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Abstract: This paper is the result of mineral exploration engineering.

[Objective] Diatomaceous earth is a mineral formed by single—celled organisms such as dead diatoms through deposition and a
series of geological processes. It belongs to sedimentary rocks, and its main component is SiO,. Diatomite is an indispensable
non—metallic mineral resource in my country's social production activities, because of its porosity, strong adsorption, light weight,
high melting point, heat insulation, sound absorption, low refractive index, stable chemical properties, etc. It is widely used in
sewage treatment, agriculture, building materials and its emerging technology fields. [Methods] In this paper, by collecting and
sorting out data and fully drawing on previous research results, this paper investigates the distribution of diatomite resources in the
world, the genetic types of deposits, and its application in traditional and emerging technology fields. [Results] Diatomaceous earth
resources are widely distributed in 122 countries in the world. At present, the total reserves of diatomaceous earth in the world are
about 920 million tons, of which the United States is the most abundant, its reserves are about 250 million tons, accounting for 27.2%
of the world's total. China's diatomaceous earth reserves are about 170 million tons, accounting for about 18% of the world's total
reserves. According to the different formation mechanism and sedimentary environment of diatomite, the deposit types are divided
into Marine sedimentary deposit and continental sedimentary deposit, both of which are affected by the superposition of geological
structure, climatic environment, time condition and suitable sedimentary environment. [Conclusions] Combined with domestic and
foreign data, the genetic analysis of diatomite deposits shows that diatomite deposits are concentrated in fault basins and
intermountain basins generated by volcanic structures from Tertiary to Quaternary, and are directly related to the distribution of
basalt. The zone with humid climate, warm environment and sufficient rainfall can be used as a prospecting prospect area for diatomite
deposits. For example, the depression in the eastern part of China is easy to form volcanic structure, the foresea basin in the southeast
area has more volcanic eruption activities in the Neogene period, and the small and medium—sized tectonic basin formed by the
mountain movement in the southwest area, especially some Cenozoic basins with basalt base and basalt distribution area can be used
as the prospecting prospect of continental sedimentary diatomite deposits in China. In the middle and high latitudes of the North
Pacific Ocean, marginal basins were formed through the interaction of tectonic and volcanic activities in the late Oligocene and early
Miocene. In the middle and late Miocene, the deposition rate of diatomite increased under the hypoxia condition of the deep sea
bottom water, which made diatomite widely distributed in this area. Therefore, the northern part of the North Pacific Ocean, the
Bering Sea, the Sea of Okhotsk and the Sea of Japan can be used as prospecting prospects for Marine sedimentary diatomite deposits.

Key words: diatomite deposit; resource characteristics; prospecting potential; application; classification of deposit; mineral
exploration engineering

Highlights: (1) The general situation of diatomite deposit resources, the genetic classification of deposit and application of key fields
were summarized. (2) According to the genesis and distribution characteristics of diatomite deposit, we predicted the prospecting
prospect area.
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Table 1 Production and reserves of diatomite in major
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A IX 2019 2020 2021 2022 fif 2022
R A A2 95" 99" 100° 100° NA
BOKFIE 11¢ 11° 11 11 NA
Ly 141 140° 140° 140° 150000
FHE 400 423 40° 400 NA
%H 75 75 75 80 NA
1 52 50" 50 50 NA
HA 40 40 40 40 NA
i 41 65 65 65 NA
SRV EF 96° 96° 96° 100° NA
e AT 40 40 40 40 NA
FhE 91 85" 85° 85¢ 2000
2 51° 51° 51¢ 50° NA
VUYL 50 50 50 50 NA
THI 221 1000 100°  100° 44000
ES 768 822 998 1100 250,000
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Fig.1 Distribution of diatomite resources and reserves in China
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R2 EELTEESMERA (#EREE, 2001 )

