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WE. RAAIST N-HEPEEEZ %= Z #(GED3A) B iRk 52k (CR TR 195 122, HI4 T & Stk
F-(CMPs) FlZK BRI A2 (MR A4 HL 556 (SEM) IR SR it G5 1 (V SM) RIS R S A1 oy R i 25 0 It A A 3%
HET CMPs Jk % MR & GHEfE; [FIRS, it fa e M 2 R A0 R K Tl e 45 4 B T 7K 3 MR IR
Ay EIORA B PERIBT A AL M. 45 R, I 7 B 45 10 CMPs HLAT BL I A ARG ME RE, AR R 1L 58 1B (M) g 182.2
emu- g™, BF 1 (H)H 4.17 Oe, FIRE(M)H 0.1944 emu- g™, 55 CLRF /K MR B HEE, #1497k 3L MR 1Y
TURER T T 4 24.4%; TEBRIHEE 4 0.02-0.10 mol - L™ 35 Fil ¥, HT HCl EALBIAE 13T T 92.6%-95.7%, 1T
HNO, FL I AETI RS T 86.1%-93.8%.

KEIF: EAWMER T, KEBRAR, PENE;  SndEr:
FESES: 0648

Stability and Anti-Oxidization of Aqueous MR Fluids Improved by
Modifying Iron Particle Surface with Organic Molecule
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Abstract: N-glucose ethylenediamine triacetic acid (GED3A) was used to modify the surface of carbonyl iron (CI)
particles for preparing composite magnetic particles (CMPs) and aqueous magnetorheologic (MR) fluids. The properties
of the obtained CMPs, including morphology, magnetic property, and anti-oxidation ability, were characterized by
scanning electron microscopy (SEM) and vibrating sample magnetometer (VSM). The magnetorheologic properties of
aqueous MR fluids were measured using a commercial rtheometer equipped with a magnetic field supplier and
controller. Meanwhile, the dispersion stability and the anti-oxidation ability of the prepared aqueous MR fluids were
also analyzed via stability test, air oxidation test, and acid corrosion test, respectively. The results are shown in below.
(i) The CMPs possess better soft magnetic properties (magnetic saturation (M,): 182.2 emu g™, coercivity (H,): 4.17
Oe, remanence (M,): 0.1944 emu-g™. (ii) Compared with the aqueous MR fluid based on CI particles, the dispersion
stability, anti-oxidation ability, and magnetorheological effect of the aqueous MR fluid based on the CMPs were
substantially improved. The sedimentation ratio dropped by about 24.4% and in the range of 0.02—0.10 mol -L™' of
acids, the anti-oxidation ability increased by 92.6%—-95.7% for HCl, and 86.1%—-93.8% for HNOs.

Key Words: Composite magnetic particles; Aqueous magnetorheological fluids; Anti-oxidation ability;
Dispersion stability
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TEREE AT AT TGE DA 5 720 Ay 288 T, SR
R EER a3 i 10°-10° 4%, 1 H X AR fk AT 36 (AT
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WS, MR Y 43 Ry i BE FIK R K2, Horp
T MR R IZ A58, KB MR 2 i JLAE
FfiE MR HEOGHAR B & A5 2N FE AL, I BB
PRV A S 00191, 33 2 PR SRy 7K BEEMIR VB il S A7 3R T
FE R PEAT, A B T 5 m IS B, i B
7K MR i H A H ISt MR K i Al 55 1)
T3 KNAEE A A ARG L A BT, Hl sk AR
MR A7 FH AR PR 7368 2 1-10 pum BRIEERA |
W, AT HA BBYERE AT, AR L
RS SR TE K 2 9k S Ak T ARG PR e, LA S R %25
JEGEHE A 7-8 g-em™) K A% B R IURE, 5 &A=
DUVE, R EIR S5 Y, S8 MR R A Fr AR = i

