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Fig. 1 Shape and size of ductile iron container for spent nuclear fuel
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Fig. 2 Distribution of gating system, riser and chill of
ductile iron container
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Fig. 3 Defect distribution of ductile iron spent fuel containers cast by different casting processes
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Table 1 Solidification time of ductile iron spent fuel containers under different process conditions

i H A W+ 8k B
W [k ) /h 50.64 25.88 3.49

o

(a) 45° PRI E (b) 45° EIBIRSILAT RS
B4 45 WREVHUEREFRSIVARYT (OARZHHEE; @7945° 1R )

Fig. 4 45° test block sampling position and its shape and geometric dimensions
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Fig. 545° test block casting process and temperature measurement point distribution
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Table 2 Maximum limits of trace elements wg /%
Cr \'% Mo Sn Sb Bi As B Al Te
0.05 0.03 0.01 0.02 0.002 0.001 0.02 0.002 0.02 0.003

R3 BERMRKUETERREE

Table 3 Limit content of common anti-spheroidization elements wg/%
Ti As Sn Pb Bi Al
=0.03 =0.02 =0.02 =0.002 =<0.002 =0.001 =<0.02

JSORAAEERK,, K=4.4 (%Ti) +2.0 (%As) +2.4 (%Sn) +5.0 (%Sb) +290 (% Pb) +370 (%Bi) +1.6 (%Al)
PR IEEP,, P=3.0 (%Mn) -2.65 (%Si-2.0) +7.75 (%Cu) +96 (%Sn) +3.57 (%Pb) +333 (%Bi) +20.1 (%As) +9.6 ( %Cr)

+71.7 (%Sb)

FlE: HORK <1; PEEERRMNIEALIEP<0.03%. Mn<0.1%, P,<2.0, RIS{FHEP, <2.0,
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(4) M/ EESBEURATHE, WINEERE
AN, BUARMEE, BREREEITER, SEFA
BEFFEZEL 150 C, #ERTE9136 min,

Ee RES5ME
Fig. 6 Pouring and temperature measurement
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Fig. 7 Temperature curve of45° test block
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Fig. 8 Analysis of temperature curve at inner 1/4 place
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Fig. 9 45° test block and sample
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Fig. 10 Sampling position and shape
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Table 4 Test results of microstructure and mechanical properties of 45° test block from the inside to the outside

HimdiEa / (3 cm?)

—40°Chififia o/ (T +cm™)

HobE BRIER BRME BBk AR RN Ry, R,

g % F% % /(A -mm?) %% /MPa /MPa A ZAMAREE SEIE SRR S
M 864 3 100 100 6 233 374 225 2372221210 223 8.25/8.37/6.86 7.8
M1/8 881 3 100 75 6 240 371 220  18.9/19.2/19.4 19.2 4.80/5.94/5.37 54
M1/4 854 3 100 50 6 240 380 19.5  23.1/25.4/23.1 239 6.21/8.78/5.94 7.0
Fu 909 2 100 50 5 237 375 205 22.5/21.0/219 21.8 5.94/6.22/5.45 5.9
SM/4 869 3 100 75 6 237 374 230  23.6/24.3/239 23.9 6.78/7.08/6.43 6.8
/8 864 3 100 100 6 237 375 215 21.7/20.7/21.7 21.4 8.31/6.57/6.97 73
SMiIl 897 3 100 125 6 237 382 235 17.6/18.1/18.0 17.9 6.91/8.25/8.90 8.0

A A

4 vae

By spipiE.

El11 450 iHRAEUELRAERUERIFASERS
Fig. 11 Nodule grade and count of 45° test block at different positions
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Fig. 12 Impact properties at -40°C of 45° test block at
different positions
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J91 147~1 080 °C, SCMEREIRTE)/93.42 h, SBHISEREEME, MEBRIIREE T UUBRMAB AR EIkES
PRI AENHEET S .

(3) BHUSHREIZRRE, BT LU EEARSIER, WHRMmMISERERE, ASEIRECH100~ 1254 mm’,
W/4R RO ERERE, ARKRHRE50Nmm’, SNEERE—X; 26N, HMHRaAD SEaegsEAE!
BEHHAREAEIREK

(4) ARERHFEUTIRE. BREE. MIKENERPEMEEIIAKR, BX-40 ChEMaEmE K. b
ABBREOHD, -40 ChHEBRFBENARYS.0 Jem’ A FEES .4 Jem®, NBIMEN 4.8 J/em®,

(5) MRIEKREFUBRZMMEEIEIRARIZEK, RRARREMR PEIEFISTRNERD . 8EEKY
5380 BT 2558k, REEH—TINRHEEASAEY, RIESSHHE3 hWEE, ASEREAE
F50/mm’,
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Experimental Study and Optimization of Casting Process of 100-Ton
Grade Ductile Iron Container for Spent Nuclear Fuel

LI Ke-rui, ZHANG Liang-liang, WEI Dong-hai, ZENG Yi-cheng, LI Zeng-Ili, CHEN Zhao, LI Tong
(Zhengzhou Research Institute of Mechanical Engineering Co., Ltd., Zhengzhou 450001, Henan, China)

Abstract:

The domestic and abroad research status of ductile iron container for spent nuclear fuel and the technical
requirements for container casting are reviewed in the paper. The research and development of 100-ton
ductile iron container for spent nuclear fuel are introduced from several aspects of casting process, chemical
composition, raw materials and smelting treatment, and strengthening cooling conditions. The solidification
process of 100-ton ductile iron container under different cooling conditions was analyzed by numerical
simulation, the temperature curves of 45° test block during the solidification was measured, and the
microstructures and mechanical properties of 45°test block were tested. The results show that the solidification
time of 45°test block is 3.42 h, the mechanical properties can meet the requirements, and the impact properties
at -40 °C is 5.4 J/cm®, which can meet the requirements of the container. The present research provides data
reference for the production and development of 100-ton ductile iron container for spent nuclear fuel.

Key words:
100-ton; ductile iron; container for spent nuclear fuel; simulation analysis; microstructure and properties
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