Table 2 Distribution overview of diatomite resources (after Lu Hao, 2001)
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Fig.2 Distribution of diatomite deposits in Leizhou Peninsula
(modified from Feng Huang et al., 1995)
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Fig.3 Distribution map of diatomite mineral deposits in Jilin Province (after Wang Jian et al., 2022)
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Fig.4 Measured stratigraphic section position and geological map of the study area (modified from Pasquaré et al., 1988)
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B “TE ML AT B X0 R34 . IR R 4k
LS HSE " 9T HAR RS, AT RO e 0™
IR 25 A B A B (AT e o (3) Hifth o328 07
R ANE AH P R ], BEARTTRT 3R 555 2 4
B, TRE B S AR
4.3 ¥ X RIFE

i &k IR AR PR T R IROE S DUE RN
F, W BN RUZR B SRR, BlAEZ R
ZaA (T 5, 2014; E4EAME, 2014) o B R 22811
PR, A TEAR AN B B, HERAR R, IR K. 3
MERE T Hp R T R AU 5 PR AT
4.4 RE EHRYFHE

M B R, o E RS 07 R EZIE ST
BT UL, fe e AT LB R A
HROBT T, B S AR R B AR AR A RE B AT IR TR
Ao e, g AL R B AT R 2 H AR
R PR, T E AR 0 IR T B SRR 267

R3 HEFEEEIT RARSFREFE (EXIRE, 2018; FFRAE, 2021)

Table 3 Scale and occurrence characteristics of major diatomite deposits in China (after Liu Zhenmin, 2018; Pan Biaokai et

al., 2021)
R B IR AL WA, PoIR
R U ey, WX 2S5 km, 580.5~2 kmFJEAR, W KJEEFE200 m, &, o meo ity
= T B R A A K364.73 m BT R AR, Bif10°~35°, HEER400 m
WA S Ry S 1900 me 00-600 AR, R sSe2m B gk migo-som, s 12o-10°
PO T A L R TR R AR AR Ay R Y AR, PR
RGBS it 8~1028, EF0.5~2m, 400 m, 75400 m BAR, iff10°~20°

KA BRI LT Pt 5424, E1~9m, K AR, Mif2o~3°

TR ) ek S BE EEAKR, NILTEKES mAE BUEIR BHOR

T AR DB Rt BATEMIS00 m, FEZ1200m, HEFEKTF0S5m, ®/FE1043m 2R, Hif1°~5°

HEMAKERE = EHEEE Y Pt 5 AK7200 m, $E150~260 m, “FYJJE7.34m PR, EBOIR
WL U LR A ek i B IR 10 km, $E2~3 km, J£48~52m KT 2R
BHILHET X TP B AK2000 m, FE1500 m, JE5.11~42.35m, HAES: K JZAR
N FERX TR R K 5 %200 mAE A, J£0.5~4.8 m K2R
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FB AT TEHT I 20 S PO 2 )22 v R f, 2018) 6
e 4 WERE T E AR TR B CARRE
4.5 FERTH AYFE
4.5.1 5 o

RS+ B W) oy A AR AR & S kR
A, HIR S A A ERIAILR ., S, Kbk
DL S AR ER L. eAh, RlRAE S
TR ER RN LU IR S i WL TR A= o, [l s it 4% />
WK A, AINA A, &40 A SR,
IRERA . 2R A
4.52 405

fEHE T E AT R SiO,, [ & A b &
ALO;,. Fe,0,, CaO, MgO, K,0. Na,0. P,0, LI & A5
BLB S, Aol & A — 24 JE 4% 5, 4N Cr. Ba %%
AN [ 1 DR ik e B AR S AR 2 e, B i
WA PR, % 5 845 T 2kak i L R
BT o

RS - B4 27 0 AR SZ 0 0 A O i A
il B A T e A T A B D R 4R
I Si0, F bk sy, BAHTRESE - Bty . a1