PERLF B BT AP FITE K T ) 23 HORS R P X il A 7K
i MR W 2 CE S SCHR[9,1 014008 1Y 7 2 FE K 3
MR & A BCA A T 48P0 k72 55 Rl 2 8 79 511
WA, BEARRE MR (0 AL AR L. A
308 e L T - B S S I A 0 i R A 2% T B FEASK
VR O S Rk, A TOKEE MR W, —E
FREE B4R TR BT OTRERE 1. o Tl A
ol EAE R TR AR oA -0-— O
kTN B BR K R i 0y s, A WL TR ek T
FM, 2 AR R, EL A R DA AR A
F—Fh A 45 & LA FE K FEE A L T B
P 5 RAEG(CD N, 45 5 A BEMERL T (composite
magnetic particles, CMPs)Fl1I7K & MR ¥, FAE 5347
T CMPs FI7KHE MR & 19V RE S A8 AR FLAE, 2R3 T
AL FAE AR R YRR, DL AR & MR )
P AR A RS E PR A AL,

1 £ I
1.1 RBEMSESE

JEURL: CLALT, Tk, 98.0%, Rife ik 1-5
pm, YL K — 41 48 My AR A PR vl N- 20
3 2, — W = & 1 ((N-glucose ethylenediamine tri-
acetic acid, DA T & #% GED3A, L5 A iil); E Ak
B, S HTal, AT 96.0%, KEE G =T
ToK LB, A ali, 5 99.5%, BRI T —)
E BT K10 MQ-cm).

X #%: DW-2BU Jo 2 I8 i Pl 2, IR 4 L Xl
YR T HALER T DE-101 4 S 0E T $4mE 1 98+
i, TR A LSO THRAER T ZK-82 AR FLA%
WA, T SC IR AR BT S4800 FESEM ! 4 4
L 8%, H ASHitachi/ ] ; Model4 HFJR S kE i G353
(VSM), EEADEAF], 55 REEEILF2x10° emu,
Rt B /IN /NTF£0.1%, SR RGPS 4y BER AT
F0.001 Oe; ARES2000/ 244 i A, EETALH].
1.2 S&HMERFIHEE

B 200 mL [ 43 B0R 1%-5% 1) N-4) %5 4 3k
4. W= 2 FR(GED3A, A i)KW (F NaOH 575
PHAE A 7=10) A $0E 1 AT 8 o 26 1) — J0105%
R, SR JEHR60 gk LR (V1958 K — A0 4@ K
KA R T, BiAZ R 1-10 pm) I ABSHH, SO 451
TR 70-80 C, fiHEH # 300-400 r-min™, S
B[] R 24-48 h. KW 56 58 Je FHRG WG A3 88 7 4 s
BEPERLF, I 228K L SEERTN R YL 2-3
K, 5 BT HA TIEF T, 7F 60-80 TT ) 6-8 h,
33| CMPs.

1.3 /kE MR &HIFI&

¥ LIRS R A CMPs 525 8K 4% 30:70 {AFT
FIRA, AMIA S B 0.5% M98 Kk IR EE 1 45
ISR, R AL IR A 3557, Hil45 7Kk MR )
FRAED, DU FRCAIRFE A i T PFA GED3A X
MR BE 52, DA FE 08 B 48 CMPs, #£A4H (7]
FIARTR . BRI T 2 80FF, #l &L CLR T
AT ECFH R 7K I MR W, #k R B.

1.4 SHRMERMERENK

Ffl S4800 FESEM AU 4 L 55 X CMPs [ TE 5
AT AR, 15 2 5% B (SEM); IR shAE i i
58T H(VSM)IACMPs = i T REYERE; FIARES2000
1R A R I AR AN e I AR I i A 1 2 DU MR
T R AR M B, R AR e L ARl 25
mm, [A] A 0.3 mm.
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2.1 EEHMERFRIRIE
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JiL CL KT F T 2 S BE (SEM) . AT 1
ATLUE ), PIRRL 1 2R T30 58 2 AN [F], CT AR
HIZR ARG, 1 CMPs O LS A, A ki
F1A) R A A B 2 A 2 T, AR A 2 s g i R A ) £
TR AR, W R B A SOR 2 A Pl F GED3A
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Fig.1 SEM photographs of composite magnetic particles (CMPs) and carbonyl iron (CI) particles

