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Fig. 7-34.

Fig. 7-32. Plotting the kinetics of the reaction MNi,
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Summary. A summary of the equations applicable to reactions controlled
by diffusion through a nonporous solid product layer is given in Table 7-7.

To facilitate evaluation of Kinetic data for any value of the fraction reacted,
R, the plots of the functions,

y=1-=(1- R

y = [ =~ R

y'=1=3R—(1 - R??
are given in Fig.7-35,
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Froction reacled, A

Fig.7-35. Plots of different kinetics cquations.



anhie 7-7. Kinetic equations applicable to reactions controlled by diffusion through non-
porous solid preduct. Reacting solid has the geometry of a {p’ﬁ;“e,,,

1) Jander’s equation [l — (1 — R = kit Approximate

1) Crank-Ginstling Applicable to most
and Brounshtcin's 1—-4¢R—(1 — R = ke cases although not
equation very exact

3) Valensi's cquation [ + (z— 1) R]** + (z—1) (1 — R)*/? = kt Exact equation,
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Kinetics of solid state reactions

Phenomenological description of growth rate: \\/ = kt"

Rate-determining process
chemical (interface) reaction

diffusion through relative thin reactant/product layer

nucleation

n = 1: A porous or non-closed product layer is formed when e.g.:

— Gases are evolved during the reaction

2

— Volume differences exist between reactants and products
n = 1/2: Dense, closed layer is formed: diffusion is rate limiting step

— Parabolic rate law



f# o HFFieG s A-1: ZnAlLO,

ZnO + ALO, — ZnAlO,

SLIWEER, 5 R EERE 1.550f
&, ER4aRNH#HITREES
B, (y=100%),

k] ¥ )
o OO0
o N

1.510F \

1.470F 108
do.9

10.95

1.430F

B R 7% B (Y)

1.380|

Carter 5 #£1ERH, #E£1400°CH0

[1+(z-1)y]*+(z-1)(1-y)*?

1.0

SESEFALOREAES o = M
ZhOE’]JﬁJ\‘ 0 08 1.6 z.4 8.2
O ry= 19um B /8] /R -
r,= 25um




*th 2 n % FaeG &A1 ZnALO,

WG, ZRMEE1400°CT, FEbZn0MH
iR BB — L K/ EREIM AL O, RERL T THY,
SERR_EALL ORI R A1 Zn0E S BEE,
KRR 3EhR ER—NMNS-BEHR R
TEEEATLUESSZBRIL: $§A1,0,8 RETE
HZnOFI AR AR, 1315 R B2 ZEZn0K)
ESPHT, ERELY, HRNEREHSE
-BEREMEREEHTE—H.




T H 2 F TG

fE=S N BkE LI FE
KFCarter 774z,

&z BLi#{TE]100%

LR AT S
HEERFES, R

X ,Janderf?iz,

y0. 5SS BBK
=Eo

B 72 A (Y)

[1+(z-1)y]* +H(z-1)(A-y)*?




t xS FHRGE AL

N EJanderifCarter 512, BIBEESE T, RN

PR FRRE LR AURERIFERE, NERMNIZ—

%

RERETAEBEMNESE, ATLURERSESHE

TS, FERNYZ—RE Fﬁﬁﬁﬂ?ﬁ FIBE. INRIZFE
HAgEEE, MRMESINDENMUES r,/ r BRI,
m BT EZZ 3 - - fO 83T {E RSN .

~|4|'1"

W T — e ER, ABSASREMTIEM, FET

?&ZB@. |5, )iwl%T 128 EiREh hE R REHIT

Fid

ERIEEEE THTE R R NE, KRR K/,

VE S, RFEEEUNREMRERFURE R MR

REFEERTN, AHESENFHERGIMASE,




Bl 40 Az & ) F 42 A 4

IS R £ 1

EZ&\ %%% x2 2DCOM :kz‘
M p
BRIEH K
Jander 5 1&: (1—3\/1—)/ " =2kt/R° X = r[l—(l—y)lﬁ}
op,
BRI R | 2 s 2DG, €=
Ginstling /7 & : B 1=y) eR> t v
2=
$291775i8
Valensi O‘L [1+(Z_1)x]2/3 _I_(Z 1)(1 x)2/3 _ Z‘|‘(1 Z) 2DC

