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摘要　探讨了 N 235-煤油-H2SO 4-NaOH 化学萃取-反萃取体系提取浓缩 J 酸废母液中染料中间体的工艺特性.试验

结果表明,通过萃取工艺, J 酸废液中的CODCr去除率可达 95% ,萃余液 CODC r在 500- 2000 m g/ L 之间,色度去除

率可达 95% ;该工艺可使废母液中的回收物浓缩 5- 10倍.萃取剂可以循环使用而不改变性质,损失较少.

关键词　染料中间体, J 酸废母液,萃取,资源化.

　　J 酸是萘系染料中间体典型产品之一, 生

产过程中投加的 90%的无机盐和 10%以上的

有机原料转移到工艺废水当中
[ 1]

, 使得废母液

中有机物浓度含量高、酸度大、色度深、含盐量

高、对生物有毒性,属于极难治理的有机工业废

水之一[ 2, 3] . 废液中的有机质为带磺酸基( -

SO 3- )、胺基( - NH2)与羟基( - OH)的萘系染

料中间体,利用这些特定基团与废液的酸性,通

过离子缔合-离子交换过程,将废液中的染料中

间体一步提取浓缩后回用到染料中间体生产工

艺中,实现废母液中有用物质的资源化,并且大

大降低出水有机物的浓度. 本试验以三烷基胺

为萃取剂、煤油作稀释剂、氢氧化钠溶液作反萃

剂,系统地研究了该萃取-反萃取体系对 J 酸废

母液的萃取和反萃取过程特性;并根据对回收

物的成分分析,进行了回收物回用于生产中间

工段的试验,显著地提高了有用资源的利用率

而不影响产品质量.

1　材料和方法

1. 1　材料

J 酸废母液: 采用天津某化工厂酸析工段

外排的废母液,其物理化学性质如表 1.

表 1　J 酸废母液的主要物理化学性质

颜色 p H CODCr

/ m g·L- 1

含盐量

/ g·L- 1

氨基 J酸

含量/ %

J酸含量

/ %

酸含量

/ %

双 J酸

含量/ %

深棕色 0. 1- 1. 5 20000- 60000 50- 150 50以上 17 0. 22 未测到

　　萃取剂采用三烷基胺( N 235) ,稀释剂采用

磺化煤油,反萃取剂采用氢氧化钠水溶液, 酸采

用浓硫酸.

1. 2　仪器

HP1090高压液相色谱分析仪; TA-LA 型

污水COD速测仪; 721分光光度计; pHS-3B型

数字式酸度计.

1. 3　试验设备

静态萃取-反萃取试验采用如图 1所示的

装置.

图 1　试验装置



2　结果与讨论

2. 1　萃取与反萃的最佳工艺参数

控制萃取-反萃取过程的 2个基本指标是

萃取和反萃取过程的萃取效率与反萃取回收液

的浓缩倍数.萃取效率高低决定了废液中染料

中间体的回收率, 实验表明它的主要影响因素

有萃取体系两相体积比 O/ A (萃取剂体积 O与

废水体积A 之比)、废液pH 值、萃取反应温度、

反应时间、分离时间;浓缩倍数决定着浓缩液返

回工艺的可行性, 实验表明它的主要影响因素

为反萃取剂( NaOH)浓度与反萃取相比 O/ B

(萃合物体积 O与反萃剂体积 B 之比) .

( 1)萃取反应相比 O/ A 　试验结果如图 2

所示.在图 2中横坐标用相比 O/ A 的倒数A / O

表示.图 2可见,相比对萃取效率有较显著的影

响,有机物的萃取效率随相比 O/ A 值的降低而

下降. 在 A / O< 3之前, 其效率均高于 95% ;当

A / O> 3之后, 其效率迅速下降. 综合分析上述

结果,最佳相比 O/ A 确定为 1/ 2. 5- 1/ 3. 5.

