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WE: BE0 A 3X3 MARBEWE. T ZaH T REEETMES RSN E P, HIERMRBEFZ . Uk
ZHKBEET (birnessite) FRTIRY . Me?t 323515 8 Mg K @R 0 (BF- 1 B/RF™, buserite) , 2 PB M HA R THERER
BB HRSS4ED™ (todorokite) , R A X-SHR AT (XRD) & 41 8. 4% (TEM) Fik IX B A7 4 (SAED) 8 R TR E &
RS kb2 (6] % HE B 4 RN, S REH . AN EET 5 RABEY A AR KT RNA KL, 244
R 120°= %A K, E A BN Mg 1sMnO;.or = 0. 82H,O. 7L A& T FBUIR E AL B (0] B ST &
BHFEERE; TES RS ELERES RERE WA SET & B RE/N, kR E IR RBET TR
FEEHER. PR EER Mg K NEs B SR WERBT, R 20N SET T AL e R . BaRiEE
43314 120 C (160 ‘CHI 200 TR , Mg-/KEN4ER" 52 &5 A4 BT BRI 433124 6 ho4 h A 2 hs (HMRIRE R 7160 C
B, B A R KAR T AR . FE K AL TR (8] 548 B ARUR B LA ML B L. X — b WA T S0 M A AR, T O I B
SEART BT BALR AR 3 S A bRl 2 TR i R FRAR R 3RIB AK R,

X SR KPEY s REA R BmEE.
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Hydrothermal Synthesis of Todorokite and Its Influencing Factors
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Abstract: Todorokites are a family of 3X3 large tunnel-structured manganese oxides, widely occurring in geological settings
such as marine manganese crusts and manganese nodules, In this paper, birnessite prepared by a modified method was taken
as the precursor to synthesize todorokite. Birnessite was exchanged with Mg?* and transformed to Mg-birnessite (or buse-
rite). Mg-birnessite was hydrothermally treated to synthesize well-crystallized pure todorokite, The effects of hydrothermal
temperature, system pressure and treatment time on the synthesis were investigated with the techniques of XRD, TEM and
SAED. Results showed that the synthetic todorokite crystal consisted of fibers, grew at 120° to form trilling patterns, and
its morphology and growth characteristics were the same as those of naturally occurring todorokite. Its average composition
was Mgy 1 MnOs. o7 * 0. 82H,O. Variation of system pressure caused by changing the filling ratio of the autoclave had little
effect on the synthesis; pressure was not an important factor on todorokite formation. Increasing hydrothermal temperature
accelerated the transformation rate of Mg-bimessite to todorokite, and synthetic todorokite crystallinity increased. When hydro-
thermal temperatures were at 120 ‘C, 160 ‘C and 200 C, it took 6 h, 4 h and 2 h respectively to complete Mg-birnessite to todoro-
kite transformation. Hydrothermal temperature higher than 160 ‘C yielded manganite impurity. Elongating treatment time had simi-
lar effects to an increase in hydrothermal temperature. These results can provide theoretical clues for further revealing the origination
of todorokite in environments and for prompting applications of todorokite in the area of material science.

Key words: todorokite; birnessite; hydrothermal synthesis; influencing factors.
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0 3lI=F

ELEP (todorokite) , X RIS, RS
BRYHHE R —KEH 3X3 BEWENEILE
TY.TZ08HTREGRE T ML P (Golden
etal., 1987). HEEE H Mn(IV)Os AEEY a B
¢ 05 1] LASE P b 04 ) b 0 2 B T 5 PR
Y b BHEEM, FLAR K 0. 69 nm, FiEH S H KL F
FISHR LY Ca?t  Mg?* . Ba?* Ni** Na® K+ 2 [H
B F(Golden ez al. , 1987; Post, 1992). 5451
EEEERN 1 om 4, @F BRI 1 nm 5"
(1 nm-manganate) (& YT, 1998). X B ZE g4 {8
HAT LA IR AR A B TR DA R 3065 5 i
Fi% L4IR (Shen et al. , 1993; BEEFIXINE , 2000).

