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Table 1 Proximate and ultimate analysis of samples
Proximate analysis/Wt%, ad Quet. ad Ultimate analysis/Wt%, ad
Sample - - - v
Moisture Ash  Volatile matter Fixed carbon ~ /(J+ g™ 1) C H N S O

Al 1. 96 1. 64 83.91 12.49 42 335 87. 86 5. 18 0. 66 3.16 1.5
AM1 1.12 47. 25 36. 22 15. 41 12 372 32.77 3.43 0. 31 0. 28 14. 8

A2 2.57 8. 20 76. 38 12. 85 38 222 81.75 7.90 0.78 3.25 2. 38
AM2 1. 45 50. 59 30. 43 17.53 10 252 30. 55 3.2 0.3 0. 63 14.7

A3 2.73 4.23 79. 47 13.57 40 159 81.94 10. 44 0. 35 2.60 0. 44
AM3 1. 34 51.31 28. 45 18. 90 11 330 32.74 3.76 0. 25 0. 83 11. 61

Note: ad: Air dried basis; Quet, ad: Air dried basis, low heating value; Al: SBS asphalt; AM1. SBS asphalt mortar; A2: Flame-retardant as-
phalt; AM2: Flame-retardant asphalt mortar; A3: Flame retardant modified asphalt; AM3; Flame retardant modified asphalt mortar
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Fig. 1 Experimental device of fixed bed burning reaction
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Fig. 2 Working principle and analysis

process of Rosemount IR modules
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Fig. 3 Variation of combustion gaseous
product with time
(a): SBS asphalt; (b): SBS asphalt mortar
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Table 2 Molar proportion of major gaseous
products from combustion

Sample CO:/%  CO/%  NO/%  NO:/%  SO./%
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Fig. 4 Burn-out rate of the samples
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Fig. 5 Emission intensity of gaseous combustion

products of the samples

Bl 6 S 3 RE IR S T W I B R B G v o P LA
Fil, XFRB R R AR CO,, CO, SO, NO Fil NO,
X HAFBASTTR . Wi BRI A ) e R R 3
BTN . S LR 3 AT LB, SRR AT CO,
COy Jo NO [ B W F 357068 107 T3 U #5843 T IR B B BE 1Y
B RIRPEHE R, T SO, « NO, [ B U B8 e 07 T 1% SR BE B
BoN PG A S A R 0 T TR IR R AL 1) B R 25 R
PRI B R 8T e A o A H T A5 RS s
YIAAIHECEL A BT N ARSI AR . O AR D RV
P Z#xT SO, . NO FNO, HERCA WL EZ ., —i .
FrEER M . TRERY IR SO, B AR & A R .
AIREM IR R NO BEBGHR R s SAMEBRE . ATRERY NO, B
AR, HE I R NO 340k NO, (348 K15 NO
MIREBCH RS — e B TR, T IE 2R MTE R k4
Sy R LR LA B VSRR TR, g
G UL AR E R W RGeS TS G S KRR R
I8 TR LRSS o E U 7 2SR BRI 7 1
CO, SO, K NO, e B 6 b A P Fp s 75 22 5 — A5 22
Ay T NO B I KRB A N BAL—2F 2245 A CO, [k
PG A G HAL PR T A EL BT B B R 22 50 TR At AR
5OKkAE . HA SRR S AL IR I 75 AT R 1 25

o T R — B4 1 I R AT RE R R R A R
F . HURBUA] . SXARTEE SRR, AF 5 T 7E Y )= 3 T ]
P B R s B B AR R4 NI CO I 8] d5 K R T i %
TN ) - PR A1 SR AR A T AR X A /0N o DAL T A 2 B ) PR AR
i BE S DA PSSO LA e A0 AT S5 A 380 4 2 v IR
B Ui A SO, F NO, B 7= Al R, Xt Bk & 17E 58
i) P NO $6 48 NO, By, Bk NO ¥R EE Rl i
W

1.2
(@

Lo

0.8

v co,

0.6

Umax/10“mols"'g"!

0.4+

0.2

Umax/10%mols'g"

Fig. 6 Max release rate of combustion

gaseous products of the samples

Table 3 Mean release rate of gaseous combustion

products of the samples

Mean release rate/(mol « s « g~ 1)
COq CO NO NO: SO;

Al 4. 314E-05 5. 271E-06 2.370E-07 1.430E-07 4. 690E-07
A2 4.679E-05 4.762E-06 2. 650E-07 1.519E-07 4. 272E-07
A3 4. 219E-05 3.531E-06 1.621E-07 1.325E-07 3. 808E-07

1 4.

7 6.

1

Sample

AMI1 2. 860E-05 3.092E-06 1.860E-07 4.777E-08 5.676E-08
AM2 1. 744E-05 2. 320E-06 7.580E-08 6.542E-08 2. 673E-07
AM3  2.435E-05 2.582E-06 1.245E-07 4.498E-08 1. 326E-07
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Table 4 Main parameters of combustion gaseous products under various air flows

Air flow Burn-out Gaseous Emission intensity Max release rate Mean release rate
/(L +min~!) rate/ % products /(mol « g 1) /(mol + 71« g™ 1) /(mol e s e g™ 1)
CO2 8. 29E-03 9. 05E-05 2. 86 E-05
CO 8. 97E-04 8. 88E-06 3. 09E-06
0.6 58. 82 NO 4. 84E-05 5. 71E-07 1. 86 E-07
NO; 1. 82E-05 1. 19E-07 4. 78E-08
SO- 1. 99E-05 1. 50E-07 5. 68E-08
CO; 2. 32E-03 2. 19E-05 1. 01E-05
CO 5. 39E-04 7. 85E-06 2. T0E-06
1.0 16. 46 NO 8. 87E-06 1. 20E-07 4. 67E-08
NO; 1. 81E-05 2. 01E-07 6. 98E-08
SO; 4. 22E-05 6. 13E-07 1. 69E-07

3 4 1
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Research on the Combustion Mechanism of Asphalt and the Composition
of Harmful Gas Based on Infrared Spectral Analysis

WU Ke', ZHU Kai*, HUANG Zhi-yi' , WANG Jin-chang'” , YANG Qin-min®, LIANG Pei'

1. College of Civil Engineering and Architecture, Zhejiang University, Hangzhou 310027, China
2. Department of Energy Engineering, Zhejiang University, Hangzhou 310027, China

3. Department of Control Science and Engineering, Zhejiang University, Hangzhou 310027, China
4. China Jiliang University, Hangzhou 310018, China

Abstract By using the Rosemount gas analyzer and the test platform of fixed bed built by carbon furnace, the harmful gaseous
compositions and the release rules of asphalt and mortar under high temperature rate were analyzed quantitatively based on infra-
red spectral analysis technology. The results indicated that the combustion process of the asphalt and mortar can be approximate-
ly divided into two stages stage of primary volatile combustion, and stage of secondary volatile release combined with fixed car-
bon combustion in isothermal condition with high heating rate. The major gaseous products are CO,, CO, NO, NO, and SO.
the volatile content is one of the key factors affecting the release rules of gaseous combustion products in asphalt, and reducing

the volatile content in asphalt materials can effectively reduce the generation of gaseous combustion products, especially CO.
Keywords Fixed bed combustion reaction experiment; Infrared spectral analysis; Asphalt
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