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Effect of magnetic field on damping capacity and domain structure of
Fe-16Cr-2.5Mo alloy

LI Ning!, HUANG Shu-ke', XU Yong-gang?, WEN Yu-hua', HUANG Yong'
(1.School of Manufacturing Science and Engineering, Sichuan University, Chengdu 610065, China;

2. State Key Laboratory of Mechanical System and Vibration, Shanghai Jiaotong University, Shanghai 200240, China)
Abstract: Effects of direct current and alternate current magnetic field on damping capacity of Fe-16Cr-2.5Mo alloy were
studied. The phenomena were explained using the change of domain structure. The results indicated that with the direct
current and alternate current magnetic field increasing, the damping capacity of alloy increases firstly and then decreases.
The damping capacity reaches the maximum at 0.08mT in direct current magnetic field and reaches the maximum at
0.03mT in alternate current magnetic field. In addition, the strain amplitude at which the damping capacity reaches
maximum moves to left obviously in alternate current magnetic field. :

Key words: damping alloy; Fe-Cr-Mo alloy; direct current magnetic field; alternate current magnetic field; domain
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# E: RALATHENHERODSC)N,HiE B0s-
ALO3-SiO, & %ot fh 3 3 6947 T 3h /1 F AR T R,
MR TEAGMBEEN R AFE. ERAN: A&
B104/Si0, 8 1K, 1% B 43R 3E 6947 dh i 1LEL E 2287
56 R BALAE I, % B,0y/SiO, b 11 1 58F, #7dh
EALEEZ N, Epin=375.4kJ/mol, dhibigdk n W AR B
WX, 123 >4, ROAEFGHEETHEEIHA.

k8237  B.0:-ALO:-SIO, BHE; @A %HE: HAHH
fESHES: TQ171.73'3 CERFRINED: A
XEHRE: 1001-9731(2007)¥F-3700-04

1 5l

B,0:-AL05-8i0, R & 3 B H B H KA K
RAEAEASEYE, AROEREIEERANRFIASE
faett, ERTFHRRAE S ZMARYY, X TFiZRS%
MR EEADEEVE T W . Sohn ZFFR THM
BaO 1 La,0; 31 B,05-AL0;-Si0; R B BE AN FAR X
B A AR s B, KILZRRE
HIHTERE. KILBEE. Rk REEHLE B04/SIO;
HAE %, BEHZETHHRT A CaO i B,0;5-AL0;-Si0,
SEEE, RIEIEH—RERT 850CHI TSOFC &3
# ¥l . Kokubu % BVHF 4| T — F 1€ # B2 ik R B
B,03-A1,05-8i0; oA, °] FHAE RIS s BB B P )
NZIEREEAR . ¥ H Techneglas AT PR T —Fhi M
4 %1 BoronPlus [f] B,03-Al,05-Si0, 1 & BB 8 J: B A&
FEEA, BEEAE. KENSHRE E-MHERNE
AR p BB S BOUR, 7E R AR Al s B I B BoR P AR
B N .B,05-AL05-8i0, R4+ 3 AN AR
SRR, S5 A—CEBM BaO &, —RHEHER
RPEBEHHEBEY., ZATERASEREMZEGIRT
B,0;-AL0;-Si0, T, EHERAHBRSIT(DSO)E
9T T B,0;-Al,05-Si0, 4 i B3 da AL B BT da 3 .
AR T B,04/SI0, X% R LB BMIT e vE (L BE EN
I ERRZBE K(T)U K RLIEE n M.

il

2 S£ I%

2.1 RERHE
£E A 1 Ji K B,0;-ALO;-5i0, REHE®, &
HORF B,0/SIO; lH) B RFIEY, W% 1 Fim, B

FE A T — &t Bl BaO 1 MgO, FrAERIAR
ailsfl. KBEERAERRE, SKER 1008, B
E¥WEE, /A 9% ALO; IR EH I, 7EREsHESR
Bl AR, BEBERENARBHE 1500~
1600°C 2 (], {RFIRHTEN 1~3h. KL HEE I BEE
BRREGARSHEEARE, H7AE 600CEAEHR
AHEZER.

