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Decomposition of Sodium Carbonate and Its Mixture with Silica by

Heating and Carbon-Reduction

Yasushi NAKAMURA, Kazuumi HARASHIMA, Yoshimori HUKUDA

Naoki TorumrTsu, and Satomi YamamoTo

Synopsis:

The decomposition rate of Na,CO, melts in the temperature range from 1200 to 1700°C under argon
atmosphere was measured by using a thermobalance. Significant weight loss of the melt was observed
adove 1300°C. The rate at a steady state was given as @&=29.66x 102 exp (—58600/RT) (g/cm?.).
The reaction scheme was concluded from this equation to be Na,COs (1) - Na,O (1) + CO,(g), Na,O (1)

— 2Na(g) +1/2 O,(g).

The rate-determining step was the diffusion of reaction products in argon.

The reduction of premelted Na,CO,-SiO, mixtures with graphite at about 1200°C was examined.

Residual Na,CO, in the premelted mixture was completely decomposed by the reaction:

2G(s) — 2Na(g) +3CO(g).
dissolved in the premelted mixture.

Na,CO, (1) +

No substantial reduction was observed for sodium metasilicate, Na,O-Si0,,
Excess Na,O over 1 mol per 1 mol SiO, was decomposed by

carbon: Na,O(1) +C(S) — 2Na(g) +CO(g). Dense fume rising in the reaction furnace was observed
during the reaction with graphite. This fume would be originated from the sodium vapour produced

as the reaction product in the above reaction.

Some experimental results were presented on the removal of carbon dissolved in liquid iron by

Na,CO;-SiO, mixtures.
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Fig. 1. Schematic cross-section of an experimental

apparatus.
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Fig. 2. Weight loss behaviors of Na,COj melts in
Ar atmosphere.
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Fig. 4. Observed and calculated amount of CO,
absorption.
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Fig. 5. Change in weight of Na,CGO,;-SiO, mix-
tures during heating up in Ar atmosphere.

BAEEL LN L OgE, 11000CR - 2% LEEE
bz X 7cvs. 1500°C oEFREC RS TS BETH
%, oA TOEERELL SIO, lerekilCl=E
o CO, DEMPEEINT, 2 & - ) r— 2R
Lic B LICHEMEE X —F%T5.

N2,CO;+ Si0,=N2,0-Si0,+ CO, -+ - (3)
BOIEHRICREY LA 5 7% XEREHTECHE LR
¥, Nay,0-8i0, oLy T Na,CO; (XFERR T & /s
e,

M 2B ED S DIRDNT D, RIER(3)C L
o T CO, LB BmEShicE REIND BPEHN
Fig. 5 @XRHEI 1 T/RLTHA. E£H 213, SiO, 1=
R LT2x4D CO, DZMRBEEINTEEE LCE
BRETRT. TihbbAry - YUy — bR IRK
LRE LEBEERART (Lo L Na,0-8i0, =ik
BER) W X B & Ay - vy — bk OB (1118
°C) LTS 5 O CIEMRERE Tk ia\) -

2Na,CO;+ Si0, =2Na,0-Si0,+ 2CO,--- -+ (4 )

Na,CO,-Si0, EEHo=L 2D T, &A1 %
TOWEITE . DBAERE & R4 CEE LK 2
wETSH. LarL, ThUBsEERMkiET5.

3.3 Na,CO;-Si0, BAWEBRB LYV 5%C-Fe &

EEORIE

3-3:1 Na,CO, & E#hE oM

Na,CO; % B 5 DIFwcEA LT, Ar FHKHTCE
A 5 1000°C ¥ THE L, FOREEHLHEE L.
FR LB 5o oFRks Fig. 6 o BiliczLTH
5. BRREY 7T VBERGe. BRI o TR
IhAHER 820°C fHENBIEE Y, KREADE 2 — A
N LS BETS. KB L 2EEE N el D %
T 1000°C &gt Lic. 2B TER T THAIL,
BMLOIEER I L. BH5OFNHICIEA T 7 DK
EIZFRD Hiigdyote. BRI IO M #R R OEIRER

ik



d

A

EHOBMERIIREICE 50 BRI 2027

REEF VI ABICFDVY HiE
15¢ |9¢ 3
T .
it 0[ ? ® N
G Ar, 1000 °C
-gzo - Na2C03+2C= 2Nat+3COt /
<
a o
«
o L
ks)
0 ®
Srof e
< /
o
o L
; b g
g |
) 0 1 1 I L
0 20 4.0 6.0 8.0