Carter /57

'

&R’



dll

EEE P

Irh

: VR=V,

T/, == N )

7.6.4 WERMNENFESY &Lt

7.6.4.1 Doraiswamy#F1Tamhankar 35 /7 T [E 18 5z B 4972 Rl & 5

B AR R R TE

AO B,O,

AO . B,O,

(=0
[ —
t=0
(a) TP KA

F%B%QZ

(=0
[ —>

t>0
(b) REEXFERL, HEF=HE

F%F I B X

o 11 1
\C

AO \ B,O,

> 11 1

ao | e B,O,

(=0 [
[ —
t>0
(c) WX = PLX I R B F77E,
P X BB Y #FE

[ —>
t>0

(d) F=HIX 3. RN X I F B FELE,
FEYIX B Y8R S




7.6.4 WERMNINDESHT AEEEHSEE: vi=V,
A IR
Ry RS S AR, NFicks —ERTEE
ac _  d*%C
7t~ Drgy2
DAY R F AT R H BT SR
LRI R G MG A FGR:

t =OB}, FEy<04bC=C% FEy>04tC=0, (>08F, FEy<0ktC=C*, FEy=yitC=C,
( HFC N MBERIRIAGIRE; yo R )
MRRM YRR =R EERBE, NIRGHRRIWIRAL R &R oK, fEy=oitC=0.
77 2% A y

2 T _
200,017 erf (z) = —= [ eran

S w=S 7= g=D00 | R MmO, T

c* L’ Lz’

z 5 o
w =erfc \
f 201/2

C=Cerfc

ERXPHZRES N EENLE. PR RK T ENIREEN:

Zp
291/2

w =erfc

— Zp
- 1—er)"2‘91/2




7.6. 4 WERMNINNESY HERITFTERE

B) RNE

BN ZEREEN—EE, WRNE KR E TN

a2C
Dra—yz—kc =0

DA N2 A it W i B SR B
ERBL AR
t >0ft, FEy=y it C=C, t>08f, FEy=yst C=0. FH<: w=C/C,
B LELARETHTEFNRZERRZATENE, HHMR (Thiele) HEH:
1* =

2
R TR S: 5 — ¢ 2w =0

RS SLSE
t >0, fEy=y it z=z, t>00f, fEz=z4t =0

sinh[g, (2, — 2)]

Kb, Az =2,-2, ARBBHIERE.

: Vi

k \2 e
wily)

zVD

= Wy sinh(g,Az) sinhr =



7.6.4.2 RGN

A — 200 )\ AT DAL FE B4k 2 I S AT B B9 ) A [ - ] B
A) &S (Taman) 23\ :

y=k.lnt

A, k AER, BERE. THRE. RNMNYBREZIRIAE K.

B) TEHK (Tapline) AR\:

xRt D ] - [ S L

dy _ peam
d(ta)_kt(l ﬁy)

A, aREIENZEFIPEERNSE, m ARMEE, f NEE,
k, NHE L.



717 £ BAass6 &,

—\ RNV FH S S R
R MERIRER KB EREER. SFHhERPaRYZDEB
Sl R MIRE
FAZRET., Ao, BKRMFTIZS|EEESME
EimE TR

f1: Al,0,+Co0—CoAl,0,

FEHERALMARBSIREIEEALEERER, REEARE
A0, By— Al,0, - a— Al,0; ( 900-1000°C) 3T, ST

AlLOMIR BEN. HRMEEHEILHE, REARKEALLRAF
SR ZHNRMNEMS. XHFRAHedva l | GEREFEER) BN o




T RNMYIRHSEMENE: RIFWSERRE, S8

4 BT EEE AR . S IE A TR E R E R R M
¥, REMESESRES, AJUEERFKE-ERNYRE
MIES R MIRE,

BlaR:  Fe,0,(s)+ NiO(s)—2“— NiFe,O,(s)

