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Abstrac:t Photo ca ta ly tic ce ram ic fo am filte r, the compos ite o f h igh pho to active T iO2 nano m ate rials and three d im en

s ional po rous ceram ic foam m a teria ls, has been w idely app lied in the field of a ir /w ater pur ification, ow ing to its cha rac
teristics of high photoac tiv ity, large surface a rea, large flow ing flux and ceram ic heat/ chem ica l resistance, recyc ling
probability. Applica tions have been in the fie lds of industria l exhaust deodor ization, ag riculture pestic ide deg radation u

s ing sunlight, ste rilization o f laborato ries and hosp ita ls, h igh speed tra in a ir purification, and so on. The application re
search prog ress, p roblem and future prospect o f photo ca ta ly tic ce ram ic fo am filter are summ ar ized.
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光催化泡沫陶瓷过滤器的应用研究现状和展望

周忠华, 黄 悦
(厦门大学材料学院, 厦门 361005)

摘 要: 高活性的光催化二氧化钛纳米材料与高气孔率的三维多孔泡沫陶瓷材料复合, 得到的光催化泡沫陶瓷过滤器 , 具备

高活性、大表面积、大通量、以及陶瓷的耐高温、耐化学腐蚀、循环适用性, 在大气 /水净化领域率先得到了广泛应用。在工

业领域的废气脱臭处理、在农业领域的农药废水太阳光降解、在医疗卫生领域的实验室医院空气杀菌处理、在交通领域的高

速列车空气净化等, 已经展开应用。综述了国内外光催化泡沫陶瓷过滤器的应用研究现状、问题及其发展趋势。

关键词: 光催化; 泡沫陶瓷过滤器; 应用研究; 大气 /水净化

1 Introduc tion

T iO 2 photocatalys,t due to its low pr ice, h igh pho toactiv ity

and safety to hum an being and environment guaranteed by h isto

ry, has been w ide ly app lied in the fields o f a ir /w ater pur ifica

tion
[ 1- 5]

. Among var ieties o f T iO2 pho toca talytic materia ls,
pho toca talytic ceram ic foam filter, a composite o f T iO2 and ce

ram ic foam by utilizing the h igh ac tive perform ance of T iO2 and
the h igh resistance and large surface area of ceram ic foam, has
been commerc ialized recently and is ge tting more mi portance for
industr ia l app lications.

2 Applica tions in indus tria l deodo rizat ion

Expermi enta l anmi al raising fac ility usually exhausts 24
hou rs everyday, and the odor comp lain t from residents is the
m ain comm on problem for smi ilar fac ilities. The exhaust conta ins

severa l 10
- 6

degrees o f amm onia, aceta ldehyde, trmi ethy lam ine

and organic ac id such as n butyr ic ac id, etc. The condition is

proper for pho toca talytic deodor iza tion trea tm en t because the odor
contam ina tions are low leve,l while the exhaust is at room tem

perature. Expermi enta l anmi al ra ising facility exhaust deodoriza
tion is one of the success industrial applications fo r photocata ly tic

ceram ic foam filte r. One o f the authors ( Zhou) experienced the

eng ineering o f deodorization of 6 000 m
3
/h expermi enta l anmi a l

exhaust in Tokyo in 2005. The odor concentration was 130 be

fore treatm ent and 32 after treatm en,t and deodorization e ffect
reached about 75% .

K itchen exhaust of shopp ingm all is usua lly deodorized by ac
tive carbon filter, and photocata ly tic ceram ic foam filter has al

ready been applied in th is field recently. Except o il substances,

m a in odor contam inations o f k itchen exhaust are severa l 10
- 6

de
grees o f ammonia and aceta ldehyde, etc. K itchen exhaust is nec

essary to be deo iling ly treated before deodorization treatment by
pho tocataly tic ceram ic foam filter. One o f the exam ples o f 4 000

m3 /h shopping m all kitchen exhaust treatment in Tokyo in 2006

showed that the odor concentration w as 3 200 be fo re trea tm en,t
rem ained to be 3 200 after deo iling treatm en,t decreased to 790

after first pass photocatalytic deodorization and further decreased
to 500 after second pass pho tocata ly tic deodorization. Th is is an

other success examp le o f pho toca talytic ceram ic foam filter for in
dustr ia l use, and new built shopp ingm alls become to adopt photo

