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Fig. 1 Schematic diagram of the thermal

analysis equipment 160°CZ A, :

1 B5 sample; 2 4ih7H pure bitumen; ( 2 ) NA"‘NO,,&QC/\; (753:[’:*5))
3 — B small glass cups; 4 —7F BAXH - RI60* I H 604, SadF NaNO, i)
container; § #u a8 thermocouples; 6 W ) - .

O ports for extracting gas; 7 —-5:45 oven; e75H (#1200 1) Haney, BEIRA
-8 ——KEREE thermeouetery UJ25-——FH 8 %%o .

it DC poteatiometer; AC 15/2-— 3>} current

detector; PZ8--— vy A3t digitial voltmeter; ( 3 )NaNOS 40% (140 EH‘#}}) +
PY5 7 E By digitial thermometer, fﬁ:%%%(il‘]w#/}‘ﬁﬁzzoo#) 60% s

S NaNO, #1408 (2100 #) 40k, RIGIMARA B H (E110% ¢ FKH200*=1:1) ZH,

(4) ZFHBRBARR. HER*, BEHIERDZ NaNO,, HoiEHNa,CO,,
Na,C,0,, Mg(OH),, CaCl,, Fe(OH),, KMnO,, AMELER, VL%,

(5) HRiEEKRHERER 4 TEA,

2. ERWE SREBMEL, WRERRAHERR4LEA, SBIEAN /DB BT
W, BEARGRE, AREEHATBMERN, BARMAE. EEFBALE, B
BIBHEIR S & CREST, BEAENEEEFER —HIXEREAHTFHREDR
¥, —HEREZNHSHEERIEII,

3. RRBUE FERNBEHESERHERRE LERRERSN, R _EHER
BT, BHEAHRKSRRE, FBHhiEE AT-FRA ¢ TR RERMN X 2R
RA(T, t)BREK,

4, SRGBESHT EARATHRNEE, BFE120mA, #IR50°C, FEIR50°C, N, % He
E|RA™, WAH29.52H/5. EHMHERE, HKk0.01—1&EFH,

NN

1. WHE  {E195°CE260°CHyR BILEIER, FMMABRRALAHHEHEBNE
AR IE TS e,

2. NaNO,43% + B R 60*ilHEH57%

(1) 195°ClHEZY., BTREIHERME, BESECGEHSEELNRR, AZEET
A Z P, ZRBERERHAINIME, E&tﬂﬁ?ﬁﬂj%?&%ﬁkﬁﬁiﬁﬂﬁﬁ p*-HHE] t

* FEAREEE(0°0), R B (T60mmHg #) &KH&TF, REEBHERABRROESE %),
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Fig. 2 Relative partial pressure of each gas

released versus time, while maintaining the
temperature at 195°C
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45¢H4y e Relative partial pressure, %
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Fig. 3 Relative partial pressure of

each gas released versus time, while
maintaining the temperature at 204°C

Iy
N

A3

5 195°C {HELL
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SEEERE S A R

(3) 214°CE270°CiEiRL S, AT
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%, KAFEE , p-t th&kNE 4 ZE10, N LR TVERIT A
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S en 2 CHj 410 =8
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B4 214 [EER, BEMERSEENSESHENMERR

Fig. 4 Temperature difference and relative partial pressure of each gas relea-

sed versus time, while maintaining the temperature at 214°C
* 3 Ni, Cr-Cu #helif8, 12V 45%4F 1/65°C, 14V is equal to 1/65°C for the Ni,

Cr-Cu thermocouple.
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Fig. 5 Temperaturc liiference and relative partial pressure of each gas
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18 H, o

partial pressure(solid lines), %
[y
I

Ao E (E£) Relative
BEB (L) Thermal diffe-

rential potential(dashed line), pV
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EE O Bt s st P ,
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Fig. 6 Temperature difference and relative partial pressure of each gas
released versus time, while maintaining the temperature at 234°C
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Fig. 7 Temperature difference and relative partial pressure
of each gas released versus time, while maintaining the
temperature at 241°C
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B9 260°C {EER, BEMRESE B £, /hEE hr
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o Fig. 10 Temperature difference versus

