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A study on the durability of different types of pearls in various
external environments
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Abstract: This study conducted corrosion experiments on different types of pearls, including heating, ultraviolet
radiation, sweat, shower gel, and sunscreen, to analyze the effects of these corrosion methods on the color and
chemical composition of pearls. The results show that heating has the least impact on the decrease of pearl color,
while sunscreen and shower gel have the greatest corrosion effect. Gold pearls exhibit the most significant decrease
in color under various corrosion methods. In the chemical composition analysis of pearls before and after corrosion,
it was found that various corrosion methods generally led to an increase in Ca content and a significant decrease in
Si content on the surface of pearls. The content changes of Mn and Sr are related to the type of pearl and the corro-
sion method. Exploring the effects of different external conditions on the color changes of pearls can provide refer-
ence for museum exhibitions and consumer purchases.

Key words: pearl; corrosion; color; composition

Fund support: 2021 Graduate Innovation Fund Project of China University of Geosciences, Beijing (ZD2021YC049)

PR R A w0 A AT N R N R 2017) JEARE BN RV (Pay, 2007) . H A< (Shor,
MEAZ—, TE™ FEKFE (Otter et al., 2007) F[#(Fiske and Shepherd, 2007) , #5758} Kiefert

ks BEA: 2024-01-29; ¥ HHEA: 2024-03-22; 4RiE: M

EEWA . PEHTRY (J65) 2021 R A QIR BT H (ZD2021YC049)

EERM: XIEHE(1995- ), %, WEifed, MR A A GE%, E-mail; 2916207845@ qq. com; MM HAEH . XIHEHI(1985- ),
B, hRLn, LA EFREEE, E-mail: weimingliu2023@ 163. com,



600 A

i W

A
= % Gk

43 4%

et al. , 2004) i % JE VG ( Cartier et al. , 2012) |
4fifi] (Sun et al. , 2021) . #F (Nuclei et al. , 2020)
FEAR( Alatawi et al. , 2019) %M, BEREH 2K
DUPRLEAT N - WA T RETITHE LAY 25 A1 Bk TR 15 1 47 ) Bk
KL B TR AINES B A0 G 5 4 A% O i ] 388 23 T AR T B
(Peng et al. , 2018; Bai et al. , 2020) , 22k L
Yy A HL Y F1 oK 41 R ( Nilpetploy et al. , 2018;
Hornkrajae et al. , 2019) , FE 43 CaCO,( Abdur-
iyim, 2018) , HiyKi&A &4 Na Mn . Sr Fe S5 i LR
(Promlikit and Kwanreun, 2018; Hornkrajae et al. ,
2019; Sturman et al. , 2019) , ¥ Bk P )5 B2 55 L) SC
A B (IRESE, 2014)

H T, BF5E N 53 % 2 2k 19 16 2% 5 43 ( Hornkrajae
et al., 2019) . %5 ¥4 ( Homkrajae et al., 2021;
Karampelas et al. , 2017) . 2 {4 5 A ( Karampelas et
al. , 2011; Karampelas, 2012) fffbAL 3 ( Hiramatsu
et al. , 2013; Zhou et al., 2021) Y5 (ZEHK %5,
2014 ; Sturman et al. , 2018) . F #1177 % ( Karampelas
and Lombard, 2013) & H:+} Ul ( Kanjanachatree et al. |
2019) ST AT TR, 8RR W], AR AR B TR
A2 AT 22 57 JF =2 BN A WAk 2= TH A= WA
I TR TTERARARSE AT /K 20 S5 P 3R 1Y 5
Wil (Zhang et al. , 2014) . 2 EEHIEUE T2 ALY
B QIR 2 S RIS S ( Kiiefert et al. , 20045 Car-
tier et al. , 2012) , AHLNIT R 22 2R ELHMNE |
RO M , 2H LS BRI SO T il 41 R R s 22 42
AR Ty A RN TP At i b A TE 2 Rk
FHT, S R R B RS2 BROGIHOR 45
MG, B SE BRI it BRI A, I 25 B Bk B ORAT
SRECH R R, 2R B ] S A A R
ROREBHRARWE O, A 06 6 o K E,
A PR B G RT AIT B  AE 7Y (Cartier
et al. , 2012) , BRI BT 8 PEAN AT AR/ JEAR B
0 DGR DGTHIE TR RS FVC FOPE 25y kAT, K
HE € & — T EE 2 A9 1T A 48 48 ( Wing and Chan,
2018, 2021) , & 52k VL5 K BTA XK ( Zhang
et al. , 2019)