catalytic deodorization system recently in Japan.
Rubb ish odor of rubb ish pressing and transiting facilities in
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urban areas o f Ch ina is one o f the m ain problem s needing to be
deodor ized. Rubb ish pressing and transiting facilities are usua lly

built near o r inside resident areas, rubb ish odor and no ise bo ther
residents. A fie ld expermi ent o f deodor iza tion using photocata ly t
ic ceram ic foam filte rw as conducted by an equ ipm ent under the

cond itions of 4 passes, 0 09m
2
/pass, 300 m

3
/h air treatm ent

capacity, and the result show ed the probability o f app ly ing pho
tocata ly tic techno logy in rubb ish deodoriza tion. F igure 1 show ed
the odor sensor s va lues of the a ir at the indoor ( be fo re deodoriza
tion) and the outdoor ( afte r deodor ization) o f the equ ipm en.t

The odor value before deodorization w as not constant and varied
largely during rubb ish pressing process. The peak va lue reached
about 4 to 5 tmi es h igher than the valley va lue. A fter deodoriza

tion by photocata ly ticm ethod, the odor valuem aintained low val
ue which w asm uch low ered than that before deodorization. The
chem ical substance concentrations be fo re and after deodor ization
listed in Tab le 1 show ed thatm ain odor substances w ere amm on ia

and m ethy l m ercaptan, and those degradations reached 88 2%
and 67 9% after pho toca talytic deodor ization, respective ly.
From Table 2, odor concentra tion degraded 95 4% averagely a f

ter deodor ization, comparing w ith odor concentration before
treatmen.t

F ig 1 Photocatalyt ic deodorizat ion effect of the f ield test

for rubb ish pressing and tran sit ing facility by u sing
photocatalyt ic ceram ic foam filters

Table 1 Chem ical substance concentrat ions before and after deo
dorizat ion of the f ield test

Chem ical substance concen trat ion /10- 6

H 2 S NH 3 CH 3 SH

Indoor of testing

equ ipm en t
0 001 17 3 0 002 8

Outdoor of test ing

equ ipm en t
ND 2 04 0 000 9

Degradat ion percen t - 88 2% 67 9%

Table 2 Odor concentrations before and a fter deodorization of the
field tes t

Odor con cent ration /a u. Average

Indoor of test ing

equ ipm ent

Sam p le 1 1 738

Sam p le 2 1 650
1 694

Ou tdoor of tes ting

equ ipm ent

Sam p le 1 81

Sam p le 2 75
78

Deodorization

p ercent

Sam p le 1 95 3%

Sam p le 2 95 5%
95 4%

Pretreatm ent p lays mi portant role and is necessary in some
industrial deodoriza tion app lications of photocata ly tic ceram ic

foam filter. O il partic les, dust particles andm oisture are partic
u larly considered to be pre filtered out dur ing deodor ization eng i
neer ing processes, otherw ise deodor iza tion e ffects are a ffected

la rge ly. The a ffect ofm o isture on pho tocata lytic ac tiv ity o f photo
cata ly tic ceram ic foam filte r has been tested in 40% , 60% and
90% relative hum id ity a t 40 by degradation o f aceta ldehyde as

a probe by our group, the resu lt show s that theCO 2 fo rm ing rate
underUV illum ination of 40% hum id ity is the larges,t that of
60% hum idity is a lmost the same, and tha t o f 90% hum idity is

the low est and is only about ha lf o f tha t o f 40% hum id ity, i e. ,
photoactiv ity o f photocata ly tic ceram ic foam filter is restra ined
when hum id ity reaches a h igh leve l such as 90% . The resu lt al

so show s that the adsorption of reaction substance of aceta ldehyde
dropsw ith the increase o f hum id ity, g iv ing that the reason o f that
high hum id ity h inders photoactiv ity of photocata ly tic ceram ic

foam filter can be reasonab ly connected w ith the drop o f phys ica l
adso rption.