Fig. 9 Temperawure diffevence and relative
time, while maintaining the tempera-

partial pressure of euch gas released versus
time, while maintaining the temperature . ture at 270°C

at 260°C

® NO BhEA ELXFERM, VW —HXRBTEEE, NaNO, ZEIHFHARM T 3L %1
REN R, X IEFTRER LB R,

® H,, N0, CH, PR AT =R E—ehiiE, HRRESEERX. ER—
BEERMET,. BN I ER R REHE,

C>A®5pmnmm( )%Hm&mmnw%x AT KB RKy Prsos Pone

(”“L&%ﬁ$mko

@ %EATW’/‘: PNzO’ Pcm,( sz) BN ATEZIRMLE, Proos Peno (%)r

BEAETFR/A, pa, BERKME,

#F1AHTEMERFMET, REFSNEDEHEECHEE REXBUE, £%
FERAEHREES, BMALLEZIAEKS ., RBREEREESENKRZIR &tk HW,
NH, fiRkEHLERERN, HEFERT, BRMGELRE XML S EE R,

ERuEECOHERAERRERHMWWEERRAE 2, BNBABERESE R LB
RRRILELL, BREERFHERRER AT-« BMEMHER, HEHAKKE (FHE)

3. KERSNHERLY

(1) NaNO0,43% (75BF#) TFER60*IH60%, 270°ClEiR, KBMLRNEL2, 5
PAF S AR AR R ELER, RPIRFRIEE (AR 2 F A& 250 CIEIRAIEFRE) , K ik
B,

* pn20s PcHes PHg 22N N.O, CH,, H, ERFMAEFZHAHRAMNSIE.
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EEHERRET, RERBEAEHIRKIHEENR

Tab. 1 Qualitatjve determination of pressure and moisture inside

reaction container at different constant temperatures

°G

Temperature(held constant),

i RN 5.00 | 10.00/20.00 | 40.00 60.00| 80.00] 90.00| 98.00
Time of heating; hr
ARAMESD, KRE 7 il kil il il i fi | f
195 | Pressure inside container, atm. )
BRNELAS
Presence or absence - - — - - - - _
of moisture in container
N RN 5.00 | 10.00] 15.00] 20.00| 25.00| 28.00| 30.00| 35.00
204 AH/AMES, KKE i | | ;| il il 1
BRNELKS - - - - - -
. . R T
- DoguEtED, /BB 5.00 1.8.00‘ 15.00] 16.00| 18.00] 20,00 22.00| 24.00
214 RBAMESD, KEE il u 3 il il 1 il il
RBEVUEIEARY L= - - - - - - -
kit fa], e 1.00 | 4.00 | 7.33 | 9.35 | 10.41} 11.41| 12.33] 13.00
224 BAHNBES, ARE il il il 0 |0~130~1[0~1]0~1
BEBAE TR S N N R B O I
nghbtiE], shEE 2.25 | 3.67 | 4.50 | 5.33 | 7.00 | 8.67 {10.00 | 10.83
234 BRABESD, KKK il i il il 0 |0~1]0~1|0~1
BRNE LAY — - - - - + + +
IngAETE, bR 1.00 | 2.67 | 3.50 | 4,00 | 4.50 | 4.83 | 5.50 | 7.00
241 BRHRAMES, RKE il Uil il 0 |0~1|0~1)1~2]1~2
RENELKS - - - + + + ++ ++
Jnghitial, A 0.330.83|1.67 | 2.00 | 2.41 | 3.05 | 3.55 | 4.00
250 RARANBESN, A5E i} f 0 |0~1|0~1]1~2]|1~2]2~3
RENEILKS - - + + + + o+ ++
DRIl DR 0.50 | 1.11 | 1.38 | 1.70 | 2.00 | 2.383 | 2.41 | 3.00
260 ABRABET, KSE il 0 [0~1|0~1]1~2]|1~2]|2~3]|2~3
g%&l’ﬂﬁfﬂ(ﬁ} - - + 4 ++ ++ ++ o

* Ak TERARMEHENREAS AR, HMEEEMSE LES, mRRIAFE -7, LRkIA
“+7, Kikag AR R.
The determination of moisture is done as follows, the sample can be extracted from inside
the container using an injector, then the water drops formed might be observed.