—RIAR SR B S PR TE SR %, U
IR BE I 1 S AR S R v AR 8 B AR LSRR 1Y
LR AR . R, 2 R BN A 85400 R LA
MAHE I HE R RO RT Y. 1 nm 4R
TR E R E PR IR B B A T3, 7E 3K
HHPBIRE T AR RAAHET £ 1 nm
By IR E R I A FE R E (Mellin and
Lei, 1993). FR#BES (200NN, E X545 1
EREREEER, REAGHEBTEERRNE
JTERTERTRAERENKILZ BE"EH.
Golden et al. (1986) 7 155 ‘CF # ik AL T Mg-7K 5%
B 24 h EHNSEY FEREBRSRKEY 2R,
PR AL EERT A 4545 8 h B & R T B AHAE4E R, T
Shen ez al. (1993)7F 160~180 CF, ¥ Mg?* 35k
HIK B4R T (Mg-7K 9948 5, Mg-birnessite; B F7 7
FE/RP ,buserite) IR AL HE 5 d, G BB HFHM
AR, A I, PIBHE | e ) A AR Ak 2B [R] #R AT
BRI T B, W A A AL I B e A
—BURIAIR. itk , A SONREE 7 Fes [RS8 JLANE
RBREHN EERREAF IR EAIOERRE,
FABRESERT I AR Rt — 25 A 4R TR B
ML FRBHBERT 7 2 U A I PR ALK 8.

1 #E5E
1.1 W

MgCl, « 6H;O(AR, b 515 FH X H BE 4L TR
T ZEEEBEF/K(BS 18 MQ, B Labconco Wa-

ter Pro Ps $il45) , /K4EEH" (B #l, F 34 H BN
Nag, 2sMnQy o7 ¢ 0. 66H,0, & B2 BID RN %
(2002)) , HEZE(KEMR LR EZFARAFD.
12 BHF% ?

B g YA /KMET 48T 500 mL /Y
1mol « L7*MgCl, B P .G XH 120 5, BL
IKEETRE FRAL, Fl8 Mg Ksmn . REHt
) Mg /KVER BB 1 20 AEEKF, T
SHoYHUREE. ARIET R A E SR, 18 60 16,80 X%
90 MMEAFEREREBRTHES S, EERE
Hn#ye FF 120 C 160 ‘CER 200 C HIR B PR kb 78
—E HYET E]. PRIRE o F I a5 H, EIREE
HELIC. RMGRE BMHEEESE . AHNEER. W
A T P KU B R TR S .

1.3 SWAE

Mg /KT FE54T B 1 nm H9, iTE TR
EEZE, ZREBAKZFEER 0. 7 nm FH, WIS
T BEAE®mERHPIEE N (Mellin and Lei, 1993;487T
#1,1998) , R T HER =4+ Al BEFFFE A Mg /K
T XSRS B T8, 5 A BB 1 1 LR 7E 18]
HAFE 140 CHAE 12 h G EAE X STERMTS 4. It
Bt 51 nm MR E54ED B R AEAT ST 0. Wil 41
Feko 585, B E 40 kV, B 20 mA, A EFEH
0.02°/0.5 s. X 7€ 160 C #IRALH 4 h & A4
T HEBITH & XRD 458, Wik &R L.

4% 4 BT 7E Philips-CMI2 B 43 #7 & 5T e 48 b
HEAT, IR EL R 120 KV, 5 PR SR BS IR 1A
EBTK OB, PR 2 BB , PSR R FY
W BGE B8, ERE TR R

HBED LR LSRR Varian Vista-MPX
ICP-OES. Mg, Na f1 Mn 4> #r it & 43 5 K
383. 829 nm.589. 592 nm F1 293. 931 nm. FH T 43
—REFREX 150 mg Fh, MIA 50 mL EKIERR, E
%1000 mL 5 f7ll. 4 0 E 4L BE 53 #7 R F Hem
(198D W ERR Y. K KA ZBIEIHTRER.

2 BRSO

EED WA 2 £ 8 %, KAWET (birnes-
site) % Mg?™ 32 4 B Mg/K 88 %E 9™, 2 11 18] BE e
0.7 nm ¥ K% 1 nm; RJ5 , FEHRBFMT Mgk
B HAL R T B S AR
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Fig. 1 XRD patterns of the synthetic todorokite in different conditions

2.1 FREREAHRM

&L RERN, Mg KET EFREE
TARBEEAAEEY , MAERBEG THETLE
T RVE R R R R T MR R
BERE ST, — Ry » 185 0 FE 7 B 34 [R) VPR3 54
TR EREEUER, ENEEREFEEMNE
P CHRAELBESE , 2001). £ Z s AR B K O BT 3R T, 1K
F I 7] g SRR (Clapeyron) 7 R A5«

Pr__BepHu” 1 1,
lnpl'— R (T Tl)’

