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Abstract: The Cangcheng iron casting site in Zhenghan Ancient City, Henan, is a Han State iron
casting workshop dating back to the Warring States period. A large number of iron casting molds have
been unearthed at the site, often with thin layers of black and red on their surfaces. This paper provides a
systematic analysis of the body and surface layers of the molds excavated from the site. The results indicate
that the coloring component for the red surface layer is hematite, while the black surface layer is composed
of carbon black, with the black layer superimposing on the red layer. The use of both surface layer colors
helps reduce sand adhesion, facilitates mold release, and effectively improves the quality of the castings.
Within the metallurgical site, a paint jar was also discovered, and the red paint residue inside the jar closely
resembles the red surface layer on the molds, suggesting that the application of the red surface layer may
have been intentionally done by the craftsmen.
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MRS MR BB AL
Na0 MgO Al,0, Si0, P05 S0, K,0 Ca0 MnO Fe,0,
H2:99-B REEREE 0.45 1.72 16.39 55.44 5.31 0.41 4.04 | 4.76 0.27 9.94
H2:99-T FESERB 1A 1.41 1.53 16.09 | 7020 | 030 | 0.13 | 270 | 1.19 0.07 5.50
H2:186-B ReEREE 0.57 1.65 18.55 61.46 049 | 033 | 519 | 2.07 0.13 8.27
H2:186-T FESERBIA 0.40 1.51 1467 | 7068 | 038 | 0.15 | 2.67 | 2.12 0.10 6.69
H2:306 -B REEREE N.D. 2.09 15.47 56.67 4.41 0.91 460 | 4.21 0.20 10.09
H2:306 -T PESERB 1A 0.67 1.46 1565 | 6998 | 022 | 025 | 3.16 | 1.19 0.05 6.69
H2:60-B EEREE 0.78 1.87 15.11 60.63 2.50 146 | 515 | 3.70 0.12 7.58
H2:60-T FESERETA 0.68 1.38 14.89 | 73.05 | 024 | 027 | 331 | 091 0.08 4.66
H2:01-B EEXREE 0.84 1.46 14.32 55.81 6.23 | 0.61 3.56 | 5.35 0.28 10.38
H2:247-B REXREE 0.35 2.97 16.59 54.83 1.05 | 278 | 464 | 456 0.22 10.51
H2:247-T BESERB 1A 0.85 1.77 1415 | 6959 | 025 | 1.89 | 3.01 1.85 0.06 5.85
T1# 345 -B REREE 0.63 1.57 15.38 60.63 | 4.07 049 | 559 | 3.84 0.23 8.42
TI#345 -T PESERBIA 0.45 1.66 1634 | 6694 | 029 | 0.06 | 517 | 1.10 0.09 7.11

1 2

B = 550 2 e R RS ISR A S 4R AR B
1.510, AR E 2.P,0, KA 3.K,0 KA 4.CaO KA

(€)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



[ PRA

A= Bl Z&k&EEN XRD B

BHw H#&HRI(LERTE) . 8 R2(KAE_ERH)
XRD Hi#
ARIRIEAE DY FEE T WIS, SOAS N RE AR 4 e 715 H:
K. P. Ca S aixdsim Pl nl il e 2 i 2 o
JCR MERIS 2, IRATRE S AR IG .
(Z) X SHEEATH P hER
FRAEIE = X SR ATT S o3 Bt Rl AT
KMMZFEYM AL, AV EKA. UHRA
KMZENSHBEZ AR, A5erb BA T &R
fie, AW THEEABT KR, A al g e

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

A& Bl Z&kdEE TR

B~ RILLERTENIESAER

Bt A4k 1875 B IRAUN 5 i £

FM ) TALA, AT LR P 2R = il T Ak
feifl, o) TR P SROHE, RS
BEAL T, N XRD M BT4SSRF, M REARREH R I
IR,

X SYRATE RS s (B ), Bgis Baresk
T2 R1MIRRHEL AT BURE S R2 ORI A —2K, 1R
ARERR M. FEYEA . A9 KA.

http://www.cnki.net



X - 2023 % 4

2

RN SRR RiaP=2 ¢ Rap =¥ S|
1. ek EBEEMANK S0ER 2 ek @ ARG EMELK 50 EH
3. 26, aekmERRE AR 10044 H

B A, R RIE RN ST FEA
XK, WG PR T T HE i A

(=) REBXEDTER

it — PR R AR TAZ A, RHHLE0t
T SRR Z AT T4 ArRil . AR o R A
FIZFIESERE, 76 1605cm™ F1 1369em™ (1314
S BRI T, e BTN Ay BB

RS SN AR G ST Y OE A= I P ver 2 SN
FESL R1AEDRECH 223 3em™ ., 295.6em™ . 408.5¢m™ |
493.6 cm™' | 610.4 cm™ F1662.6cm™ 40 HFH T — £:41)
MR, 5 o-Fe,0, HLEGBHM G ™, £
WRZLT A i) 2 AN o —Fe 05,