PSR L B 5 Rk B ) S SR B T A O, Xk
Pt A — R, AR PR T, R
W IR A 328 B IRKREBE, b Dl H Ak
JE, BERE T IR TS aEs . st %
YA TE TS MRS K b X, B R A
T JHC At b DX ke P 2 T A 22, R AN B ELEE A
FCERIESE, 2022)

453 7 G EA

REdE T AR e SR AL B
+ R AR (K 6)

Rkt o0 T I A, A e, 2
R HOR A 1, PR R AR 1~5 mm, H T
BRB, BUAN AN, YR R SRR, WAE TR T
HEHMR

SR REEE L M TR ET A, BA L
Wssg, BUERA T, TR R — B AE 3~10 mm, 5
ST, [FEERE R 2% .

Bt ek MG, X P 4R T —#
W, TR AR 55 225 A W 2540, R s, YR ik
AT KRB EGR B, T 5 WA R

R4 MEFEERETT R FHARHE

Table 4 Metallogenic epoch characteristics of main diatomite deposits in China

IR iR A 5 A DU AT
PSR RS Rz LININ BT 1L 1) 23
TP IX it W5 pa it Bkl 7L LRV
T EFX G 3N Ly ap TR AN b 18R 18
FEMK AR D8 IR R WA i VA b R RAF, PHETAL
i SSERTiipe S A B W ey i B9 2R b Fr R RiF, FHGRE
ARSI R gt KR il A BRI
x5 EEREIVREERS (EXIHRE, 2018 )
Table 5 Chemical composition of diatomite in the world (after Liu Zhenmin, 2018)
Sio, ALO, Fe,O, TiO, CaO MgO Na,O K,0 Sy

3 E 4 JE S/ (Lompx) 89.70 3.72 1.09 0.10 0.30 0.55 0.31 0.41 3.70
H A 86.00 5.80 1.60 0.22 0.70 0.29 0.48 0.53 4.40
# JE T.(Soysambu) 84.50 3.06 1.86 0.17 1.80 0.39 1.19 0.91 6.08
PEEF (Albacete) 88.60 0.62 0.20 0.05 3.00 0.81 0.50 0.39 5.20
S 5 (Jalisco) 91.20 3.20 0.70 0.16 0.19 0.42 0.13 0.24 3.60
2 H Z A M 89.82 1.82 0.44 0.07 1.26 0.54 1.03 0.22 4.02
i [] 68.30 1.57 237 0.11 0.18 0.84 26.50
2 [ Iy L 22N 79.55 8.18 2.62 0.70 0.23 1.30 0.66 0.65 5.80
2 [ A Hah 86.00 5.27 2.12 0.21 0.34 0.39 0.24 0.29 4.90
P =] 70.28 13.41 4.96 0.41 1.31 1.17 0.63 0.72 7.03
Pl =D/ 5 71.82 13.24 3.71 0.41 19.10 0.87 0.62 0.57 6.21
WL A8 U L 71.46 12.81 431 0.43 1.27 1.07 0.65 0.78 6.32
HhEKAE 89.21 3.98 1.06 0.31 0.57 0.36 0.41 0.69 5.92
HIRE IR 96.43 4.57 1.17 0.31 0.30 0.40 0.57 0.54 5.83
A b B 73.36 11.76 3.87 0.51 1.17 1.28 0.73 0.67 7.97

E: BAA%.
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Ro6 EREIVAXE
Table 6 Diatomite ore types

KA Tolksgk gt st AR LA E
L 1% A, KAM. KM >90% <5%
Ex s RGN E, A,
e 114 % %
T R “80% - <10%
=y} NN
iiﬁﬁ 114 K. GENE 65%~80%  <25%

5 mEwE

FERCH , ik AR AT YR — a2
AR DT S SR T RS A I e A,
2010) . ke HAT— 25000 AR, tnis . FLER
RAK L R IAER e M Ar . I o v DL R T g
T SR [R] B 2 B R R B B ek, RLTTG)
ZHTAANT(E 6), W EZFEL TR REAE+
SRS BEE NS AR R W &, R
B R PRSI, ROk 5~10 4R, ik
FE A R R AR, R TS T RER
- 32 AT A i
5.1 EK&ELGE