15351'/{ s/)L/iEE’]Fe$uN1§E&i17'71§JL‘L%; El]1§300°C
EERE o MR, FLB40% BYFTHE R

XH: A1,0,(s)+ CoO(s)—22C 5 Codl, 0, (s)
1200 °C, RMHITHEFFAR, RER
v —ALO,(3L77) —22 s a— ALO,(75NT7)




o RN T Ko A IR

:2D2COM:>K OC%
R " pa R

i BAFIRIAT /)N, B2 R R BN

15 K

2+ MRS Al B AR e N FHE S RO PA R SR T

RN, HEREART, RNMEBET, #8506 ihERF,
FHRLBIT , =BG EEEST

S




J NLIRIURL ST B 0 AT B SR i

i #: R R ST AN E] e M ALER B A BE A4 . 12 — 2 —
o o P
ﬁncaCO3$DM003 (%}I‘il{ﬁ‘) B‘])i@' 'g 8 Ll r'/ I
CaCO,+Mo00,=CaMo0,+CO, LA =N
e " | 2 G0 80 100 120 140 160
"""""" - gtiE]« min )

4 FE600°C L BEIR R,
g M.OO Ca(,U -1 1, s _0 U36Im M,

'C3C03%*_[‘R-—j‘ > MOO3 %ﬁ*_[‘}il—f )i 1=Tgucos =0.13mm, T = ﬁUU“f};

2—Tcaco.=0.185mm, T =600"C;

BBl (CaCo,fIRI42 K TF0. 03mm) [ s, T coo
(@) = 1-2a/3-(1-2)?3 = kit/R? s

v vEMoO; FIRLR ) > CaCO,MHL
R+t BCaCO it B, MRMHEMoOHTt  of A
ﬁé?ﬁ‘?% o (Caco3 El"]*ﬁfféd\?003mm, 0 i zlow W

H[CaCO,]: [MoO,]=15) L TaA0 R S AL B I I h 72
'c..nn}fiﬂ.(}:%onnn. [CaCO, }:LMoO,1=15
(T =620°C)MoO ity R~ ( mm ),
(%ﬁigog&fim% 1—0.052) 2—0.064a; 3—0.119; £—0.13,

>—0. 153

Fla) = 1-(1-&')1/3 = k't/R & B 22—




J NLIRIURL ST B 0 AT B SR i

T BT EL (<1/R2) BEAHE (R EAX
M, o<1/R) #&Hl, ¥iaFaFExTT
AR, HIFEAE
UL 18] B 43 frh 1B A LA A 249,

[ —

HIR R, BNBRESEE
EMERHENIER, XEREFENT RMER (R

BWIN— M=%, 1

— 1M HELR, FR~IEE

PR &g e

+H-E
p4 EA = o ™

fc‘F
32

R MIRFEIH
TEANR R/ NFEER R,
EE']J_JX XT__*EI_.IEE

\FFREFRIE AR, FRiE]

R/, &

g

R B R 2 [B] B 9% filk TE FR 15 0 2

h 1R 18K,

BB E R RER0. 5—2umBY L



v RN

F 715 [ HI

K=

D=

AGR)
]g‘ =TT KT, pT
Do cXp (' RT)

Aexp(-

EHRNIEE Q<AGy, NEERMI A S5 EX 6L
AR IR BE K

2, ﬁkﬁ-"'

Xof 4 [

mk e R, BIEAhmE

18

R-J- 45 I‘fS‘Z \

FIPHIFZ

PRI E

PYRLFURLE] SR MARS, AN4E%E

SHES5HE

H, [EN Er RS EHER MRS
HBEE: REASEREEHENFE

FEEMAITH, PEARIWARE, ARMER.



RNIRE B IS5 [ARIEH

SR N—RREEEE Ti#HIT, XBERIgEEN
BREE.

