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Treatment of Pyrolysis Gas in Evaporative Pattern Casting Process

Hidekazu Miyake, Yasue Yamamoto, Toyoshi Manabe,
Youichi Kataoka and Akira Okada

Several problems not seen in conventional casting processes are encountered with the
evaporative pattern casting process. A major one occurs when the foam pattern is evaporated
by pouring molten metal. The pyrolysis of poly (methyl methacrylate) foam patterns by
molten metal produce methyl methacrylate, carbon monoxide, carbon dioxide and unburned
hydrocarbons, and possibly small amounts of benzene. These volatile pyrolysis gases are
harmful and released during metal casting using foam patterns. Consequently, caution must
be exercised when handling these gases. Handling and disposal guidelines of these gases
should also be developed at each site of use for the preservation of natural environment. This
paper reviews some analysis data on the pyrolysis gases of foam patterns and their
countermeasures in the evaporative pattern casting process.

Keywords : EPC process, PS foam pattern, PMMA foam pattern, copolymerization, pyrolysis gas,

activated carbon

R

HEARBSSELLI 280 EEEERE" 2
1995 ERH 36000t T, TXUADOHILF LD
14 ThH, TRAYHTITI60FERPLT LIS
LR PRI S NTE . ARTIRERESY »
UL 2 DTSR & A b 1980 A S, B & LT
e IR L AEROECSE S, L L, Hffo
AL RGP CAEORESHMR I W LBEETH
B.

KRR IE RO, 8551 & ERO R ) 2 F L >
(PS) i Fo M L S ab OB 7o F THREATLAS
ZELGERLCHD R RETHHEY TH DL FHS
NEHEEE B L 2 hhs, HERABT AR,
BEEREYY 2 LAl vbRTVwh, FOB, BHBL
BB UCCEIBLRIC e LRI OB Y R 220K, K
FHARMEND, SOL RS, & PR
TSI G IT A TRV OSEHRTH L. SO
EREHBCCORBEES BB SN TR TIR, 4RO
ML LOREBY A LRI NV b@NRL G R
WE T, SRIECARTTTCHINSOBROSRMIZES
BB AOHEN AN KDL ER L £ OB O EEE
VO L 7

il

2. REAH#RIIOWVT

TROHEERBERO 2L LT, KES
{Copolymerization) B EIVS D EE L HIZHEA T
A, PSERIAFAXEYT 2 Y L— |} (PMMA) & D3
ESREEOTFTVE Fig. 1IRY., LaL, ¢0#
R EE S L USRI IR A W AR 7% &R
Thh HWEGEBE G, HBERIINCLCBEFTS
PS CEEFET*HT5HPMMA L # BN L84% C&E
E3RLDTHL. Lich o, BEOBEIIETN

TN
c—C c—Cc—
(1 s %
H Cc /% g c=07Y
H CH !
& & 7
i
it CHg n

Tig.1 Mode! of copolymerization state (PS/PMMA) .

THIF4R3IH FERER
Y MBEAFELEE TH
OB KENEA TH
EOBHEBTRIEN . ¥ -
O BT (R
e MEAEEEHE L



842 #iE ¥

# 69 % (1997) % 10 %

LEEIRSBERTREOBILEIIITILAOT, KRR
A TTREEFLHELTEYEEZSNRTWA, T4hb
b, BREFHORE~NOREOL » 27 » THEIE,
B 0.022~0.029 g/cm® @ PMMA #EI T2 0.05%
CLudhn? LubhTns,

—f%iZik, PS/PMMA #£&E &V — XX PS & PMMA
DEFHI - A FNVAFL o2 ERI - HERRE
W, BEHI(RY Y )RS LREES S TRE
Sha, BohAkEAY -2 F— L CFHRIE
P, SEMICETAL, S5IIMBAREL THEE
() Bhbh, Lol, SHLRESRGI L 5ERE
EEROMIRIL, BEROGRET IR EE L L okE
I LTREESBNFFENMEND. FAE, 7
ZNAFRNREF Y, TFNANDTY CEIZET Y
Qo bR ETHSL., LT, JhoinfoE
HEBOBOIERNERIEIOEE L VAR T 5
RSN H 5.

rgmm} (Foam pattern weight : 0. %)

Magretic PS/PMMA ratio : 100/0, 50/50, 5/95
boat wiable megnification : 38, ¢~45. 9

Density (g/am) : 0,022, 0.022, 0.026

Bvaporation | Electric fumace (873K, 1273K, 1573K)

N gas: 100n1~200m1/min(1000m1)

Tetrapack : Collect || Inorganic gas analysis

[ Gas chromtceraphy | [Solid and Liquid : residue |
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Fig. 2 Method of mesurement of pyrolysis gas.
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Table 1 Composition of Bakuhannseki.

