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Abstract

This study focuses on pearl powder and shell powder as research subjects, employing modern ana-
lytical instruments to investigate the differences in their structural and compositional characteris-
tics, thereby exploring identification methods at the microscopic level. The results indicate that:
The Fourier transform infrared (FTIR) spectrum of pearl powder exhibits three absorption peaks
at approximately 2500 cm-1, whereas shell powder exhibits only two. The morphological differences
observed under scanning electron microscopy (SEM) are primarily manifested in the distribution
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density and stacking patterns of columnar structures versus flaky irregular structures. The laser
Raman spectrum of shell powder displays a characteristic peak at approximately 285 cm-1, which
serves as a basis for distinguishing it from pearl powder. X-ray diffraction (XRD) analysis reveals
that the calcite phase in shell powder exhibits characteristic strong diffraction peaks at 20 values
of approximately 23.2°, 29.6°, 39.6°, 43.2°, and 47.7°, which can be used for identification. X-ray flu-
orescence (XRF) spectroscopy results demonstrate that the trace element content in pearl powder
is generally higher than that in shell powder.
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1. 5|8
1.1. ARER

BRI EAE R BRI, 2RSS 5T, SR AR I [ 5K 2 i B BRI £E 2010 4F
RATRICAF AR, i3 EAFAE DA A ] DL R B 2 BB B R [1]. SN GOW A LR ABIE T2 Bk
B A DU5EH, 30 A S ) FL 4 M T R R U5 TR R 2 5, ST T B AL~ SR B 2 e e 5 T T
A URHIE TR WL 1 B R K IS BR IR 225 K0 B FLo AR 1A Rl R K 1) 5 B DL (¥ 45 e ok A 1K) jl 7 14T 2R
G N, HA DRI FE R 2N S REREE DL, 907 (R A SCHE R AR (] 5 B LTk AT iR

1.2. FFINR

PRGN R IR BRI EARTT ), MR A LIRS, B2 Cain R Z#AeH, HER
FHRIBEA A R BR h SOR I SRS BRI B FEA 8. 22 7 2] A 5588 N AR BN I BUE K 2
Tk, HooaBOr ST AN B EREAIAR . GERP ZOARBHRIRETE, MHAMEABHE
T P B B S I AE K B B, X PTE SRR J2 IR L2008 200~400 nm, 105 BB SRR 2
JE R, 09 100~300 nm, H KO ERRIL IR A S BCEENDEAVERE, B S0 A fE5 ik g
3] ETHENKIIFEMNZERICR G EZ S BMR, —BONIEREE . BB RS WBGR T BRAZ AN
SR [4]. R RSN RILE B TR Bl R OIOR I R Z MR, HoA OS5 A A HLUSRIERSCA[S].
FRRENKIAZHRPESHZMNMESEE T, WEE. BAIE0]. A FENKILZ BN £ 2R
IR CUR) E S Bk SFZ MR ITR(T]. RN Loh X J S5 NIRBIBEM BAHR . HIEE
& UiNEa. EeEis. KASICRS-[11]. maEfEANNT R N=F. SMZ R R E A5
HRRINRTR, WBHRE: HRRIER, HE R EAERTT a4 WRADOLERES NEHRZ,
SCARRUR A B REER UL 2R 2 /MR TR N, S NINTA ., R R 5 —812].
PUE SRR, R E LI EM TR S REZ %L 30 pm HOGH, Eka
PERESOA AR E XK N Ca i, AR S MR EROT B EATRIERGE A
UEY, JE BN EREAROA IR 2~3 A5 [13].  H ATEHEHEEK S I ULFeks R B & 11 e i 21
Jingying 58 AW FT I B IO HLSURN AR 1 0 )5 LA L DLsen [ 14], (B T HEM 50K 5N 524
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13. ARENSARE

ASCLB AR KL BRAN USSR FIN R, Sl B AR O 2T A1 Bothr @061, X 3
LRI S TENEAX AR B2 7 WX PR AU R AR S ANES R, ST Efe 2 B, KRB
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T AR P E AR 2 FHREENE X > —F MRHETE O 2R . [RIIHAR I FER R B ZH BT i
difzEst, IR AR E R RS K.