“—"means no water observed; “+”means water observed; “++” means much water observed.
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DSC ph&k B TG ihsk
(REFRFRBTHEHER; BER
ATE260°C 25t 3. 5/MRHEL IR RO FE e D
Fig.11 DSC and TG curves for the samples
which have been heated to and held at
260°G for 3.5 hr. (dashed lines) or which
have not been heated(solid lines) and
held at constant temperature '
1 —BRFFE% Program temperature;
2 —%Hmthik TG curves; 3 —rRER
R Hghss DSC curves.

308°C

%2 M TG-DSC A NaNO,A3% + BIR60°57% B A EE FISNRMER ¢ NI
Tab.2 Quantity of heat evolution for the cample cansisting of NaND,45% and
Nanjing60* bitumen 579 before and &efter being licated (TG-DSC) and

K-valu={.aiculated)

BB OE | TG-DSC s#7iifyiE AR Temperature | TG-DSC 447 AIRITIE
(held constant) before TG-DSC Analysis, °C | Not heated and held
History of each at constant tem-

perature before

sample 24 ) 24 250 | 260 | 270 TG-DSC Analysis
HAH NaNO; B9k
Heat absorbed by NaNO, 27.6 | 23.8 | 22.2 | 16.4 | 22.1 | 35.7
in sample, cal/g
Bt M BB - a £ g

1st peak
Temperature of the B 429 429 430 430 - 429

exothermic peak, °G R v ‘ ' ggnd_;eﬁ 446
., N #
y . % — 1
¥R mERERE e . i 1 . . 1st peak 101
Quantity of heat evolution | 299 285 | 258 230 | 283 | L —
299 ) 285 ) LT S P
: 2nd peak

of each sample, cal/g
kit Total 439

® B # 49 50 50 50 46 55.5
Weight loss, %
EREE LY €%
Quantity of heat evolution 126 133 138 152 136
at constant temperature, cal/g
K {& K-value 1.9%x1074|2.1x107¢]2. 1x1074[2.3x107¢|2.2x107¢
F A K @& 2.1x107* cal/g. sec. &V

K-average value

. 1. CBRHELERE 8mg A74; sample weight is about 8mg.
2. BERE=K, MEAREHYIE; results are expressed in arithmetic mean of triplicates.
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(2) NaNO,40% (140EF8) +EIT10%/%%k 200%60%, 214°C fHiE, S2U %A
13, S5Ex60* I B Ldmbbie, SRR R T, B R BB BGE R,

X .
gg /”“Nzo o N7
%2 8 Hz Z¢ 6
B 532 §
i e 1\ 714::0}14 S8
RS = .3
gz 4 25 2
EE , ®E 1 |
s ol
o B w10 T
0.5 1 1.5 2 2.5 8 3.5 4 ’ Hrﬁjt M hr
BHEDE, s hr , -
Ei3 BAWHE, THHER, 21ociEm,

E12 Fhiflee, 270°ciER,
S R SR R R
Fig. 12 Relative partial pressure
of each gas released versus time
while maintaining the temryreraiure
at 270°C, for tke sample wvhich is

BRI HE2ES e N BXR
Fig. 12 Relative partial pressare of each
gas released versus  iime  while
maintainirg the temperature at 214°g,
for the sample which is made by adding
made by addicg dry powder (75 dry powder(140mesh)of NaNO; to mixed
mesh) of NaliO; to "mixed Nanjing bitumen (10%/200* =1/1)

60* bitumen

(3) ZHERBANG, FRHRMEL, IHESPEXRIMYER LS, 1,
(4) ) . SHHBmH-HEERLE, ﬁ&’Jfﬁ["stELEZBTIHJkﬁuo FERICIR B & Bty
Bica NO &%,

partial pressure, %

X4 E Relative

B, /j\ﬂj- hr.
B4 3%%%‘55‘25)5’3%%@1{.%, 202°clER M BERSAEM I ES
I} IR B9 B K o

Fig. 14 Relative partial pressure of each gas released versus time while
meintaining the temperature at 202°G for bituminized waste containing a

variety of salts

. ff‘é%@":‘cﬁ]ﬁﬁiﬁ’%

- BRHRHEAR HR—GROES (NaNO43% + BE60*IHH57%, BAFHLEIRE)
ZITHL(E@&%FF'FJF!I&%%&H’-JHIﬂi%ﬁé%ﬁk%WE’aHlﬁJ GlF%3) HEE T RHE,
% T fhZ (LE15) . RIBMEERBHAR,
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&3 EEHEEEERET, BENEANTBRESTRELE