Oxide | Content:mass% | Element | Content:ppm
Si0. 50.0~-66.0 Sr 300~600
Al,04 17.0~18.5 In T0~140

" Cal 2.7~4.0 v 25~55

MgOl()wZ() Cu4~2() ......
.0 2.5~3.5 | i 2~15
o Tao F ................ 30{}~80{}

CFeaa | L5~33 | Co | 5~15
Fel 2.0~4.0 Se 0.1~1
Ti0s 0.6~0.9 Ho 0.5~3
Pa0s 0.19~0.35 Sn 0.5~5
Hn0 0.06~0.10
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Table 2 Component of pyrolysis gas of copolimerization foam pattern.

Copolymerization ratio 100/0 50/60 5/95
Pyrolysis temp.(K) | 873 | 12781 1573 | 873 | 1273} 1573| 873 | 1273} 1573
hydrogen H, 0.08: 4,24¢ 8.07¢ 0.03: 2.76: 8.00) 0.04: 2.55: 7.28
methane CH. 0,00 6,90 3,50) 0.28:11.88: 4,10] 0.43:17.16: B.55
carbon monoxide CO 0.75 1 2.57% 4,521 2.23:20.87:27.90) 2.28:33.74: 40,97
carbon dioxide CO, 0,271 0.66% 0.43] 2.09i 828% 2.97} 4.01:15.38¢ 7.59
ethylene Ce:H.| 0,14 0.8 1,37} 0.44% 3,301 2,11} 0.54¢ 8,10} 3.38
ethane CoHe}l 0,008 0.10% 0.07% 0.12: 0.20% 0.11}F 0.12¢ 0.23% 0.04
propane CasHs| 0.00F 0,00 0.00) 0.56% 0,00 0,15] 0.90% 0,06 0.00
propylene CsHef 0.04¢ 0.00¢ 0,00 1.31: 0.00: 0.17] 2.8%9: 0.141% 0.00
oxygen Q2 2.60: 0.76: 1.08) 0.96: 0.86: 0.88] 0.76: 0.64% 0,83
sub-total :mass % | 3.88{16.09(19.02( 8.02}47.75 | 46.39 [ 11.7776.00 | 66. 64
Solid residue :mass % | 0,00 {10.09{10.03]00.00; 8.23}10.86| 0.00{ 3.73; 8.11
.................................................................................................................................................... frveemrne
Liquid residue :mass% |32.74:13,44 8,82119,.93:10,83:15.85]22.88:{ 0.00; 0.78
sub-total :mass %: }32.74{23.54}18.85]18.93{18.86 ;26,51 ]22.88} 3,731 8.87
benzene CeHs 0,43 :11.680: 1.16¢ 0.76: 8,48 (.81} 0.15: 8.47: 1.39
toluene C-Hs 2,021 0.00% 0.00% 0.58% 0,003 0.00] 0.00¢ 0,43 0.00
ethylbenzene CsHs 0.66: 0.00: 0.00} 0.57: 0.00: 0.00] 0.00: 0.03! 0.00
styrene CsHi0129.58: 0.00: 0.00J19.02: 0,00 0.00} 0.00: 0.581 0.00
higher-boiling Cs~ 5,541 2.54% 0,00} 2.26: 2,79+ 0.00) 0.56: 2.38: 3,51
sub-total :mass % 38.45 ;14,14 1,16)23.19:11.27 0.81) 0,71112.84¢ 4,90
sum-total :mass % 75.07 :53.76 139.05]51.183:77.88 i 73.69 135,36 92,58 | 80,42
Unclear component:mass% ] 24.93 : 46.24 { 60.97148.87 122,12 126,31 64,641 7.41:19.58
Generation gas :Nml/g 1881 570 984 ! 285 8231 1026 399 970 1 1230
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Table 3 Adsorpution recovery of pyrolysis gas by
Bakuhannseki and activated carbon.

Adsorbent || BAKUHANNSEKI || Activated
Item (Igneaus rock) || carbon
PS/PMMA : ratio || 100/0~5/% || 100/0
Pyrolysis Temp. (K) || 873~I5T8K | 87
Inorganic gas: % 0.5~25.8 3.7
Solid residue: % 100 100
Liquid residue: % 3H~T29 3.4
Aromtic hydrocarbon:% | 12.1~82.9 100
Unclear component: % 3.4~12.2 9.9
Generation gas:Nml/g 4.2 65.1

Amount, of adsorption:§]| 13.7~57.2 || 7.9

% % : removal rate
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