g—%ﬁ%ﬁ,w$wm%$ﬂ,w%@%mﬂ84£;
P—Y4EH G, N,
S S AT R Rk A
P=(XF, +YF,)f, F; (5-2)
X X—Fm A%, WRiEF/FHE bR,
Yl i B A, P AR R A 2
F,—Hh7xHm g, N,
F— R B H, N;
[r— A REG T T HOIRS, sl AR R SV R, i
PR PR AR B LT ST 50K, MR T A L LU B R S R A LI P (R
e D BEHL 7, =15~18 5 DRI £, =12~15
F,—IRRE RA SLARMR— R RAEEE T 100C FTME, BBl F, =1, HEd%K
TERRIR AR T AR, R Fdi 3 Bk, T deL R o] Al A R A 1 3 1),

R R D R A o 2 o A TIPS @ v W i e DA B
2%-10%. HiHHE 2 SR THR s, B fuerss 1%, HAla s A L TR i

R I, MBI R
P=f.F (5-3)

44595 P ERERRRC S MR (0 HERU RIS, 2R 510 T, 4
A

A
IS
el
gll
==
24
=
i

P=f,F, (5-4)

X T AN DUREAT A ELAL,  — it 2R BT AR 2 AR 1) S AL B —
P, i
ko= > (5-5)

HEEREN T
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Lzﬁﬁmﬂ%ﬁwqmmm,ﬁ%@ﬁﬁca%maﬁﬁ%ﬁg¥§,ﬂmgﬁ

P=343.5kN, AT (5-5) (5-3) , (5-1) 15

@ﬁﬁﬂz%:§%%Nﬂﬂ&N,mﬁ:u,w

P=f,F. =12x171.8kN =206kN , MIflH&H i N:

10
6 £ 6 Y
() 0 (9,
60n\ P 60x1801\ 206

T TAEHR 4 K n=212r/min, NFA:

10
6 ¢ 6 By
1, =10 (gzj _ 10 (335)3 _413h.

“eon\P)  60x212\ 206
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11.9 Synthesis

In this section, different techniques for the synthesis of various carbonnanostructures are
summarized. Firstly, growth mechanism is explained briefly. Then the detailed introduction to
each synthesis method of nanotubes, fullerenes,nanoballs and nanofibers will be shown. The
most results summarized are almostappeared in the literature in the last 5 years, standing for
the update proceeding ofthe synthesis of carbon nanostructures. They are many known ways
to preparecarbon nanotubes. Generally speaking, carbon nanotubes are produced by threemain
techniques: arc discharge, laser ablation and chemical vapor deposition.Fullerenes are
produced earlier by arc discharge, methods of benzene flame,sputtering and electron beam
evaporation were developed a little later. Nanoballsare usually produced as outgrowth in the
processes producing carbon nanotubes,so chemical vapor deposition can be described as the
technique of production.

Nanofibers can be produced by traditional techniques, such as chemical vapor deposition et al,
but we will mainly discuss new techniques such as “nanofiberseeding”, and ethanol flame. In
the sequel the growth mechanism will bedescribed.

11.9.1 Carbon Nanotubes

The growth mechanism of nanotubes is not well understood; different models exist, but
some of them cannot unambiguously explain the mechanism. The metalor carbideparticles
seem to be necessary for the growth because they are often found at the tip inside the
nanotube or also somewhere in the middle of the tube.In 1972 Baker et al. proposed a model
of the growth of carbon fibers, which is shown in Fig. 11.22(a). It is suggested that acetylene
decomposes at 600 °C on the top of a nickel cluster on the support. The dissolved carbon
diffuses in the cluster, precipitates on the rear side and forms a fiber. The carbon diffuses
through the cluster due to a thermal gradient formed by the heat release of the exothermic
decomposition of acetylene. The activation energies for filament growth were in agreement to
those for diffusion of carbon through the corresponding metal (Fe,Co, Cr). Oberlin et al.
proposed a variation of this model. The fiber is formed by a catalytic process involving the
surface diffusion of carbon around the metal particle, rather than by bulk diffusion of carbon
through the catalytic cluster. In this model the cluster corresponds to a seed for the fiber
nucleation (Fig. 11.22(b)).The metal cluster can have two roles: 1) acting as a catalyst for the
dissociation of the carbon-bearing gas species; 2) carbon diffuses on the surface of the metal
262 11 Qianwang Chen and Zhao Huang cluster or through the metal to form a nanotube. The
most active metals are Fe, Co and Ni, which are good solvents for carbon (Kim et al. 2001).
For SWCNT it is supposed that the nanoparticles have to be smaller than those for MWCNT
(Dai etal. 1996), but this is in contradiction to the arc-discharge in which SWCNT grows
radial from one bigger metal cluster (Saito 1995).
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Fig. 11.22: Growth model of vapor grown carbon fibres; the metal cluster acts as a seed for