Tab. 3 Comparison of experimental and calculated values for induction

time at different temperatures

Temperature(held constant), °C 195 204 214

224 | 234 | 241 | 250 | 260 | 270

; ; £ B A
% = B 1A Experimental | 2640 | 1320 | 660 | 300 | 180 | 105| 52 | 26 | 14
. value
Induction
. . R M
time, 1, min Calculated 2558 | 1369 | 683 | 341 | 170 | 102] 55 | 27 | 13
value

t.=B e(T2—Ti>/14.4
i .

(1)

A T, BREFHHBMBEE, B=1 4, HE4HRNEC, T. & 1 B Wk

B, tkkt T,=308°C. &M (1) HHEM t. HSE

SCIEILBRRNES .

2. ty AKXty BREEEFKET, BokER AT (84100 HE) X PR E,

MIBE 4 —1089LRE, v TR T RED:

ty=DB ez~ D /158 (2)

AT RWHER, BARC B=14, WHMAMLE
RIUERIGEZE AT HRX R A q=

3. [205 ] mast madsobtEd,

KAT", KGEWA#SH (AE2) .
R RERRERZET, BEX HE

ifiss 28T gxmEnT 4, I 3

44 @
A0
361
32r
28
24}

20

Induction time, hr

BRMRE,

161
12f

N

0
190 200 210 220 230 240 250 260 270 280

{EREE Temperature(held constant), °C
Ei5 HERW-HEELHERR, B5
BRIBEEREEEL
~ Fig.15 Variation of induction time at
constant temperature for NaNO;-
bituminized waste
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a(AT)

Tab. 4 . Compar:son of, :IT -experimental and calculated

values at different temperavtures
= & @& &

Constant: tempefature, °C

214 224 234 241 250 260 270

4 1% B oEe ' ‘ '
[B(AT!) -{ Experimental value 8 ) 18 50 : 80 180 460 1170
~ 6t T}max’ -
/h it B &
#V/hr Calculated value 7.3 18.5 47 86 192 465 1120

* BREBRERERAREAL; 654V HHTF 1°C, Sample weight is about 4g.; 654V

corresponds to 1°C,

mprrem, Au[280] 1w cums)
RBE 4 —10 (%) . BLGRREE, £ (<o K, BHAR,

[9(AT) —he(T-T1) /e,
L at ]T’max_be (3)

# T,=190°, %[20D] mgkiEp, a=11.4, b=14V/hr,
- ARXPBIE FHRZRBERM (DSC) 447 NaNO0,43% + B R60* I H57 % sk
18R B R, BB 8mg, DSC75H 8 (+meal/sec), ZE310°CHE, iﬂJ@KL(MT)m]m =3+

0. 4041 /g (min)*, FUAR (3) 3 K[(Z05) ] =3.20al/g- (min)*, SHLLBATA

5. ANHIRA ﬁfﬁéégﬁz\ﬁu&@bﬁ%lﬂ%ﬁ’a’é?&ﬁflﬂ.?ﬂéﬂﬁi, Bt TZRIER
BART190°CR iz 2R LM,
AT ERAHHE, THIRABRESALRE®
S e e ) e (5
R A RSRRY, o P, o RBE, BWINRKERASE (5) , HFHARFIHE
PRI R, MATUBAREMBRERE (WHREHE) . AEAKRE GLR&H) #h WM BEN-T
T E e R R R R BRI, WHETUAHE RN T EEME, BH, EFE
BEIRBEI 2 % Bii,
250 CRBIMRIR BE R R A F R R RGER £ HRABRE, FA DIS-21 M Fif
Fbl, B ALGOL BEWERF, HREREXRBELREA,

7Y & N 71

1. BHEE—MERNELRRBAY, WRERBREMR, “HHRAWE—EEE

* hHEBRA-ZRER.
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&UET (190°ClLL) , AWRRRAEGKMBERE, XMRERE-AE S Y, ZEHHF
MR R, ERIREBERET, REGEWESLHIE M INTEE— 2 iE,