R (2016) B 50T B8 & I PTIE ik e
S0 H AR SCEF (1998) #2585 T H,0, Al NaOH &
SR I TS SR B B, Garry 25 (2008) 45 7 ¥
LR AL R O R IR S RN 12 AR 28 4k 3 A K
BRI B Ee A M A | H O —28
BRI T R Y R R TR H O At F— L

e bt eI U BUHE, , 2 HU5 2 AN
WAk, 2R & T HA L 16 R 1 2 TS TV IR
Al LR B B A AR 4k, 2013 4, Hiramatsu 55
(2013) &8 Akoya B IRTE AL BEADGAL RS | 2t
WA it A ¢ D' 9 B2 1Y B A0 T AN 480 nm F% 7% 3
430 nm,

FERCT A 7T 3 LA AN [ b 358 1 A il
B BRI 52 0 B A ] T RE LA S R i 1 L AN
], F I LA, AN R PR 5 b B 322 B 09 (6,58 B A2 AR A% 1
B, BRI AR SRR Bk 8 5 A2 A Y
DTHR, AT A T R B R A T B e iR S
AW 12 BRI B 8 AR 1w DL A 2 2R
K GFRRKEZ IR Akoya BER E i AEB Bk BB IR
MEB R, LA PP A R S A2 (5L IR iR
JE IR ) ok FEBE AL 2 123 185 R 5
HEFT LU 5347

1 FESMSIE

1.1 #&

WAEL 2R 53 W& 1), PRk IR 52 2k 38
W ALEE 5 Wiz ZE 2 2k (EP) M 33 Bl 55 (0 3
O HEREEIRKE R (CP) s /KB TR 15 ¥, 4
i 5 Akoya BER(AP) 5 WA A2 IR(GP) 5 i
BAABIR(BP), SCH BT H 4 RS 2k 1) 5L AR S50
#1R,

1.2 FHi&

7 FREERASBE 1 HEA AN ] 00 ol | f 45 55 A0k
ESRE TV  ok  UR Y  J de 9  F J kLA B A
JEET S ] OLYMPUS DP72 i 380858 #E 17 b w0
82, A SEIR I A b BT R A () 2R B
M,

(1) o RS

IS RA AT 4, KT K 211 mm,
25 W(+5W) ., 2% (AP1 BP1 .GP1, EP1.CP15,
CP33 [CP85) L T T iy bef i K AR i Tl A
LHMTE BN, BERRKEASA ., B—1A0
KBS EL, T R IS R 0 Ly

(2) fn#ASE

¥ ¥k ( AP2, BP2, GP2, EP2. CP10, CP34,
CP8O) il T ¥ B AR, 4 be AR & T4 5 1 IR
%) F, RAVEE IR 55 A T R B B R 40°C AR
G DS 2R 0 36 S 50F A7



%3 W XE S AN FIF B IRAE A RN RN U MR 601
x1 BERNEEXSH
Table 1 Basic parameters of specimen
AP BP EP GP Ccp
Ji/ et 3.65~3.92 4.70~6.91 6.31~6.99 4.54~6.91 1.84~4.17
HAE/mm 7.7~8.0 8.8~9.7 9.4~9.9 8.4~10.2 6.2~7.9
BERERETI/ % 1.2~2.6 1.0~4.5 1.0~4.2 0.0~6.1 1.4~16.7
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e FE ) -3} Gt SN NN E R
BiRES rp 2 -5l R IR IR rp & -5
it TR TR TR TR i
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7 HA (AR = EIRES GHE]

b: EP c: GP d: BP

a: AP
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Fig. 1 Photos of different kinds of pearls
AP—Akoya B ; EP—ZMI/EB T, CP—4 BTk, BP—RB Tk,
CPI—HAHBOKEER; CP2—5 (KB Tk, CP3—H IRk K
AP—Akoya pearl; EP—Edison pearl; GP-—golden pearl;
BP—black pearl; CP1—white freshwater pearl; CP2—purple

freshwater pearl; CP3—yellow freshwater pearl
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Fig. 2 Microstructure of different kinds of pearls
a—Akoya BIf; b—BBIK,; «—WKBIK; d—YKBIR; —ZlEBIL,; (—&B K
a—Akoya pearl; b—Dblack pearl; c—freshwater pearl; d—freshwater pearl; e—Edison pearl; f—golden pearl
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Fig. 3 Chroma and brightness of different kinds of

