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i ZE: Ll MnSO,H,0 M4RIH, K,S,05 KA, Hl4 T 4 Fh A7 AT 2 1] B 51 (Me, Me = Mg” . Co™" \Ni*", Cu*")
ff) buserite 4 L4 (Me-buserites). K X SHEATH (XRD). HLBHE & 25 85 1K J5L 1 & 5 ACP-AES) AT N, W Byl
B (BET)X il & Me-buserites [f) S AHZH . JC B ALSR LU R THAUEEAT TR AE. KT 25 mL a) B Bl I v a5, % 5%
T Me-buserites /A ] I FALEBAL A0 iR N 8 3% o RSB 325 BT R W RS A 1 e e A A Ak JEE i
S HA 2, Me-buserites AR BEII R N R ECH 1, BRIV HEHR 3; RMIEIAEA 56~125 kI/mol. 53 11% 4
Fr G AN — B SN H B PR PN SN AP SR e T 338 K ML REHE — A 20 0.5 h S W I
] 2B Oy AR SE KITEHENFE A Cu-buserite>Mg-buserite>Ni-buserite>Co-buserite; L% 5E N 41 F, i Me-
buserites {150 ] AL FEVELI 4 100%.
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Chemical Kinetics of Disproportionation Decomposition of tert-Butyl Hydroperoxide
Catalyzed by Buserite-type Manganese Oxides

LU Shu-Pei', FENG Li-Li*, QI Lin', WANG Li-Li*, QI Xing-Yi'
(1. School of Chemistry and Environment, Beihang University, Beijing 100191, China; 2. Key Laboratory of Urban Stormwater
System and Water Environment of Ministry of Education, Beijing University of Civil Engineering and Architecture, Beijing
100044, China)
Abstract: The series of four buserite-type layered manganese oxides (Me-buserites) with different interlayer cations
(Me, Me = Mg2+, C02+, Ni2+, Cu2+) were synthesized by using both MnSO4-H,O as Mn source and K,S,0gas oxidant.
The as-synthesized Me-buserites were characterized by X-ray diffraction (XRD), inductively coupled plasma-atomic
emission spectrometry (ICP-AES) and N, adsorption-desorption (BET), in order to determine their crystal phases,
elemental compositions and specific surface areas, respectively. In a 25 mL batch glass reactor, the disproportionation
decomposition of tert-butyl hydroperoxide was kinetically investigated with the above Me-buserites as catalysts. The
kinetic analyses show that the rate law established herein is second order in tert-butyl hydroperoxide, first order in
Me-buserites and then third order overall, and that the apparent activation energy ranges from 56 kJ/mol to 125 kJ/mol.
In accordance with the kinetic fittings, the proposed mechanism comprises two elementary reaction steps:
pre-equilibrium step and rate-determining step. In terms of the pseudo-second-order rate constant and the half an
hour-accumulated O, volume (both obtained at 338 K), the activity follows the order of Cu-buserite > Mg-buserite >

Ni-buserite > Co-buserite. And a 100% selectivity towards fert-butyl alcohol is achieved over all the Me-buserites un-
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der selected reaction conditions.

Key words: buserite-type layered manganese oxides; fert-butyl hydroperoxide; fert-butyl alcohol; disproportionation