图 2　相比对萃取效率的影响

( 2)废液 pH 值　试验前,向废母液中预先

投加不等量的 H2SO 4和 NaOH 调节废水 pH,

通过试验得出不同 pH 下的萃取效率,从而求

得萃取反应的最佳 pH 范围.反应结果见图 3.

在试验的 pH 范围内, J酸废液的萃取效率

有一个缓慢升高, 然后迅速下降的过程.这是由

于 N 235必须先与酸发生如下离子缔合反应后才

有萃取活性:

2R 3N ( O) + H2SO4 ( R3NH
+

) 2·SO
2-
4( O)

然后该缔合物与染料中间体分子发生如下

阴离子交换反应:

( R 3NH+ ) 2·SO 2-
4( O ) + 2R’- SO-

3

2R 3NH+ ·SO 3- R, -
( O) + SO 2-

4

因此如果 pH 过高、含酸量过低, R 3N ( O)仅

有一部分生成胺盐, 还有部分空载的有机相存

在.当 pH 过低、含酸量过多, 有一部分胺盐还

会发生如下的胺盐加合反应:

( R3NH
+

) 2·S O
2-
4( O) + H2 SO4 2R3NH

+
·HS O

-
4( O)

同样使 N 235丧失萃取活性, 降低了 N 235的利用

效率. 因此,在萃取前用酸碱将废母液的 pH 值

调节至 1. 0- 1. 5 作为萃取过程的基本条件之

一.

图 3　pH 对萃取效率的影响

( 3)萃取反应时间、分离时间　萃取反应在

3m in 内基本达到平衡, 两相分离时间也很短,

静置 10min 后即达到完全分层.

( 4)萃取反应温度　由图 4可见, 在 12-

56℃这一很宽的温度范围内,都可以达到较高

的萃取效率.萃取效率随温度先稍有升高,然后

稍有下降.这是由于升温能降低有机相粘度,改

善萃取剂分散特性,加快反应速率;同时过高的

温度也会增加萃取剂在水中的溶解度, 导致萃

余液 CODCr的升高.

此外, 适宜的反应温度还能防止反应过程

中盐的结晶. 综上分析, 最佳反应温度应在 20

- 50℃为宜.

图 4　萃取反应温度

( 5)反萃剂( NaOH )浓度　反萃剂的浓度

主要影响反萃取是否完全以及染料中间体的浓
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缩程度.对同一萃取条件下制得的萃合物, 通过

改变反萃剂的浓度( NaOH 溶液的浓度) ,得出

完全反萃时,提取浓缩物总浓缩倍数与反萃剂

浓度的关系(图 5) .

图 5表明,反萃剂浓度在 16% - 40%之间

的前段, 浓缩倍数随反萃剂的浓度增大而增加

的幅度较快, 之后增长趋于平缓.但当反萃取剂

的浓度大于 32%后,提取浓缩液有固体盐分析

出,导致两相分离困难, 极易发生乳化现象.因

此,确定 NaOH 最佳浓度范围为 24% - 32%.

图 5　反萃剂浓度与浓缩倍数的关系

( 6)反萃相比( O / B )　反萃取相比寻优试

验是要找到不同反萃剂浓度下完全反萃时的最

大反萃相比 O / B(最小反萃取需要量) . 表 2列

出了实验得出的不同反萃剂浓度下完全反萃时

的最大反萃相比 O / B. 从表 2可以得出在最佳

NaOH浓度范围下( 24%- 32%)的最佳反萃相

比约为 2- 3.

表 2　最大反萃相比与反萃剂浓度的关系

反萃剂浓度/ g·L - 1 160 200 240 320 400

最大相比 O/ B 1. 50 1. 89 2. 10 2. 83 3. 77(易乳化)

2. 2　提取浓缩液回用试验

为了进一步验证提取浓缩液直接回用于染

料生产中间工段的可行性, 将浓缩液按不同比

率加入特定生产工段,经过几个中间体生产工

段后,对滤液及产物进行分析,实验结果如表

3. 表 3表明, 滤液的氨基值未发生显著变化,表

明浓缩液中的有用染料中间体已转移到过滤物

中;从对产物的分析看出,回用实验并未因投加

浓缩液量的增大而使产物百分含量减少,表明

浓缩液中的中间体得到有效的利用.