NEREE S, ;_EEESZE’ZTH"B%*TLZIEHE'J:F
R, BIRAIFIR LR E

ST REH FUHITH R M, hﬂj(ﬁ‘x‘.*"“ : A LAfE
RNMEZRRGIEN, BEARREE.

il : FEMgO+A1,0,=MgAl0,B M, FREIE
MbOOkg/ cm?}E = %6000kg/cm?, &mﬂl‘ﬁ [5] By B8]
5, XerArrEEeAEI3%,

&;



RMNIREME 15552

NR e M@ AL ESEUL&EHEE
B, #EMREBEENAEmMAIERMZER. H
ﬂiﬁmﬁﬁ¢ AR ENBEENX
7~

g

-
<

. ."A + - -
_F-—

HINMER
HEBE (%)
5

[ ]
o

400 800 1200 1600, -1800 2000 2400

RERBE N (kg/cmz)
T =500C, B}{§)(30min)

CuSO,5PbO S & ¥ AA & 2 74 B & & % 4 %



J NI BE AN 775 S K RS

3\ —\.?FLEI']EWI']

MF—RIGEERIELFETEFHINIR, |SFR
A B #5200 ge - 3= T BR PRV R B A4 ﬁimﬁll'ﬁl_*
LN SRR RNEFTIEMSZEAKRE, ESEE
%#—ﬁﬁl_z, hﬂl_&uo




J NI BE AN 775 S K RS

Inair 750~850°C, 20h



InO, 700~850°C , 20h
Li,CO,+Ni(OH),+C0,0,+AI(NO,); = LiNi, ,C0, ,5Al, 1:0,

v ESSHT, HFEKEMRE.

2 Li,CO,+ 4 Ni(OH),+ O,= 4 LiNiO,+ 2 CO,+ 4 H,0



NN A Al ih= 2

T iHl: ERNEIEPAIER MY RN EIREER N, (B
A AR B ARFMEZE MR MAEERT . —fRT LFa
EfE1-3% mA, BEN CHRNEEE—TERESEE AR
{ER
ER: 1. EWRZNEREE;
2, ZM4EamiRE M8t ;
3. BFR&EREES, WEHEMRF.
#: (1) Na,CO0;+Fe,0,77, MMANaCl, RIFELERTL4)0.5~
0.6fF, BEFRR~THEX, ¥ LR EPE;
(2) #ERELE T +1~3%HFe,0,F0 Ca(OH),, AJSEZa-

R, , |
a—S8i0, + Fe,O, + CaO = (Si0, + Fe, O, + Ca0),




BT B

FERE R : 97~98% KA A, MMA1~3%H][Fe,0,+Ca(OH),]

YE R 405
RAERE: 1273K
HHIEE: 1143K~1743K

P—>
%

p-%

- I
frfg - —— =~ 5 ! I
| TR
L p-H Loy
Pl I

L1 L L L
303 | 503 846 [ 143 1743 {1 943 198

436 1873

H2-7 SO, ZEMEE

Si0, % 4i.4a A



BT B

SiO, [ g B 4% Ar
%ﬁ: OL*H; 1&25'1: B*ﬁ, 'Y*H
o 11431@*’1%53 _E#E%{Msliﬁmﬁﬁﬁﬂ_ﬁﬁﬁ
S16K 133K 473-543K
RS - DR A AR
B- A% BB R B-AAE
378K
frfE AT




BT B

AP, b TFhatfaFdsPahahinik
ERd, Bsud 4B hina X6kt LA
GG N T EHR, B L EHKo-B 2L
1HBK2E 4L TR T Ho-4 Bk, {2
L£hto-erkrddfh, 4F1873Kixsk
4o A A AR B A, Bp4E1870-1470°C
Katiizik, & F L2505 FGRA,
Bfido-% AR T Ho-4 Bk, RSN NG
BEPHELIENLABE. T B 1o



BT B

feXNgiupE, Kt4TAE:
a — SiO, + Fe,0, + CaO = (SiO, + Fe,0, + CaO),

dFo-mrp t@GktaPRBEER L,
Fo-th B AR BE IR, £F0-B ER &
R NEAn, B HAREHN Lo-44 B K,
AATHRFATo-BEGQOU-S T EAGHL, £
Wt P2 208 XA R, LAY
FHE KRBT



h RERE

RSEMREFYIRZEHNEMFAENNERZ

BRI XAMNLZIE, JRLYRNESF, RMEY

REMSTHAEER. N TEMPIRILFEHE
—MiEF— ﬁﬂqlﬁlﬁlﬂl 0

zzu%wm%% mHER R, HEEZAAH0.3 T8,
REY G, tMERERAARHITRN. £
B fHREGH, H_’.?}cmz*- 3 BGEIER BN ARIEE .