pearls
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Fig. 4 Chemical composition analysis based on X-ray

fluorescence spectroscopy

FAAIGERSE (2020) 223E45(2010) BRFSE B H) T 25
PIRZEIE . FF M, SrO 13 i 5 55 A W PR B 7R
BIAT O T Sr P HEAGE H & 0% /K 22 2R B RE A (Stur-
man et al. , 2019) , R/KZEEH MnO B9 &, JUH:
FEEIRKBER R MnO 7 5 W3 = Tk Bk, X
507 AN B8 58 — 2 (Wing, 2018; Sturman et al. ,
2019) . Mn 2RKB B WL ME TR Z— (5K
B4, 2007) , EHEIRKE IR MnO 1Y & ity [y
0. 144% ~0. 832% , " AL FCFIF- S41{E 5351 4 0. 364%
1 0. 390%; % il A= 2 Bk MnO 1) % & 5 Bl 4
0.052% ~ 0. 126% , H 057 FCFI~F- X {8 53 51 24 0. 105%
F10.098%, TE4FhiE/KE2 2R, BBk &%k
MnO & R T4 R, Akoya B ER T MnO Y7
HN 0.041% ~0. 048% ,~F-YI{E A 0. 045% ,

3 BIREME R SERESR TS

SRR T B b, UR A AN B W RS A AE A AL
B, AT SRR WA VLY kAR N, BT IR
pH {E R 4.3 AW, 7 5 CaCO, &R (H
ARCEE, 1998) , NN FRFN L AR HR S 25 i B2 Bk 1
[Pl kX

JEET S 2R B AOIE A 5 frR, A T R
H W B2 BRI 5 2504 152, JF AR B2 2R ik
T SRR 5 BRI ol o 2 J ok B T 5 T A
H# A b, 5 B2 E B BRI A S &AW
AR AR i DA 4382 R 3 18 45 74 1 R A= Wt A%
k. 1B CP83 (B Wi 75 & Tl 3% /K F1 2 2k ) F1 GP4
(B W R ok ) A2 32K ) W AURR A 1) % ThT 45 4 2 A
WARE, CP83 MITHt T 2 2RI i I 4 (&l 5e 5¢)
(F95%4, 2013; #4455, 2016) . GP4 7E4T AL
JRrER XIS A 5 (18] 5g.5h) , B W RR S A LB
(C,H,OH) N~ ( C,H0,) XA LR,
BIRF MM BE, v WAERZ 8 T B, B I 75
4D o P R B DR Y
3.2 Eelik

BRI BRAEAT I i S G 2 S, X
SR AR BRI ) AT T DA, a4 2R Gn
%3,
3.2.1 REAZ

(1) BERGIKIBETRIE 3 MHZ G, KR EE
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Fig. 5 Microscopic observation of pearl surface before and after corrosion test
a—AP1JE AT ; b—AP1JEIR ; c—BP1 AT, d—BP1 IS ; e—CP83 JEAT; f—CP83 JEIIR ; g—GP4 AT ; h—GP4 JF 1S

a—AP1 before corrosion; b—AP1 after corrosion; ¢—BP1 before corrosion; d—BP1 after corrosion; e—CP83 before corrosion;

I A—

{—CP83 after corrosion; g—GP4 before corrosion; h—GP4 after corrosion

T E O (255, 2013) , TiAE 2R E ih T B
WO 1 AN T B R ) 4 BE AR AL ), K EE AR
B B BRAR Y 52 M 2 di /N, LU S8 A IR g
JE b, XoF R S M e K ) ok - B A2 7 G R RV
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FHFF
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M) T2 5 BP (SRR ) B EE(E £ T, HLB5 IR
FE I 1 22 ) PR BR 0 W B A i B K, Hom s T
Ml FBe . B RG FAR TS B8 A HLIE R AT 5 2
RRIZA DU & A O (24, 2021) ; BT
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PREES SRR R T8 [ S £ B S s b . T LA
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Table 3 Changes in chroma and lightness of various types of pearls over time under various corrosion methods

i b () H B-C S-C W-C U-C H-C
0 3.99 3.69 ;
I
AP
2
3
0 270 | 391 382 | 53 | 719
1 3.6l 2,61 592
BP
2 3.96
3 348
0 782 | 863 | 452 | 1247 | 520 8742 | 86.13 8518 | 7894 8387
I 731 444 | 795 | 856 | 434 8235 | 8320 7381 | 8060 7938
2 605 | 345 | s12 | 736 8279 | 839 7632 | 7971
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