(PO BRI HrEER

1B HCHR 43 B A B €0 3% 11 )23 %) 5 K P i 2R 1 7 A4
TEMTe RN K P YRR A AR R B A A B
1000°CUA L (B , EhF1050CES, fFEH
ERBEIOERERR K o —MElE I, Sk M e pe il
HHEOREZ 1200°C A ERY SR, PR EA RAFT
PEENE, DTS TE iR A T D0 H R 45 1
%o JIA, B TEERREE AR IR EE A F) 1050°C,
RIS E R, B SCrEF I fis 1w 2
TR REAM, (AR EEA)Z T K, P, Ca i
AT THEWT, ARiE—20 % P A AR AR ST

(B) HEEMEHUELER

KT T RFREZ SRR . AFEBE
FIZZ I CER, U PR A & 0 R 4B A 1k
AR, BT A AR OISR

ZAMER, ATLVE ), PRV R A EA)Z K
ZH I, HAGHE—)Z, AR BT sk
% U FIH)ZE SRRz B E PR, A

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

ULEA A BB aE s RS (BN, 1, 2) o PR
FEAE B Y T 2 A A AR R, 2 S iRk
ZIH P EERRNBOREZEE TAAREZEZ
L, NESNZE; AtppZEHEERETRE L, W
FlCASRIB ) S22 R AR & (BN, 3) .
BERSETa6ZEZ L, mIbfEN, a62irEE
R B T RS LS RS E AR R, R REE TR
TEPEIE A BIRHITE .

m. i i

(=) HHMEEReRER

(eI CHR A PR AR, et
JZ SV AT AR — O SE BUBRIR, AN 2 A
SR AP, XA R AR, AT
BeR NI 0

FEA ARG R R Z T, F B R A B
AR, B BRI R W
(55 PV ol i B PREASR TR, XIJSAERT H
FRELHT. SR PRI . i
I T A DURRE B B I N A — R R W I,
CEROMHEIT, TR RIS B b
HO B R IE U A2 ™ AN ) &
PR R RTHTAR R, R
AR, TR ERIA AT IR . 225
PEryEES . TERRBRIE b, WA RETHE,
L P U P PR L OB,
JE IR — ST ECE TR, ZAG D AR ekt
TR .

RO BRI R (R 2R, AR
PRATEATI. EFTERARA T, K, P,

http://www.cnki.net



[ PRA

Ca IS 2 /R AT REBNINA FEAK . — M=, s
BRBEAIE L, TEAEA PR Ao 7E 400°C L E
L T A AR BT o DLSE BRI Bl
JE AR, REMRSDRARAE S NBEF R
ok Bl BRI, AR B R € R 2
AR, R S BR A AR T E At 4 ) B ¥
KM, EEFESRET, KRR 2 R
WERIEER . R REJZH XRD 2R, JF2 R
5% T S5 iy B P S R TR (R ARSI, %A RHR
FIBETMAR IS B . FATIK . Bt AgeiRan
JRAY o ORI R e BRI A AR IRTE R R T, AU
AL S R B KORE 3 AT 5 1 STORS A R B0
b, Y TS PR o

(2 HHRbEaekmRE

RO, BEELL )2 A AR R AR R
LIPS 1€ R R 2 7R o Rl (B 22 7S U - S 7S
JEF 2 BRI R, YA St AT RETER I K
AR (RYEFEERRIE RIS R s, F
AL R ZIFEE R AR A
= H—1eBOEHH ke kA L0z, &k
E- AP S A AR H T, T OeFgistk
JAH, KBGOGB, HAERRELNTRE
YIS PRELT B Z A K=, SR AR
IR, AR A E A, RO JRE A
EZEZ b, EEM TR SRR
T, ZrERmEAEEYE R A RIEA, AR
AR A URIRI — M & AR R AR

RGP B, fEfessd ferh, A
SAWTHPE RCFITFAE, I U PR T IMARE L, 4R
e B S he a2 Z AR RE IR B — I S, U
A G M EPRAVIR , BEARI BT (AL PR D . 9K
i, fEfFgkd s, Tk e, i %o
Rk, R RX— RN ALRR,
MO TR INA —E R A, LA B T4
(R7IET=Y=1EEAE

DRI TEARUIIPLYNES & 20X 0 WAV EAR G S
— W XFTER A DR 2GRN, 58
[HILNE AR ARV EARIE S ET i3S e G 7 3
FELLAHIIIITE, LUK RO Rk, Hobe
MR, KA AR R L BT S M
TR L, PG mRRRR I " R, R

