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«1>  Philippe Colomban, Burcu Kirmizi, Bing Zhao, Jean-Baptiste Clais, Yong Yang, Vincent Droguet, “Investigation of the Pigments and
Glassy Matrix of Painted Enamelled Qing Dynasty Chinese Porcelains by Noninvasive On-Site Raman Microspectrometry”, in Heritage, vol. 3, 2020,
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I A 8 [ Bruker 22 Wl Artax B P TRAXAT RIOEREWE AL, SRITRhERULIE, FES0kV, F200uA,
RBEEAE70um, AR RI120%D, SR A H AT FPRE R AT 7 S AR LA i O TSR ALRES R,
AFERRIUSA R, BEFEIME, ASCHR OGN &£ () B Artaxd FRTACX ST e SO0 RETE AL BEA T I
.
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(151 T 70, W I AR B IO R R TR A a5 R, 7R8I T 2 A KWITERH R A
BRI TR M AE R,
[F—] BAMRSR CRFGR) e R4RE (% )
AR BESE | Na,O | MgO | ALO, | SiO, | K,O | CaO | TiO, | MnO | Fe,0; | CoO | NiO | CuO | BaO | PbO | SnO,
YLG-1-1{0.03 049 |2.67 [33.63 |0.87 |0.73 ]0.04 |0.01 [10.44 |0.06 |0.01 |0.08 |0.00 |50.84 |0.00
JC YLG-3-1|0.00 |1.22 |5.40 |38.98 |0.92 |3.32 |0.14 |(0.76 |2.10 |[0.01 |0.01 |2.87 |0.03 |43.96 |0.20
YLG-3-2(0.06 ]0.94 [4.48 [35.77 |0.68 |1.80 |0.13 |0.66 (196 |0.01 |0.01 |3.33 |0.01 |49.71 |0.34
ZHS-1 ]0.22 |0.36 (391 |30.58 |0.41 |0.46 |0.18 |0.75 (249 |0.02 [0.00 |5.65 [0.05 |54.69 |0.11
ZHS-2 ]0.15 |0.71 ]4.03 |31.77 |048 [0.89 0.22 ]0.82 |2.69 |0.02 |0.01 |4.63 ]0.04 |53.29 |0.14
ZHS-3 ]0.28 |0.48 (438 |32.50 |0.62 |1.86 (0.23 |0.71 |[3.43 |0.02 [0.01 |4.68 [0.05 (50.52 |0.13
ZHS-4 ]0.37 |0.13 [3.41 2942 |0.33 |0.49 |0.19 ]0.97 |2.96 |0.02 |0.01 |6.48 ]0.04 |54.77 |0.30
ZHS-5 10.32 |0.19 |4.59 |29.28 |0.56 |0.43 |0.26 |0.96 (3.02 |0.02 [0.01 [5.51 [0.05 |54.59 |0.08
WLG-1 [0.00 ]0.03 ]4.09 (29.05 |1.02 |0.33 [0.29 |0.57 |(3.09 |0.02 |0.01 |3.66 (0.02 |57.68 |0.01
LMC-1 |0.04 |0.44 536 |30.02 [0.69 |0.65 |0.33 |0.54 (3.13 |0.02 |[0.01 |3.53 |0.01 |55.13 |0.01
LMC-2 |0.00 |0.06 |4.16 |27.22 |0.53 [0.23 |0.27 ]0.56 |2.91 (0.02 0.01 |3.60 ]0.00 |60.31 [0.01
GG-1 0.24 024 |4.81 (30.53 |0.53 [0.86 |0.25 |1.18 |2.74 ]0.02 ]0.01 |[5.94 |0.04 [52.50 |0.01

i

TT-1 0.24 10.30 |3.83 |29.07 |0.47 ]0.50 ]0.19 |1.36 |3.23 ]0.02 |0.01 |5.62 |0.10 |54.94 |0.01

I TT-2 0.16 |0.11 |6.27 |27.66 |0.55 |0.43 (0.32 |0.93 |2.78 ]0.02 |0.01 |4.05 |0.04 |56.55 |0.01
TT-3 0.27 1033 |5.78 ]29.38 |0.53 ]0.60 ]0.34 [1.27 |3.63 |0.02 [0.01 [5.19 |0.05 |52.47 [0.01
TT-4 0.10 (047 |417 |29.40 (045 |0.93 |0.22 [1.39 |3.46 |0.03 (0.01 |6.35 |0.10 |52.78 |0.03

AL 0.67 |0.54 |6.22 [31.24 [0.64 |0.9 0.34 0.6 2.36 2.74 |0.049 |53.1 041
AR 0.9 0.57 479 |31.07 |0.84 [1.86 |0.23 10.96 [2.59 |0.008 3.82 |0.076 T 0.37
IR 0.55 (0.84 |4.25 |29.68 0.66 (0.22 |0.74 |2.68 4.5 0.055 [55.45
B 046 |0.27 |5.04 |26.66 047 |0.25 (012 [5.31 |0.69 3.73 |0.035 |55.71
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Zr BRTig, IRIRER R R TR A S E BT RE NG —, PbOE L 50%, SiO, & iKYy
30%, MARBIIMELAR; BR—MMmBEIAESSL, BOIARHE. S HEFMTRRAE G, LR REYE
A —ECE ST, WR T A TTAUERIR Rl R 2R R 50 M 0T T RE— BOR & AE W R 22, ARAT
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(=) ERRREEMR
1. HIERZERIRE AR ESR