HAETE CL AL TR APIE A GED3A 73 FH A —
N = LRI, SR E AL, FEEAE T
DIRIAR 2 F IR, e S R & )m s+ Lk 4E
264 I N5 T CTRL - 11 8 el Ak A B T 25
IR AT, FEAT R AR LUK B8 F sl 3k
HIIERAEAE, 24 H 5 GED3A 43T K LRI, 57
A 2E A AL ATREA 11 BB R nl INE
MK T X 14~ GED3A 4r Tl &% )5 X, % IE 3]
BT TRD I Rk B 2 gl W e e R, kA
Fll 48 1) B AR J LR AT fiE & GED3A 43 M IE [ 545
TR, 1M H— H GED3A 2r T iy — PRI 58k
BTSSR, XA AR I B A SR R
FEAE T RS RAIBE, FITLA, B R RE R SRk TR IfT
B Z AR B X 1N GED3AZY T A 4, ITTTEF
GED3A 73 F A5 THLIE Yok 3R 1. AT LU IE 2 fr
TN B 78 GED3A & C1RL 2 1 I HL .
FRAE DL ALY 4, CMPs B T% Pk RES 23 P E
WEPE) GED3A {75 CIRL -2 1w M s 28, M %
S ORI v Y sl G S Y s ST WA R 2 )
I, X Hea T CMPs AT CLRE 7RO REYERE, TLIA 3.
ARGV RRE R ARG AL SR M, B H, AT
M IR LT A i SAE# e ri it iE )
oI5 e - B I 1 i) 46 CMIPs 14 A 78 230 SR R G M B

P SCHR 719 5 CMPs FEURE CT kT A g v g
ZPRWHN AR 1 b IR () FI @)L H SR L
SREE M, JFowil J] H, FFITE M, 1978163 AR/R.
AR/R(CMPs)=(R(CMPs)—R(CI particles))/
R(CI particles)x100% (1)
AR/R(D)=(R(D)-R(C))/R(C)x100% 2)
b, R Mo H, 8 M. 2555 A1 P JERGPE
YRR, TR R M, B ARG
PR J53 1) A 2 R HE T R B, Fir L CMIPs 94 4
AR AR A28 AM M, 8 Ry UE, 2 X HE S e
T AL i /b I ) H, FOFEIRG M, 38
WosThEs, BrLL AHJ/H, F1 AMJ/M, 8% 2 EAE, T
PSR He A 2, Hoh 2 — A WL T S MR
R IR F el 7 & THBEAER, FlE kAT
A 2E AV P A b 2R 1T AR OO &5 44, Yot 1oz
TRER AW I REVERL 2R i )] H, FOFRIeE M, S
ATRBAIE, A3 ) T OR AR T A0 WIS [ 2 A Sy T AR
AT PE, [ s AR T R AR s A8 W g M
] A R A EAE T, B s R B B 1 TR 2 R,
CMPs 11 FRE AL 38 B ML CTRE F B M/ 2.36%, T
R KA 2.36% M ARG Y T GED3A A% 11 4%k
i1, CMPs B ) H, MWL M, t CL K+
BB TIN T 2.46%F1 3.90%, B GED3A {7

o
-00CCH, _CH,CO0 |, _ 1 CH:
~CH—~CH;N_ i CH,
HO—CHy(CHOH),” CH,COO ~ 4 Fe A
Fe — Fe\- -N—(CHOH); CH,OH
[
Fe
CH,
CI particle /
O ¢
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composite magnetic particle