2. BRHESRERABERER. EHBMERRE (308°C) DIF, #MK14.4°G,
ERERMEK ¢ F, HBFREMEKI0C, + HIFM—F&,

3. 7£190°C LAk, WEWMEHERE, BRHRERKE, —EBLERY, BEE
WA RmpREE, EXMREEIREHYE RN, BhuARMGES SHEEGEER
E—de (LEL) . ZRRPERMHEHRSE (GRE) SEREREHLXFR. TN

AT
o1) tik e g,

11.4°G, (

wiE[ 20D 1 et tgortt, WEM-HEZAHRE R —HERRRIE,

Skk-fmmarpdE (i (9] ) FHblz. _

4. R\PEMEIEERR (LELD 58, FrARHRN-IHEER % 5, BBk

BiH%, HHAEEMR, BEERR, FEE BE RS AR, ERERE
BT, EREFEERR, Wik, ELHZEERDRSEATMEBHE &N, S
REMBEA ST RS2, RETESROARERS SRS MRE, ZZ2ELTETH
FRBMIEZ RN - EE, Rk, ERMEBEESRET, RARETEX,
- RB\AESH, 200°CEAAEESEURHARMERE —R, EMHCOERD, R
R HBLEE gl A AR ACO, A WILLE Ml AR LR TR B, SRR
REFIREHBRE, FERERERNET, REFEMRMZIBEMSTREIR, HELE—
MARRHE, MEAREIESEHHERERER, BRATHELE, B 100°C BERER
FIEML b, HEETREIET,

5. $hIERY R B X5 R R R R el Ry sk, BRCH TR BE S Eb sk T AR AH 2
B, R EERR/D, PeRERMA, SHEMBMERLELR, ERERSET, WTH75E (4
200 4) LRIBFFHF ENLEIRER SRS (BURLE—RERILT ) LeRER /DR £, BiLAR B BE
(E12) 7,

6. &BBETLARERPEEHRRAMHERL-HERRMBHER, ek ERAT
Mo — KRESHRAEXTHEHBR A EAMERC N, =, RADRRKSHBRETY RLR,
FRAR T AHER ER AR R D), MR ERKEREA SO M. WmEET H R BERE. WA
HRE, WERIER-UE BRI (B14) .

BFF 22 S e 18 IR B 2R B 3 ity B o o R 1R SRS

BAWHEBAEFE ERBEMEE, REBERE, BEERMKSEN, MILZHR
e, B, DERERFEHRTERIE, flEmgnilE, eEnRemEEH RER,

ATHREHATFAEINSIARMGES, CREREAHAL B 5, Gahk, Fk
B, BIRE, BRRBFERESTEZHEOHHE, R,

& % X 3
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A STUDY ON THE THERMAL CHEMICAL KiNETICS
OF SODIUM NITRATE-BITUNMINI¥ED WASTE SYSTEM

XU YUANCHAD WANG SHUJUAN
(institute of Atomic Energy, P. 0. BOX 275, Beijing)
ABSTRACT
A series of the thermal chemical kinetic curves of sodium nitrate-bituminized
waste system were obtained by means of thermal analysis equipments assembled by
the authers, TG-DSC(Thermogravimetric-differential scanning calorimetric analyzer)
and gas chromatography at 190<{T<C270°C. A plot of the induction time required for
the reaction to start versus initial temperature was also made, which can be expressed
mathematically as follows,
t,=B eT2-TH/144,
where T, is the initial temperature at the induction time, T, is the initial temperature
for t;—1,wherc T,=308°C.

T
Furthermore, [%—] which reflects the rate of heat evolution, can be
Tymax
expressed as a function of temperature by the following equation,
IAT
— (T—190)11.4
[ at ]T,max b ¢ '

Based on the above equations and thermal chemical kinetic curves, it is deter-
mined that the margin of temperature for the safe handling of bituminized waste
system should be below 190°C. If the function q is introducted into the heat conduc-
tion equation with a heat source, and the equation is solved, the distribution of
temperature corresponding to time and environment in the waste system could be
obtained.

Based on the components of gases released by the bituminized waste and the
corresponding relation with the q some comments about the probable reaction

mechanism are made in this paper.
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