B 1 By0;-ALO;-SiO, % 4T #i48
Fig 1 Phase diagram of B,05-Al,03-Si0; system

1 EREDEIEAY LS 4R Bi(mol) -

Tablel Chemical compositions of B series (in mol ratio)

Sarylc BzOg 5102 Ale;
Bl 11 5 3.5
B2 10 5 35
B3 8 5 35
B4 6.5 5 3.5
2.2 DSC %47

¥ oh R S S TR BE 40 2 <100pm. DSC 447
SEFJ Netzsch A7) STA 409C BI# 447X, FHREE S
%1% 5. 10, 15, 20°C/min, BEIRER 1200C, FF
SERRFBERT WM RERERE 2. WK 2 0]
5, EARRATHEERT, SHEMNTRERE T, 9K
B S R BEE B,0y/Si0, H /N T B HT T 8 .
£2 TREFBERTEHMEE DSC HRiiEE 7, E(C)
Table 2 The crystallization temperature T,(C) at different

heating rate o of DSC
% | x=5"C/min)a= 10"C/min|a= 15C /min|a=20'C/min
sample
Bl 7475 762.8 7727 7793
- B2 753.0 768.2 7783 784.6
B3 772.1 786.0 794.4 801.5
B4 784.2 799. 7 810. 2 817. 4

« WEIEEH B 2007-07-30 BIEE: BT
EEFEMT: BT (1961—), B, g, HLEBIM.
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3 BR5iTe

3.1 SHAE
ERRF YR AN, —MBEEK R EHR

REBHEHANOTS, UHBRFATEN &M DSC ER—
FERBERBEREORINFE R ERHEIE
FEREHTHRBONRS NESE, BEE ZATE
BEBEN MEAEHEES 2R, BTN
J"Z M3 5% 4 H AN Jobnson-Mehl-Avrami
(IMA)[13'15]7‘3‘5F§:

—Ina(l—x)=k¢" (1>
Ko x ¢ AT BAERTE, o ARMTEREFH
FREE, n BELEE, UHRAREHEKER &
E—EREELRNSETENESEERSERTH
FR —BkiF, n A, WERBES. HEHH¥S
Bk 543 EE THIXATH Arthenius FFEER:

k=ANexp(—E/RT) (2)
LK, ERWRFELEE, R ASESAEE, T H4E
XBE, AAESR, NIBZEE. Owaza'RiE# S
WEE R IMA 518, BRHTRELHEAR:

Ina=—E/RT,+C, (3

o T, 4 DSC B4 L4 iR i, ¢ hE B

BRI 4N Ina X VT, fEEIRN A ELS, #RN—E/R, B
R BT R TELLAE E. FIH DSC & Rkt Kig
R RA N,

In[-In(l-x)l=nlnk(T~-T)-nho 4)
RIE T EG) W 40
d In[-In(1 - x)] —n (s
dhe -

B In[—In(1 —x)]% Ina fEE R B —&RE R —n 1
HE, A x AA—BETHNRERSE. B FRS
FREEEEMAERRR LN, FTUENEE 58
BEREL m FIXBED n=m+1, m=1 XHEHITEH
ARAREITE: m=2 RPN R g &,
m=3 RPN T AN AT & .

M NERERE, RESHAIES, FERR
—EHEERAL, XMESEEAEHTBORREL
fe. MRELEREFAAEBITBIHENZIESHZ
—, ERBRERAT SRS HHE, EHHFME Owaza
.

MW S IMA SRHER IR B FIAT R
BE T, MRS T RS k(T RA M BB RIRE
-

vexp(—E / RTp) = Ea / RTy* (6
HEIn(Ty /) =E/RTp+I(E/R)-Inv  (7)
k(Tp) = vexp(—E / RTp) (8)

B In(Tp%0)3t 1T, (BT B — &S E N —ER. 8
BEA In(E/R)—Inv FIEE, RER(6)BUNEIFRSE E

v, IBEMvRNQ@)RIRRE KTy T EBAN, B
BRE, (T)EBK, BHBEHNR. (T)HEaER
FH AN BN EE. ASIN%ESE THENBH
MR AR L AL AT RIEILBE E B4, XER
AMN¥E B KT)RMNFERT S H¥ERNKNER
R, EHERN—FFRTRAES AR, EBFEREK
H.
3.2 Owaza ¥

ME 2 FTLAEH, BE#E B,0O4/SiO; LB, &
BRI AL E (7 R T M), BB R R
A FRREHETRERE. SHESERRFRER T TS
BAREEEENE 2, BIER 2 4 na~ VT, 1K 3, F
MEHLRTHE, REZELNME—ER, NTB
H&FRRTREE E, WX 3 FiR.