B 2 GED3A &ifi Cl1 i FRERREE
Fig.2 Schematic diagram for CI particle modified by GED3A
GED3A: N-glucose ethylenediamine triacetic acid
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SCHR[ 714038 19 CMPs (19 M, H. .M, 535 5 J5 CI %
+ M, H. M, WE, B3935 -0.85% (+85.19%
+96.83%. AR, RGO F HEB B CLK £
T 114 7 35 il 45 1) CMPs F SCHK[ 717 45 1) CMPs H
A RE M, FHER2.36%L 0.85%), 11T M, T
TR SRR Y B A 5 BOE L, AT DAHED AR O 3
il £ ) CMPs HAT B Z () dEREE A L 2, X
P AR FHE R CMPs BIHL AL BE I FFE K i B 43
FeoE T, TRl UK 2 A L CMPs il £5 1) MR A
WEBETYIN 1, BT A ML TE CLR 3R &
T A B e . E— 20 LB B 1Y He A1 M, 2B 4k
B, 2SN, A5 il £ i CMPs BAT A T4
W CLR I H, FIE M, 9 RmaE, X R &4 F)
FREAR MR Y R 2 8] i i A B4 L B Ak
&1 JLFRER RS AIE M REE

Table 1 Typical magnetization values of several

-20000 20000

samples
Sample M./(emu-g™) AM,/M,H./Oe AH./H. M./(emu-g™) AM,/M,
CI particles  186.6 4.07 0.1871
CMPs 182.2 -2.36% 4.17 +2.46% 0.1944 +3.90%
c 176.7 2.70 0.1260
D 175.2 -0.85% 5.00 +85.19% 0.2480  4+96.83%
A’ 181.7 -0.3% 4.73 +13.4%  0.2100 +0.8%
B’ 175.6 -59% 9.12 +124.1% 0.5670  +203.0%

“C and D are CI particles and CMPs appeared in Ref.[7], respectively.
A’ and B’ powders, obtained by drying CMPs based sample A and CI
particles based sample B in air for three days, respectively, were used to
evaluate the anti-oxidation abilities of samples A and B. M,, H,, and M,
represent magnetic saturation, coercivity, and remanence, respectively.
AR/R(CMPs)=(R(CMPs)—R(CI particles))/R(CI particles)x100%:;
AR/R(D)=(R(D)-R(C))/R(C)x100%; AR/R(A")=(R(A")-R(CMPs))/
R(CMPs)x100%; AR/R(B")=(R(B")—R(CI particles))/R(CI particles)x
100%; where R stands for M, H., and M,, respectively.

MR &K A B A R s .
2.2 kE MR B ENLHE

IR FEMRE H B F 5 B KR S (b
HEEUAL I S5 HL 037 R —=0.44 V), ZE7K T B AEAE = Fb
AAbigis: —RERAE KR E S T 58 F AL
L, A B AR iy R P B A TR AR
BRIF - = A B T gEB A B2 i S Ak R kR
RN =N AR R = b i Qi oy TR R 0] 44
PEREFIK EEMRIK () BE ST YT N ) T B DR, S5
BT T IRE ARARE B 25 S A AEHCIHTHNO, A
J R B SRR SR, I BN R AR S R P e
LY 17284k, IR AR fL Rl

PR A F1 B 43 BB AERE SR LA, I B R A
5, 3 RIGIRFE B MBIt v K (G728 i
ALk ), Yok Tz AL, A A 3R R
WK, R\ HST AL Re iR st m. dE—
FH VSM IR T38FE A Fl B BEIES S = KIGH
TR bRic A AP FL B RG22 (LT 4) Fi i
RIREPEREES AR A FIB 11+ . A FEATT B
53/ CMPs I CLRLF il & i 7K 5 MR R, 535
¥ A'FI B’ ARG RE- S R CMPs 1 CLRLF- e
e, R B M@ A e TR R R R AR
UFE ) RN AR A6 3 ARIR, AR/R K 2 75 9 4R
BB FERE A, B L nl LIRS AR/R K/NBrisAE A
B BT EE

AR/R(A")=(R(A’")-R(CMPs))/R(CMPs)x100% (3)

AR/R(B")=(R(B")—R(CI particles))/

R(CI particles)x100% 4)

Hor, R A3 M, H, F M. 255320, 500 AT
M, FFT 0.3%, H. V7T 13.4%; M, FF+7T 0.8%;