3 App lica tions in ag riculture

Photocata ly tic ceram ic foam filter has been fie ld tested to
degrade pesticide o f agr iculture liquid waste and TOC ( tota l or

gan ic carbon) o f agr iculture nutr ient so lution, reported by re
search groups of Tokyo Un iversity and Kanagaw a Agr iculture

Techno C enter in Japan
[ 6 ]
. R ice seeds have to be d isinfected by

us ing pestic ides and r insed several tmi es before cu ltivation, re
sulting in agr iculture liquid w aste conta ining pesticides. Treat

m ent area o f 2 25 m
2
o f photocata ly tic ceram ic foam filter w as

used under sun ligh t to degrade 40 L pesticide liqu id w aste. The

concen trations of ipconazo le pestic ide and TOC decreased la rge ly
when the treatm ent started. After 4 days, ipconazo le pestic ide
was non detec ted, and the degradation effect w as confirm ed by

fish tox ic ity test[ 6 ] . The recycling nutr ient so lution was treated

by pho tocata ly tic ceram ic foam filter under sun light in tom ato
nutr ient so lu tion cultivation. The recycling system w as consisted

by trea tm en t a rea of 1 2m
2
of photocata ly tic ceram ic foam filter,

reserv ing tank o f 40 L and supp ly ing tank of 100 L, and the
ba tch treatm ent m ethod w as used. Am ong testing period o f 10
m onths, the nutrient so lution w ith pho tocata ly tic trea tm ent w as

transparent and TOC was 7~ 28m g/L, wh ile that w ithout photo
cata ly tic trea tm en tw as brown and TOC reached 21~ 777mg /L.
Tom ato harvests of nu trien t so lution w ith photoca talytic treatm ent

increased by 40 8% in the 1
st
harvest and by 34 0% in the 2

nd

harvest dur ing the testing period, com par ing w ith that w ithout
photocata ly tic trea tm en.t

4 App lica tions in s te rilizat ion

Photocata ly tic ce ram ic foam filter has been app lied in ster ili

zation o f laborato ries and hospita ls, re la ted fundam enta l and ap
p lications reported by research groups of Tokyo Un iversity and

some compan ies in Japan
[ 7- 9]

. The fundam enta l o f ster ilizing
m echanism of Cu /T iO2 film under very weakUV irrad iation w as

reported to consist of tw o steps
[ 7- 8]

. The first step is the partia l

decom position o f the outerm em brane in bacte ria ce ll envelope by
a photocata ly tic process, the second step is the perm eation o f the
copper ions into the cy toplasm icm embrane to ster ilize bacteria,

wh ich expla in w hy Cu /T iO2 show ing high ster iliza tion e ffect even
under w eak UV illum ination. H igh poros ity ( about 80% ~
90% ) o f pho toca talytic ceram ic foam filterw as used in the test of

sterilization of 30 m3 SUS laborato ry[ 8 ]. A irborne m icrobe de

creases by 30% ~ 40% even in the absence of UV illum ination,
but in th is case, m icrobe is on ly captured by the filter and w ill
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be re leased aga in w ith a ir flux. In the case of UV illum ination,
the surv iva l ra te o f airbornem icrobe dow ns to 17% after 15m in,

ow ing to that the m icrobe cap tured by the filter is ster ilized by

pho toca talytic ox idization and can not be released again
[ 8 ]
. The

practica l applications of pho tocata ly tic ceram ic foam filter in la
boratory ra ising rats and hospita ls ge t sa tisfied effec t of steriliza

tion, and in the meantmi e, have also deodoriza tion e ffect
[ 8- 9]

.

5 App licat ions in h igh speed tra in

The development of deodoriza tion equ ipm ent using pho toca t

alytic ce ram ic foam filter for high speed tra in w as conducted, as

reported by JREA
[ 10]

. The target is to decom pose the chem ical
substances o f tobacco odor and to app ly for tobacco room s in
h igh speed tra in. A new coating techno logy was developed and

the ox idizing decomposition ability mi proved largely, com paring

to ordinary coating m ethod
[ 10]

. The equipm ent has been app lied

in the new ser ies of N700 high speed train in Japan
[ 10]

. In Chi
na, the app lication techno logy o f pho toca talytic ceram ic foam fil
ter in h igh speed tra in has been deve loped by re lated companies

in co llaboration w ith X iam enUn iversity.

6 H igh pho toa ct iv e m a teria ls

The research o f h igh photoactive materials o f pho tocata ly tic

ceram ic foam filter is always a techn ica l cha llenge. Noble m etal
deposited TiO2 has been intensively stud ied, and the photoactiv ity
mi proves ow ing to that the recombination of photo induced e lec

trons and holes are restrained by noblem eta l deposition. In prac
tica l app lica tions, Ag deposition is app lied instead of nob le m et
a.l Ag /T iO2 photocatalytic ceram ic foam filter is deve loped, as

reported by research groups in Japan
[ 11- 12]

. Ag nano partic les a re

hom ogeneously d ispersed into T iO2, and the decomposition ofH2 S

mi proves largely, comparing to that w ithout Ag deposition
[ 11]

.