FE Tk A==, K P S S A R TS 5,
AR RGTHEITE . SR AL RS, B
SRS (2022 ) 3 5 BFFE A AN A B ePE D,
PO FRBAE . JCHLMOE | A, LIk
FIXF K o HERT5 Y g abBE, 25 R IR R sh g fk
SO 1 7k 3 S R [R5 e ) P K 3 B R 5 SR AR B
(3 8) . FEAF AN P A= KI5k, MiE
15K HERL Y B 2536 22, lE KR I & 8 FR 1k A k™
EINNNBE WIS NGRS A iOE AT PSR o S
$E5F(2020) SR FH A HLTTIE ) i ke T T
LA, A B R 2.0 mg/L IBEHLTS 7K

BN

ik 358 1

SDITEN. EMEITS

T 8 V545 T 2% 40

Pl 6 fif 3 0 s
Fig.6 Application fields of diatomite

®7 ERETNATIERERE
Table 7 Application fields and uses of diatomite

LG4k FEHCH IS

XA BT A7 e A B R K R LS AN [R5
PAESUE G, ESE. BT TR. BERiE. AN
B BA A R E R
TERRATTAORE 308 ek 5 S R I DA R A B A 7 i
TEFE L AERURORY . R FREELRY . B if e R

A7 AT 1

ARG 1 3 2252 0 T
EHUR SO K. WA
I T
IDFTERHIAR  EEH TSR AR PLA)HI % 3DFT Elg 4
TR T AE K I A

2o o B A T
im@ﬁ@@ZE§%&ﬁ\ﬁ%I&\i%%@%wﬁmuﬁ

PEATRRBE LI, Yol ek i E R &R 1 /L, 15K
pH A 7, 7Kk 25°C, W R E] A 8 h i, T3 7K ik
B2 BRIk 2] 80.70%, W BffE R 1.61 mg/g, LT
PR AT A RESE R T S A TRIE, i HTBA LA
NaOH ¥ 1 FN 28 7K VA I E Ay A W 0 % W B 552267 7

A S, 25 R oM R e R B R A
FII P BE, AL T H S N A . Marin—Alzateet
al. (2021 ) ¥ H G Al s fik i R A TRk IR i o X T
Tk K A 4w i R BR R, A5 R RUIXS Zn K
FR3A 98.35%, XT Pb 12 BREEN 94.47%, X Cu Y

*® 8 WHEEINARESENRMER (FEHEHHE, 2022)
Table 8 Adsorption of different heavy metals by modified diatomite (after Yang Qintao et al., 2022)

BT By i pH /jg*f TR gl ik

As(V) KMnO,+(NH,),S,04 7 25 15 108.2 Duetal., 2014
Hg(1I) 3-F AR/ APTESH2 4% 4 25 15 242.42 Fuetal., 2019
Zn(11) FERE 6 10 130 127.4 Salih and Ghosh, 2018
Cu(Il) T+ 7R R AL, 6.5 25 70 57.5 TRER T RISALAR, 2018
Pb(1l) T &I+ ALK MDO, 242 30 50 56.84 Lietal, 2014
Cd(ID) Mg(OH), 6 25 120 90.64 ZEREE, 2018
Cr(VI) Nb,O+7K 3 25 30 115 Duetal., 2018
Ni(1D) R+ i +MgCly/ FeCl, 7 25 90 166.68 Nefzi et al., 2018
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EBEEN 90.3%.