200 —o— A’
—a— B/ ﬂ:ﬂ:ﬂ:ﬂ=izﬂ
150 |-
Tep 100
=
E 50 1
£ 0
g
g -50F
5
S -100 -
=
-150 |
A=pA—A—A—A=AT
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. . . . . .
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Fig.4 Hysteresis loops of dried powders A’ and B’
Powders A" and B’ were obtained by drying CMPs based sample A and

=20000

CI particles based sample B in air for three days, respectively.
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RFE BB M, FIET 5.9%, H. FFHT 124.1%, M, |
T 203.0%. BAK, RFE A'H) M, I RERREER H. M,
) bR BE AR e /N A B/ . M, BRI i T
BRI TR AL B T AR, H M M, 1 BT
FREMERLF RG] T 24 AR, Qnak 1 A Ak il A
k. ] W, 5URE A BT EALPES B BB 4 .
TR 7K EE MR O R 4T A Ak BE g, W AAIAR
FANERR HCI 85 HNO, X1k A Fil B 17 Ab3E, SR )5
XF LA AT Ak B S R S8 DI N T ARk, AR Ak /N
INPUAARE TR, R TR AR RE ) 2. BARSE R 2
A3 5K e E 4 1.0 mol < L™ i HCI F1 HNO; AR,
FE A F1 B, {8 HC1 #1 HNO, 7E MR ¥ H (v B 43
14 0.0.002.0.025 F1 0.100 mol - L™, s it £ 5]
JETCE 3 h, K5 ARG ARG 50 A F1 B 48R
AbPRIE WSS UI R . MBSy, W58 % 0.4 T BY
Y10 sTRIRJE25 T, 4551 L2, WF2n I, &
HCI #l HNO, 2bBR )5, ilF A F1 B B85 U0 1 #0 T
R, T FLBE HC1 F1 HNO, ¥ & A 38 in, T R R 4
K, FEMARI R BE R, HNO, AbF s i8R 9 8T DI 1 F
B L HCL RS K B A Fil B 19T B[R],
24 HCI ¥ K 0.002.0.100 mol - L™ i, itAE B 15
VIR ) R B4 2R A 19 23 £ (135 £%; 4
HNO, %&£ 4 0.002. 0.100 mol - L™ i, i{FE B A 87
VIR 717 BER o Bl RE A 1Y 16 £5 7.2 £%. it
AU, 0HE B B9 BY YIS BN HCL A HNO,
) 4% ol i AR izt K FRE AL DI HCI Al HNO,
X A K B MR W ER A AR AR, A AL TR B
#*2 kE MR &ikH A f1 B 2ARRERER HC17
HNO; AR B FHIBI VIR F1(7)

Table 2 Shear stresses (7) of the aqueous MR fluids
A and B treated by different concentrations of HCI

and HNO; solutions
c¢(HCI) or ¢c(HNO,)/(mol-L™)
0 0.002 0.025 0.100
7/kPa

A+HC1 17.997 17.913 17.732 17.346
0.0%)" (=0.5%) (-1.5%) (-3.6%)

B+HCI 19.491 17.254 14.362 10.024
(0.0%) (-11.5%) (-26.3%) (—-48.6%)

A+HNO; 17.997 17.802 17.264 16.547
(0.0%) (-1.1%) (-4.1%) (-8.1%)

B+HNO; 19.491 16.036 11.601 8.121
(0.0%) (=17.7%) (-40.5%) (-58.3%)

testing conditions: magnetic field strength 0.4 T, shear rate 10 s™,
temperature 25 C; *“The number in parenthesis is the variation ratio of
the shear stresses (7) of samples A and B before and after treating with

different concentrations of HCl or HNO; solution.