1000 1200

200 400 600 800
Temperature/C

A2 AHREEa=10C/min B8 DSC # £

Fig 2 DSC curves of the glass samples at heating rate of

10°C/min
35
x— B4
307
251
]
£
201
15}
1.0 . . . )
0.00080 0.00094 0.00098 0.00100

1Tp
B3 Ina~UT, 8
Fig 3 Plots of Ina vs. 1/T}, for the glass samples
R3 BHGNTRELEERBLEN

Table 3 The activation energy E and avrami parameter n of

samples
Sample E/(kJ-mol™) n
Bl 387.8 4.99
B2 393.0 4.87
B3 4443 4.74
B4 3992 5.41

MK 3 TTUUEH, % B04/5i0, b/ o, &S
B BEAREREAThBES. X B0,/Si0, H
11 :5 B, $réRiEibieh 387.8EkI-mol!; MHIMSE
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FE1KE] B,Oy/SiO, g 10 : 5 B, MT RIS AERI B 7155,
2 393.0E/kI-mol”; 1B B,0,/Si0, LLREF) 8 : 5 B, 1%
WHEMI B S A R BB A, B 4443EKImol’; 24
B:0y/Si0, LEFEZE 65 15 B, EhEXREREKE
399.2E/kI-mol!s R ZFEG T Bl NiEZBASH &,
B2 M1 B4 k2, B3 BREMTRM. XE5E SXRD i
ZREYE. NEBSTUEY, HEMNMBELHET, Bl
wUBANE.

.0 15 2.0 25 30 35
Inx

B 4 In[-In(1-x)]~Ina &
Fig 4 Plots of In[-In(1-x)] vs. Ina for the glass samples

Al BO,
A A0z
o AlBO,

o rn

intensity/a.u.

z.o 42:9/(’) 60 %
BS5 #&#%AEE S XRD B
Fig 3 X-ray diffractograms of the glass examples after
heat-treatment
_ BB T,, I DSC HR it 8 1 AR A E R
TR EERSE x, 3HE In[—In(l —x)]~Ina B,
B4, FXNEERBITHE, REEHLNOBLIEE n,
RE 4. NRATUEH, m=n—1>3, FRIYTL
HBTE, M6 RB1&H i1 SEM .

£ S50kV  X10000

B 6 BIH&#AEE L SEM
Fig 6 Micrographs of B1 glass example after heat-treatment
ME 6 FATF th Bl #&F I T 4R Gk b

B,0y/Si0, LLERE/D, n HRERMDEHKA, X4 B0y
SiO b2 8 1 5 W n B/, 5 4.74, T B,O4/SIO, it —
SR, n EHIMKET] 541, n EOTHBE SR
E B3R kA1,

33 KfH%

B In(T,Ya )3 T, RERRBER v, B 7
AEEE Tkt UT, HEHREE, % 4 £ o=
10°C/min Bf, RIFEMELRRBHBTRITLEE £ R

v, BEAGRBIINENRSE KT,).

128

124}

108} -

0.00096 0.00100

VTp
7 (T %a)~1T,E
Fig 7 Plots of ln(szla ) vs. UT,, for the glass samples
R4 FREX a=10C/min HEHSMHNH 2L
Table 4 The values of kinetic crystallization parameter at
the heating rate a=10°C/min

0.00092

Sample E(kJ-mol'!) v(min™!) K(T,)
Bi1 375.4 3.5x10' 0.22
B2 375.8 2.8X10'® 0.41
B3 426.7 4.7X10% 0.45
B4 381.4 1.4X10'8 0.39