Aip He * 7K B BE /R 78 & #%, 7E 100 C,101. 3 kPa
T8 40. 67 kJ « mol ' ;R NS E B fESLH
0T BEKREREERSREMENLR, 4
PIRIEEE 4> B 120 'C,160 ‘CHA 200 CHY, B £
WE MK RE NS 5 R 197.3, 622.6
1617. 7 kPa. ZEBBIKEBR T IEBRA B, 4
FRPBRET . AEZNENERESNETER
AT K. POBIREE N 160 C, AbFETE Y 4 h, &

ELE AR50 60%H 900% B &4 T 4 BN
Z9 25 R4 XRD B W E la 0. 952,
0.477F1 0. 316 nm 4545 5 A ¥ 1iF 77 5T 0% (JCPDS
38-475), =& M XRD EEHE. FT W, EERES
RRAKZHFTEINSET LR ERN, AR E
FISHESEE T HTE R BN, Hesh, B E L E R
ZHTHAERTESEY (BHENEE,2003) , X#H—
EETRREAARSEEV ERNEEFHMEE.
2.2 RAEREHNTWE

i _E R R, B E PR IR R B, R R
EH R EE T BAMEL. B FEREIXES
SR A B RN, B $AR0R BE RS X 85 5
T & MW AP IRE LR R WS R.

& 1b H4r 57 120 'C.160 CH1 200 C f iR BE
T #3 8 h W= LA R 56 XRD B, &
FELMEFTER R 80%. 120 TH BI=Y AT 5%
BN RFRIENE , 7T LUA R, Mg /KT 22
AL AT 160 CY M XRDE E &, 5585
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1 pum

T

= L

B2 160 CRMRALEE 4 h & RESHET HEH R EE

Fig. 2 TEM images of synthetic todorokite for 4 h at 160 C
a. TEARIE b, =i SRR AR B[00 T By FATH

BT STUERSSR. 40, HEL T 0. 340 nm R 5, FKBA
PR ER T —E BRI S, Ead 5 U (Golden
etal., 1986, 1987) #F L4, W I Z= A0 /K & 9™
(manganite, JCPDS 8-0099) ;200 ‘CH}, 45458 AT
S — 3R, KT 0. 340 nm WL IEIR. X R
B, BEE RRIRE T &, & BUSEY WA RERE
T BAEBKED ZREHEMT .
2.3 AR E KRN

PIBALFRRTR] 2318 2 h.4 h.8 h 1 24 h f97=4)
ZAREA ISR XRD EE LA Lo, kB E S E
SWHETTE R 160 CH 80%. PIBALTE 2 h =1
XRD B, B T 5459 RFFEIE, 0. 724 nmuK 4
B9 B REE 1% (JCPDS 23-1046) 53R FF7E , 4 Mg-
KGR AL MABEEH ;4 h P XRD i, K
PRERT BT BTN R, S5 4R U I AR AE 4 358, Mgk
BT eSS 6 h 724 XRD B 454
P RT SIS 4kSE 3R, B T 0. 340 nm K4RR™ HIFF
AESE , BRERAR T OSSR 3R e, HLAE L T /KR 2055
8 h Bt , B4R T AT ST et — A5 39 , KD RO AT S i
WISR, R ML S — RS A BUKER %
FRIEHN. 3R] I, B A A 3R e ) B FE K, Mg-7K
PET HILRSEY ZF T2, SR NS MER
1 AR BURTK AR T 44 T R 7 BT 1 . R K Ak FE R 1R] 5
PR POBIR B A AU R A,
2.4 AHBEVHRIE