表 3　J 酸提取物回用到生产中间工段可行性试验1)

生产料液与萃

取浓缩液体积比

滤液氨基值

/ g·L- 1

滤液 Na2S O 4

含量/ g·L- 1

中间工段

产物/ %

1∶0 11. 04 69. 19 82

15∶1 12. 42 104. 2 65

7∶1 11. 04 93. 89 78

4. 6∶1 11. 04 106. 28 98

3. 2∶1 9. 66 95. 17 98

1)浓缩液的氨基值为 56 g/ L

3　结论

( 1)以 N 235-煤油-H2SO 4 组成的萃取体系

可以高效率地提取 J 酸废母液中的染料中间

体.主要参数为: 稀释比为 20% - 50% ,萃取相

比为 1/ 2. 5- 1/ 3. 5,反应 pH= 1. 0- 1. 5, 反应

时间 3- 10min, 分离时间 10- 30m in, 反应温

度 20- 50℃.

( 2)采用 NaOH 浓溶液作反萃取剂, 反萃

取分相速度快、萃取剂回收率高、浓缩液有机物

含量大. 从优化试验中得到反萃取过程的主要

参数为:反萃剂浓度为 24%- 32%, 反萃取相

比约为 2- 3,反应时间 5- 10min,分离时间 10

- 30min, 反应温度 20- 50℃,浓缩倍数 5- 10

倍.

( 3)在优化条件下, J酸废液中的染料中间

体萃取率常高达 90%- 95% ,提取浓缩液浓缩

倍数达到 5- 10倍, 残液中 CODCr浓度降低到

500- 2000 mg / L .

( 4)通过回用试验表明, J酸废母液的反萃

取浓缩液可以直接返回到生产工艺中的中间工

段,以回收其中大部分染料中间体,产生显著的

环境与经济效益.

参 考 文 献

1　高凤钗.化工环保, 1992, 68(2) : 89

2　周学双.染料工业, 1989, 26(6) : 6

3　谢锐.化工环保, 1994, 93( 3) : 139

191期　　　　　　　　　　　　　　　　　环　　境　　科　　学　　　　　　　　　　　　　　　　　　　



HUANJING　KEXUE

Abstracts Environmental Science Vol . 18　No. 1, 1997

The Ef fect of 2-Nitrof luorene Exposure on Gill Struc-

ture of the Grass Carp. Yu Gang and Xu Xiaoba i( Re-

sea rch Center fo r Eco-Env ir onmental Sciences, Chinese

Academy of Sciences, Beijing 100085) : Chin. J . E nvi -

r on. S ci . , 18( 1) , 1997, pp. 1- 3

N itr ated po ly cyclic ar om atic hydro carbons ar e a class

of impor tant po llutants with dir ect -acting mutagenici-

ties and carcinogenicit ies. 2-nitr ofluor ene is a repr esen-

tative compound o f nitro-PAHs. T his paper r epor ted

the effect o f 2-nitro fluo rene exposure on gill structur e

of t he g r ass carp. A fter 2, 4, 10 days o f expo sur e, g ill

of fish w as examined under electr on micro scope . T he

most sev ere g ill lisions included t he hyper tr ophy and

increased number of chlo ride cells. T his t ype of str uc-

ture damage show s a clo se similar it y to t ho se caused

by o ther pollut ant s, such as lindan.

Key words: 2-nitr ofluor ene, g rass carp, gill, tox ical ef-

fect .

