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Abstract

In this paper, we use a RD 496-111 microcalorimeter with high precision and high sensitivity to
obtain the in situ heat flow information in the growth process of MnMo0O,. The growth parameters
of MnMoO, acquired by thermodynamics equation were combined with the electron microscopy
technique to discuss the growth mechanism and the influence of reaction parameters on mor-
phology evolution and size of MnMoO.. Experimental results show that: 1) The thermogram curve
has the same varying tendency in the growth process of MnMoO, exothermic chemical process,
endothermic process, exothermic chemical process, Respectively. 2) The whole process contained
three periods’ reaction respectively; nucleation, crystal crystallization and the secondary growth.
3) The gibbs free energy of reaction nucleationis is inversely proportional to the reaction rate
constant. This paper will provide experimental basis and theoretical support for the controlled
preparation and in situ growth of molybdate nanomaterials, also provide a new idea and method
for the preparation and process characterization of nanomaterials, which is of great scientific sig-
nificance for the controllable preparation of nanomaterials.
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SEFEHLER . R kSR SR AR, R TR AR A KB B A B R 24
ASCRF EREFE . 5 R RDA9S-11 LB AT SR T XUMELIA R AR 0. o RIS

THoc(Mn?):c(MoOZ ) SR FHK MnMoO, J5Ui A Kt B MU i (5 8, G5 P 0 g e 7 R

[FI 6 F 4K MnMOoO, 925K H4ah 7125 AUt AR (LR, W8 T 9ekbb R K R I AR I B it $ah 1

SEVER, AR T 4 RSB A K AR A S0 4 408 R RS S

2. SEROERSY

2.1. SRR SR

Na,M00,-2H,0+ Mn(Ac),. TritonX-100. IE¢EE, Phibi. K ZBE. B A0 T 9) . RD4A96-I11
RGPt (DU )11 45 BH s A A A S A PR 7))

2.2. R4S

SIS 1) AERAECHI P IE EREEL TritonX-100 BE/REGN 2.57 34 A A Ao in N — 2 &)
Mn(Ac), 1 Na,MoO, iFic A A F1 B, LA 600 rad/min $i#E 30 min; 2) #ERFAZEL 1 ml A 1 1 ml B %7K T
WA ANERE T, B IR AR SR A AR E S5 1A N S N6 R0 s B s 3) SN T8 RS 43 ) FH TR
EETK K CEREEIR, ¥ T 22T 548 60°CT)4 6 ho

ARSI i) s D 3R B0 E T AN RIS S, A KIERTNE AL o RSIPIREE oo DARR
WIETIREL Ry, HAANLE 1.

3. SEWERSITIR
3.1 o K MnMoO, IFEERR <t R Az HF S HHIR M

o LI ZHI AR MnMoO, TR R IS 45 R Ik 2 for.

Kl 1(a) y 1~3 FEim R AL AR ARG i 2k, ETTRIZA°K MnMoO, fEAN R ZE K ST HAT) R AL A
AHIFE RS, B2 1IN - Wk - BEA=AHr B HAHLEE, XU & h PR L o R
&, BTSSR &R A A, Aia . EA. SRS, MEHE N Mn*H Moo, A
il B2 ST B[R 2R S N B ) 001 [RIIRPRE RS R B AR — B R N 0 IR BETE BITRATIN 2 7 K
BRI SRS RAA KT S Ostwald LG [16], BI/INRL ISR, OB 74k 84
KT, AR TE S ) R AR 2 R L RO R A 18 s i TR F 2 18 BT R i — i
P o WRYEAN IR B AT 20 25 45 #Ash /0 2 B W] SREUAN [R]Br Be i S IR = s 8 75 A1 i F e RE 28 44 5l)
NSRRI 3 k.