Bl 1d H7E 160 CHMBALE 4 h M BEY

H# & XRD EI3E. #3 5 XRD ST IEER T R & i i
BB ) HES » BT 5 6 b 5E ) i XRD ik
(B 1o Mgt s £ 5. EiE$ 0. 958.0. 716,
0.478.0. 446,0. 319.0. 245,0. 241.,0. 236,0. 222,
0.216. 0.198, 0.192, 0.174. 0.169. 0.153 i
0. 142 nm# ISR R B ET WAFIEIE, 5 KRR
A BT S50 (JCPDS 38-475) Bt A —3, X —
HBAEE T U B EESR , & B0 EAHSEY
EEHBRET , ARBET ERER—NA 4R
&, 4 R B AME B I TF KGR 1Y B 2 B
ARIE SME S, 7E R BE R B A B VR R T B A
W (] 22). H R A5 e BEER AT LUE Y, X e R (K
Lhr ERHFERGBEBEE 1200 £ BN =
#FR(E 2b) , X —A54ERT ML BIRRAE. 5 3 N5 M
KW = S EHARL001 1B B B F A7 51 B 2 B oS
HXFR(E 2b), XS T 3 EFBET LR
(OOl B m M B FAT ST B HF 120° A E S &M
(Post, 1992). XEFEHMAE KFHES5 KRS
AT ATERBREGTAERNBEY E2MHE
(Turner and Buseck, 1981; Golden et al. , 1986,
1987). & MBHE T 1 F B ¥ A A Mo
MnO; 7 + 0. 82H, 0, 5XERIRE K& BESET 11k
4 AR , A R PRIR R T, OB S5
K& RFE 8~40 h, EEFE KBTE] (Golden ez al. ,
1986, 1987; Duncan et al. , 1998). $545 0 B4k
A CIE-ZiV R
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Mgt 2
Nag,. 25 MnQOy o7 * O. 66HZO(7J(2M§ﬁ}‘)—gﬂ&+ o
Mgs, 1sMnO; 6 * 1. 08H20(Mg—7j(ﬂigﬁmk)_ﬁ“m_&w~; 12
Mgy 1sMnO;, o7 * 0. 82H, OGEE45H"). ol
= 12F
=

3 ik

HMAIMEEY AT RSP, EERERSN
BRI R A B, ATAE R B Bk B iR
b BROVRLEE 1. SR, FE IR BE RN DT A R B Y L3
MBI E S, WA BET MR, ERNEWRES
S4B SE D R, BRI RLH M RE
# (Turner et al. , 1982; Mellin and Lei, 1993). #
WARGT R R ESXEET WY RE W/, Zm
1 EE R R PR IR AL B e ], — 3 2A R
FIR AR, 76 155 CHIBAMT , M&E POk b 38 et
MR , Mg /KR T LSS BT 2, 7Y
255 B MU (Golden et al. , 1986, 1987) ; Mg-(gk
Ni-,Cu-.Co-) /KRN S HBALHE 8 h 5 AR
LN EWRUTEEY AREEEN 1 om &
B, FE AL FRBE PR IB B B9 FH & 1 2 i (Mellin and
Lei, 1993). L5 R B3, #OBIR B 43 %1% 120 'CHI
200 ‘CHt, Mg7KN4E T 58 &7 L B4R FT & rET
4514 6 h 1 2 h(B g , BB\ E K 160 C
B, B ABt 1R 4 hs TZE BT AME T . 8550 K
BRUFEE 8 h LU E GBI %, 2003). o] WL, 5455
T BT IR RE 5 ef 18] 2 A o6, BE & BOBR R Y
T RS BT 7 I ET B S, R Z IR, ]
WLIREN Te BRI ESET T RIELENE
RMARE KT Tebt, LEEEBK, HET
B LAFEIRBE ALE AT BARR R L2 R YER T
AR 3) 5 B SR TERIB R PR AEZGT
Al REEA MR AT RALE RS W RRRE T .45
S RTE BT R, FEIR BRI RN P, 45
SRR E R W et .

BT HRBIEE ERESMAENEEEEZ
Ah BB A RGBSR AR S5 W i B T LA
YK 4 M E F AR R E SR
(Shen et al. , 1993). ZEAHFMPBEET . EHEAR
I RTIRA AL A DT 7R BB [ R [R). e SCH AT
IRPKENEET A B B T RN AR B E R
S OKENVED M REREEER. XTERELE
H Mg/K SRR B % 76 B85 SCRR R B8 48 Y s 1] PR %

= 10}

8t ™
6 \
o REBT | P
I 1 1 1

T 80 100 120 140 160 180 200 220 240 260
HHRE C

B3 SE4E Mk A

Fig. 3 Scheme for formation condition of todorokite

[ S

<o

TR ISR LRI R — SR
4 &R

A Mg /KSR T R aTak Yy, SRA AN S 50
H5XRASEERT BA MR RIBRMNE R, 244
R # 3 AEIL 120705 AR B BT =% 4
¥, F e H A Mg, 1 MnO;. o7 « 0. 82H,O. %=
LR T AR E S X BET 1A B 0 8
/i, BRI BEFN AL R B B R R R ES AR A R E B
PR, REPRBIEE KT H ST B
I, 522 FAL BT RO AL B (A 48 5, B S ER
SERBELRE (B RN A UK R 2 BN . FEK AL
FH ) 5 £ 7 SRR BE B ML SR L.
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