7 C onc lus ions

The industr ia l app lications o f pho tocata lytic ceram ic foam

filte r have been w ide ly ex tended recently, and the app lication
research progress, prob lem and prospect are summ arizedm ainly
in the app lication fields o f industrial deodor ization, agr iculture,

sterilization and h igh speed tra in. M eanwh ile, the mi portance of
Ag /T iO2 photocata ly tic ceram ic foam filter is emphasized.
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973计划项目  水泥低能耗制备与高效应用
的基础研究 !进展顺利

我国水泥产量自 1985年以来一直位居世界第一, 2009年产量高达 16 4万吨。水泥行业具有能耗高、污染重、二

氧化碳排放多等特点, 尤其是生产过程中的烧、磨环节。如何降低水泥生产过程中的能量消耗, 减少二氧化碳排放,

对于节能减排具有重要意义。

973计划项目  水泥低能耗制备与高效应用的基础研究 !由南京工业大学沈晓东教授为首席科学家, 中国建筑材料

研究院为依托单位。项目围绕水泥结构和熟料矿物组成、熟料分段烧成动力学及过程控制、水泥粉磨动力学及过程控

制、水泥熟料和辅助性胶凝材料优化复合的化学和物理基础等重大科学问题开展研究, 在降低能耗研究方面取得了多

项进展。项目从提高水泥熟料胶凝性能、降低水泥熟料烧成的热耗入手, 在研究熟料矿物质结构及形成机制基础上,

建立熟料微结构与性能关系, 研究熟料燃烧及快速冷却后能获得的阿利特高温介稳结构, 提出的改进熟料烧制方法生

产每吨水泥可节约 12 kg标准煤, 节煤效率约 10%以上, 减少熟料使用量 20%以上。同时, 项目在熟料分段烧成动力

学及过程控制研究中, 通过不断尝试, 把燃烧温度从原来的 1 400 降低为 1 300 , 仅该环节就可降低烧成热耗 3%

~ 5%。此外, 项目还从燃烧学、水泥结构、水泥浆体组成等不同方面进行降低能耗的基础研究。 (本刊通讯员 )
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科学基金、美国陶瓷学

会电子 Edw ard C. H en ry

奖、国家自然科学二等

奖等; 发表论文 300余

篇; 出版专著 1部; 获

国家 发 明 专 利 授 权

20项。

丁文江 : 男 , 1953

年生, 教授、博导, 轻

合金精密成型国家工程

研究中心主任, 国家重

大基础研究项目技术首

席; 曾获国家科技进步

二等奖、国家技术发明

二等奖、国防科技进步

二等奖和上海市技术发

明奖一等奖各 1次; 发

表论文 321篇, SC I收

录 184篇, E I收录 211

特约撰稿人周忠华

特约撰稿人黄学杰

篇; 申请发明专利 105

项, 其中美国专利 1项 ,

已授权 75项。

黄学杰: 男, 1966

年生 , 博导, 中国科学

院物理研究所研究员 ,

清洁能源中心常务副主

任, 苏州星恒首席科学

家; 1993年在荷兰 D elft

技术大学获博士学位 ,

1994 ~ 1995年在德国

K iel大学做博士后研究 ;

1996年起主持锂离子电

池及其关键材料的研

究、开发与产业化工

作; 曾获 IS I经典论文

奖、求是杰出青年奖 ;

发表论文 140余篇, 30

余项 发 明 专 利 获 得

授权。

特约撰稿人南策文

特约撰稿人丁文江

孙 军: 男, 1959

年生, 工学博士、教授,

博导, 国家 973计划项

目首席科学家, 金属材

料强度国家重点实验室

主任, 西安交通大学材

料科学与工程学院院长;

1992~ 1995年获加拿大

国家自然科学与工程研

究理事会  国际研究员 !

研究奖学金, 并在女王

大学工作; 1999年获国

家杰出青年科学基金,

长江学者特聘教授; 已

在 Natu re, Nan o L etters,

App lied Physics Letter,

Acta M aterialia, Phys ical

Rev iew B等国际知名学

术期刊上发表学术论文

100余篇。
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