HNO; KF HCL, ik B KFilfE A.
HAE A A BIFRHT HCL, H 25 HNO, [ fE
1, BV Rk 55 14 3] 0.100 mol - L™ 5 BEAR-45 75 & 10
AR RN, W LA P FRETAS e J Fog TR, 3L
K& GED3A £ CI ki FFRif g, Tl T3
ORI, BRMT TR R AR 5K S h
A TR EE ik, WK T T LT R TR LA A, AT 5
T/KIE MR PR AL RE
2.3 JkE MR #ZHITPERRE M
MR & PATTRE R P 3 R FH e LB L 3 341
PR 058 B10 mLiRAE AFIBA 51 A 2 A9 10
mL 5 S B, W )R A2
)3 B E b 2 AR TR, IR AKX G
TR
TR (%)=_1 2 IR ABYMR ) SMAFIX100% (5)
P SIS B3R A FI B AEAS [R] B[] (1 R
RGN 5. L 5 BT RFE A RS P 2
FoiFE B 19, B0RE A B8 1.5 h JF U2 10%,
9 h J5 4 28%, 24 h J5 ik BIEE, VIR 31%,
FEOR B RS s 1 0RE B LT B 220 BT,
1.5 h TR R IEFN 2 19% (i A & 90%), 9 h )5
KF37%(HARFEAT32.1%), 24 W I 341 % (HLARAE
A 5 32.3%), 40 h J5 i85 42%FF e, B A
PP TR RS 1 s i B 22 J K2, CMPs 7E 7K Hh i
TS5, 22 1104 25 7K A BIL 3 5% CH 20 0 5 ) g Jié
FK4r+rh, IF Hal b #4650+ i 2 2 (—OH)
5K F I U R0, b D 2 S ), A S R
RSB Lk TR, [R) i), A2 R A s o 13
KT HRLTF BT, BLARRL T2 — 20, BRI TR T
KA B 5 ER R AT REE, IIMTHE S T MR )
PRI RS k.
50
451
40|

35k
30 H

= B

Sedimentation ratio (%)
(=]
W

0 2 20 o0 80 100
t/h

B 5 7kE MR #&idEE A # B WinEZE S E/MNXRE

Fig.5 Sedimentation ratio versus time for aqueous

MR fluids A and B
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Fig.6 Shear stress and switching factor versus shear
rate for aqueous MR fluids A and B under 0.0 and
0.4 T magnetic field strengths
the switching factor is defined as the ratio of the shear stress 7, of the
MR fluid in the external magnetic field H to the shear stress 7, without

a magnetic field

2.4 kKE MR BHI#R T

A AFIBTE MG 58 ) 43 51249 0.0 #10.4 T
BF, By Y00 7 BT U1 AR AR R 5E R UL IEl6. M El6rh
ATLLE 1, 0.4 TIREAVE AT DI R T, ik
FEARIBTUIR Ty /NI FEBIR), Fifi 5 B V)% i) 42
1=, P B VIR 1 JLF- AR T 7E oM 3 (%
YR, RFEARIBT YN 120 EIRFEB I /NT0%. h T
Fb A MR A4 B U107 7 9815 EL, 7 SCHA ) B35 57 ek o
T RIREE B YN 5 5 U1 T B HAE R A A
F-(switching factor), &1 s Fl Je 5523 771 X6 7 A A
FIBRYFEAA T, B a4 8 T 29180%, AnfeEsy
VI R10 s, A AR 46 17272, 15l
B4 K- 621.7. Ui B R A IAAE Al 1 MR FH 2
A A4S B K BEE 1R b FLROW LB AT e
CMPsIHANZ N 22K A HLZ, 32 18 B e
151, AL TEZK FR AL Bl Y REL T AR

3 & &

(1) A HLA> T GED3A M Bk by 2 1,
il 45 T CMPs, CMPs HAT {0 5 (A KRG 14 R, AR RN
Tb5R B M, Jy 182.2 emu-g™, B Wil J1 H,  4.17 Oe,
FRE M, M 0.1944 emu- g™

(2) il CMPs il £ T B /K5 MR ¥, HArHa
JEPE ISR A A 1 RE T ER A 21 2 4, i B A
BRI B RG E. 5 5 CLRLF /K I MR W 4L, 1T
BT B T 29 24.4%; TERR VR B2 2R 0.020-0.10 0
mol - L™ JEH N, $T HCl &L BE 142 T 92.6%—

95.7%, It HNO; F LI EE 13 T 86.1%—-93.8%.