decomposition; chemical kinetics

AT EE(TBA) & —Fi &) 2 FORE AN AL T
VE A BERARIRF, TBA W H T2 R 24 & R &
jt s TBA R A I/ SScs ol v B rIs s, g
J& 1 TBA I A Bl 1 FE B0 T JE b T I8 2 8 ek
Blik i3, ok, TBA S0 K o) i 4 2
AR R R I el g S TR e A Rk, Tk
TBA FEER IR bedba i, R e,
VE RPN SE AT TBA 1 TV [ N R, e HEvE
il P BRAER: (1) EWUAH R NV 4 1F T (373~423 K,
2.5x10° kPa), 5 1 heZ ARk [ 50 E i TBA Filit
TR A A (TBHP) Y, (2) ZEAHIEMEALFIER T,
H45 2545 201 TBHP(JR il H 2] TBA Fl TBHP (17
A5 IS SN A R RN BERT TBALY, (3) 7 ik
GV AR al, RIS AN TBA. FHRH
(P& LR P21 TBA W & — €40 TBHP, 1Ml
TBA 4 ¢ 1% K#B 0 TBHP &5 7™ ks M. Rt
PRZE ML TBHP B4k i [ N (TBHP — TBA + 1/20,)
A, TP RACEA R N AT T ik Pt TBHP A
TBA LA, X TBA MG %8 B+ s

HEi, 401k TBHP B4k 40 I 5 (i
370 22 2 £ 565 DY A U0t 3 4 I 5 1 10 A LR Ak m
HY, & BERRIR L . &8 LB EAL A & @ b
WREC 5405, N LR LN A AL, Wik )k
Bin RANGIREE ) N TR S et F 7,
MR FH 1 BE KT, IR SCHR AR TE 3 A7 78 P9 A ) 7L
— VRS H bR TBA EFRIEM) 100%, BIER
TBA 4b, RNAKRRIGAH Hw EE D, T
FER AR IR B A, R YR T A R
FERTEUM B 2oy Bk fe, b & TBA 55 W
TBHP Fl24% 507 1) 3 125 S A A4 7] [RDSCRA 478 BR A8
7 A AL o] A e AR ) A e, R DG ) T
TBA GEFEMEEAR, N2 BT V4 PF(423 K,
3.4x10° kPa)!'®,

Me-buserites &I it EA A . B/ & Mn® F
Mn*"4h, 48\ TR LA B 4048 £ 80 Mo TPl Me
SN B A 2 1) 42 PH 3 1o R I 4R fAL
SERJ(ZIANEE: ~1 nm), B TN AZ EER Me 1)
A AR AT Me-buserites Ji& A —FRAULLEFAM KL, T
2 TR RO H Ak 2 POPTR 4, 2 025
Mt . A TAEHIE T 4 P Me-buserites 4 10 5l

(Me=Mg*". Co*'. Ni*'. Cu*), £ R4 * 5 Me-
buserites . TBHP B4 7 [ N 8l ) 24 1K 3641,
T T 815 S50 S N 208, Wi AL e At —
PE R TR, R T RNV, BN RS
TBHP B4 73 il S Wil 46 TBA Tl e W B B it 42
AR HS A

1 LEWHZE

1.1  Me-buserites H%l &

Me-buserites 5 AL EL Pl 25 0 A HE: (1) 7E
PEFEIRA T, ¥ 1.71 g (10.0 mmol) MnSO4-H,O(43 #t
4T 20 mL B FKE, 212N 30 mL 6 mol/L
NaOH (7 T 26) /K w3, 0 A2 sl 1 ¥ 4 (. Min(OH),
BV FE S FE 15 min; (2) ¥ 1.90 g (7.0 mmol)
K,S,05(43 HT4H) A1 0.35 g (1.4 mmol) MgSO4 7H,O(43
Mrat) [ fm ARGz FiR Mn(OH), &%
W, FrEidt 1 hy 3) R (uiie L B 1
IR LB e R Ve pH=9, R[1#3 Na-birnessite (7
—JEREAEL A, JEREEZ4 0.7 nm). (4) ¥ Na-
birnessite 7£ 200 mL 1 mol/L Mg(NO3)o (43 #14f) /K %5
WP PR R, E SR A B 12 h, FrAHE AR
FEBSLUER: 3 Ik, T EE AR T 96 h, RIF3 Mg-
buserite.(5) 5 FTf4+ Mg-buserite I\ 200 mL 1 mol/L
Me(NO;), (Me = Co®s Ni*, Cu®, Z-Hral) Ky,
FEEWAT KRB FACHe 12 h, BT3B AR S S
VS 3 IR, HHE SR BRI 96 h, BI1S Me-buserites
(Me = Co*". Ni*", Cu*"). Me-buserites & #1441
A5 DL SCHR[31]