M7 3 ATA, FEGh 1A 3 HIEE— B BUBAGE ZE kg 2K T 58 B BORITBEA R Ky, kg BB 44
AN LI AR RGE R WLFE 3)0 FEdh 2 XERLED Koy Ko /N TR 1 AT 3, (H ARG 2 T AL
P TR B A (B W R R TRl 1 A0 3. tHUEHEZ 261 N o = 10 T g2 — M Hl TS R

Table 1. Determination of microemulsion parameters

= 1 WMARESHENIRE

w 5 10 20
c/M 0.01 0.025 0.05
Rm 11 1:2 1:4
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Table 2. Reaction conditions and products

®2 REFHR~

FEd G5 c(Mn*")/mol-L* ¢(Mn*):c(MoO;) o iz
1 5 BeR&
2 0.025 11 10 PEIR(EL# 133 nm)
3 20 IR (B 4% 140 nm)
4 5 HEIR(ELA 350 nm)
5 0.1 1:1 10 HE(EL4% 320 nm)/He ik
6 20 FeIR (B 4% 135 nm)

Table 3. Thermodynamic parameters of in situ growth process of MnMoQO, nanostructures

3 3. MnMoO, ARM BRI E KSR AN N FEH

FE 4 5 1 2 3 4 5 6

ky x 10357 2.11 0.26 2.56 2.38 0.76 8.25

ko x 10357 1.74 0.25 2.09 3.07 0.77 7.67
AG? /kJ-mol™ 88.25 93.42 87.77 90.28 90.10 84.87

e AT - ;
Figure 1. (a), (b), (c), (d), (e), (f) are the FE-SEM patterns of sample 1, 2, 3, 4, 5, 6, respectively
1. (@)~(c) A 1~3, (d)~(H)HH¥m 4~6 B9 SEM

G SHE, T 10 BT REE ZR= ) BRIR VDN KT 10 5 A sk = HARLAR K

WA AL A KT R R S S, TS R BRI T AR A A, KA 5 A2 15 B AT KA R ) S5 A A
KR A=A B 3R (@) S EZH B (1000~1030 s), (b) &5 5hFrBi(1031~13505), (c) MfkAK
BB (1351~3500 s), EAkuniEl 3 frs.

1(d)~(f) NEES 4~6 1) SEM B, M 2 WA o B 5~20, YKERIEZBES o KRN .
2(0) L 4~6 W RAE KRR A S 2k, RIL IR BAR SRR 1-3 A —8E. HE 1-3
S ZEAF R LUK 5 A S B FESE R, 380 oo (B KT KA AR, AKX A] (R 4 o2 A8 s e R,
LG 2 kq 3GOK, % 3 FREah 15 4 BYEE— B BUBGR ko AHEC A AT DUBEAT U0 FF 6 5 TR IR
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FIHCR,  HARF R 0 9 KA R R P AR K BB LA s M 4 & e BAR FBOE— B0 . FEf
6 7F 5420~6010 s 2 B B T 8 B B I BGAI G, AT BE2 9K M RHE AR K FE 1K B 4 28 30087 17 T 20
3.2. IR E X IR SRR T BRI HFIT AR
SIS (M2 I X 412K MnMoO, ISR ST (R 45 5442 4 FTs .
4(a)~(d) AkE S 1~4 1 SEM &, ¢ ¥ 0.01~0.05 mol/L™t, P4 R~F B ¢ 3G RN, 1524 ¢ 4 0.1
mol/LM i, FTREHI TR R/, SEUME KA —, PR AR RE R,
5 Hi(a) 1~4 S FE i I AR RE 6 SR A7 S 28 5 i i e 4 R IRV AR R, SRR
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Figure 2. (a) is the E-t curve of sample 1, 2, 3; (b) is the E-t curve of sample 4, 5, 6, respectively
& 2. (a) #am 1~3 B9 E-t ARAEE; (b) #Hdm 4~6 BY E-t FAEE
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Figure 3. The E-t curve of sample 1, 2, 3 different stages, respectively
3. ¥ 1-3 AR A IS BT IE) H-t

Table 4. Growth parameters of MnMoO4 nanometer materials in double microemulsion system
F 4. WA BIAEFR MnMoO, AR EKESH

