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摘要　通过研究不同 Co 负载量的 Co/ Al 2O 3催化剂对 CH4的 CO 2重整制合成气活性的影响, 发现 Co 负载量为

13% ( W t) 的C o/Al 2O 3活性最好;同时,考察了反应温度、空速、还原温度等对催化剂活性和产物中 CO/ H2比例的

影响.结果表明反应温度升高, CH 4的CO2的转化率均增加,但随空速的增加而降低;还原温度在400℃时催化剂显

示出的活性最好;产物中CO/ H2比例,随反应条件不同而略有增减.
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　　目前,除甲烷氧化偶联制乙烯 [ 1] ,甲烷部分

氧化制甲醇
[ 2]
和甲醛

[ 3]
以及甲烷芳构化制芳

烃[ 4]等的甲烷直接转化过程引起重视外,研究

和开发由甲烷制取合成气的新过程也日益成为

催化研究的热点之一. 其中利用 CO 2对 CH4甲

烷进行催化重整制合成气, 不但可以将造成温

室效应, 破坏人类生存环境的 CO 2气体转化为

宝贵的化工原料, 而且可制得特别适合 F-T 合

成的合成气, 这不但具有经济意义,还具有社会

环境意义.

1　实验方法

( 1) CH4和 CO 2混合原料气的配制　高纯

CH4 (无锡科学气体产品公司生产, 纯度为

99. 99% )与高纯 CO2气体( CO 2钢瓶气, 经活性

碳、硅胶处理, 再用液氮进行低温纯化)以一定

的比例配入耐压的钢瓶中, 放置并混匀,经气相

色谱仪检测, 为 CH 4/ CO 2= 0. 93的混合气体.

( 2) 催化剂制备　以20 - 40目的活性

Al2O 3 (温州氧化铝厂出品)为载体,按配制不同

Co 担载量的 Co/ Al 2O 3所需的 Co ( NO3 ) 2

6H2O,配成一定量不同浓度的 Co ( NO 3 ) 2溶液,

一次性强迫浸渍, 烘干, 并在400℃的马福炉中

灼烧2h,得到不同担载 Co 量的 Co/ Al2O3催化

剂.

( 3)反应评价　催化反应在自制的固定床

流动反应装置上进行, 催化剂装量为1. 0ml

( 0. 70g 重) . 反应前催化剂在一定的温度下还

原2h,然后引入 CH 4/ CO 2混合气(经脱氧剂) ,

在实验所需的温度和空速下进行反应, 产物用

气相色谱分析.

2　实验结果与讨论

2. 1　Co 负载量对催化活性和寿命的影响

催化剂在 H 2气氛中, 经600℃还原后, 通

CH4/ CO 2为0. 93的混合气于700℃反应,其催化

活性与 Co 负载量的关系如图1所示.从图1可

知, 当 Co 负载量小于9%(Wt )时, CH4和 CO 2

的转化率均较低,且二者较为接近;当 Co 含量

大于9%(Wt )时, CH4和 CO 2的转化率明显提

高;当 Co 负载量为13% (Wt)时, 则达最高.因

此, Co 负载量达到一定程度, 才使催化剂具有

较好的催化活性. 从图1中还可以看到, 反应中

CO 2的转化率高于 CH4的转化率,并且 Co 含量

高时,这种差别更加明显, 这是由于 CO 2与 H2

发生水煤气逆变换的缘故.

由此可见, Co/ Al2O 3催化剂的活性与催化

剂担载 Co 的量多寡有关,只有当 Co 的含量达

到一定程度时,才使催化剂有明显的催化活性.

也只有当一定量的 Co 负载于 Al 2O 3上,才能保

证催化剂具有稳定的活性和较长的寿命(如图2



所示) . 从图2中可见 Co 负载量为13%(Wt )的

Co/ Al2O 3(记为13%(Wt) Co / Al2O 3 )上, 反应约

1h,催化剂的活性基本保持不变; 而8% (Wt)

Co/ Al2O 3上,催化活性随反应时间的增加而显

著降低.因此,催化剂的活性和寿命与 Co 负载

量的大小有关.

图1　Co 负载量对催化剂活性的影响

1. CH4　　2. CO 2

图2　合成气产率与反应时间的关系

1.　8%( W t) Co/ Al2O 3　　2.　13% (W t) Co/ Al2O 3

2. 2　反应条件对催化剂活性的影响

( 1)反应温度　由表1可见, 反应温度从

400℃- 750℃, 产物中 CO + H2%含量呈明显

的上升趋势, 即提高反应温度有利于 CH4的

CO 2重整, 因为该反应为高吸热反应
[ 5]
. 不过,

在高温时反应,产物合成气中 CO/ H 2的比则下

降.