1.2 Me-buserites B Z{

K H Rigaku D/max 2200PC X S fiT gt 47
Zik4 73, Cu Ky #L(2 = 0.1542 nm), Ni JEJ6, Ik
40 kV, i 25 mA, HHEL 6°/min, 20 O
5°~65°, % JH Varian Vista-MPX FLIEHE 425 55 144 Ji
T REPCIEAHEAT ICP-AES 73 #1. K1 Nova 3200e
WAL A ACEAT BET 40, WRFH 5151 No, BET Wl
S i A R
1.3 HBMAOFEXE

TERCAT ARV K 25 mL Al 43 ) B
BN 2§ FEAT Me-buserites f# 4t TBHP B AL 77 i
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N . ¥4FE 2 5 Me-buserites(mg, —300/+500 H)F
5.00 mL ZIECR AR, 58T 0y e UM R
W, A5 RN BETEE Ja, PRI 1.00 mL 65wt%
TBHP /K (S HT40), B ED B A SR 3 55, OF t
T B S T SR TSR ) (1s) 19 O R
PARU(V/mL). KH Varian CP-3800 “SAH 4k
AT RS54, A 2.5m SE-30 B4 AL, FID
R 4% o

2 GRS

2.1 XRD. ICP-AES #1 BET ##f

¥ 1 J& Na-birnessite £ Me-buserites (Me = Mg™".
Co™" . Ni*'. Cu’ iy XRD Klif. W&l 1 Fx, Na-
birnessite P AMRFAEATHTIE(001)F1(002)1) 26 435 A
12.5°F1 25.0°, ##i Bragg Ji FES A HAY 2 s 1) 0
FETRT AR A 0.71 nme Me-buserites —/MEFAIEAT ST I
(100) (102)F1(300)[1] 20 43514 9.3°, 18.5°F1 27.9°,
H 20=9.3°F1 27.9° 5 A3y z HliJ7 i) m R TR A) B R
0.96 nm. @SRk FTIARY, Na-birnessite(J2 7] H,O: —
JR) G B FAANAE L Z R G 5N Me B5F,
mHAEFIAN—)Z H,0 77, INiTFE Me-buserites
(210 HyO: 2 ) A — AR K 5 B 1H (] BE ot BET
S HT 7R Me-buserites [ b 2 i AU Vo [l 76 50~
65 m*/g (LK 1),

K SCHR[32] T IA 77 1:4f 52 Me-buserites 7312
(1) ¥ Me-buserites fAARLEHITHHPE, BHE T
A Nat. Mg*. Cco*'. Ni¥'. cu?t. M (BB X
BR[32])MIBH B 7 i 11 20 & 5(ICP-AES 215,
A H Me-buserites 1] H,O JiE 4 &; (2) ¥
Na. Me. Mn Fl HyO Jit e B /3 st 40 ok BRI L,

Intensity / (a.u.)

10 20 30 40 50 60
20/(%)

K1 Na-birnessite F1 Me-buserites ] XRD &3

Fig. 1 XRD patterns of Na-birnessite and Me-buserites

(a) Na-birnessite; (b) Mg-buserite; (¢) Co-buserite; (d) Ni-buserite;
(e) Cu-buserite

% 1 Me-buserites 4 FF1 BET T HEH
Table 1 Molecular formulas and BET surface areas of
Me-buserites catalysts

Molecular formula SEETf/l
(m>g )
Mg-buserite Naov03Mg3499Mn14,0003041 1 1905H20 61
Co-buserite Nao'ong3‘29C00'54Mn14'00029'54'19.56H20 63
Ni-buserite N30A03Mg1‘32Ni1A43Mn14‘0002&63' 14.1 7H20 57