the growth

11.9. 2 Fullerenes

In recent years, attempts have been made both theoretically and experimentally in order to
unveil the mystery of the growth mechanism of fullerene. Experiments on resistive
evaporation of two carbon rods with different degrees of enrichment in 13C have revealed
that the carbon vapor consists of smaller clusters before the process of fullerene formation
starts (Ebbesen 1992). Further, experimental gas ion chromatography studies of the structure
of carbon clusters revealed the possible paths of fullerene formation through the coagulation
of monocycles and gradual transformations of polycyclic structures into fullerene cages.
These elementary carbon clusters such as monocyclic rings or polycyclic rings are termed as
precursors from which the fullerenes are supposed to be formed by the successive stacking
with the different carbon belts. It is quite natural to presume that the fullerene cages must
have been generated from appropriate precursors. Wakabayashi and Achiba have suggested a
kinetic-ring stacking model where fullerenes can be constructed by stacking proper-sized
carbon rings. Dias has proposed a qualitative circumscribe algorithm based on the graph
theoretical footings, which is really akin to the kinetic-ring stacking model. This algorithm
can be stated as a method of encircling a monocyclic/polycyclic precursor with appropriate
carbon belts in order to generate the fullerene cage structures. It has been further mentioned
that successive circumscribing of qualified conjugated hydrocarbons with a combination of
pentagonal and hexagonal rings terminates at fullerenes when the number of pentagonal rings
reaches 12 or terminates at a system that can be capped to give fullerenes with 12 pentagonal
rings. A new research on small fullerenes revealed there is a chance of bond cleavage of the
polycyclic precursors as the growth process proceeds towards the cage formation.11 Carbon
based Nanostructures 263. On the other hand, the monocyclic precursors are found to have
significantlylower deformation energies than the polycyclic precursors.
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11.9. 3 Nanoballs

Carbon nanoballs are usually produced with carbon nanotubes. Especially in metal
catalyzed reaction, nanoballs can be found easily. Growth mechanism of carbon nanoballs is
stated below. The nanoballs are usually formed with relatively small particles, and carbon
saturation can occur due to its large surface-to-volume ratio (Park et al. 2002). Therefore the
small nanoparticles will become rapidly saturated with carbon at the initiation of the CNT
growth, and the subsequently occurring diffusion out to the surface forms the graphite rind.
The graphite rind at the surface of the nanoballs immediately deactivates their catalytic role
by inhibiting incorporation of the carbon species from the ambient gas and stops nucleation
and growth from the particle. The observation indicates that the carbon species arriving
subsequent to the nanoball formation cannot form crystalline carbon layers without the
catalytic role of the small nanoparticles. The mechanism can be also applied in the reaction of
Fe(CO)5 catalyzed pyrolysis of pentane (Liu et al. 2002). Carbon nanoballs were found in the
rear end of the high temperature region of the quartz tube. When a lower carrier gas flow rate
was used, nanoballs could be found over an extended area and this suggested that the lower
carrier gas flow rate favored the formation of carbon nanoballs.