References

1 Ginder, J. M. Rheology controlled by magnetic fluids. In: Immergut,
E. Ed. Encyclopedia of applied physics. New York: VCH, 1996: 487

2 Wang, D. H.; Liao, W. H. Smart Materials and Structures, 2005, 1
(14): 111

3 Si, H; Li, X. H. Journal of Functional Materials, 2006, 37(5): 727
[F] &, 225821, IEest kL, 2006, 37(5): 727]

4 Rabinow, J. AIEE Trans., 1948, 67: 1308
Choi, J. S.; Park, B. J.; Cho, M. S.; Choi, H. J. J. Magn. Magn.
Mater., 2006, 304(1): 374

6 Lim, S. T.; Choi, H. J.; Jhon, M. S. IEEE Trans. Magn., 2005, 41
(10): 2745

7 Li, L. C.; Guan, J. G.; Cheng, H. B.; Tao, J. Q. Acta Phys. -Chim.
Sin., 2005, 21(7): 817  [4r 4, BALE, BB, PG . Pran
fb2f2:4R), 2005, 21(7): 817]

8 Tang, L.; Liu, Q.; Zhang, P. Journal of Functional Materials,
2006,37(4):543 [F g X &, 5k F. JiResEL 2006,
37(4): 543]

9 You, W. W.; Peng, X. Q.; Dai, Y. F. Optics and Precision
Engineering, 2004, 12(3): 330  [JufifH, 32/l #i—ML. Jt2%
59 TR, 2004, 12(3): 330]

10 Jacobs, S. D.; Arrasmith, S. R. LLE Review, 1999, 80: 213

11 Zhang, F.; Zhang, X. J. Journal of Functional Materials, 2002, 33
(5):490 [5K U, sKeEFE SHRERTEL, 2002, 33(5): 490]

12 Shafrir, S. N.; Lambropoulos, J. C.; Jacobs, S. D. Precision
Engineering, 2007, 31: 83

13 Kordonski, W. L; Jacobs, S. D. International Journal of Modern
Physics B, 1996, 23-24(10): 2837

14 Pu, H. T.; Jiang, F. J. Chemical Industry and Engineering Progress,
2005,24(2): 132 [T, #ig. (L THERE, 2005, 24(2): 132]

15 Guan, X. C.; Ou, J. P,; Li, J. H. Acta Phys. -Chim. Sin., 2001, 17
(5): 592 [RHAR, WK, 2241, ML 23R, 2001, 17(5):
592]

16 Cheng, H. B.; Qu, W. L;; Zhang, J. Journal of Functional Materials,
2006, 37(5): 811  [Feifel, MAEHE, 5k &1 ThREHEL, 2006,
37(5): 811]

17 Fang, F. F; Jang, I. B.; Choi, H. J. Diamond and Related Materials,
2007, 16(4-7): 1167

18 Parka, B.J.; Janga, I. B.; Choi, H. J.; Pichb, A.; Bhattachary, S.;
Adler, H. J. J. Magn. Magn. Mater., 2006, 303(2): 290

19 Taylor, L. S.; Langkilde, F. W.; Zografi, G. J. Pharm. Sci., 2001,
90(7): 838

20 Paolantoni, M, Sassi, P.; Morresi, A.; Santini, S. J. Chem. Phys.,
2007, 127(2): 024504

21 Wang, Q. W.; Yang, Y. H.; Gao, H. B. Hydrogen bonding in
organic chemistry. Tianjin: Tianjin University Press, 1993: 1-16
[, MR, m . AU i S B AL e Rk
2R, 1993: 1-16]

22 Jiang,F.J;Pu,H. T.; Yang, Z.L.; Yin, J. L. New Carbon Materials,
2007, 24(4): 373 [V, THVSTT, A 1E e, LK. Bl pett
#2007, 24(4): 373]