The Blown Sand Disaster Along Tarim Desert Oil-

Transportation Highway. Dong Zhibao, Chen Guang-

ting et al. ( Inst itute o f Deser t Resear ch, Chinese A-

cademy of Sciences, L anzhou 730000) : Chin. J . E nvi-

ron. S ci. , 18( 1) , 1997, pp. 4- 9

By means of field observ ation and labor ato ry exper i-

ment, t he generat ion o f the blown sand disaster along

Tar im desert oil-transpor tation highw ay was analy sed,

the ex tent assessment model w as established. F inally

the conclusions r eached are: ( 1) I n the t empo ral dis-

tr ibut ion, the disaster is mainly concentr ated on spr ing

and summer ( Apr il- Sept ember ) , the most sever e is

in Apr il. ( 2) In the spatial dist ribution, the disaster is

more intensive into the desert . ( 3) Extent zones ar e

outlined acco rting to the theor etically est imated values

of blow n sand disaster ex tent, w hich fit w ell in t he

blown sand disast er phenomena obser v ed and record-

ed.

Key words: blow n sand disaster , tempo-spatial distru-

bution, T ar im deser t oil-tr anspor tation highway .

Study on Degradation of Phenolic Compounds by Can-

dida maltosa. Y in P ing , Yang Yanx i and Yang

Huifang ( Institute o f M icrobiolog y , Chinese Academy

of Sciences, Beijing 100080) : Chin. J . Env ir on. Sci. , 18

( 1) , 1997, pp. 10- 13

Deg radation of 15 kinds o f pheno lic compounds by

Candida maltosa 10-4 w as st udied. This y east can uti-

lize dihydric phenol and t rihydr ic pheno l as so le carbon

source fo r gr ow th. Three kinds of dihydr ic pheno l
( 300 mg / L ) can be deg raded 97% - 99% in 48 hours.

N itr ophenol, aminophenol and cr esol can not be used

as sole carbon sour ce, but nitr ophenol and aminophe-

no l can be used as nitro gen sour ce fo r g rowth . Wit h

glucose as carbon source and ( NH3 ) 2SO 4 as nitr og en

source, the gr ow th and degr adation activity can be

promoted obv iously. Removal of mononitr opheno l

( 300 mg/ L ) can reach 93% - 100% , 2-o r 4-creso l

86% and monoaminopheno l 68% - 84% . With substi-

tuting gr oups incr ease, degr adation of phenolic com-

pounds become slow er . Cells adapted by 1200 mg/ L o f

pheno l can ox idate high concentr ation ( 2800 mg / L ) o f

pheno l and 15 kinds of phenolic compounds ( 300 m g/

L ) to different degr ee.

Key words: pheno lic compound, Cand id a maltosa,

degr adat ion.

Nitrogen Content Dynamic Variation Analysis in the

Second Songhua River. L iu Jing shuang , Yu Junbao et

al. ( Changchun Institute of Geogr aphy , Chinese A-

cademy of Sciences, Changchun 130021) : Chin. J . En-

vir on. Sci. , 18( 1) , 1997, pp. 14- 16

Space-time var iation law of nitr og en content in differ-

ent r iver sections, w ater per iods and year s in t he sec-

ond Songhua River w ere descr ibed in detail. The re-

sults show ed that there ar e dir ect relation bet ween ni-

tr og en cont ent v ariation in wat er and nitr og en in w ast e

w ater to come from cities and runo ff w ater o f bo th

banks o f the r iver . Nitra te and nitrite contents in wa-

ter in flo od per iod ar e higher than that o f mid and low

w ater per iods. In flood per iod, nitr ate cont ent in wa-

ter incr eases g r adually with ext ension of r iver sect ion,

ammonia content in polluted r iver sect ion is higher

than that of unpollut ed river section. N itr ate and ni-

tr ite contents in wat er in thr ee wat er periods fr om

1985 to 1989 are slightly higher than that from 1980 to

1984 and from 1990 to 1994, ammonia cont ent in w ater

increased annually .

Key words: nitr og en cont ent , space-time variation

law , the Second Songhua River .

A Research on Technology for Recovery Resource

f rom High Concentration J-Acid Waste Liquors. L i

Zhonghe, Zhu W anpeng et al. ( Dept . of Envir on.