11. 9. 4 Nanofibers

Baker proposed the root growth mechanism of carbon nanofibers (CNFs) in1989.0Observation
of many growth sequences has shown that both the addition of a second metal to the catalyst
and also the strength of the metal-support interaction can play an important role in modifying
the filament growth characteristics. The growth of so-called vapor-grown carbon nanofibers
(VGCNFs) can be classified into th‘hollow-cored mechanism’ (Fig. 11.21(b)) (Pan et al.
2004), because VGCNFs were obtained by the following processes: A hollow and highly
crystalline graphite carbon nanotubes were formed as the inner region and then, a low
crystalline graphitic pyrocarbon layer was deposited on the nanotubes as an outer layer. The
mechanism of the catalytic growth of CNF can be concluded to different growth steps. A
schematic representation of the mechanism of steadystate growth is given in Fig. 11.23, which
is based on the review of de Jong and Geus. The above mentioned steps show that the steady
state growth process is a delicate balance between the dissociation of the carbon-containing
gases, carbon diffusion through the particle, and the rate of nucleation and formation of
graphitic layers. The growth mechanisms and synthesis techniques of carbon nanotubes,
fullerenes, carbon nanoballs and carbon nanofibers has been summarized. Detailsof growth
mechanisms of them show that carbon nanostructures are basically produced from various
shapes of graphite curliness. And so many synthetic

264 11 Qianwang Chen and Zhao Huang methods have been developed. Especially,
considerable progress has been made in preparation of carbon nanostructures by simple
chemical processes.
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Table 11.1. A brief summary of the major synthesis methods

Sstructures Synthesis method Characteristic and conditions
CNT Arc discharge SWNT synthesis: use metal catalyst as
anode,inert gas. MWNT

synthesis:arc-plasma method in water,

different helium pressures.

Laser ablation Costly technique, Primarily pure
SWCNTs with good diameter control and

few defects.

Chemical vapor Easiest to scale up to industria production,

deposition simple process, long SWCNT, diameter
controllable, pure, but usually produced
MWCNT with defects.

Chemical reaction Simple process, inexpensive technique,

method productscan be controlled.

Fullerenes radiofrequency (RF) Lower gas velocities, more voluminous
thermal plasma plasmaflames, longer residence time of
method reactive species,feed rate of powders can

be independently changed.

Laser vaporization Synthesis of multishell fullerenes, gram
amounts production, can be controlled so
as to selectively synthesize certain types
of multishell fullerenes and other
multishell carbon clusters.

RF-inductive coupled Synthesis of both fullerenes and

plasma discharge endohedral metallofullerenes, allows
longer reaction times,the temperature of
the RFICP reactor can be adjusted by
changing its RF field frequency.

Flame combustion Can form fullerenes, fullerenic
nanostructures and fullerenic soot,
conditions of fuel/oxygen ratio, chamber
pressure, and inert gas dilution

are sensitive, formed directly from curved

structures in the soot.

CNB Fe-catalysed grown Formed only from pentane, lower carrier
by thermal chemical gas flow rate favored the formation of
vapor deposition CNBs, high temperature gives longer

contact times.
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Cobalt catalyst grown Acid treatment removes the encapsulated
production cobalt, increasing the content of cobalt
can make high content of products.

CNF Microwaveplasmaenhanced | A new type of corn-shape carbon
Chemical vapor deposition | nanofibers (CCNFs) with metal-free tips

was fabricated.

nanofiber seeding A rapidly convenient method to obtain
thin,substrate-supported, transparent films
of nanofibers, requiring nanometer scale

control of surface architecture.

Ethanol flame Synthesis of CNFs with solid-core, much

simpler, more economic, easier to be

controlled.

C-source H-/H-O/CO-

O

|

NN

A

9

Step 1: decomposition of carboncontaininggases on the metalsurface. Step 2: carbon atoms dissolve in and
diffuse through thebulk of the metal. Step 3:precipitation of carbon in the form of a CNF consisting of
graphite

Fig. 11.23: Schematic representation of the catalytic growth of a CNF using a gaseous

carbon-containing gas

11.10 Potential Applications of Nanostructures

11.10. 1 Energy Storage

Graphite, carbonaceous materials and carbon fiber electrodes are commonly used in fuel cells,
batteries and other electrochemical applications (Daenen et al. 2003). CNTs can be considered
as excellent energy storage material because of their small dimensions, smooth surface
topology and perfect surface specificity. In 2004 a novel molecular ferrocene-zinc
porphyrin-zinc porphyrin-fullerene (Fc- ZnP-ZnP-C-60) tetrad was reported to have energy
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storage properties (Guldi et al.2004). Hydrogen storage, lithium intercalation, and
electrochemicalsupercapacitors in some carbon-based materials will be discussed in the
following section.