Cu-buserite N30‘03Mg1_32CU3A40MH14‘00031A23' 1 643H20 56

Me-buserite

TR H T Mn AHCE R E R 14 BIFG W1 1 7R Me-
buserites 7 1 2.
22 FMOFESH
Bl 12 BARAUA 5 B AT B A 3 ) 25 B0 1
KA, RIVREA SN PR B s N TR 4 Ak FEE T s . o T 1)
Ak, WIETHTIA, BLCAISCRERRGE ) TBA BRI
/NT100%. BRI, 5FTEAL TBHP B4 70 i S N 5l
Ti% g, — R R kP o 3o J5i 7 % b= T L
P 52 AN S B A ) TBHP ¥ . #i it
XA TR B N 25 AR IR 1B, S TBHP 43 fif I N
(Fseaiif, Bl TBHP ()i VB D S 4% 25 4 77 04
AR TBA [RFRIESERT Oy, WIS TBHP ¥ FE (15
300 5 ] R AR 2R TR TR O AR (1 552 i Y 5 4R
B AW RIAT 4 B Me-buserites F1IE & SV 4%
PF, SARTE BT i osBR TBHP Al TBA 4b, ZE5.0
KA I AR T e & A4, 6 Me-buserites
TR RGO W B ) 2 B (1355 5 00
% Me-buserites ff:1t, TBHP 44 43 fift 5 Wik % 7
=X )FrR:
d[TBHP]
o
Horb k, R EL, [TBHP]h TBHP KJE,
[Me-buserite] &) Me-buserites X &, o i TBHP #
JEI S N 208, B Me-buserites 2 5 15 s W 2%
(. [Me-buserite] = Me-buserites ¥ (mg)/[65wWt%
TBHP /KB ARF(1.00 mL) + ZfEH4F(5.00 mL)].
[Me-buserite] 11 &K H AT AL (1) 2B 65wt%
TBHP 7K R M H3 AT REAFAE IRARFURN; (2)
Me-buserites LR/, WUE E B AT TR %
Me-buserites [HATHCRLI 5] 7340 T N A5 i 2
(P SE
T Me-buserites TG M RIEI S, Q)M
[Me-buseritel’ TR #4, T LAR(D) AT AL K (2):
d[TBHP]
At
Herp K = k[Me-buseritel’ h % % 5. 50775045
PG T RN EEL o, F04 X Q)FTRIER I T

= k,[TBHP]” -[Me-buserite]” (1)

= k'[TBHP]" 2)
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FERAC AN AR 73 J5 R . Ak, ROE a=1 84 2 (IR -4 (a) Natural log fitting in y = In (a + bx) 0030
— | = N ks
a=3, W) L ) 36 £=1(2.6680£0.0117) % 10°*
% a=1, m”ﬁﬂﬁ(z)ﬁ‘ﬁﬁ(?ﬁ) “1 R =09 98. y=In[1/(V,-1)] :
o Lx=
d[TBHP S - %%
_d[rBHP] ]:k'[TBHP] 3) w38y @ L/
d = | L_® =
i a=2, W25 4): £ 40l , o 10.020 —
o1t T s
-k BHPT ) / 4=00138
42+ R=09998, y=1/V.-1): 0015
~ . ¢ N ) r “ 0 ) x= .' . :
4 il Me-buserites [f] TBA ZEFEIEI N 100%, Hx TR T R R T

NI TE] ¢ = 0 B (%) TBHP #J45¥ & [TBHP], 5 TBHP
SEA AL R BTRE N Oy BARHL Vi Lk, BP
[TBHP]y = AV(A M LLHI R EL). [ TBHP] F1-—{F 5
SN IRFE] ¢ ff) TBHP 34 5[ TBHP), 2= {1 55 LIRS i)
O, K1 7, JIEH, EI[TBHP), — [TBHP], = AV,o {E%
EF, 4 R 3.6607x107T, T J&" S M 1 4516 5 (K) o 8
T LIS, [TBHP), 547 4 mg/mL, & /1547 K Pa, O,
PRBUAALN m (FE: 35 BAANE, U 2 BUEANIE, (3
AR LA 5 3l ) 2 A B 45 R TE R ) o

