Introduction :

Colouration of jute fabric has become essential for all sorts of fabric starting from decorative value added fabrics to  attractive packaging material. Due  to  the eco-friendly and biodegradable nature of jute ﬁbre, the demand for jute fabric is rising world wide day by day. The colouration of jute fabric with reactive dyes are most suitable for its eco-friendly nature. A number of studies has been done on dyeing of jute with reactive dyes. 
In case of reactive dyes, the dyes reacts with hydroxyl group of the ﬁbre by either substitution or addition reaction. During their application, along with dye absorp- tion, dye hydrolysis also takes place. The hydrolysed dye  retained on the fabric and is removed by severe washing. This results in wastage of dye. Hydrolysis of the dye by water is more rapid at higher pH values. Even the dyes with lower reactivity, when they are in an alka- line environment for an extended period of time, they gradually hydrolyse. This results in a highly  coloured dye eﬄuent which is unfavourable on  environmental grounds (Cooper, 1993). Furthermore, the high concen- tration (40–80 g1L) of electrolyte and  alkali (5–20 g1L) required for dyeing may pose  additional effuent prob- lem with the ever increasing popularity of reactive dyes. Environmental  problems arising from the reactive dyeing have also become  increasingly aggravating.  Hence, efficient exhaustion  and ﬁxation of reactive dyes on to ﬁbres is essential.

Many studies (Cai et al., 1999; Lewis, 1993) have been devoted to improve the substantivity of cellulose for reac- tive dyes, thus diminishing or eliminating the amount of electrolyte required and increasing the effciency of dye ﬁbre interaction. However, none to date has achieved sig- niﬁcant commercial success, since all suffer from one or more disadvantages, such as signiﬁcantly reduced  light fastness, unsatisfactory dye ﬁxation efficiency  or  poor wet fastness, marked change in hue, limited  suitability of the treatments for different  kinds of  reactive dyes, unpleasant odours released during application etc. The objective of our study is to develop a new technique that minimizes the problems cited above.

Reuse of reactive dyes by conventional application methods is complicated by many factors in the dyeing process that  interfere with exact  shade reproduction (Scheyer et  al.,  2000).  The  greatest problem is  dye hydrolysis or  the reaction of  dyes with water, since hydrolysis blocks the reactive sites so that the dyes can- not form covalent bond with ﬁbres. Chemical build up or the accumulation of salt with subsequent reuse can either increase or decrease dye bath exhaustion and ﬁx- ation. Salt is formed in the dye bath when acid is added to lower the pH before each reuse.

The aim of this work was to rectify the conventional method of reactive dyeing by the reuse of costly reactive dye to solve the problem of water pollution to some extent. A  two-bath method of  ﬁrst applying the dye from a dye bath containing salt followed by treatment in a separate alkali bath was adopted here instead of conventional one bath method where dyeing and ﬁxation are carried out in a single bath. Four types of reactive dyes differing in  reactive group and dyeing temperatures has been used in this study and applied on jute fabric from original and reused dye bath by single and two-bath application method.

Materials :

A plain weave grey jute fabric having the following speciﬁcations   was  used:  warp:  60 endsIdm  (count,

260 tex), weft: 51 endsIdm (count, 268 tex) and fabric mass: 260 gIm2  (at 65% RH and 20 oC). Hydrogen per- oxide, trisodium phosphate,  sodium hydroxide, sodium carbonate, sodium silicate, sodium sulphate (salt), non-ionic detergent (Ultravon JU)  and acetic acid of AR  quality were used. Reactive dyes viz., cold brand (Procion Red M8B and Procion Blue MR),  hot brand (Procion Brown H4R and Amactive Orange H2R), vinyl sulphone (Remazol Yellow FG  and Amidazol Brown GR)  and high exhaustion brand (Procion Green HE4BD,  Procion  Golden Yellow HER  and Procion Blue HERD) were used for dyeing of jute fabric.