11. 10. 2 Hydrogen Storage

Because of their large surface area, low density, and hollow structure, CNTs have been
considered to be potential materials for hydrogen storage (Bacsa et al. 2004). Ye et al.
measured hydrogen adsorption at low temperatures (70 K) on singlewalled CNT samples and
concluded that the adsorption was proportional to the BET specific surface area (Ye et al.
1999). Other researchers, however, reported that hydrogen storage capacity was higher in
CNT bundles wherein the adsorption sites were created under pressure (Shiraishi et al. 2002).
Purification of the CNTs by oxidative acid treatments or by heating in inert gas decreases the
hydrogen storage. Also, increasing the specific surface area does not necessarily increase the
hydrogen storage capacity. There seems to be a correlation between the pore volume at low
pore diameters (<3 nm) and hydrogen storage capacity.Step 1: decomposition of
carboncontaininggases on the metalsurface. Step 2: carbon atomsdissolve in and diffuse
through the bulk of the metal. Step 3: precipitation of carbon in the form of a CNF consisting
of graphite 266 11 Qianwang Chen and Zhao Huang

Hydrogen uptakes in different carbon nanostructures at 10 MPa and 293 K using grand
canonical Monte—Carlo numerical simulations have been calculated recently (Guay et al.
2004). Simulations indicate that pure carbon nanostructures could not reach a hydrogen
uptake of 6.0 wt.%. The amount of adsorbed hydrogen in SWCNTs, MWCNTs and graphic
nanofibers is lower than 1.4 wt.% for the optimum porosity around 0.70 nm. For standard
carbon nanostuctures in which the porosity is similar to the bulk interplanar distance in
graphite (0.34 nm), the amount of adsorbed hydrogen is lower than 0.6 wt.%. The material
properties of hydrogenated fullerenes such as C60H36 are also under scrutiny and some of the
features revealed so far may indicate a certain potential in the context of hydrogen storage
(Vasilev et al. 2004). In contrast to the attractive forces operative in connection with the
storage of hydrogen on nanotubes, which are essentially weak intermolecular interactions,
hydrofullerenes feature comparatively strong s C-H
bonds. This in turn raises the issue of the means whereby the stored hydrogen may be
released.

11.10. 3 Lithium Intercalation

Molecular dynamic simulation predicted that the alkali metal storage capacity of SWNT
bundles is substantially higher than that of the intercalated graphite and disordered carbon, the
current anode materials in rechargeable Li-ion batteries (Zhao et al. 2000). Experimentally,
the reversible capacity was found to depend on the quality and morphology of the SWCNT
containing materials. The reported values vary in the range of Lil-1.6C6 (Gao et al. 1999).
The reversible Li storage capacity increased from LiC6 in close-end SWCNTs to LiC3 after
etching, which is twice the value observed in intercalated graphite. The enhanced capacity is
attributed to Li diffusion into the interior of the SWCNTSs through the opened ends and
sidewall defects (Fig. 11.24) (Shimoda et al. 2002).
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Lithium intercalation Battery

: carbon nanotube
metal oxide

£——Ti10n diffusion ——

Fig. 11.24: Liintercalation battery model

In a previous study, it is reported the electrochemical intercalation of lithium into
multiwall carbon nanotubes where it has been shown that lithiated MWCNTs present a
‘neck-lace’ structure and that nanotubes could be reversibly intercalated by lithium (Maurin
et al. 2000). It is also revealed electrolyte composition can affect the lithium intercalation into
carbon nanotubes by introducing side reactions like exfoliation of graphite layers caused by
co-intercalation of solvent molecules. The low specific capacity observed may be due to the
low proportion of MWCNTs in the raw material. Fullerenes and filamentous carbon structures
can also be inserted lithium by the catalytic graphitization (dissolution-precipitation) method
in melts of cast iron (Lee et al. 2003). As a result, the graphitic product could reversibly
intercalate more than 300 mAh/g equivalent of lithium. The firstcycle irreversible capacity
was a mere 14%. The coulombic efficiency seemed tostabilize at values > 99% from the fifth
cycle.