FET TBHP KBS O (AR R KRR, XK (3)
R (@) N ] 0 28 ¢ s ARy, 43 ) 75 31 8
(5)F(6):

1 1
In =k't+In—

1 1
=Ak't+—
7 v, ©)

HAG)H(6) AT W, O R v, Fl s NN Ta] ¢ (15 )
LHARPLE AP ) [V, - V)5S 2
RPERR, W TBHP WRJEIU Nt o K 1, HLZR
BRI BB, Q) #5 1(Vo— V)5 t RETE
KZ&, W TBHP LI NV HEL o h 2, HERIEN
A SUE T GRAR R K IR A

K 2 J&H Cu-buserite 1153 J12# 55 v, 1 V.,
LA 2 I 2(a) 0T W, In[1/(Vao — V)] ~ t $ SR
HEALA AR IC RS R=0.9998, &M In[1/(V., — V)]
5t BXEOCR, MA LMK, TBHP W JE IR WY,
Kot l. HE 20) 0] W, 1/(V,— V) ~ t FEE LA
MIKRER=0.9998, K 1/(V,,— V)5t REEMKR,
TBHP ¥ EEI WY 2 a= 2.

A Cu-buserite ¥ Il 5 (mg) PACAR HAE [ W A4
AT K E[Cu-buserite] (mg/mL), {37 H & MV
FATFAAR, B 3 52 4 FiA[E[Cu-buserite] 1153 1/(V.—V7)
5t MEMERIE 4R . B 3(a~d) IR L R ¥k
T 0.997, FHLELLE[Cu-buserite]JEFEIW, 1/(V, — V)
5t BERMERR, B 0UE M TBHP #8100 s b 2 44
a=2. MAh, M 3(a~d) BEL R M fE 4 FiA

ts

K2 v AV B ks 4

Fig. 2 Two kinetic fittings of the V, and V,, data (catalyst:
Cu-buserite)

(a) the natural log fitting of In[1/(V., — V)] versus ¢, (b) the linear fitting
of 1/(V.. — V;) versus t. The line of (b) here is that of (b) in Fig. 3 and for
the reaction conditions, also see those shown in Fig.3

0.034 " (d): B(slope) = ik' . & =20.3034 mg"mL-s™ ; R = 0.9999
0.032 | (c): B(slope) = ik : k' = 10.2695 mg 'mL-s™ 1 R = 0.9999 (d)

| (b): B{slope) = ik' ; k' = 7.2626 |m_:"-ml,-s'I s R=09997
3.3866 mg 'mL-s™ ; R =0.9976

0.030 L (a): B(slope) ik k=
0 028
= 0.026

1(V,-1)

0.024
0.022
0.020

0.018

0 50 100 150 200 250 300 350 400
tls

K] 3 RIFl[Cu-buserite]ft] 1/(V, — V) 5 t (5 FR L

Fig. 3 Plots of 1/(V,, — V,) versus t obtained with different

[Cu-buserite]s

Reaction conditions: 7' 338 K, TBHP (65wt% in H,0) 1.00 mL,

[Cu-buserite], 1.67 mg/mL, [Cu-buserite], 3.33 mg/mL, [Cu- buserite].
5.00 mg/mL, [Cu-buserite]q 8.33 mg/mL, acetonitrile 5.00 mL

[l [Cu-buserite] IV SR %45 &, 45 BRI kB
[Cu-buserite] )18 AT 18 K

k' = k[Me-buserite]’,
K(7):

B IL I A AR A

Ink' = Bln[Me-buserite] + Ink,, (7)
H(7) P W, Ink'5 In[Cu-buserite] 2Lk K R, H
RN Cu-buserite HEMR I N 5L B Kl 4 42
Ink’~In[Cu-buserite] FIZIEIEE, BIAHKRERE R =
0.9961, &Ml Ink'Y5 In[Cu-buserite]ffi sk =LK R,
A LR RLR(1.0935 £ 0.0559)Fffi5E f= 1.