Methods :

1. Conventional bleaching of grey jute fabric

Bleaching of grey jute fabric was done in closed vessel for 2h at 80—85 oC, keeping the material-to-liquor ratio at 1:20 with hydrogen peroxide (1 vol.), trisodium phos- phate (5 gIL), sodium hydroxide (1 gIL), sodium silicate (10 gIL) and non-ionic detergent (2gIL). The pH of the bath was maintained around 10.  After bleaching, the fabric samples were washed thoroughly in cold water and neutralised with acetic acid (2mLIL) followed by usual cold washing and ﬁnally dried in air.

2. Reactive dyeing of jute fabric

Four  diﬀerent type of  reactive dyes, namely, cold brand reactive dye, hot brand reactive dye, vinyl sul- phone reactive dye and high exhaustion (HE) brand reac- tive dyes were used for dyeing of bleached jute fabric. For  any particular dye, dyeing of bleached jute fabric was done following conventional process i.e. exhaustion of reactive dye and then ﬁxation by alkali in the same bath.  After dyeing, the original bath was reused for dyeing of another sample. Another set of samples was produced by modifying the conventional dyeing  tech- nique. In this process, exhaustion of reactive dye was car- ried out in one bath and ﬁxation with alkali was carried out in another bath. The exhausted dye bath was reused for dyeing of another bleached sample following conven- tional method of exhaustion and  ﬁxation in the same bath. For a particular dye belonging to a particular class of reactive dye, four  diﬀerent samples were produced which included samples from (A) original bath, (B) origi- nal reused bath, (C) separate original bath and (D) sep- arate reused bath.

· Dyeing with cold brand reactive dye

The bleached jute fabric was dipped in the bath con- taining salt (60 gIL) and kept for 30 min using material- to-liquor ratio at 1:20. The dye was added to the bath and the process continued for  another 30 min. Then checked the pH of the bath where the dye bath was to be  reused following same  bath  method.  After  the exhaustion stage, 20 gIL sodium carbonate was added for ﬁxation of dye and kept for 45 min at ambient tem- perature. Sample was then washed thoroughly with cold water, soaped (2gIL) at boil for 15 min, again washed with water and dried in air. This was the original sam- ple. The dye bath was then reused after bringing down the pH to that of the originally measured. A bleach sam- ple was dipped in the bath for dyeing. The sample was dyed for 1 h without adding salt and thereafter 20 gIL sodium carbonate were added for ﬁxation. Then washed, soaped and dried in the usual way to produce original reuse sample. For  the separate bath sample, after initial treatment of bleached fabric in the salt bath for 30 min and dye bath for 30 min, the sample was taken out for ﬁxation in a bath containing salt (60 gI L), soda ash (20 gIL), using 1:20 material-to-liquor ratio at ambient temperature for 45 min. Then usual washing, soaping, further washing and drying was done to pro- duce separate original sample. The original dye bath was reused. The bleached jute fabric was dipped in the dye bath and dyed for 1 h without adding any salt. Then so- dium carbonate (20 gIL) was added for ﬁxation and kept for 45 min and the fabric was washed, soaped, again washed and dried to  produce separate reuse sample. Procion Red M8B in three diﬀerent concentration (2%,4%, 8%, owf) and Procion Blue MR (8%, owf) was used.

· Dyeing with hot brand reactive dye

Dye was pasted with water at 45 oC and dissolved by adding water at  80oC.   The bleached jute fabric was dipped  in the bath  containing salt (80 gIL) at  40oC and kept for 30 min using material-to-liquor ratio at 1:20. The dye (pre-dissolved) was added to the bath in two installment at 5 min interval and raise the tempera- ture to 80oC and kept for 45 min. Then checked the pH of the bath. Then sodium hydroxide (2gIL) and sodium carbonate (20 gIL) were added for ﬁxation of dyes and run for  1 h  at  80oC.  The  sample was then washed, soaped, again washed and ﬁnally dried in air to produce original sample. The dye bath was then reused after bringing down the pH to  that of  the original and a bleached fabric was dipped in it for dyeing at  80oC without adding anything to  it.  After dyeing, sodium hydroxide (2gIL) and sodium carbonate (20 gIL) were added for ﬁxation. Thereafter ﬁxation, washed, soaped, again washed and dried to produce original reuse sam- ple. For the separate bath sample, after initial treatment of bleached jute fabric in the salt bath for 30 min and dye bath for 45 min, the sample was taken out for ﬁxa- tion in a bath containing salt (80 gIL), sodium hydroxide (2 gIL) and sodium carbonate (20 gIL) using 1:20 mate- rial-to-liquor ratio at 80oC for 1 h. Then usual washing, soaping, again washing and drying to produce separate original sample. The original dye bath was saved for re- use. The bleached jute fabric was dipped in the dye bath and dyed at 80oC for 1 h without adding anymore salt. Then sodium hydroxide (2gIL) and sodium carbonate (20 gIL)  was added for  ﬁxation and run for  1 h  at 80oC followed  by usual washing, soaping, again wash- ing and drying to get separate reuse sample. Procion Brown H4R  in three diﬀerent concentration (2%, 4%,8%, owf) and Amactive Orange H4R  (8%, owf) was used.