表1　反应温度对13% (Wt )Co/Al2O3催化活性的影响1)

t/℃ cCO+ H2
/ % CO/H 2

400 4. 24 1. 00

500 25. 38 1. 06

600 61. 85 1. 11

650 73. 50 1. 11

700 84. 20 1. 00

750 89. 93 0. 91

　　1)　还原温度为600℃,空速GHSV = 5000h - 1

( 2)空速　在700℃的反应温度下, 在13%

(Wt) Co/ Al2O 3催化剂上, 空速对 CH4的 CO 2重

整反应的影响结果如图 3所示. 在1000 -

9000h
- 1
的空速范围内, 随空速的增大, 产物中

CO+ H2%的量呈下降的趋势,但 CO/ H2的比

却是增加的.该结果一则是因为空速增大降低

了反应的接触时间, 使 CH4和 CO 2的转化率降

低,另则是由于 CH4和 CO 2有不同的反应速率,

且 CO 2在 Co/ Al 2O 3催化剂上较易转化为

CO
[ 6]
,以至于空速增大,产物中 CO/ H2比增加.

3　空速对13W t% Co/ Al2O 3催化剂甲烷重整活性的影响

a. cCO+ H
2
/ %　b. CO/ H2

( 3)还原温度的影响　在空速为5000h
- 1、反应

温度为700℃的条件下, 考察13%( Wt ) Co /

Al2O3催化剂在不同的还原温度时的活性情况,

结果列于表2. 从表2中看出, 催化剂在400℃还

原时, 其对反应的活性最高,合成气的产率达

86. 7% ;低于400℃(如在350℃)还原,合成气的

产率降低,但 CO/ H2比却增加;高于
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阵. Arr ay ( S)为6元等( 3m )间隔水平线列阵.

Array ( E)为4×4×4阵元三维等( 3m)间隔十字

体积阵. 观察区域为声屏障后侧25m 处下方

729m3的一个立方体区域. 采样频率为10kHz.

TDNN 单路节数为127.隐层神经元数为12个.

图3给出了观察区域典型的降噪结果.在观察区

得到平均降噪量17dB( A)左右. 而采用单个输

入单个次声源(单通道控制) ,其他部分不变,同

样条件下降噪量最大只能达到6dB( A)左右.

图3　观察区域典型的降噪结果

〔体积加权平均降噪量的空间分布( 729m 3)〕

3　结语

作为常规声屏障的补充和发展, 分布式多

通道协同控制神经网络声屏障在原理上是可行

的.特别适宜于声屏障高度、结构及景观约束下

的环境噪声的治理. 由于其自身具备很强的时

空信息综合和系统建模能力, 对环境条件的适

应性大大提高,即使在常规自适应消声器难以

发挥效力的复杂空间也能达到很高的降噪量.

其协调稳定的工作性能使得本方法极具应用潜

力.其在复杂声场中的机理将是后续研究的课

题之一.
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400℃还原,合成气 CO+ H 2的含量和 CO/ H 2比

都降低.

表2　还原温度对13% (Wt )Co/Al2O3催化剂活性的影响
1)