Na;CO; weight (g)

Fig. 6. Relation between Na,CO; weight charged
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Table 1. Experimental results of the reaction between premelted slag and graphite crucible.

Premelting (1 200°C) Charged slag before the reaction
Run Esti d R
No. Na,CO, SiO, Mole-ratio]  Loss Weight stimated composition (g )
(8) (8) (=) (g) (g) Na,0-8i0, | Na,O(free) Na,CO,
o | o.15
1 17.63 9.99 1 7.13 6.59 6.48 (SiO, : 0.09)
2 38.29 21.71 1 15.85 5.38 5.38 0 0
3 4.56 1.29 2 1.65 4.08 2.55 0.96 0.57
4 35.29 10.00 2 9.56 5.14 2.92 0.45 1.77
5 4.75 0.89 3 1.23 4.12 1.70 0.77 1.64
Reaction condition After the reaction
Run .
No. Temperature Reaction time _Residual slag Carbon loss (g)
°c) (min) in the crucible -
(g) Obs. Calc.
1 1260 70 6.58 0.03; 0.03,
2 1400 30 5.15 0.04, 0
3 1 300 140 2.66 0.33, 0.31,
4 1400 30 2.92 0.49, 0.48,
5 1200 42 1.64 0.53, 0.52,
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Fig. 7. Change in weight of Na,CO;-SiO, mixtures
in an Al,O; crucible containing premelted
carbon-saturated iron during heating in Ar
atmosphere at about 30°C/ min.
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(3) FEoaRBis, » @ BEEPRAR Lk
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5. ¥12, Na(g), O,(g), CO.(g) 3% 4 M Ar
g kBT s (SR RO THELITE S LRRE) -
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kY =@ =My jna+Mo,Jo,+Mco," Jco,

Tra=4do,=2co, wweerrrrrereseee e (9)

S IT, o REMEREYS ) o2BEEELEE, Ji M
TR ORORT | OYWEOBMMEEY ) O L ELE
B, HFE (ETFE) ThDH. KD ISR
LTIWTHAS.
Fi=kgpieeeeeceeeerimeieian.
2T, HF 11k Na, O, CO, #ERL, ki fi 121

crereeneneenenn (10)

Table 2. Removal of carbon dissolved in liquid iron by Na,CO;-SiO, mixture. "
Mixture Weight of Carbon content Composition* Removal of
Na2,CO,  SiO Mole | ¢ (sat))—iron carbon

) s ( gz) ratio (2) Tnitial | Final |Na,CO,;| Na,O (free) Calc. \ Obs. |
[%] [%] (g) (g) (g) (g) )
3.185  1.806 1 8.71, 50 | 4.8 | — — — \ 0.01, :
3.083  0.880 2 10.00, 5.0 | 2.7 | 0.77, 0.45, [ 0.26, | 0.23 o

2.331 0.438 3 9.93, 5.0 2.3 | 1.15, 0.22, 0.30 | 0.24,

* Estimated values based on the assumptions that Na;O (frec) would be 0.5 mol per 1 mol SiO;, and no reaction would take
place between carbon dissolved in iron melt and GO; evolved in the formation of Na;O (meta).
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CoC, Mii opTE (FRREFE), Mar il Ar
DETE, Gi-ar, Di-ar TRDED I & Ar OEE
LEXELETHBM., ZORND Di-ar/R-T OBREE
bk b LEHE Eo EEL= 1 F1x 1~2kcal/mol
BEET/NE . L2 T, 1300~1600°CoHEiFH CoD
SPifEk & B &, Di-ar/R-T OEEIKRD X 58 s (T
e, Di-ar/R-T BB EARLT).
Dco,-ar/R-T=2.0x10-5
Do,-ar/R-T=2.7X10-5 -corereen
Dya-ar/R-T=4.2x10-5

D; - 2;=0.001858

cereneeee (14)

7% mol/atm-cm-s THhH5H. 7ciZl, Na DOWT
3, WEEEAAHLOT Ne OfETRHALTEREL
fe.