MK 3 FIK 4 5741, F Owaza ¥R K (iR EH
MRIEREEEL B, THEBBHER, hE4 RS
AEH KT HEEES EMHE. PRTEURHE
AT R B T, IR0 11 24T R B8 K(T,) R A BT 1
MEBEME: KT/, BERRE, (THERA, BE
BAEZNER. U KT)ERHE, NE4THBIHLE
AEHTE, KR B2 f1 B4, Bl BREBBFE. MF
PR B R 1 A R AR R B U2, — RN A7 5
B R R BR  FRAREN BA TE R RS2, &7
MIEAERK, BBMBRE; T M. Poulain"®hA S 475
TEACRE E 532030 B T R9BY LIRS BE A R, AT SR IS AL BER
MBI E. BAARDMG)TURR, HEH
ﬁﬁﬁk%ﬁ¢,m&mﬁ$ﬁﬁmmﬁx,ﬁnﬁ
FER T RSERA, EHURBBINE,; THERTF
vIIER EF S RIELEBEHER. BBETREALS
RAFFMNN N EE G HEE. A2 88K
B, BEAFERAMAL, Bit, SERERENER
BEHENES. BREBREARERTRN, £—¢
HARBEGTARERERE, AAMARNRESE
BHARENRANEBARS TR A H2HEkK
F, PEETARGTRERAAREE, FIERItNA
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R &4, BRBRY FRETBTMESY, X
FAOXEATHRBMWYURE. ERAERENELT,
HEIXESHBNGHWRETRRX. N4 NMREXRE, BB
#FH B,04/Si0, LB (K, BB AIRERE(K, Bl SR
BR, HEL3MERKEHHENEAN, ¥ BL IR TER
BB A, BN E, MEXCHESREEAGE S, &
BETR. Bt SIS aEs/ M BEgiaeE, waRE
R KN BB RES TR BIMERO AN v RE
BAMEWHRER, EXEBHREEEZERH, —
iR, BReNBE v B/, MRSTRATE vE
Ko KB A, WK 404, B3R v B, H
ELEe R B X, Bl. B2. B4 Bf v, HrRE
LB DN, X5 EiRE I —H.

4 & #

EFMAMNARTEENLREHAET., BF
B,04/Si0; LLHIFEIR, MM SRBREENAR. X
Fl Owaza ¥R K HIETHE AT RELEESR—B, T
fas bR, B B,0,/Si0, MEIRRIK, &G eE
BuFRERFEEMELES, 2 B,0/SIO A 1115
i, BTRIEWREN 375.4k-mol; HriSibicdn thR
KANEK, BAMEA 541, RUBERERREAE
KEH m KT 3, KRB ZRGEEFHTURENTE.
KM ZWhESS E MR, U kI)EIARE, 5
B,0y/Si0, thk 8 & 5 B, KT MEB KN 0.45, BT &,
3 B,0s/Si0, LW 11 1 5 B, K(T)EB/NA 022, BT
R :
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Crystallization dynamics of B,03-A1,03-SiO glass-ceramics

XIAO Han-ning?, SUN Tao', CHENG Yin?>, HONG Xiu-cheng?
(1.College of Materials Science and Engineering, Hunan University, Changsha 410082, China;
2.College of Materials Science and Engineering, Changsha University of Science & Technology, Changsha 410076,
China)

Abstract: The kinetic parameters of B,0;-A1,0,-8i0, glass-ceramics were calculated by differential scanning calorimetry,
and the crystallization kinetic of this glass-ceramic system was investigated. The results indicate that the crystallization
activation energy(E) increase at first and then decrease with reducing of the ratio of B,05/Si0,. The crystallization
activation energy(E) reach the minimum when the ratio of B,05/SiO; is 11:5, Eyi,=375.4kJ/mol. The crystalline index (n)
are all more than 4 and indicate that for this glass-ceramic system the crystallization process is bulk crystallization.

Key words: B,0;-A1,0;-Si0; glass-ceramics; crystallization kinetics; thermal analysis
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B OE: RASMERALRE, ST RESE TR
SEMEANRIAREAFSF. A FTIR # 'HNMR
RETEM@LTFEH, RAXASALETRET E
MAEZRPHBEAE. EHAEREREREHK. &X
R, EREARMNS EINKBREBETEHE, &
FREALEKRGMEMSA, EHAKOAZTHELHE
( Excimer Emssion ) A 3% 69 X 4%, ik K éyHT
A& # X (Monomer Emission) 893 /& 4555, REHAR
RAZ S FHRAHKA, EARBUERREAK, A
ME KA EE RAERBRRK B H A A 59% M 54% . Mk
BRI, £ ME R6REH I, FHBREKH
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1 5l

ETERKERNESREERRA ITHRES
BN ERFF TR T — N EAERBR. SEHNER

il

AMEE, TREBREEEENESSE, TRTUEERE
X YATREREM, 54 TRAREE. B FREHFmK.