PE G p c(Mn*):c(MoO;) c(Mn®)/mol-L ™ iy
1 0.01 FEIR (B2 320 nm)
2 0.025 Bk (B 4% 133 nm)
10 1:1
3 0.05 FRIR(E 4% 115 nm)
4 0.1 FR(E 1% 320 nm)/HL ik
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Figure 4. (a), (b), (c), (d) are the SEM patterns of sample 1, 2, 3, 4, respectively
4. (@)~(d)57 7 A 1~4 SHEmAY SEM [E
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Figure 5. (a) is the E-t curve of sample 1, 2, 3; (b) is the E-t curve of sample 4, 5, 6, respectively
5. () A 1~4 B9 E-t EiE; (b)hFEm 1 FdEm 2 B9 E-t B

NEFBHINFE 5 FR. 1~3 SR, SE— I BURHEME 5 HCRES ky B M 7RI o(Mn?) s K
B, KA T SR G, RN TR A B, AT AR LRI R, AL R B AR . B
Ja (IR AT B AR WS FA VAR it 3 YA JEE I R O i 55, At T W0 737 A% 5 Ostwald 4K FRIEAT 7 A2 19
M F RN 35— BOBCR LRI F A S e 4 SR G AR R, 2T 4 5 4F c(Mn®)ik
JEER, MBS KT Ostwald #2440 B RN
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3.3. REYEFRELN=IHHRR T BANNIFET RO

S0 ZH Ry I B XT92K MnMoO, [ T35 RS 52 45 42 6 FR .
6(a)~(d) NHESH 1~4 (1) SEM B, o {85 20, ¢ v 0.05 mol/L™ f145E F, Ry ELfE A 1:1 A1 1:2 Fifd

Table 5. Thermodynamic parameters of in situ growth process of MnMoQO,4 nanostructures

3 5. MnMoO, AR M BHR L E KSR AN N FEH

FE 4 5 1 2 3 4
ky x 10°%s! 0.87 0.26 0.13 0.76
kp x 107357 1.74 0.25 0.33 0.77

AG? /KJ-mol™ 90.45 93.44 95.17 90.77

Table 6. Detailed reaction conditions and products

6. 1FRIR R SRR )

FEd G5 o c(Mn*")/mol-L* ¢(Mn*):¢(MoO?) iz
1 11 FeIR(E 4% 140 nm)
2 1:2 R (B4 100 nm)
20 0.05
3 1:4 AP
4 1:8 N IEN

1'.4ﬂﬂnm 400nnm

Figure 6. a~d are the SEM patterns of sample 1~4, respectively
6. ()~ (d)7 5l 1~4 SHEMEEI SEM
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Table 7. Thermodynamic parameters of in situ growth process of MnMoQ, nanostructures
=2 7. MnMoO, KM RHRE L& KT IR N FESH

FE S5 1 2 3 4

ki x 1035t 1.66 2.17 1.90 1.25

ko x 10%/st 3.18 2.66 2.17 0.77
AG? /kJ-mol™ 88.84 88.18 88.51 89.55

HITESUNEER, 24 Ry EUE 1:4 A1 1:8 B ASELUTESR .

Ru EUAE A 101 b 1:2 PR RSBV, 302 DR R e N 0 85 A B L B8 K A Jie o b ok 1~ B B H 38, 4
YRR MR, R T YUK RRIAR A /N o IR () SR A A Hh 2R A J12 2 800 o 1K 6 il 7
IV

4. #hig

ASCHI RS . o REBUE RDA96-I BRI IRS A T A FAERKSHCF 9K MnMoO, A= KI5
RRGEE R, Sadan i ERHHE TARSECT A ERNAS IZSH, He TR =S80 1
ARSI . SR LAUR 458 1) XA RS, SR AR 0 E KRS (o, ¢, Ru) A
FEHRSTII9K MnMoO, £ KRR IR AL AGE -T2k 2) i T ANFA KRS E 99K MnMoO, JR {14 &
HREMAS 2SR, JFHe 7 AR RS 2SBS0 3) LA
FEH4K MnMoO, TEAN A KSR SR A7 AL KRR O FAGE 2 B AR A A a3 S92 0 1 — MR
IO - WA - TR R . BRI A=A B IRBSZB B 45 RIR I B A KB B
HLBSE A% B A S 80 75 A1 37 B P RE S S T3 A8 B L o AT TR B3t IR 7 22 K0 1 BE DGR GK A
BHRE AL AR RE R A F1 AU, D dE T 6 i A R /R IR R B AT B E AR

e HE
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