25 LTIk, Cu-buserite ff4Y, TBHP B4k 73 i S b
AR TN TBHP WEI R NHE a H 2, Cu-
buserite HEAR IS N KEL B A 1, RN E (o + B)
H 3.
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3.0 = Bslope) = 1.0935 + 0.0559 ; R = 0.9961
I (d)
27+

2.1

In k'

1 L 1

o " " l L
0.4 0.8 1.2 1.6 2.0

In[Cu-buserite]

K 4  Ink’ 5 In[Cu-buserite] (1] £ 42l & 14
Fig. 4 Plot of Ink’ versus In[Cu-buserite]

¥ Arrhenius A3 k, = dexp(-E/ RT YR (7),
7321 :(8):

Ink'=- I_f;" + fln [Me—buserite] +In A4 (8)

Horpr 4 hFRETE, ROVSUAE R, E, hRWTEL
Ae. AT, XJ[E & [Cu-buserite], Wl AN
I B2 I HE PR K, A Ink' ~ VT #4835
HHEZ, WHHERR(ES R ) AT RIEILEE Eqo
Kl 5 /& Cu-buserite ffft TBHP B4k 73 fif 5 N (1)
Arthenius €, Bl Ink’ ~ T (EPERL S, AHCRER=
0.9896, WU HARIARFAFRIMIEEE E = (125 +
10)kJ/mol.

% 2 J& 4 Tl Me-buserites(Me = Mg*". Co*'.
Ni2*L Cu®" )b TBHP 464 iR 2 3 3 5 55
— WA WAk 2 P, JEHE T Me AA|, KU
TEALRE Eon HE 208 KR 0.5 h J W IN [) SR AR
O A Vs (NS4 W3 2)BIBE 2 A1 AN
WA kTR Voos w P8 BN PR F R
Cu-buserite>Mg-buserite>Ni-buserite>Co-buserite;
JETPH &7 Me AP EATR K 54 Me-buserites
4k TBHP BUAL 7 i S K 8)) ) “F R 4, RIEXE 4 Fh

(d): Bslope) = A, k' = 20.3034 mg"-m[.'s':; R=029999

30 (¢): B(slope) = k. ¥ = 8.3278 mg " mL-s"; R = 0.9996
(b): B(slope) = Ak k' = 4.5051 mg "“mL-s"; R = 0.9997
(a): B(slope) = Ak, K= 2.5056 mg™-mL-s""; R=0.9970

25+

2.0+

Ink'

1.0 _E = B(slope) = (—15.0246 + 1.2550) = 10°

" R: gas constant; R =0.9896 ; £,= 124.9£10.4 kJ-mol ™’

0_5 1 " 1 L 1 L 1

0.00296 0.00300 0.00304 0.00308
iK'

K5 Ink'~1/TIWH Arrhenius &

Fig. 5 Arrhenius plotof Ink' ~1/T

Reaction conditions: 7,=323 K, 7,=328 K, T.=333 K, 7;=338 K, TBHP
(65 wt% in H,0) 1.00 mL, [Cu-buserite] 8.33 mg/mL, acetonitrile 5.00 mL