BID BFENERKRER, EHERREDER
LR N A T ESIREHIESAR A, B TRER

AFHESBUESIRE PR EAM AL, BTRER

FAFHIERURR R R TR R 2,

Basu %0t & RAREEATEYMERE RN ENIE

AR LT T RAEMTFR', Rl TR FHEE
AT BORBORR B E T I IAT Y B R A3
UV AIART —HEFNERERENERME
Y, BETXREATEVAESCHRBNETEREEENR
®, ERAREHRIEIERE, 7E 60CH 1.01X10°Pa
BT HIOEBE TRT 15%. 15, BEIFTRENE
BRI R S RIHR B IO T MER RS
YHREE . ZERRBR TR ETRERSE, AHREM
HB, BRI RIERE T 2 AR . BT LB/
FHstE, TEEARE LR ESRRRE R .
RASGHENBH KEREERTED S TER

BUOBERROSAERARMN, AR TNESERH
BERSEESF. B FTIR A 'THNMR #1ET 5 F 44,
RA%NSIE T RE T EBB P HERIE. R4
HEMERRRE, EBRNSFRITHITENEEK
K. BHBEKMERKREHZL.

2 % I8

2.1 FERFRH

-1 (4, RARABRITARSH), H®
THE (PBA, ##74l, Fluka A8), BERFEARER
(PMHS, 43T & 2200~5700, Aldrich A7), &
H(EERAN—T, Ard). ECk. ok BE.
ZEBZE. WREER. SEENERIY AT
22 NI/

R AV-300 B S ESEIR{UBRUKER 24 8)#
EMGE Y 'THNMR, CDCL %7, A PX Bt
H AL S X ETHPE A R)TIE BN tE -,
BaPE R KBr I, AR FAH KBr ik F .

23 ElAHE
BB RMAE 1 ia.

b‘ CH2CH:CH.CH.COOH )
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O CH,
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O SRR S
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B 1 EBEWTEE (DCPB) 5 DCPB ®iEEEM
RHEEAREIRN SRS
Figl The synthesis of 1-decenyl-4-(1-pyreneyl) butan-
oate (DCPB) and hygrosilylation of DCPB and
polymethylhydrogensiloxan
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. BTEREGBHNARXAETREEN SRR
Eeih, UXTERERBERAENT, BENEB ATHE
BT REMbES, RARNEELEY. WES TN
REEKEESFHERRARRPESHRES R THEE
H5HTBRERETRENENEMERM R, ULEH
BT, BRI,
231 BTREBENHER

1.15g (0.4mmol) T HEY5 1.25g (0.8mmol) IE2%¥
- 1-BER T S0ml KB R, BT 250ml FI=0O#,
AL EST R RER, BB FRLRRKE. EiRE
BERREE. BBV REIBEEEET RN, XH
HECBENERNERE, RNMNE—KA 6h. RN
EHRE, B AREE, TEFRERSE. REBH
HEEBERER#THAL. UECKEMNZBZE 2: 1)
BEBAMKGER . ERERENEETREBETRA
BE, ARHEBEGE. BTREKE (DCPB), % 82%,
'"HNMR(CDCl;, Jin ppm), 8.30~7.82(9.H4 in'pyrene),
4.07 (COOCH,), 3.37(byrene=Cﬂ2), 2.18(pyrene=CH,
=CH,), 2.44(CH,=C00), 1.60(COO=CH,=CH,),
1.27(CH,=(CH,)s), 2.02 (CH,=CH=CH,), . 5.80(CH
=CH,), 4.90~5.00(CH=CH,).IR, 1730.02cm}. 1180.02
cm’ (C=0 WEUi%), 7E 3340cm™ JC OH Wi,
232 MESERMREERESI THER