E2 S 5 S = e w0 e el | ) &2 SR L DR i )3
KA A B AR B AR A R R, X Tl S B
FEAS B, STk A B 5w g A AR K By, W)
Sk r ] ARG S e AR R R T RS
5.2 EEHE MR

B H AL 3l 2550 i, X T RE Y 7
SRANWHR T, JCHIE AR T i X 32 M s KA 5%
Wi, T A6 2> S B0 T B i L PR, T
B TATEA T a0 L A oA R RN e, DA g AN [R) A R AS
S, B ORE B BT A NG A o he e A o
Jei FH R 0 28 AN (o s, i L3R
S L N O /IR s iy M il D= R =R A O i =T
A, XM B R R TN B i (R
25 2011) . BEHESE(2022) 8 504 AR [F45 5 1 AL
JEHHBA 13% ke 2 AW, il 4 A
etk B AR ARG T D ECORIR
K ORISR U Al 24 DL SR K ZE
By, DFST 4 M, 78 13% fE i ok e 75 1R &k
o YRR B A E 17% B, IR AR B
BAEMPUKR RS FRINAE(2022) 858 T8 K5
T AL X SBS BT T 4 B RE LA K S Y
A PE LR B2 e, FER AL X SBS Mot
Wi (1 ER R RE A BV E AR TS, i mT AT 250
SBS MM T E L ERE . b A B R AORR
IEER e /N S T E. 3 ey AN N PSS TE
) Ity 2 A [ B b 0 R Sk, A BT A At
BT . A RIRTT 2. A U7 I6 B T 4
Du et al.(2022) FE I IR BB IMARERE +, il it %
DA X6 R B 7 6 T e 58, T D00 AR T T e
Wi TN SBS W B T8 Y TR RE A T TXT L
O3MT( 9), G R ATEAH R FRETIREE T, I T rk
T Wi S SBS Bk T i E AR e A R iR
FEAR, R ks, AKBIE R BRI S . BRI, fE i+
XA R i g oA 9 T T AT AR v T ) IR
FERREE, SR R A, BT T RAR, mIHE R
5.3 Mg

B ) B — PR PR P At N R — A 2
[P R, G R 2 w8 ], 3 A ] R O 2
PR A FH AR b2 AR A BN T L AR B i LA B A 2
O TE 15 YA 245 55 mrp R R Az 1 AR, BB AR ik

9 SBS SiFbaEtetinE R E LR
( #Z Du et al., 2022 )

Table 9 Performance comparison of SBS and activated
diatomite modified asphalt pavement (after Du et al., 2022)