(6-2), (7-2), (4HR%E (A)RRATS & A5 A
Bohs.

(k> = (2.68x 103/1)exp (—60 790/R-T) ----- (15)
Thd b, BERE o AT o EEL =5 ¥ 12 60.8
kcal/mol “TH v, LHENE 58.6 kcal/mol & ZIF—F
5.

(15) R Bdomn B X 51 k) 1k | oA Lo Tk
BMLTREL B, (2)RE(SRD exp HOFKEE
D E, | OEXZALPHCRESL LN TES.
SHE R, | Offiix 28mm Ligs. Na,CO; @z
A b5 DE M COBRBE (B0 0ZMERE) 13K
30 mm TH 5D 5, JLEXHERE [ 3AERE & o FFE R e —
%15, HEETSH52T, BREX LI bbb

* SEEASE Py (8), (9), (10) XEMAEDES L LItk hRAD
TorwrEING.
Pya=(&/kye){1/(1/2Mco,+ Mya~+ 1/4Mo )}
Pgos= (@/kco2) {1/ (Mgoa+2Mya+1/2Mp,)}
Poy=(@/k03) {1/ QMoo +4Mya+ Moy)}

T, OIS CHEOHINPER L &b, BEiRlYTs
BEIZM b DO TH O EL bhb., —Jf5oF2
MEERED 6mm DFE, k) Offix 10 fFREL b
3, | ofEirf 2.8mm Lg%, LkhoT, ZOHBE
bl OFE@IRL b D LB bRS. 2R L v {
DEAVNI VBT, 5 2FMIo Ar &iiat 3 mm (g
EBOENANCIE b A%, BRI ILBEERE 2 EA Lic e
DEELZDNRS.

(6-2), (7-2), (8), (9), (10), (I)XzfHArah
% & Na,CO, Fifkrod Na,O EEN(16)RD X 51
RDBIS.

N=1.35(K§/K?)V"(k§o,/koy"kna) /7
logN=—3310/T+0.298 -cevevveeerene-ea (16)
T, N it Na,O o ApKRThHDH. ZOXRNTHER
Ui\ giik, Nkl of ficKiE LisnwC & THS.

Na,CO; BlifkicfEted % Na,O 1 & A, 90%CO,-
10%0, ZF%* T lean CO, 2RINTSETHh
(6 RTHE LA N 3RIN+5 CO, o@EL 4
bhb.

Fig. 4 i, (16) R bRdic CO, EEOHEME
PRLTHA. SHEEFIEFECHLYENIDTHS
ZEMbhh. L L, FIEEIRRFENC [ mold B
INSWER RS, ZOAR—FKIE, FHECHER LIcBED
mee, CO, BIEEE T % ERo R & DFRHEC X
HhoklkBibhd.

Ll EofEirs s Ar FESH O Na,CO, @itk D7EH
R, HE(D)~B)ERTRICEHC I 2 bD LA
fel %, = ORI AMLTORISEEER k) ONE
2T MoTzreLpT?) DIRIE L7IcEZE T o REHERE &
HALThHs.

4.2 Na,CO; &RELORIS(RABEREOCRER)

Fig. 6 ok L X 91c, Na,CO; B3 RN CTETT S
RTAERBE Na K& CO #ABT+5 ((5)EAS
). o, 1930 EEOBE®® L —KT5. L
ph, RIS & B LV RE B RETS. &0
K@, - by vaBRRATLEAbRS. T
7o, Na HRGAMER O ThfE Lich, ZBRICH
NCE L L Lich DR F TIKR B Bige Shre
b LEZDNRS.