HmEIAE0.5 T/, BEHKRRMEEEINHETT,
XMEEEETET A RPEHITHERE, 1
MEREGEHNHIREE, X1 lmgihjj?f.zlm'zo

REIME: 1. BARMERE; 2. RETIGEE




INREFEEFYIRZELERENBEER N, S0
ZERSEE L.

“JH-J- %zﬂjki}w HW%J 7]” EJ_;EggE,LﬁAE;
;!JfJI‘EME’LE!I“ﬁf‘ mE, ZmERAHERE,

)30

MgCO;+Ca0—->CaCO;+MgO (525°C)
CuSO,+Ca0—->CaSO,+CuO (515°C)
Co;(PO,),+3Ca0— Ca,(PO,), +3Co00 (520°C)
MnSiO;+Ca0— CaSiO; +MnO (565°C)

T, (CaO) = 2572°C



iig ra‘ﬁ E]*ﬂ& > ﬁ%
(1) EMFERUEERN, ¢LXBEHAS LE%VE ;

(2) BHERNHAEERE %M&E--&_L%E'JF‘, = E R e

RmE; thEESERMYASBHNRS (BF. BF) HRE

MEAEY BYERREE—, %ﬁjﬂ%xm% B REHIREE
T"EMIRE=EERESHEBESRXAR:

r&RB  0.3~0.4T,

RESRE <E#HZE 0577, (Fiedp 2/31)

REBRERE  0.8~0.9T,

Y,0,(m.p.2690°C)+ BaO(m.p.1923°C)+ CuO(m.p.1235°C) - YBa,Cu, 0, ,
Bk MERE: 950°C



<t

el 4
B

E PR

AR RE R FER, TUSBERRE,

Gibbs-Thomson equation:

1200 ~

S 1000 - Au »
AT (V=T T (et Tl /7
m(r)_ mB m(l/')— 1B El
prsr = 200 -
0 ' ' T l T I
0 1 2 3 ¢ § ] 8 10
r = partiC|e radius Particle Radius (nm)

T..5 = Bulk melting temperature

vs = Solid—liquid interface energy (per unit area)
H; = bulk enthalpy of fusion (per gram of material)
ps = density of solid



v ISR R

B EE R MR IMNAEMT, SXTE-ERM
FEF ., AIgEX R MEEIER, 1".3'._.|'H|:5(' &
MEEFEFIER . XBURT AT 2m D
&u%Mm%ﬂh(¥§ Eu>mmaomm,
Zn0$uCUSO4E|,JJ§1 y EZn0ORRRAIL i *S IR K B2 ’
ARG SRR N (EHEHESTE) .

A A RS EHRERS, EIBEE
=2 AT IR ﬁn‘

Na,;sLa, s TiO; Na, 35La, 55Tl oNi 1 O;



Bl51: ARAZ. R S fE R

) -
[o=y =

- :

P

—

N
\%
™~

=]
N
~

HEAERE (W)

o

.

s /j 7 K

I

i L~

g '_’_,:1 // /]L"
- - :‘ r = 1 //"‘ ,', .
2. 3&'H==%}:f7r11 5>yf
© 604 700 800 300 1000 1100

. BE O

#ﬂ ¥, A5G & e oMt
CoALO, £ 5, % *a

o
Jx\.
\

1 CoO+AL,0,(800°C, 4h),
N, ¥ A & 15min

2 C0,0,+AL0,(800°C,
4h), N, ¥ A &15min

3 C0,0,+AL0,(800°C,
4h), O, ¥ A £ 15min

4 CoO+AL0,(800°C, 4h),
O, ¥ A i 15min

5 CoO+AL0,(1100°C, 4h),
N, ¥ A & 15min



Bl FHAZ . R SR R

4o £ ALO,A1100°Ci 212, §F e 44
ity- ALO;—>a- ALO ;g fa ¥, AL EH K
A 1% . FCoOA & Co,0,4 1% ¥
(C0,0,=3C00+1/20,) 8, st & # 1% A CoO
AAEAAEHR. AN, AR PEE, & F
TR B, EF 242k h, FHRAEI,E
#AT, RAKLERAE T K4,



#l12: SOFCHEIHIBEEE1E 1

1. BaZrO,REERFEE (W1700°C) FRERE N,
{HRMAZnO (Bl 2444k RBaZr,_ Zn 0, ;) 7E1325°CRAH]
(Tao, Adv. Mater. 18(2006)1581); #%%In,0,
( BaZr,_ In0, s ) #E1350°CENHE (L. Bi, 2009) .

