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摘要 

I 

 

摘要 

    工业烟气排放导致的大气污染和温室效应已经严重威胁人类的生存发展。微

藻净化烟气，成本低廉、操作简便、环境友好，是当前的研究热点之一。但该方

法目前存在烟气脱硝固碳率低、微藻容易中毒失活等问题，限制了微藻净化烟气

的工业化应用。基于这些问题，本论文对烟气的预处理工艺、微藻吸收工艺、藻

液循环工艺等进行了研究，主要得到了以下结果： 

    （1）烟气 NO 浓度为 500ppm 时，烟气流速 0.1vvm，使用 pH=10~11 的碱

液吸收，和直接吸收工艺吸收率仅为 29% 相比，O3/NO 的摩尔比为 1.5~2 的臭

氧氧化预处理工艺，可以达到 90%以上的 NO 吸收率，显著增强了系统对 NO 的

吸收能力。 

    （2）碱性废液（即采收后的螺旋藻培养液）吸收烟气，CO3
2-

/ HCO3
-缓冲对

能够维持藻液 pH 值在适宜的碱性范围，避免了藻液的酸化，显著提高了螺旋藻

细胞的环境适应能力和生物活性，在 10%~20% CO2、0.5~1vvm 通气比的烟气条

件下，螺旋藻细胞的生长情况仍维持与正常培养相近的水平，有效克服了烟气的

抑制。 

（3）研究了生长环境不同的藻种脱硝固碳情况，结果表明,藻生长所需的

pH 值范围和藻对一氧化氮、二氧化碳的吸收转化能力差异，显著影响微藻脱硝

固碳效率。 

（4）交替通气工艺显著提升了微藻的生物活性和脱硝固碳率。在柱式反应

器中通入烟气（20% CO2，500ppm NO，0.3vvm），12h 烟气和 12h 空气的交替

通气所对应的最大生物量比连续通气高 9%。连续通气的脱硝率为 90%，固碳率

为 2.8%，交替通气的脱硝率为 93%，固碳率为 6.7%。交替通气工艺使藻液 pH

保持在碱性范围，更有利于微藻的生长。 

（5）螺旋藻废液循环吸收烟气工艺既可节约用水，也是养藻废水的深度处

理。经过 5 次循环后，废液中残留的无机碳离子浓度降低至原浓度的 18%，TN

降低为原浓度的 27%，TP 降低为原浓度的 30%。平均生物量可达 3.5g/L，在第

3 循环批次生物量可达 3.8g/L，与实验室正常培养的平均生物量相当。 

（6）设计了多层贴附式光反应器，烟气（20% CO2，500ppm NO，0.3vvm）

的脱硝率可达 97%，固碳率可达 10%，其中生物脱硝率 90%，生物固碳率 9%。
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Abstract 

Industrial flue gas emissions lead to air pollution and greenhouse effect that has 

been a serious threat to survival and development of the human. Purification of flue 

gas using microalgae with low cost, easy to operate and environment protection, 

becomes the current research hotspot. However, this method exists some problems, 

such as low carbon sequestration rate, microalgae is susceptible to deactivation, the 

process product and accumulate wastewater, and so on. Based on these problems, this 

paper focuses on the pretreatment process, microalgae absorption process, algae 

culture recycling process. The main results are as follows: 

(1) When the flue gas contained 500ppm NO with 0.1vvm flow rate, using 

pH=10~11 alkali solution to absorb, the traditional process that alkaline solution 

absorbs NO only got absorption rate about 29%. As for NO pretreatment of ozone 

oxidation, More than 90% NO absorption rate can be achieved when the molar ratio 

of O3/NO is 1.5~2. 

(2) Absorption of flue gas using alkaline waste liquid (Spirulina culture medium 

after harvest), the CO3
2-

/ HCO3
- 
buffer system was able to maintain the pH value of 

algae culture in the appropriate alkaline range, and get rid of the acidification of algae. 

The ability of environmental adaptation and biological activity of Spirulina was 

significantly improved. The cells maintained the ideal growth and carbon 

sequestration rate under the concentration of 10%~20% CO2 and 0.5~1vvm flow rate 

of flue gas. 

(3) The denitrification and carbon sequestration via microalgaes in different 

growth environments were studied, which indicated that the differences of pH range 

and the ability of absorption and transformation of nitric oxide and carbon dioxide in 

algae significantly affected the efficiency of denitrification and carbon sequestration. 

(4) The intermittent aeration process significantly enhanced the biological 

activity and denitrification carbon sequestration rate. The maximum biomass of 12h 

flue gas: 12h air intermittent ventilation was 9% higher than that of continuous 

ventilation when flue gas with 20% CO2, 500ppm NO and 0.3vvm flow rate flew into 
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the bubble column reactor. The denitrification rate and the carbon sequestration rate of 

continuous aeration was about 90% and 2.8%, respectively. The denitrification rate 

and the carbon sequestration rate of intermittent aeration was about 93%, 6.7%, 

respectively. 

(5) Circulating absorption of flue gas using Spirulina waste liquid, this process 

not only can save water, but also the deep treatment of the wastewater. The 

concentration of inorganic carbon ions, TN and TP in the wastewater was reduced to 

18%, 27%, and 30% of the original concentration, respectively. The average biomass 

could reach 3.5g/L, and in the third cycle batch had the highest biomass 3.8g/L. The 

average biomass of the normal culture was 3.8g/L. 

(6) A multi-layer reactor was designed, the denitrification rate and the carbon 

sequestration rate of flue gas (20%CO2, 500ppm NO, 0.3vvm) is up to 97% and 10%, 

respectively, in which the biological nitrogen fixation rate was 90% and the biological 

carbon sequestration rate was 9%. 

 

Keywords: Microalgae; Flue gas; Denitrification; Carbon sequestration; 

Photobioreactor 
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