Eng. , T singhua Univer sity , Beijing 100084) : Chin. J .

Envir on. S ci. , 18( 1) , 1997, pp. 17- 19

J-acid waste liquor s is a high concent rat ion or g anic

w aste wat er. In this r esear ch N235 w as used as ex-

tr atant to ex tr act useful subst ance from the J-acid

w aste liquor s. The tests indicated t ha t mo re than 95%

of CODcr in J-acid w aste liquor can be removed and

CODcr in the remained liquor s can be dropped to 500-

2000 mg / L . 95% of colour ity can be removed from the

w aste liqour s. By back-ex tr action tests, ex tr acted o r-

ganic fr om w ast e liquo r s can be concentrat ed 5 to 10

times. In t he pr ocess the ex tr actant could be recycled

for that its proper ties don't v ary and it's lo st is litt le.

By recovery t est s, t he concentrat ed solution could be

back to t he appropr iat e section o f the pr oducing pr o-

cess directly to recover y useful subst ance, w hich w ill

have no detr imental effect s on the comprehensive in-



dexes contr olled in producing .

Key words: dy e intermediates, J-acid, w ast eliquor , ex-

tr act ion, resour ce recovery .

Study On Full-scale Test of Biological Contact Oxida-

tion Pretreatment in Drinking Water Treatment from

Huaihe River Source Water (Bengbu Reach) . Liu W en

jiun, He Beiping et al. ( Dept . of Env iron. Eng . ,

T singhua Univ ersit y, Beijing 100084) , Lu jianhong et

al. ( Bengbu Wa ter Company, Bengbu, 233000 ) :

Chin. J . Env ir on. Sci. , 18( 1) , 1997, pp. 20- 22

In this study, the test o f full-scale bio lo gical conta ct

ox idation pr etreat ment in dr inking w ater t reatm ent

w as discussed, w hich is first in domest ic. T he results

dem onstrat ed t hat biolog ical pretr eat pr ocess can re-

move or ganic compounds and ammonia of source w ater

by 13. 6% - 20. 5% and 70% - 90% respect ively

w hen t he rat io of wat er t o air is 1∶1; t he key facto r

to affect the biolog ical pr etr eat pro cess per formance is

disso lv ed oxygen and temperat ur e.

Key words: dr inking wat er, biolog ical pr etr eatment,

pilot scale t est , Huaihe River .

Degradation of Black Liquor Lignin Produced from

Kraft Pulping Process of Pine by White-Rot Fungi.

L in Lu, Yang Gao et al. ( State Key Labor ator y of

Pulp and Paper Eng ineering , Sout h China U niver sity of

Technolog y, Guangzhou, 510641 ) : Chin. J . Envir on.

Sci. , 18( 1) , 1997, pp. 23- 25

Black liquor lignin is the main pollutant in t he black

liquo r produced fr om kraft pulping pr ocess of paper-

making r aw mater ials. In this paper , effect of w hite-

ro t fung i on degr adat ion of black liquo r lignin pr o-

duced fr om pine kraft co ok w as studied. Results

show ed that w hite-ro t fungus could deg rade more than

74. 5% of black liquor lignin in the medium after 10

days of cultur e, the main part o f black liquor lignin de-

graded w as in the r ange of 1500- 3000kD o f molecular

w eight . Culture facto rs such as cabon and nitr og en

source, pH value in t he medium and temperature exer t-

ed dur ing the cultur e had an impor tant r ole r espective-

ly on the effect of degr ading bla ck liquo r lignin by

w hite-r ot fungus.

Key words: w hite-ro t f ungus, black liquo r fr om kraft

pulping pro cess, sulfonate lignin, biodeg radation.

Pilot Scale Petrochemical Wastewater Treatment Using

Inner Loop Fluidized Bed Bioreactor. Zou Ping , Wang

Chengw en and Qie Y i ( Dept. of Envir on. Eng . , T s-

inghua Univ ersity, Beijing 100084) : Chin. J . Envir on.