—F, ' AN 1 D Na,COs-Si0, BA ¥, Jiik-
%L Na,CO, nahesf@L T CO, ZHRAELT, 2
B r— VERAERTAH. A& VY r— NIERME
DOEEIRTHRHP 5%C-Fe WRGE LI LA LR

* 0.9atm ® CO, FEKCLET 5 NaO OBEER, (6-2) Kb
BEET 2 &, Ar BRSO NaO BEIL~T LML,
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Ligl, Z il LTREAH-D 2D Ricis b &, Bk
(Fig- 5) 34U %5, B 5%C-Fe i e & bR
JGL (Table 1,2, Fig. 7), B U< KA Q@A LS.
COKBEEBEEECT Y v A RERRRTE 0L
Exbhn. Lanl, &REN (5)RoZE Licsi>
THRETVWELES L ARETHS. LT T Na,0O-
S10,-CO, A5 7 L RE L DRIGICDONTHEE L D
5.

KNAGER? X, ® A M 2T Na,0-Si0, ZIREEN
HE LTS, FOREDLHT, Na,COs-SiO, i
B E LS CREBREIMNE L RO\ TEE L kN
Twad. The ks s, BEEN 2 LIR I D ETF
BmVEBG, 24h T A L SiO, l v R LTI 2 =
o CO, % FE 1L, SED CO, 4% Na,0-Si0,
AR E URT 5. ZoWELD, ®AHN 2D EOBE
&, Si0, AFfFET L, Na,CO, ¥t A1
TRBECHEL, SiO, 1 ikt LT Na,CO, 21
F Tk Na,O AR T540#ESIIS. Fig. 5 T
TR LUICAERE R, =0 Na,CO, DOBNMRIT GO
BERLTCBEDEELBLRD. Tibh, Si0, 1
EAEn Lero CO, 2L L (Fig. 5 0%
1), >2wwcabiel eviido CO, i LT %
(Fig. 5 o&H 2) . =Bz, BRI LETT
555, Ziuk Na,0O % Na,CO, 7R, EHRT2NG
DEFICETT B IDTHS 5.

Dl ko #E2h b Na,CO,-Si0, B&Y (=4 H>1)
DANY Y r— + DOFEE G EOBRECORMEITOXE D
X 5 ISHHBR & B EARET B *.

(a) Na,O (meta)

Si0, =iz o& 1 =4 Na,COy O3 Ul
Na,O D FEL, FEEPCE 22 - vy r— &
BLTWwA. ZD Na,O % Na,O(meta) & LIFBEER T
5.
(b) Na,O (free)

Na,CO; 23R LT T Na,O ® 5% Si0, 1 = 1
Wy 12 A%RB2 550 Na,O ThH 5. (KA £
Y= D= AAY - Y r— VTS
D HE Na,O ThH5H. ik Na,O(free) FLEITF
BT %.

(c) Na,CO; (resid)

Fesr @D NayCO; % Na,COj,(resid) & LLUFWEER
. F PV U AYOERFETEENER TELEA, M
B X A BEBEOMEN DA Z7OfRIEHECcE %, B

* WD T & I5HS 5 Bl Na,O (meta), Na,O (free), Na,COj3

(resid) REBCEET I LI BALNRY. LT TERMER
b DT SRWT B IDIRRE L.

B DX ESUL X IHRE (b5 LB Lmd D)
DU TEE L7 Table 1 iR LThH%S.

AT TR T B EBME, RELOXED L 5K
T5EWETS.