11.10. 4 Electrochemical Supercapacitors

Supercapacitors have a high capacitance and potentially applicable in electronic devices.
Typically, they are comprised two electrodes separated by an insulating material that is
ionically conducting in electrochemical devices. The capacity of an electrochemical supercap
inversely depends on the separation between the charge on the electrode and the counter
charge in the electrolyte. Carbon nanotubes have been considered as the ideal material for
supercapacitors due to their high utilization of specific surface area, good conductivity,
chemical stability and other advantages (Chen et al. 2004). To increase the specific
capacitance of supercapacitors based on carbon nanotubes, activation and surface
modification can be carried out by using KOH and concentrated nitric acid respectively (Deng
et al. 2004). The results showed that activation enlarged the BET specific surface

area of the CNTs and hence increased the specific capacitance of the supercapacitors. A new
form of carbon nanofiber web was prepared that is considered to be a suitable material for the
electrode of a supercapacitor exhibiting high capacitance (Fig. 11.25) (Kim et al. 2004). The
capacitance of the electrical double-layer capacitor was strongly dependent on the specific
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surface area, micropore volume, and resistivity of the samples. A previous research indicated
a controlled rate of fiber formation as well as proper selection of the precursor might play key
roles in determining the capacitive behavior (Adhyapak et al. 2002).

Recently researches discovered bimodal porous carbons with both micropores and meso-
or macropores selectively synthesized by a SiO2 colloidal crystaltemplating process could
make a high performance electrical double-layer capacitor (Moriguchi et al. 2004). The
electrical double-layer capacitance per surface area of the templated porous carbons was
much larger than those of commercially available activated carbons with high surface areas.
The surface of meso- and macropores generated in the porous carbons shows a highly
efficient electrical double-layer capacitive property; the specific capacitance per surface area
originating from meso- and/or macropores was estimated to be 20 +/- 2 muF/cm2.
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Fig. 11.25 Fabric web as materials of supercapacitors produced by nano technique graduate

school in Dallas, USA

11.10.5 Molecular Electronics with CNTs

11.10. 5. 1 Field Emitting Devices

Carbon nanotubes are promising electron emitters because of their sharp geometries that lead
to significant external field enhancement, as well as their mechanical strength. However,
distinguishing the emission due to an individual SWCNT from that due to surrounding
structures is a challenge (Nojeh et al. 2004). Previous results show that adsorbates on CNTs
have great influence on the field emission properties of CNTs. It is observed that the electric
field initiates the significant step-like jumps of field emission current, which is believed to be
due to the formation of absorbate enhanced-tunneling configurations between absorbates and
field emitting CNTs (Yeong et al. 2004). Examples of potential applications for nanotubes as
field emitting devices are flat panel displays, gas-discharge tubes in telecom networks, and
electron guns for electron microscopes, AFM tips and microwave amplifiers. Recently, an
electron industry in Japan explored colorful FED monitor using a CNT based field-emission
cathode (Fig. 11.26). IBM Company has made the same progress too. Compared with former
silicon FED,

the index of electric current capability has been improved twice.
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Fig. 11.26: 5.6-inch colorful FED monitor and 12.1 inch homochromatic FED

11. 10. 5. 2 Transistors

CNTs show promise in overcoming limitations as low charge-carrier mobilities because their
carrier mobility exceeds even common semiconductor materials (Zinn et al. 2003). Not only
do CNTs exhibit very high strength, but also their flexibility makes them a promising material
for the development of large-scale flexible electronics. The research team said that the low
switching voltage is due to the high carrier mobility of the CNT network. Other advantages
such as flexible and could be made inexpensively also make CNTs good materials for
transistors. An example of application in audions of CNTs is shown in Fig. 11.27.