2. LaCrO,7E#81d 1500°CH5%

EREECE, =R FACrHy

R, B, PECrEAL (La,.Cay,Cr, 0,5 x=0.01-0.09)
E1200°CRP AT B 45 3% (Wang, J. Alloy&Compd.

479 (2009) 764).

3. Yy,Cay;Cr, Zn O, tHEE T KA 1HERE (Wang, J.
Power Sources 188(2009)483),



)

B ERNS A=, B MNEE K T100°CHIEK
mEHEEN. RMEENTTF100~ 600°CZEJAHRE
HENMNAERMREST600°CR= 2EHR M. ﬂiﬁum
SR M RNMNIEERES FEEF (NSEmEKIE
SRS E.

SLfl—: EF4-B R XRS5 E{FCoCl,-6H,0 322 : 1 BE/RELTE
=im(20°C) TR&, —Bizm, %uﬁﬂﬂ?u;{m, FEMER NEE,
ZRMEZEECRIHBBZE R, {BEECOCL, KA R INN4-
FAERBE(F_EEE/REL) , ToiL R INFAE RS I E .. & RElE
E%H’M FAERERE T, BMEEIEFMAICOCL KiZRPHE

AL -

—O—ﬁ. CH;C¢H,NH,, m.p.=44.5C, MCl;-nH,0(s) + 2C,HoN(s)
bp=2004°C — MCI1,(C-HgN)>(s) + J?HQO(E}T

el




SEf=: PN S5 NaOH ERwPRMN, 5E
Pb(OH)2 JEINAE, = NaOH iZE0], Pb(OH), iAH#
XA ER Na,PbO, iwif. EREHERMN, 5%

Pb(IDE S NaOH UA [ BIHR BB 2 b 7E Tk b i
=, TURZE R PbO.

[ -

S5l =: CuCL*2H,0 5 APHIR N (APFRR a-RE

et \

REHE ) :
CuCl,*2H,0 + 2AP — Cu(AP),Cl, * 2H,0

=
CN””U“NH C,HsN;, m.p.=124-127°C, b.p.=158'C (186mmHg)




SC451 P9 7kéEEE§EIJ\.Ni(AC)z°4Han Mn(Ac), 4H,0,
LiAc-2H,0 IR &, TRREBEEF.

B RN ? (KiE?

Mn(Ac),-4H,0
m.p.=80°C

LiAc-2H,0
m.p.=70°C T —— Electrochimica
Acta 55 (2010)
832-837




A6, 08 B fa A & A £

-+ F 2

(1) PFR R Q) ST IER M.
3) BeL R B . (4) 5B R o

5) BFXRRI (6) B HER ML

(7) BRANR ML o (8) LR R,

9) B & Rz - (10) IR/ RE .

<t

I<t

(A1) FFCR R .
(13) {BEx R R -
(15) E&7HFBERMN.

(12) B EHER M
(14) FFEH RS

ol
2t

z

s




A6 iR & Aa & 2 ML AE

(1) A, Bk MYIEE T B =A% IS AR (B A R 1 [ & R
FAREAY. SRMIENZEENEZX0, REHS, 5
MR, FEPIRAZAR, R B B ARG, k2, MEAARAREK.
LEFRALSET, B, AR RN aE S .

(2) REFE. SRNPESTARSSH, MR ESEHLTEN
FEEOIE BEE S AROIE T, XS B D BB, B R N —
B4, B — BRI A R 2 5N, TR R SR TR

(@?E?I‘PC%#&%IJF'?IE RAa ﬁﬂlﬁﬂ’]aaﬁiﬂ’]ﬁ?ﬂﬂ?i&ﬁi&,ﬁ'
pElR it S &R R ML, (EEHR MSUET

4) HHREL T R ST S SCHL BRI,

BFEIFFFRERL S, M+ L= MLt ML, <5 ets ML

5) AR . BEBERERIREIRGHRIEEF, 21H5E. MoS,. TiS,
FEAALERNREL, ERBEALED.