0.13g (2.00mmol, L Si-H ¥ REEAREARS
0.94g (2.19mmol) ¥ T BREEHEGAM T SOml PR EH,
ET 250ml =10, BBERREE. RREF M
HBRLEET R 1h, IO 2mg SEEHES. £ LiR&HT,
#kEE RN 60h. BITHTAWF Si=H ) 'HNMR
472X 10°H IR F2167cm™ 5=, SFEHRMNAHE. &
RN 1.0g BB, S, BEPIMAXENTE
FIREE, DBRERRRNKRA. PP AR EMEBE.
=%k 80%, 'HNMR(CDCl;, &in ppm), 8.32~7.74(9H
in pyrene), 4.08(COOCH,), 3L4O(pyrene=CH2), 2.20
(pyrene=CH,=CH},), 2.43(CH,COO0), -1.52 (COO=CH,
=CH,), 1.20((CHy);)» 0.50 (=Si(CH,)=0), 0.06(=Si
(CH;)=0). IR, (CHyp),2926cm. C=01735cm™.
24 RWEDPFEBRPHERER

KH HAZ F-2500 RX64 AJ6E il e Lk % 4y
FEWB T, REIERTEDI T RBE,
) 52 Y R 6 S B i . FE S SIS
5min, IR BBFERFI R NG, DBAAERKIENHER
SRR, B AR U, L) X 100/, tHEE
RITEYHERKEE.

3 #RS5E

3.1 BFRRART
B2 R, T BRAMET RERERN T REERME

Rt AR 2mmol/L, RAMESHK

7 400nm. tET BB MERF EBF BB WAL E SHENE
TROBELEH2HEE, BB ENRERER
. S, BT REFEBOBEABRERKEKEKT
BB T 100m, SETRMALE, WEEETEBE)
T 2.5nm. RETER¥EMKEE. BT RANEMNETF, B14]
R AR BEAK IR A
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FRBRAOBR N
Fig 2 Excite spectra of pyrene, PBA and DCPB in toluent
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XA TRERTANEE, URKERENSIA,
ERABENB BTN — S FRILGRPD,
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5ttig.
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Fig 3 Fluorescence emission spectra of pyrene, PBA and
DCPB(a)before deaeration, (b)after deaeration in toluene
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Table 1 The oxygen quenching performance of side- chain
polysiloxan with pyrene moieties at different

concentration
1.67mg/ml | 0.33 mg/ml | 0.07 mg/ml | 0.01 mg/ml
(%) (%) (%) (%)
375.5nm 49 59 52
394.0nm 43 43 51 50
479.5nm 51 50 54 53
4 £ ¢
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(Excimer Emission) B A KEIE, TEEKHS
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ME X 1 EE X KSR KRB 510 59%H 54% . FEH

394nm MR FIERK. JREBES 0.01mg/ml, KKk
BATESFERFR K IENEREHTEZBRS
X FRE.

WWOIRE RS, 78 ME X B98N, S K REY
X, TWfE EE KMBERTE, ERRKAEWEMAK.
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Synthesis and oxygen quenching of side-chain polysiloxane containing

pyrene moieties

YAN hua!, WANG Xue-mei!, YU Rong-sheng', HOU Wen-bin', FAN Yi’, ZHANG Bin', CHEN Shu-lian’
(1.Department of Petrochemistry, Logistic Engineering University, Chongqing 400016, China;
2.Environmental Protection Agency of Nan’an, Chongging 400060, China)

Abstract: A noval side-chain polysiloxane containing pyrene at teminal and aliphatic spacer was synthesized by the
hydrosilylation of polymethylhydrogensiloxane(PMHS) and 1-decenyl-4-(1-pyrene)butanoate(DCPB), and its structure
was confirmed by FTIR and THNMR. The Photophysical properties of the monomer and polymer in toluen were studied.
The emission spectral of the polysiloxane exhibited excimer emission(EE) and the emission was effectevely queching by
oxygen. With the increasing of concentration, the Monomer Emission(ME) of polysiloxane were observed in fluorescence
emission spectra. The oxygen queching sensity of fluorescence polysiloxane is as high as 59% at ME and 54% at EE.

Key words: prene derivative; fluorescence quenching; luminophor; pressure sensitve pain; polysiloxane
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