TBHP ¥ BEL e .22 ol 2, Me-buserites #E#K &
RN B A1, BRNEEL (o + R 3; [ 4
Fl Me-buserites ] Sppr AHXFAEIZ N T K F1 Vo5 o 41
XHE, BRI 4 Fh5 A 7] J2 18] BH 25 5 1) Me-buserites
AN LR AR TC R 22 7, W K FD Vos o ¥R
S TR O PR 3 2 U DR T 2 TA) BH B 1 Me A 3L
{1 1] Me-buserites 8 5 Eh 4514 . F1) 138 2 R U
TEAGRE E, 1 RHAE — G0 2 kIR R S IH L)
A 5e &, B E AR, KA. 3 )12 583
HHT BN 4 B Me-buserites [ 2 LG AL RE E, F1E
W1 ACRHIHOBA P A, 1 E, 14 #:50(8)
YO KN 2 Jrs
2.3 [zl

WK 2 sl 12428, $EH Me-buserites
1 TBHP AV 70 i S AL T

. k .
TBHP + Me-buserite —><k;{TBHP- --Me-buserite}
-1

{TBHP---Me-buserite} + TBHP—*2—2TBA+0, T
+Me-buserite

% 2 Me-buserites # 4 TBHP 5 # & 2 %1 1 F S E(#0 0.5 h [ [z Ft 8] R O, (KR
Table 2 Kinetic parameters for disproportionation decomposition of TBHP catalyzed by Me-buserites and the O, volume
accumulated in a reaction period of 0.5 h

Me-buserite a p E, /(kJ-mol’l) k’/(mg’1 ~mL-s’1)* Vosn/mL
Mg-buserite 2 1 89 8.19 41.7
Co-buserite 2 1 56 2.38 20.0
Ni-buserite 2 1 96 5.66 33.6
Cu-buserite 2 1 125 20.30 55.6

* k' was obtained under the reaction conditions where 7338 K, TBHP (65 wt% in H,O) 1.00 mL, [Me-buserite] 8.33 mg/mL and acetonitrile 5.00 mL
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W B R, O HLER AL P AN 3 T I N AP 3R,
BV Ry B A7 0 ORI R L B . A D R
TBHP 4 Me-buserites % [ P4 /04 F H AL Bt v
i) {4 {TBHP--Me-buserite}, i & -1 & F A X ] K
TGN RE AP HPRAS, 1E S 20 i) S N A 0y
WA e R ko AR DB, {TBHP--Me-buserite}
P55 W0 TBHP KA, A TBA FI%UR,
FERE B Me-buseriteso ky A3 50 BRI 0 4L, ki
ka5 kKD KRR ks ko>> ko

WA ik s NV ALEE, v 5 H Me-buserites 4L,
TBHP B4k 73 S W A4 7 et K(9) i s

d[TBHP]

1
Ak < E [ TBHPT - [Me-buserite]  (9)
d k.

bR (a4, RO koky/key B AR B R W
AR koo

¥ koki/k_y F[Me-buserite] &3, BIAHHE — 25
KB k'=kyki/k_;[Me-buserite] = k,[Me-buserite], N
K (9)F 2 A (10):

—@ = k'[TBHP]’ (10)

) (10)7] W, %F Me-buserites {1t TBHP 1
15 fif S N, TBHP W JE TR NV K3 o 2,
Me-buserites LI N A SR 1, SRV E (o
+ QM 3. SRR N HUEE A EELE T RIS
AT S 3 ) 2 B G i (1 2 5 f—
B MR, BB B Mt HIZ A B Me (RfE1L
VE R RNV & ] BE A AE IR B R L 3 12k o ) 4
{TBHP---Me-buserite} 5 ¥ A TBHP 1/ 44 46
TBA FHAS LT RN L FEGN T MR E— 2D ST

3 Zig

7 25 mL A ER B R s b, E5T 4 Fh
Me-buserites(Me = Mg*". Co*" Ni*", Cu*")#:{, TBHP
WA I il SN B )32, WS R B

1) fEHLF N 24 F (<338 K), Me-buserites '
7 AL AL TBHP AL 73 iR s W 1, TBA B4
A 100%, HISONEAFE KM 0.5 h NI [A] AR
O FH Vo s n JIT U E I S & TN A : Cu-buserite>
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