t/℃ cCO+ H2
/ % CO/ H2

350 75. 50 1. 39

400 86. 70 1. 31

500 78. 76 1. 23

550 79. 98 1. 21

600 84. 20 1. 00

　　1)　反应温度为700℃,空速 GHSV= 5000h - 1

3　小结

Co/ Al2O 3催化剂上 CH4的CO 2重整活性和

活性, 与 Co 的负载量有关. 当 Co 的负载量达

到13% (Wt)时,其活性最好.提高反应温度,能

增加 CH4和 CO 2的转化率,也增加了合成气的

产率;提高反应的空速和催化剂的还原温度,均

能提高合成气中 CO/ H2的比,并且当催化剂在

400℃还原时其活性最好.
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Viaduct. Chen Zim ing ( Department of
physics, Ocean University o f Qingdao ) , L iu
Weim ing et al . ( Environmental M onitor ing
Centre, Qingdao ) : Chin. J . Env iron. Sci . , 18
( 3) , 1997, pp. 41_ 44
The popular r esponse to the t raf fic noise of
elavated highw ay o r v iaduct in the Qingdao
City w as invest ig ated using simultaneous do-
ing method o f quest ionaires and noise mea-
surements. The variat ions of subject iv e an-
noyance value and sleep interference rate w ith
the effect ive noise level w as analy sed. The
dif ference in the subject iv e annoyance values
and sleep interference rates of populat ion of
dif ferent groups w as pointed out and the dif-
ference in their subjective response before and
after the const ruction of an elevated highw ay
or viaduct .
Key words: t raff ic noise, elevated highw ay or
viaduct , subject ive response, subject ive an-
noyance value, sleep interference.
Reformed Methane by Carbon Dioxide over
Co/Al 2O3 Catalyst. Fei Jinhua, Lu Haihua et
al. ( Inst itute o f Catalysis, Hang zhou Univer -
sity, Hang zhou 310028 ) : Chin. J . Environ.
Sci . , 18( 3) , 1997, pp. 45_ 46
In this paper, the ef fect of Co content , pre-
tr eatment condit ions, space velocity and r eac-
tion temperature on the preformance o f math-
ane r eformed to synthesis gas by carbon diox-
ide over Co/ Al 2O 3 catalysts has been invest i-
gated. It w as found that Co/ Al2O 3 catalyst
w ith Co content of 13% ( w t ) ( i. e. 13% wtCo/
Al2O 3 ) show ed the best r eform act ivity , de-
creasing space velo city and increasing react ion
temperature improved the conver sion of
mathane and carbon dioxide. Catalysts also
show ed the best act ivity at reduced tempera-
ture at 400℃. T he CO/ H2 rat io of yieids in-
creased w ith the space velocity increasing , de-
creased w ith r educed temperature and react ion
temperature increasing. When enough Co con-
tent is lo aded on Al2O 3( eg. 13%w tCo/ Al 2O 3) ,
catalysts w ill appear e longer life and stabil ity
of activity .
Key words: mathane, carbon diox ide, synthe-
sis gas, cataly st , reform, Co/ Al2O3 .
Basic Study on Neural Active Noise Barrier of
Distributed & Coordinated Multi-Channels.
Chengx iang T an and Song ling Zhao ( T he In-
st itute of Acoust ics, Tong ji University,
Shanghai 200092) : Chin. J . Env iron, Sci . , 18
( 3) , 1997, pp. 47_ 49
The height , material, ar chitecture, w eight of
the noise barrier are constrained by the land-
scape requirement and load-bearing frame,
w hich deepens the deficiency of the conven-
tional noise barrier in low frequency w ide band
noise diff raction and transmission. To im-

prove the per formance of the convent ional
noise barrier, neural act ive no ise barrier of dis-
t ributed and intelligently coordinated mult i-
channels is presented. T he adaptive nonlinear
contro l vector in t ime and space domains is
self-org anized by the proposed compound neu-
ral netw ork to driv e the distr ibuted secondary
sources array optim ized. Mult iobjectives opt i-
mizat ion is adopted. Through training , at
f ir st , the neural netw ork optimizes the geo-
metrical dist ribut ion of the sensors and sec-
ondary sour ces, in order to synthesize the
suitable noise reducing space dist ribut ion and
reduce the hardw are cost ; secondly , the
st ructure of the neural cont rol ler is simplified.
At last , the reserved connect ion w eights get
precisely opt imized. The scheme is demon-
st rated to be applicable especially for w ide-
band and larg e area noise barrier.
Key words : no ise control , noise barr ier, neur al
netw ork.
Chinese Expressway Tunnel Pol lution and
Control. Wany M ingnian, Wong Hanmin,
Guan Baoshu( Dept . of Underg round Eng ineer-
ing , Southwest Jiao tong Universty , Chengdu
610031) : Chin. J . Env iron. Sci . , 18( 3) , 1997,
pp. 50—53
In order to control air po llut ion and noise po l-
lution in expressw ay T unnel , i. e. Zhong
Liang shan T unnel、Wu T ongshan T unnel and
Qi Daoliang T unnel w ere studied, the site test
result showed that machinery vent ilate control
effect ively air pollut ion in tunnel , sour ce of
noise is t raf fic f low , their no ise g o beyond the
values of standard, so it is important to study
on technique r educed noise pol lut ion.
Key words: expr essw ay tunnel , air pollut ion,
noise pollut ion, machinery ventilate.
Experiments on Long Term Stabil ity of Road
Tile Made from Chromium-Bearing Slag.
Wang Yong zeng et al ( China Inst itute fo r Ra-
diat ion Protect ion. T aiyuan 030006) : Chin. J .
Environ. S ci . , 18( 3) , 1997, pp. 54_ 56
By adding 20% chromium-bearing slag into
base materials of making brick, the brick sam-
ple w as sintered in the r equired geometric
shape under the g iven temperature. The size
of sintered base sample w as measured and the
associated Cr w ater solubility test made before
and after sintering . T he sample w as tested in
leaching liquid under v ar iable condit ions.
Based on the experiment results data, the
leaching rate is 0. 8×10- 7cm / d and the accu-
mulat iv e leaching fact ion is 1×10

- 4
cm / d, the

stability o f Cr in base sample w as determined
and therefore such method of t reat ing chromi-
um slag w as considered feassible and
pract ible.
Key words : chrom ium-bearing slag, road t ile,
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