2. IRHERSHRHIF

SRR AT FEFRIARE 2 T 1 B SR K BB BRI K 1 S IR LG, SRS BOK IS BR AN L I DL 58 kAT
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DG WK R dhik IR IS Bk, BT IS BRI KR AR B R 200 v, T A %2 BRIk
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Figure 1. Sample diagrams: (a) Pearl; (b) Shell
B 1. #HRE: () BI; (b) NE

8 _ERRKE BN 5 [ VL5273 I BEAT RIS, #6148 B 300 H CKEARZ978 50 pm) BB AR o ARSI I A
BB D SE AT 730 )5 B AN R RBr, TR SR 1 H T3 L RO BR AN L7 73 ) AT IR A T
VAl 2 b AR 8 R ik . L3 LRI Biok K2 Bt i R B OIS BRI R, Ty 1R DL 58 B AR
ERA MBI AL, T FRE IR ERR, XomWEAERLBOR, Fro i S R IL5eh B 78ikKke
Bl o B OB ACIR B HTIT 1 RS BR A K B IR DL 72 an 4 2 Fos s m DA ERA AR 1 9 B LE DL ek 2
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Figure 2. Powder diagrams: (a) Pearl powder; (b) Shell powder
2. MKRE: (a) BEKH; (b) NFEH
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Figure 3. Morphology characteristic diagrams at 10° magnification: (a) Pearl powder; (b) Shell powder
E 3. K 100 ETHRSFEE: () ZEHH; (b) NEH
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wE 3 FEBUR AN 10° R, WiLiE B 1R K 2 B AL [ 50k B TR AR & A HIR 451
TV ASEE Z5 4, A BB A IRZE /KN 20 pm F) 70 pm, TSR BIAERIRSE MK 20 pm F 200
um;  BERM U AN 458 9K 20 pm F) 100 pm,  TUFER A LA ASEE I 25 KKy 20 wm #1100 pm.

Figure 4. Morphology characteristic diagrams at 2 x 10° magnification: (a) Pearl powder; (b) Shell powder
4. K 2 x 10’ ETHIRSREFER] : (a) BBERI; (b) WEH
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Figure 5. Morphology characteristic diagrams at 5 x 10° magnification: (a) Pearl powder; (b) Shell powder
B 5. HK 5 x 103 fETHRREFEE: (a) BEEH; (b) NEH

Wl 4 AN S FETEORGRAT N 2 x 103 A5 H0 5 x 103 5 56 AF RIS Bk (0 ) LT AS U S5 4 f T AR B0 o
BAEWRAZ, HILHAR ARG R TR . 5 K USSR HRR A A T A B KT 5 R L5885 J LT
ARSI TR, H AP AETEOR 2 % 10° A5 I B PR G5 A (R T AR o5 48 AN B AR i 3/5 2247, LA AN
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Figure 6. Morphology characteristic diagrams at 10 x 10° magnification: (a) Pearl powder; (b) Shell powder
6. K 10 < 10° B TEIFSAFMEE: (2) IBERKY; (b) DT
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Figure 7. The X-ray diffraction patterns: (a) Pearl powder; (b) Shell powder
7. X SHERTTHE: (2) BERK; (b) =M
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WEE[17] 0 XoF L FRTRT 0 R SCAT AR BRI A, o SCAT AR BRIR AT (1) — P Rl B 22 B4k, J& TR T &R, dik gt Ca?*
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i L FLUA ORR ) X G 2R AT S VR AIE

XF E IR KBS ok A FC DL 528 (1 XS 2R AT 5 B I s, BRAE DA R LA

(1) DA 2 R B U SR B X . SCAM: P B HOR IR, HALASCAM N,
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BEAHATVR KIS RRRI IS o 7 AT RFAE DS 260 £ 23.2°, 29.6°. 39.6°. 43.2°. 47. 7541 E, DK IIFERI
X ST G U oM 5 2 L AR IR K 2 ok IR p Al . DLSR AR FR v, AR OIRES R SR KR A
VIR AR A S T e 2 (e 4358 22 J7 fR A AR BRI A5 T2 B o