AY|




1K, (2. B] fa &z .12

Mn(OAC)2-4H20 : za,
Mn(OAC)2'4HZO H2é204=)2: 1 &Glitssy,. MnC,0,-2H,0

Dol

| | |

Z a1 #E~0.97nm ZEEFE~1.14nm EEFE0.97nm




A%, 02 B] fa B 4~ 5% A E Ak

1 IR A SN A BRSSO A

Table 1 Nanocrvstals Prepared at Ambient Tan peratures by One Step Solid State Reactions

- i - ra
reactions products vields % average siZes Jmm

oxule series

CuCl: - ZHO+ NaOH Cud 92 4 20(2)
Cu(NOs3): - 3HO+ NaOH Cud 9L 5 50(5)
[Cu(NH:)4]90: - H:O+ NaDH Cud 92 0 80(7)
sulfide series

CulOH)2+ Naxs © 9H0 Cus 95 1 50(5)
Zn(OH)2+ Nazs * 9H:20 ZnsS 92 8 50(3)
Cd(OH) 2+ Na5 * 9H:20 Cds 93 2 40(4)
PLOH)z+ Nazs - 9H:0 Pbs 95 0 401(5)
oxalate series

MNb(acac)s - 3H0+ HaC0 s - 2HO Nbz(C204)s - 3HO 91 8 G601(5)
Lafacac)s: - 3H20+ H2C20 2 - 2ZH0 Lax(Cx04)s - H2O 92 3 30(4)
Cul(OAc): - 2HO+ H2C204 - 2HAD CuCxDs - ZHO 92 5 10(2)
WNilOAc): - ZH20+ H2C2043 * 2ZH0O N £204 - 2ZH20 93 4 S50(5)
Mn{OAc)z - 4H20+ H2C2:0 2 * 2ZH20 MnCa0s: - ZH20 o0 4 50(5)
ColOAc): - 4H20+ H2C2043 - 2ZH20 CoC:04s © 4H 0 9L 6 30(4)
FnlOAacl: H0+ HaCx0O e - ZHO FZnC 202 - 2H D o B 40 (4)
carbonates

BaCl: - 2ZH20+ WNaxCO s BaCO s 93 8 50(5)
CaCl: - 2ZH2O+ NaxO: CalO s o0 0 30(4)
salts of &-hvdroqume lme (HO xm)

La(acac)s - 3H20+ HOxin LalOxm)s 93 6 20(2)
Zn(OAcl2 - ZH2O0+ HOxmn Zn(Oxm)2 90 4 S0(5)

acac— acetvlacetonate: OA c= acetate



CdS nanocrystals prepare(;l'_t;y a one-step solid
state reaction in air at ambient temperature.
Adv. Mater. ,1999,11(11):941
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- Table 1 Cool-melting Factor and Melting Point of Some Solid Materials -

materials k1 (em’k]™) melting point / "G materials k/{em* k] melting point / C
AlLO; 0.250 2045 Cral)y 1.660 2 279
Ba() 0.464 1 923 Cal) 0.322 2707
Cu() 1.070 1 446 Fel 0.391 1 380
Feq0, 0.320 1 596 MgO) 0.145 2642
Si0, 2.948 2 100 Ti0, 0.370 1 825
Ti0) 0.223 091 Zn() 0.776 1 975
Zri), (.253 2715 V.l (.837 658
Ag 0.909 0961 Al 0.934 659
Ba 4996 725 Ca 2.7171 851
Cr 0.472 1 890 Cu 0.548 | 083
Cs 33853 28 Ie 0476 9 1 530
K 18.726 63 Li 2.819 179
Mg 1.546 650 Mn 0.522 1 220
Na B.O78 08 In 4.823 156
Ph 3.568 327 Sn 2.266 232
Si 3.678 157 Zn 1.372 419
HeCl, 2.877 276 MnCl, 1.127 652
PhCl, 1.961 500 MgCl, 0.951 714
ZnCl 2.022 270 Phs0), 1.219 1 170
CaC0, 0.643 1 282 Co(l, 1.250 T27
NaOH 2.244 322 LiOH (.908 462
LiNOy 1.142 250 Na, Gl 1.430 854
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Valensi# 7 % 7 42

—> Valensi's exact solution (1935-36).