(A) Si0, ¥ X' Na,O (meta) LG Lists,

(B) Na,O(free) + C=2Na+CO

(C) Na,COj(resid) +2C =2Na+3CO
CORECD EDWTREOLMBEE,NHECES. 4
A Table 1 WRLTHS. FEMTEMES X< —
HLTW%. Ff, Table 1R L1, 2 oiFdiciBsy
L7cAS ZEHREZ, 2% ) r— MCHYTAEER
BIFFELL, ERA)DRENZL TH Ol LaTR L
T\, LehioTC, 7+ ) v ARKDOFELET Na,CO,
ERF L DRIEDMIC, Na,CO, o3 fiRcH4 U Na,0O
(free) HEAE LT\ 5 LR TE 5 *,

Fig. 7 % X 0% Table 2 Ti& L7z Na,CO,-SiO, B4
WM& 5%C-Fe &4t DRIGd, LTHR~ARiEOHR
T, FRRCETT S LHEE SRS, FHECLER B
EINTWIWDOT, UTFDX5niEsRT5.

@ NaO(free) 13 SiO, 1 =170 0.5 = LfFHE
LTw%. 0.5 e A% H Uic B g, Bags Bts+
% 1200°C MR CRBHMTETEHTHAS NaO
(free) % Fig. 7 2 LMIEE L LTRDICEDTHS.

@ Na,O(meta) 2 ERTHECAET S CO, 1ZKIG
WL Lis\vs. ch BDREN S 5%C-Fe BRl&4& D
Wi B G &%, Table 2R Lick 51, HEME
CISERE & D KR EER feo7e s, S R B4 3
THRL TR FERTHH 5. FHEMEE KEEE 0%
1L, EOFEEDIEIIC Na,CO, 1 X 5 ko Bk, 7
NI FBOFEDRIGIE EV X BAFTIRIEDIDTH S
5. SBIIZ OB B RIS LECTHS.

5. % *

A#FA1E NayCO,y 68 L U8 Na,CO,3-Si0, JBE& Wiz
W, BT X B RRG & B 5%C-Fe &4+ D
BIGNIEEBE LIchDTHS. HRELELTD ERD
X owcins.

(1) FEEREC BT5 Ar FEAKFTO EBRL Na,
CO, O3, FEFKT 1300°C L ki s 2895

* 1000K 1235135 NayO I £uhd Nay0-SiOjz, 2Nay0-SiO;
DBBOBO | EAERT 5 FREOREO il 2V 2L AG® %
BBMIPET — RO LHRT A ERD I OIRILS.

N2, 0+ Si03 =Na,0-Si0, AG® = —54.7 keal

N2;0+NayO-Si0;=2Na,0-Si0,  AG®°=—24.7 kcal
Chd b 2Na0-Si0; @ 5 b Y5FD NaO 1, NaO-8i0,
@ NaO K HEARTIHAYFORKEBQE0pTHH L VDT 5.
A AT NayO (free) HEIGI N, NayO (meta) PGS
g & UEBRBR L, EHEMCRHGEL T 3.

— 10 —
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BREEF VIV Y ARICEDOY Y WBREMOBMELIIRET XS5 BEIS 2031

M, REBROLZET CX, WEERE@XKRDLITHKES.
®=9.66 x 10%2exp(—58600/RT) (g/cm2-s)

BRIk D X 5 ie R OO CHEATT 5.

Na,CO; (1) >Na,O (1) + CO, (g)
Na,O (1) >2Na(g) + 1/20,(g)
RG0S EBER L, AR LcRfhn 5 DX NE T %
BWETHS.

(2) Na,CO,-SiO, E&MT, MBWERTS LAY
w CO, & L, Na,0-Si0,-CO, = 3J 7% P T
5.
(3) Na,0-Si0,-CO, A7 MIREBELLE LT, ¥
LWKE s Us. KEEEOFEEL T + ) v A7
QXD EfER L. 7Y v aREAERT HLER
B D X5 e RGREFEET S &, EBRERY X (3
HCTE5.

Na,CO,;+2C=2Na(g) +3CO

Na,O (free) 4+ C=2Na (g) + CO
= =, Na,O(free) (% Na,CO; 2% SiO, LK LTAE
B U7z Na,O 23, SiO, l A4 l 2B 2 PhE
BRT. AKX -V r—MEIRRBREEEAERIG LK
[

(4) Na,CO,-Si0, E&H L 5%C-Fe WRa®L
DORIES (3) TR IREREFET S &, OB
BrEillTcEs.
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