SR H SBS VE AR T

LB /% 4.0 3.8
HEBL% 16.5 15.6

T e /% 12.5 13.7

it & {8 /mm 2.6 2.8
BhAsFase M/ /mm) 8770 7193
RIS i (pe) 2635 2750

/KB ZH0/(mL/min) 68 56
TR AT % 86.5 90.2
A B RAE TT 96.5 87.9

PR AR, BEMIAS | S misk, D
TS YL 5 Yy, vl LI A AR R AR

AR 2N BB IR B A R R B B, (R
245k B SR B AR K . BRI T b
LA R A 25 5% BA R 1 B T RE ), Bl R AT 24K
T 2RI, Erol et al.(2019) 8 T 25K AR Y
K PEAR 25 (DDT), DARESE + 8 JFORE, AR A B
RGN Fe,0, A TER+ /ot 3k = F S SLh e
(OTMS) 1 J X HE e, AR HE FRAEAITE 5T IR 52565,
TERESE 454 h 5] A Fe,0, F1 OTMS Ji, fik i 45
FRY R AIGIN T 15 %, BLAh, TERETERE S 125
¥ FFfHIn OTMS J5 A ] DL fef ik 358 - 5 A 200 b %
DDT. B 0T =5 5 00 Bt (4 14, 150 BH 8% 6 A
AR AT G DA K R B, X B e R AT
TEFIRZ NN 12T, e B P Ak e T Db
FIRL LR DDT. B T AR 24, 4% HRE R — Rk
A, AL GEREWE I SO T 7K HL BT IR DA S AR 25 77 A
—ERIRE . BAEIFE(2022) 0 T FRARAOHERE I,
A, B RIS R AR, 455 K SRR
A TR o5, A8 S Al R R, AR
SN 5 G W e e S - U 3997 N w2 X 2
o [R5 G Wik AL S R R =7 4l +
HERE [ sh W R G5, nT LLSEEn A 1 AR A S Y
H R4 . oL 2l W S it S W s A5 T R, 1A%
A TR TS T T KA PR A S R
Mo S5 REHZRGIERE R AW, ¥Rk
5, JCTT B A T 4k, T b4 T e 1K R
B W s A A e (Canlk . H3ERREE | KT
JRAE) BB A5 R AR 7= o FH 7 T LA T R R 5
R85
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UeAh, PRkt B ARG MoK P | PR
BU PRSP A, W] DAAE S s 2 -3l R, ok
TRARI . AR AR | B VR ™ & | PR
T LEAEYIREAT 7, kol T LG i R B A
Y K o EASRHAL E YR, (ERAED AT
PR, A WAYE. 2R, H v+
FEARAEYIAF At 7 8 i S FATS A 0 25 B B, 5 ik
— SRR o A BRSO I AN W R R R
5%, AT DL G R 3R 3 AR AR AVE YA T B4R
FH, Al A 77 ke B8 2 sl a6 o
5.4 E#HuE

RESE AR . B ST RN 0
Yy, & ELA R0 P BN AL R, R e e S SR
BRI A Z N, e, R BARE
PriBtERE, © 0T LABT 1k K 53 RS G itk A s 504 N
B, ARSI A R At Ak, R
W EAT R AR BRI R, BB AT R B ST N
PG R, R =N ETIE . K, i LA
AU R LA AR i TR RE, & nT LABE N ToA%
B RTCARFN T R SR, Q% | B R, JF
HAEAE =SB PRSP EY T, MR TS
Yoo f)a, wEEE IS B SO AR S E R
MRS BE, DR A A 40T 5 A T 2 AR -

AR, PR T 28 R A BRER AR Sk A0 1 ]
B, AR, d HUAT b DTk TR HE R Y
40%. A T SEILATRESE &, Kipsanai et al.(2022)
X ik 18 A MR A IR E T R ) R AT T 4
TR, R WA Rk e R B T Rk 45 %% 0
EF BRI RS Z —, TR R K BR s> T
b [ AR Py 0T 2 B MR BRI E R, BARRZ
BRI EBE - I AT R LL R T 2 M 2, (1
R G WK e 2 Fh o7 S i LT RSt iy o &
Z—, FNEATERIREY, N0 ZE KR
S, WO B A R PO T A A A TR
IR A% . Naifah et al.(2021) ¥4 %% 1 (DE)
IELL 0%, 5%, 10%. 15% HERBRAC 3 BETR BE
(% 10), ¥ HAE 10%NaCl F 2 9hE 14~ H
A2 A~ H 5% b, R HAT NaCl R 28 6E 11, 45
T LIS 1 /K U8 BB 1 15% SR A Qs i ik B TR e
-, AT VR R 2 [A] A B4, AT DL R
TR T NaCl R Z2RE 18R (55 1),

3 10 HSC B/ KAIRE LS ( #F Naifah et al., 2021 )
Table 10 Mix proportion of HSC per m*
(after Naifah et al., 2021)

N w40 Akl /kg

REy BEEY% — — e mwy B Bn @R
DEO 0 184 613 0 924 697 9.2
DES5 5 184 583 31 924 697 9.2
DE10 10 184 552 61 924 697 9.2
DE15 15 184 521 92 924 697 9.2

% 11 NaCl £ TRE LIXEFNRERK
( #% Naifah et al., 2021 )
Table 11 Mass loss of concrete specimens due to NaCl
attack (after Naifah et al., 2021)