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

SRR T ZLO)Z, AR Al BEJE A ks &5 5 5ok
B A RHRIR R BRI R I, SRR e
FEE THe AR S PRz m AR E =, AF)
TR, AR5 R
(2) FEHERARZERXRFMER
RSSO £ FE R R @M AR M=, AL
FAER RO Z i B, AR PR (R [R]
B S, HARERmZAEEM, KA
AERETREL, RORETLOZEZ .
RehEO s Bk E R A B R b, e T
MR B3R R ERTZE AT RER M T —Fh
BIFEAIK ., Bt AOoB S BR E AR, R
TR, ZmmRRARIEN. aRm
JZEATRER TIT AT R — b s S ARk IR R
Il K IR PRRAIR THEERRIEZ b, fE iR berd
e, S BIEBOL e R RS J2 AR Es ) S A
PRES)Z, X PIRPBESS 2 PR b4 7 A — i A ) 12
Mo TeRS B2, Tifrhid LA —E ke
P, RERPA RS A AR, A
Z G A RECE , A R SR )R
Gy TR, A A R0 3 O B 9 P D T o X B Y
SO, LA R STAE A BRI BE e i
FRIRTE BRI B B 4 P b ot B 2L (R T
JZ, BLROKREZEEASE . W TR HRER,
AU TR ORISR0, IR R
HJESIA M T RS, R mnt e, Jifrit
—Hik.

A, &t

1 AR HOR S R P IR TR S R = A DR IX
B, s Eb R, BA RAFRm b | S
IFUETE, BEARURIERSIE IR RIZ M5
AR, REAT RORE TR PSS O B R R

2. ROFMZN B ORI R LLORII)Z
R R R AR R, HLAS sk L R TR AR
Fr B TRBE R ) — Rk s AR LA B e oG
RALCZETHRE L, ROZSETAOEL,

3. REh O Rk R e AL B R, e T
PRI R o B Tkt AR ATRE A 17—
I AR . Bt A S Y ) B R R,
URIRT Bk P i 2 i 22 s T e P R T R e TR
MBS 2 . LR ME AT RER T IR AT B —Fe &0k

http://www.cnki.net



X - 2023 4% 4 R

BRAT AR R IR TRV, ARG L A A
Yk Eg)= . X PRPRR B R BRI, X B B A
MRS BAT —E MR, RESEAr PR UE RS 10
Jit, AR L

R

1] TR ORIt BT SCAER . AT RS RS i
WSS (1] . SCIBORATL, 1980 (3) : 56 —
65.

(2] ks PaICes s H ORI R SO i Rk a0 br [
R B SRSy, A EhE RS E R R AR 2
W, 2003: 53 — 59.

[3 ] A, BT E AN [J] . AK
Bl 5T, 1986 (4) @ 346 — 360.

(4] B, DURSFEIHP I m /i ss (1] . 3Xw
5% ERE, 2020 (6) @ 61 — 70.

[5] A, tpaks, BT, 55 ARG & f
BRIk [T] . A0, 2009 (2) -
134 — 138.

(6] Xlimpide, MRS, WM, 45 BREZEDURHBIRIE IR
M PR G E& R0 [T] . U 5% R,
2022 (6) : 105 — 114.

[ 7] Erich Fitzer. Application of laser—raman spectroscopy for
characterization of carhon fiber [ J | . High Temp High Pres,
1987 (5) : 573 — 544.

[8] RPAL, EERE, T, . PRI
T LRI T [T ). 2 BmilRa=4i, 2005 (6):

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

66 — 69.

(9] Z=de, mpzeld, B, 55wy pic & f
R ZE N ik [T] . AT, 2009 (2) -
134 — 138.

[10] %555, Ak, SSHIBEEm JORE [M] . dbnt: h
STk, 1994: 14,

LU0 a0k, fodifh. B FYE AR B A BT 2w A
g8 LC ]/ EBR S a=2s . BT SCUIRRSY « oK
2004 4% PHEE I SCIH EI PR ARDHY e scdE. dbat: 4t
SRFESCER IR, 2004 461 — 467.

C12] ke, BGEZE, Hai, . RIS EBORUR
BRarRlEs T [1] . %, 2005 (12) : 84 — 89.
(13 ] $hTF, g, sk, . PR IZAIHAY)

B[] . #ik, 2008 (10) : 1037 — 1040.

[14] B, FHESC, fgkse. s s /e
ekl FREYER TR (1] . SCiRP S5 R
2021 (5) : 19 — 30.

[ 15 15 dRAIHFHURED IR R [ ) ] . BUCEEER,
2009 (1) : 81 — 83.

[16] ARAEEE, Afrpd:, ™21l 55, Be2 3 B AL 55 1 IR
BELJ]. BN T T2, 1986 (5) @ 50 —53.

[17] skZfE: PEZHFER (M) . e MR
Jitt, 1991: 85 — 87.

(18] FEMRIM, RERAL, BIRfG, . XUHGshl, RERF4
HER B SLARTIVE L2 RIS (1] . ARk
2006 (1) : 24 — 30.

T & &

http://www.cnki.net