The symbols used are as follows:

ro = original radius

ry = radius of unreacted core

r» — r; = thickness of product layer

J = number of moles of reagent diffusing in time ¢
C == concentration of reagent

C, = concentration of reagent at the interface
W = original weight

5% = weight of unreacted core

0y = density of reactant

op = density of product

Mg = molecular weight of reactant

M, = molecular weight of product

N = number of moles of reactant

x = stoichiometry factor

V r = molecular volume of reactant

Ve o = molecular volume of product



R = fraction reacted

W.D_W
Wo

1 Ve

x Vg

.

From Fick’s diffusion law (Fig.7-33):

J = --AZ E’E_ = —4:'rr2_‘—'2£—c+
dr idr
*¢ JC - J (" dr
JC';- 4ns Jrl r?'
C . C’ T J r: - r
4 rta
J = —4n& fif
r, — ry




For a diffusion controiled process, C; = 0, therefore,

= _4,,_@( M172 )c
r; e rl

\j 4 Product Layer
Unreacted
- core

Fig. 7-33. Formation of nonporous reaction products.

1f.the supply of the reagent is replenished continuously, C = constant.

The rate of change of W is proportional to J, the flux of reagent diffusing
through the spherical shell of thickness r, — ry!



v - $ mr? 2
Mg Mg
daN dnriog dry
dt M, di
J=a N
dt
4nG r,ry C = dnripg dr,
ry — Iy MR dt
O i
_ MeZC dt = (rl - r—l)drl (1)
XOR Fa

Number of molecules consumed equals number of molecules formed times
stojchiometry factor:



(33"3 _ %ﬂ’?)gn _ (35’1"'3 = %nri)é’r T

a 3
I.Q'RA“’!P rz"""rl

3 3
’prMR ro_rl

Therefore - 3 3
Fa — Iy

Lz =
r; _

rz —ri =z{rg —ri)
ry =zrg +ri (1 — 2)
ry = [zrg + r; (1 — 2)]'"° (2)
It should be noted that if z = 1 then r; = ry. Substituting the value of r,
from equation (2) into equation (1)

9 2
. A’!R C d-t — (rl . - srl dl',
B} XOR [zrg + ri (1 — D)3
Integrating from the limits ro to r, fort =0and ¢t = ¢,
MR..‘?CI = gl zry — [zrg + ri (1 — 2)]*'3
DR 2(1 — 2)

p—




ﬂfﬂ-@c

2

—-2(1-2) t=(1—2)ri +zry — [zra + i (1 = 2)}3/3

XCr
Me2C
e +2(1—2) = =2+ -2 - -2 ()
S
R = 37roee — $arien _, (£
ﬂ‘:’rrggn ro

ry = ro (1 - R)ll’(:i
Substituting the value of r, in terms of R into equation (3), we get
Mg&C

X0 g

-

zrg + 2 (1 — z)

t=[zro + (1 = 2)r3 (1 — R

— (1 -~ 2)rz{1 — R)¥3
=rglz + (1 — 2)(1 = R
— (1 - 2)rg (1 — R}



Dividing by rg. we get
MoZC

ADgFG
]

=[::+lfz—-R+zR]2"3

4 2(1 - 2) G- - R == (= R

— (I = 2)(1 = R
=[1+(z—-DRP +(z-1)(1 — R?*?

—

This means that the plot of the right-hand side of the equation versus ¢
should give a straight line. This equation was found to hold till 1007, of the
reaction time (Fig.7-34). If = = 1, Valensi’s equation simplifies to

V&
2IIC;=1_§R_(]_R)2!'3 ‘
a{?ro C ' o

This simplified equation was derived by Crank (1957) and Ginstling and
Brounshtein (1950).

The case of a cylinder was discussed by Carter (1963).