37 WIESE 2 KA AR b4 8 (P ) - T R R Bk L AR AL M WIS B A ik IR 28 2 K
J2, HIEWIR BV ES 0 AN, R m e Bk, SO RVEEAOREIRILZE, ERERD A A TR
PR, EMYESR R, BELE, SMEEMTEEREG, NERBR LA, K RAET 5
R, MTERRHE, et TRk, —RE bIA D RRREE, BEm A I IE=],
WA AR Bl _E B2 BEAT 7 OTER AT, FEIREEIAARALN, SRR G TR R, &Rk
B RAHAT I, BTSN AT, GERBCFEE, JTTRAMM [E ],
[ ] WIESZERNEERR LSRN AT RADR (% )

%= | Na,O | MgO | ALO, | SiO, | P,O; | K,0 | CaO | TiO, | MnO | Fe,0; | CoO | NiO | CuO | ZnO | BaO | PbO
1 064 001 [15.75 |[47.09 |0.68 |3.88 [2.52 |0.12 [2.61 |14.80 |0.36 [0.02 [0.44 |0.04 |0.08 |10.67
115 [0.02 (1320 |40.99 |2.46 (344 |2.61 [0.08 [2.84 |17.75 |0.41 [0.01 |0.14 [0.06 [0.10 |14.41
3 057 |3.51 |1555 |44.71 |220 [326 [3.19 [0.12 [2.01 [13.38 |0.29 |0.04 [0.37 |0.03 |0.04 |10.55
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B A 2R =Y & 2 (V) T 19874 HY L T AR i R LU ZR AL O NS B st il =2, e A 2
4 s e S G A A IS R, S L IR, R AR AR, PO R B MO BENE S R, S IR N RIAR S R
¥, aeliisrOM SOy, | 0N IICHMEZMELE MY, EMENETE, A0 RaRE,
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Biti | NaO | MgO | ALO, | SiO, | K,O | CaO | TiO, | MnO | Fe,0, | CoO | NiO | CuO | BaO | PbO
(¥ 000 [0.00 [6.88 |4136 |0.72 |0.58 [0.03 |432 [0.99  [037 |0.05 |2.63 |0.06 |41.59
(M) 000 [0.04 [634 [27.41 |050 [0.28 [0.07 [433 [1.27 |038 |0.05 [3.00 |0.05 |55.06
010 |0.00 |401 3673 |032 |0.15 [0.03 [0.01 |041  |0.00 |0.01 |4.84 |0.00 |53.06
L 000 [0.00 [231 [30.42 [0.06 [0.14 [0.02 |1.23 [035 [012 |0.02 |537 |0.01 |59.58
D 005 [020 [1.63 |42.81 |035 |0.15 |0.05 |0.00 |3.38  |0.01 |0.01 |0.04 |0.00 |50.92
e 005 [0.00 [247 3879 [032 [0.15 |0.03 [0.38 [2.64 |0.05 |0.01 |0.05 [0.00 |54.73
% 000 [0.00 [314 [3425 |0.25 |0.12 [0.02 |1.15 |0.33  |0.13 |0.02 |0.05 [0.02 |60.19
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(b, A b 438, AR &, B F: 884)

3. {BFEIE BN EERIR R KR

(E-E 70 (3 VY ] Hr oS T 5 v R 1 A IE R B SR AT R, 20144F, e I
P ITAEECE PH R AR RO XA A R, S TROT R, e S T
PFRIGRON IR 1 R AL R IR Rk

[H0 ] SRR R R 5 BAIRC R AU (% )

AL | Na,0O | MgO | ALO, | SiO, | K,O | CaO | TiO, | MnO | Fe,0; | CoO | NiO | CuO | ZnO | PbO | BaO | P,O;
My 064 [0.66 |5.90 [46.08 |6.76 |2.60 [0.06 |4.55 |15.08 |0.99 [0.09 [0.08 [0.08 |13.12 |0.07 |2.51
Mz 1355 |1.33 |15.52 [48.17 |7.26 |3.55 |0.13 [8.75 [3.45 |2.55 |0.13 [0.09 [0.12 |3.00 |0.15 |[1.48

MIRITRIL, FRHE T EAL > NSO MPbO, HK,0, ALOHI St iim, A, %A+
WEA—ERNMITE, AR, R B E G ITE N, A, CuOr & iR
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B PLORI & UM%, REHECITR S BIMHE, 8%, B, &HEFIMnOR CoORy &

<1> QU Liang, ZHANG Xingiang, DUAN Hongying, “The application of LIBS and other techniques on Chinese low temperature glaze”, in MRS
Advances: Materials Issue in Art and Archaeology X, 2017, 2, pp.2081-2094; T{Z2, il ik &L A H + B RE AR RO T
B5D), (RO IR F 2018 5L, S5130— 13731,
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Bit| B | Na,0 | MgO | ALO, | SiO, | K,0 | CaO | TiO, | MnO | Fe,0, | CoO | NiO | CuO | PbO
YQL-01 |1.50 0.00 |0.79 (3899 (203 {031 [0.02 [0.01 [0.36 [0.00 |00l |538 |49.16
% |vQL-04 |1.54 001 [0.60 [39.45 [3.40 (033 [0.02 002 [040 [0.01 (001 [3.30 |49.92
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Na,0 | ALO, Sio, K,O Ca0 MnO Fe,0, CoO Cuo PbO,
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mek 318 0.41 23.44 (4117 |7.21 6.44 0.21 6.34 2.63 1.04 0.02 0.22 191 4.54
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AL | ALO, Sio, K,0 CaO TiO, MnO | Fe,0, CoO NiO CuO ZnO PbO
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2y 004 6527 1093 0.40 0.02 0.46 0.30 0.11 0.00 2.27 0.04 29.46
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