(2) Z=FAHG AR ZE 5 o KRR : ZR S EARN D . TRRAAE I R B S BB AE KT
IR R SR B ARSI G, Hn—Le Bk, B CERINT WIME . XL AE X AT A
W RIS BN /N, WA B IR T AR SRS . HRMAT S 4B T EIE 3
RHESSIEN . IRk T VR AR VS IS B S/ TR e, PR DU 24400, B T
BERE TR, BT — SRR, &L, 75 X LA B L, S HolsE 2%t
SR IR T UG, T G 0 Y i FE AN A7 B PR AR 2% O A 2K T S

3.3. 18 BMH T RBVLT I IEHFE

3.3.1. MERERFIE

BAK B AL [ D158k 1 7y $ 9BRIR F5(CaCOs), MWL S5/ M HLER I3 A7 AE 22 57, AE IR
LA i R rh T B PRUORL 73 A AN 35 S BUS IS = s . 0 X AR AT I R 1 %6 5 B — € RS
ARGENE, 5. ARSI RIS IR o . AR Ao fL (R AR R 2T A B IR AR R . 2k
B AR DL FER R 5 BRI LEG] 1:100, 5FIEDN 18 MPa, il & BB AR A EAZN 1 eme AR
BB A D58 20 50 % 1 12 DMREd .

3.3.2. KD

TR A e TBCE 18 R AR e R 21 MR R AT MK, AR RSB0 28 /001 20 PRl s £ A 4 PR A f i
BEGRE 8. A H AR R A LT AR 5 Nicoletis5 . {8 HLIH-AF 8 41 46 38 (3 S L 16
W, BERMEREIRE 32 IR, Ry 4om™, E PG B R 1 400 cm'~4000 cm ™'

Kl 8(a) 2 BRI LIRS B LU R JLAR 4S8 .

(1)3415em™" Vg 5 UI5ER ML, PhIgiE & 2 B2 AL (O 4R IR 3 AT EL[20], BRI TR T /K57,
BUAE S RN E A B 2RESEED T

(2) 2984 cm™'\ 2918 cm™'. 2851 cm ' AX JLIEAN X RILRTRE IS 4. I RE(-CH3) W H 85 (-CH,-) i) C-H
AEREN21], BB P AFE AL USRS, sk T A+ B
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(7)907 cm™. 863 cm™'. 712 cm™'\ 699 cm ™ IX J LA 5 RRERES S5 MR Sh A UIAH IS, R4 Bh A I L
RUZERE JORRAE, L 712 om™! R UG 0T B J5 A A 45 1) Th B BRAR 25 (1 T 7125 il =30 [20]
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Figure 8. Fourier transform infrared spectroscopy (FTIR) images: (a) Pearl powder; (b) Shell powder
8. HEMTHBLTINGIEE: () BHH; (b) NEH
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TE S PR T ) B LR 7 237 AR IR E R AU [20]
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R o B AR B AL AN &4

(5) 1357 cm™'y 1172 em™'\ 1082 cm ™' fT 0. X EEIE LR IR, W RES DLSERY b (0 — L™ 4 o 1
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FIRNR] RE B AL A WAL G5, IEAFAEMR PR 197K 43 DL B AT B e B A — S AR 55

Xf EEI5 B A1 D1 7 R B ST AR B 2R 2T A1 15 45 2 AR LA 7 T

(1) FRALUEAL B 2 5 .

DUFERIAE 2352 em ™' Al 2306 cm ™! AL 0 B S8 AL BRAH SG U, TS BRI E 2324 om ! b AH ORI,
PEMAAE, U F TS AR S R AE AR T B 5 mT R 4 =

TFERIAE 2854 cm™' 2877 em™ AN B BoREAES C-H MgEiRaNE, BERM NTE 2984 cm™' .
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Figure 9. Laser Raman spectroscopy diagram: (a) Pearl powder; (b) Shell powder
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Table 1. Component content

=1 BOEE
CaCOs3 Sr Mn Fe CHO Zr KBr
RIKE TN 50.740% 0.030% 0.000% 0.014% 9.000% 0.005% 40.211%
IR 5k 48.918% 0.008% 0.022% 0.011% 9.000% 0.000% 42.041%
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