WANEEELR R RIETY P

PEME T e mEen MR Bukw
0% 33533 334.77 0.17
5% 341.67 341.13 0.16
14H y
10% 337.33 336.80 0.16
15% 33433 333.97 0.11
0% 319.33 318.73 0.19
5% 350.67 350.10 0.16
21 A y
10% 338.00 337.43 0.16
15% 342.00 341.53 0.14

5.5 I AT
5.5.13D #T¥PE K

3D ATEIMER B R, HW 40z, ks
25 VRZE L A Tl R SRS . M7 3D FTER
e MR Z — 2R FLER (PLA), PLA &2 —f A4
Y1844, Dobrosielska et al.(2020) F F 4R TR
BL(FDM) A, SR —Fi i PLA 1B R & W3k
FRE e AR Y R A4 A OB B Y &2 & bRk
B 7, TEANIE ™ A S R R T,
AR PE A L6 B 3D FTEN 40 22 5 4l PLA #1 K}
TR b, 5, hE i 0ehE PLA B &M RHY
PASE M S L BOK TR L Kl A R LK
5 B SR, FROX R A GoA Rk K 22
B K. Ma et al.(2022) ¥k & ki #8 A 3D 4TE)
MY SR B HAE IR YT K ik be B T i B fig
PEEORL . 25 ERM, Eakde LY 3D HTENE A L4
KT RAFAAEDTEE, v LA R B J ke
PRI, s Bz IRAE 52 FA 2L A
5.5.2 #7 AR IR AR,

biE 2Tt o R e, NIt X TR K
R B R, T AE S8 RE VR T PRI A E K, I L L
AENATTRE T3 BE VA B I P 2 i 1 R . B e it PR
HA MR, mH R AR IE R RE S L 3
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253208 5, Bk b2 Ak BRI AU 19 87— 1R B R
Z—o BORBRA AT B K HA
M Z B A A K AL T R RE . Li et
al.(2017) 4 T il vl Pk Z Ak W 099 18, 76 Bk
AT BAT K IR =45 LB A R i 1
AR Z A, 45 R 3 W7 P i v TE AR th s hn
Fik 3 2 — B A A A5 B v LA H it A Y
oo FEARRENER Y, B TEN 8N, 572
4 J A AR 1% ) 3 2 R IR XERY . Zhou et al.
(2019) LARSRFESE 4= I H ot by v P il 4 [T A
S JE I, 45 R R, e EATAE IR A FHR
SRR R AR A 10 2 25 4 8 it R B
B P16 PR MR o R AR RE . X U R SRR
A (R 0 T AT LA R4 sl A Al Rk 3 AR 5% 5k
T e PR B IR 4 [ A HL 3
5.5.3 4 E 5T AUk

RIRBEBE OB B A A A ToRE . 240
PR R R TR S0 R, e
ARSI R Z RN, iR Al
GUT R ARG RS ST . R BT,
Uthappa et al.(2018) A fift ke R IRk i + 75 254 1
PR 2 I 2 WL | TR ) LR b e R A R) R, R
FH 55— v 2R TR BB L 8 s o) ik e 4 i AT R T
Metk, ifid FESEM, BET. ATR, IR, XRD Al UV—Vis
SEHOARNT LR T O ARG T T IR, S5 AR
PR 5 R R 2 R SRR e, 2R
P REARAT B T RS, SO0 TR SR MR R T &
U I A e B AR 25 0 ik R G TTRE 1)1
MRS B BB AAE | B RE 28 . B PRRE . s AT
B IR A5 5 RS B G B AT AR R I R T I
Y E PR, B AT S i T 2 AR AR
B3k . Wang et al.(2021) R T AR R
il 28 1B B O A /7 ROME SRR, 3 S
F W IZM R 25 1 52 SR AE 20 I HS B e ) RN
BT RE T T 2R B R A, AT DLk B 42U
1 H P