· Dyeing with vinyl sulphone reactive dye

Dye was ﬁrst pasted with hot water at 45 oC and then dissolved by adding water at 80 oC.  For dyeing and ﬁx- ation with vinyl sulphone reactive dye was carried out using material-to-liquor  ratio at 1:20. For ambient tem- perature processing, sodium hydroxide (4 gIL) was used as alkali. For high temperature processing, sodium car- bonate (20 gIL) was used as alkali and a temperature of

80 oC  was maintained during processing. The bleached fabric was dipped in dye bath containing salt (80 gIL) and  run for  30 min.  Then  raise the  temperature to

80 oC  for hot processing  or maintaining it at ambient temperature and run for another 30 min. The pH of the bath was checked. For  single-bath method, alkali is added to the bath and run for 1 h in case of hot processing or 90 min in case of cold processing. After ﬁxation, sample was washed, soaped at boil, again washed and dried to get original sample. The dye bath was saved for reuse and the pH level of the dye bath was adjusted to those of the original dye bath by adding 50% acetic acid. The bleached fabric was dyed at cold condition or dyed at 80 oC  for 1h. Then ﬁxation was done in the usual manner followed by washing, soaping, again washing and drying to get original reuse sample. For separate bath sample, after dyeing for 1 h, the sample was taken out for  ﬁxation in a  bath containing salt (80 gIL), alkali and temperature depending  on hot or ambient temperature process and run for 90 min in case of cold while 1 h for hot process, which ultimately pro- duce separate original sample. For separate reuse sample,  the  bleached fabric  was dipped in  the  residual solution for dyeing either at 80 oC or ambient tempera-

ture depending on the process for a period of 1 h. Then alkali was added to the bath for ﬁxation. After ﬁxation, usual processing was done to get dried sample. Remazol Yellow FG  dye was used in three diﬀerent concentra- tions (2%,  4%,  8%,  owf) and Amidozol Brown GR (8%, owf) was used.

· Dyeing with high exhaustion (HE) brand of reactive dye

The dye was pasted with water at 45 oC and dissolved by adding water at 80 oC.  The material was entered in the salt (80 gIL) solution at 40 oC  and run for 10 min using 1:20 material-to-liquor ratio.  Pre-dissolved dye in two installments at  5 min interval was added and run for  45 min at  85 oC.  Then pH of  the bath  was checked. For  same bath  method, sodium carbonate (50 gIL) was added for ﬁxation and run for 45 min at 85 oC. Then sample was taken out for washing, soaping, further washing and drying to get original sample. The dye bath was used after bringing down the pH to the ori- ginal value measured earlier by addition of 50%  acetic acid. The bleached sample was dipped in the bath and dyed for 45 min at 85 oC without adding anything. So- dium carbonate (50 gIL) was then added for ﬁxation at 85 oC for 45 min. After usual washing and soaping, original reuse sample was produced. For  separate bath method, after initial dyeing for  1 h,  the sample was taken out and ﬁxation was done in a bath containing salt (80 gIL), sodium carbonate (50 gIL), material to liquor ratio at 1:20 at 85 oC for 45 min. So, separate original sample was produced after washing, soaping and drying. The residual liquor, after initial dyeing of 1 h was saved and reused for dyeing to produce separate reuse sample. The bleached sample was dyed in the bath at 85 oC for 45 min and then sodium carbonate (5O gIL) was added for ﬁxation at 85 oC for 45 min. The fabric was then washed, soaped, again washed and dried to produced separate reuse sample. Procion Golden Yellow HER and Procion Green HE4BD in three diﬀerent con- centrations (2%, 4%, 8%, owf) and Procion Blue HERD (8%, owf) were used.
Determination  of physico-chemical properties :
1. kmax,  reﬂectance, K/S value and colour strength