Sci. , 18( 1) , 1997, pp. 26- 29

A Pilo t scale exper iment on petr ochemical w astew ater

tr eatment using inner loop fluidised bed bio reacto r and

floatat ion pr ocess w as conduct ed. The effluent COD

fr om the process is about 200 and 100 mg/ L when in-

fluent COD is 800 and 500m g/ L , r espectively. T he

loading rate of t he bior eactor can be achiev ed above

15kgCOD/ ( m3. d) .

Key words: inner loop fluidised bed bio reacto r , petr o-

chemical w astew ater , floatat ion pro cess.

Investigation of the Landf ill Gas Composition and Its

Yield in South China. L . Y . Chan and S . C. Lee ( Dept.

of Civ il and Structura l Engineer ing , The Hong Kong

Po ly technic Univ ersit y, Hong Kong ) , Y . Q in ( Instit ut e

of Env ironmental Science, Zhongshan Univ ersit y,

Guang zhou, 510275) : Chin. J . Envir on, S ci. , 18 ( 1) ,

1997, pp. 30- 34

F ive landfill g as monit or ing wells w er e installed and

the composit ion of landfill gases w ere monitor ed in

W ufeng shan landfill in Foshan, south China. For the

w ells lo cated in the late landfilled reg ion, CH4 and

CO2concentr ations o f landfill gases ar e high and sta-

ble. Fo r t he w ells located in the early landfilled r eg ion,

CH4 and CO 2 concent rations of landfill gases ar e low

and var iable. In the last field measur ement, the gases in

the well located in early landfilled reg ion has lost the

character s or landfill g as. It's implication is that the

bio lo gical decomposition pr o cess of t he r efuse under-

gr ound has completed or the anaer obic environment

has been dest ro yed. It just lasted fo r about 4 year s and

is much shor ter than t he expect ed tim e o f 10 - 20

year s. The differ ences of landfill g as betw een Foshan

W ufeng shan landfill and Hong Kong Shuen Wan land-

fill w er e compared and discussed. The y ield o f landfill

g as in Wufengshan landfill was estimated acco rding to

the or ig inal carbon com ponent o f the refuse.

Key words: landfill, w aste gas, bio log ical decomposi-

tion, monitor ing well, CH4, CO 2, ga s y ield, Fo shan.

Photolysis of -Naphthaleneacetic Acid in Aqueous So-

lution. Zufei Zhou, W eichuan Jiang and Weiping Liu

( Dept. o f Chemist ry , Zhejiang Univ ersity, Hang zhou

310027) : Chin. J . Environ. Sci. , 18( 1) , 1997, pp. 35-

37

Pho tolysis o f -naphthaleneacetic acid( NAA ) has been

investigat ed at 25℃ in aqueous so lutions by irr adiation

at differ ent w avelengths. The shor ter waveleng th o f

254nm is consider ably mo re effectiv e in pr omo ting

degr adat ion than waveleng th of 365nm . The pr ima ry

degr adat ion o f NAA fo llow s a pseudo-fir st-o rder ki-

netics. The phot olysis half-life and rate constant w er e

determined to be 60min and 1. 15×10- 2min- 1 respec-

tiv ely . T he optimum photo lysis r ate has been obser ved

using T iO2 pow der as pho tocataly st . Sever al r eaction

intermediates w ere identified using GC/ M S t echnique .

The photo ly sis of NAA invo lv es decarboxy lat ion and

ox idation on ar omatic r ing . On the basis of the analy ti-

cal data , a mechanism of the pro cess has been pro-

po sed.

Key words: photo ly sis, -naphthaleneacetic acid, ul-

tr avio let light.

Mn2+ -Oxidizing Bacteria and the Mn2+ -Removing Ac-

tivity of the Filter Sand Used in Water Plants. Bao Zhi-

rong et al ( Dept. M o lecular Bio log y, Jilin U niv,
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