S0 m

Fig. 11.27 CNT applied in electronic audion

11. 10. 5. 3 Nanoprobes and Sensors

CNTs might constitute well-defined tips for scanning probe microscopy (Dai et al. 1996).
Because of their flexibility, the tips are resistant to damage from tip crashes, while their
slenderness permits imaging of sharp recesses in surface topography. Another important
application of CNTs is their use as tips of AFM or STM (Fig. 11.28) (Zhao et al. 2002); CNTs
are used as nanoprobes. The CNT tips offer several advantages: a) have intrinsically small
diameters, which in the case of single-walled nanotubes can be as small as 0.5 nm; b) have
high aspect ratios that allow them to probe deep crevices and trench structures; ¢) can buckle
elastically, that limits the force applied by the AFM probe and reduce deformation and
damage to biological and organic samples; d) can be modified at their ends to create
functional probes. As for sensing applications, carbon nanotubes have some advantages: small
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size with larger surface; high sensitivity, fast response and good reversibility at room
temperature as a gas molecule sensor; enhanced electron transfer when used as electrodes in
electrochemical reactions; and easy protein

immobilization with retention of activity as potential biosensors (Zhao et al. 2002). Because
of the very rich electrochemical properties of fullerenes, their exploitation for the
development of chemical sensors for sensitive and selective detection of different analytes,
commenced a few years ago (Sherigara et al. 2003). Due to a sequential reversible oxidative
and reductive electron transfers, 270 11 Qianwang Chen and Zhao Huang fullerenes act as
electron mediators and, hence, operate as electron relays for

activation of oxidations or reductions of target substances.

VGCFs Protruded central
nanocore

Silver paste

Fig. 11.28: Use of MWCNT as AFM tip

11.11 Composite Materials

Carbon nanostructures and C-60 fullerenes show unique properties, which make these
structures ideally suited for the fabrication of advanced composite materials (Dai et al. 2001).
These carbon nanostructures provide an important means for making advanced composite
materials with polymers, which have been demonstrated to show properties characteristic of
both constituent components with interesting synergetic effects. For example, photovoltaic
effects, arising from the photoinduced charge transfer at the interface between conjugated
polymers as donors and a C60 film as acceptor, suggests interesting opportunities for
improving energy-conversion efficiencies of photovoltaic cells based on conjugated polymers
(Sariciftci et al. 1992). Indeed, increased quantum yields have been obtained by addition of
C60 to form heterojunctions with conjugated polymers, such as poly(pphenylenevinylene),
poly (2-methoxy-5-(2-ethyl-hexyloxy)-pphenylenevinylene)(MEH-PPV), poly
(3-alkylthiophenes) (P(3AT)s), and platinum-poly-yne. Another example: Due to its
delocalized p-electron orbital fullerene C60 has been shown to exhibit third-order optical
responses comparable to those of certain conjugated polymers (Innocecenzi et al. 2000).
Dissimilar CNTs may be joined together allowing them to form molecular wires with
interesting electrical, magnetic, NLO, and mechanical properties attractive for a variety of
potential applications. Indeed, CNTs have been proposed as new materials for electron field
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emitters in panel displays, single-molecular transistors, scanning probe microscope tips, gas
and electrochemical energy storage, catalyst and 11 Carbon based Nanostructures 271
protein/deoxyribonucleic acid (DNA) supports, molecular-filtration membranes, and artificial
muscles. Composite materials from carbon nanofibers were already discovered. Vapor-grown
carbon nanofibers (VGCFs), used as reninforcements

for thermoplastic matrices, have potential applications as conducting polymers, enhancing
both stiffness and thermal stability (Lozano et al. 2000).

11.12 Summary

Carbon-based nanomaterials and nanostructures including CNTs and fullerenes play an
important role in nanoscale science and technology. This charpter has given an overview of
the current status of fullerenes, CNTs and related carbon nanostructures. This field shows
several important directions in basic research, including electronic transport, mechanical, field
emission properties and chemistry. The perspective for applications also appears very bright,
for example, the main avenues of potential applications of carbon nanotubes are: conducting
nanowires; field emitters; nanotips for Scanning Tunneling Microscope and ultimate
reinforcement fibers for composites. Their realization depends on good preparation methods
and precise characterization. It is believed exciting results are born to the world.
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