6 FRWIES
MU BUR R 38+ 0 PR AT A 1 A 3

AT 20— DU 22 LT T B MR 2 i 73
A DXl Bl AH OB G5 AR, K e A

DUBRRURE 3 07 RO AR 24T Ml tt—r
A R ) 3 S SR KL TS B R Z kb BT
TR IS 2 KB AEUR A O BT . KR4 i
Bl FHA 5
6.1 BT &N

RS oA T, FEE AR AR
WilL. = A 0y, PR B AR DU RE S + 07 K
A IR I B, = B 32 B L AR Za AN 2 1R 40 A 1Y
SEm, 75 ARG B 28 LUK P B 45 2 A, 2
WA AE S e Ly 20 b 23 v ) G, o B R AP
WO T, B WL IR ZEAE T o
A R Y — S B v, sy v R BT 3
20— PO 20 77 A 1 W 574 2 i R 1L ) 2, DR HC A
AP Ol T |2 Gl e = I Rl 73 - A1 N s el e i
B DX SR OB IR iy, 2020), Z b5 53l A
AT DA B 3 T LR A I 25 8, BRI mT LA Ry
ik i R I S ML X, A AT L B R T
B BT ), AT — T i, Ime
IhHE A A R A A

g b RriA, v EZR I X gy b AR A ik L dede
I 1) RE A5 T 8 P T 6 2, DA S K LA v T8 11 2k
IR | PO REFPHLIX 11032 3056 T HE b AR AR iy v
INBURE 3 Z M, Y5 R R I B IX
6.2 ESMRTEN

[ Ab 43 A 25 K i AR LA A A o 0 IR, a0
DURTEAL R i 2 5 K Blih S8 i i 40 ik
A, HAE TREMAMEET. . X e
RN CIREERE R R I 28 11 S I B I N e e 1
¢ 2 I (Koizumi and Yamamoto, 2018) ., b K7
1 % Jo ) ] R T 0 ik e = DUAR W AR o A
Tz, {E AR T b2 R PR T s AR AR, e v
2 vt A i 3 B AN KO sh AR AR D 4
LB KL A i A 22 1 T A V2, LT
T A, A REEE R R B R T R A SR o i
e g 39 A e AR TRV B AR SR T AR T TR
B 1 oy N 2 S | 43 I BN S RS N | 8 R 2
A1 H A 0]V Ry e AR DU AR B A 38 07 PR A 480 izt
X,

g5 BTk, fk2 Wr) Transuralian M X A1 75 PG
AR T 1 DX 02 i o = B AT T 7 971X (Smirnov
etal.,2017),
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7 458

A SONA BREE B A 3 A RN HHEAT T He Ay
Br, S T REEE R A A L R R 2 B RN A
J7 1T B BRI sE R AT T
B,

(D EEBE AR BRI A A, o ig AR T
SR fik 3 A DR 32 B A R R L BBV AL
T SRS, ki AT AR AL A i 0 PR U 20 A 45
i PlE IR NE SN B2 K17 R 7S R (A SN S
WIREZ A feAedt, ViR AR AR X, FL
T DL MR B R - R

(2)Fr L 28 225 P 20 K 1L 3G 3h S Tz sl i,
TE I — ZR 5 1 K L 7 M . DR I 2t B L ) 2t oy e
PR E AL T RAFA T . ] (R ) R
Ji oK LM% 355 2 B 7 b 4 LR T ARAR R R R A Y
25 DA R R AAE R AT Sio, 241 T 5
FIP TR IR . TR T 2] T 4 BRI LR AR IR,
TRz | W PHOGTE R SR B ke Aok T
oA RIS 25, FEHBET S HERR AL

(3) T i 4 A g I 408k = A5 K A | SR
MR B2y, 3D ATEN, AR IR AT iH . Forh,
T 8 = 7R K AL BRATUER A 0 T B Yz, B
KA KRR IR FK G550 . A, R
e 7E HE U R A IO FH AL 2 B AR B
B, EE T OURRRIA . BB . RS DT

FEAK, BEE NIRRT ] Rk K J i T A
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