Spectrascan-51OO®  computer colour matching system was used to measure kmax,  reﬂectance, KIS value and colour strength (Pan et al., 2OO1)  of diﬀerent types of reactive  dyed  jute   fabric   samples  using  relevant softwares.

Wash fastness :

All the reactive dyed jute fabric samples were subjected to  wash fastness test in a  launder-O-meter as per IS:3361-1979 (ISI Handbook, 1982). Wash fastness rating of all the dyed fabric samples were evaluated with the help of computer colour matching system.

Results and discussion :

Jute fabric bleached with 2vol. hydrogen peroxide dyed with diﬀerent reactive dyes produced four diﬀerent samples using Procion Red M8B  dyes i.e. cold brand reactive dyes. The dyed samples were evaluated . KIS values increased with increase in dye concentra- tion for each type of process. It was seen that reuse of original bath resulted in poor yield of colour. In case of separate bath process, the yield % was more or  less same in every dye concentration for separate original samples but in case of reuse of separate bath, the dye yield % improved with increase in % shade and colour yield was about 78% in case of 8% shade. Cold brand reactive dyes are most reactive. Most of the dyes get either ﬁxed to ﬁbre or hydrolysed in water after addi- tion of alkali leaving behind a very low amount of reac- tive dye which could be reused (Chattopadhyay  et al.,2OO2b). So, colour yield could be very poor in case of original reuse. As the ﬁxation with alkali takes place in separate ﬁxation bath the dyes left out in the original bath  could be  reused eﬀectively in  case of  separate reuse. Hence, in case of Procion Red M8B  dye, there was no beneﬁt in case of  reuse of  original bath but dye utilization was very good in case of separate bath process, particularly for  higher %  of  shade i.e.  8% shade. The results of analysis of dyed samples produced by Procion Brown H4R showed that KIS values increased with increase of % shade but reuse of original bath  was not  good. Separate bath  process produced good colour yield and reuse of separate bath produced low colour yield i.e. 3O%  in case of 2% shade but in higher depth of shade reuse in case of separate bath produced about 5O% colour strength compared to origi- nal. Study of wash fastness property showed  that the dyed sample produced by original reuse  process was poor but in other three cases it was  good. Reactivity of hot brand reactive dye is less  than the cold brand but  in  original reuse bath  dyes  are  hydrolysed and loosely bound on to the ﬁbre resulting in poor washing fastness. Hence, separate bath method was suitable for reuse of the dye at higher percentage of shade i.e. 8%. In case of addition type of reactive dye i.e. Remazol Yellow FG,  better colour yield could be achieved when ambient temperature dyeing process was followed, which was evident by comparing . Reuse of ori- ginal bath in case of hot process produced low colour yield but the colour yield was about 5O% in case of ambi- ent temperature dyeing process. Vinyl sulphone reactive dyes are more stable dyes, so even after ﬁxation with alkali, the dyes left out in the liquor can produce good colour yield in case of original reuse sample particularly for  ambient temperature processing (Chattopadhyay et al., 2OO2b). The reuse of bath was satisfactory  in case of higher depth of shade if ambient temperature process was followed. In case of 8% shade about 75% more utili- zation of this reactive dye could be achieved if dye bath was reused in separate bath process. Hence, in case by Remazol Yellow FG,  ambient temperature  dyeing pro- cess could be advisable. Procion Green HE4BD and Procion Golden Yellow HER are high exhaustion type of reactive dyes. The re- sult of analysis of fabrics dyed with these dyes are shown in Tables 5 and 6. Evidently these dyes exhausted well in the original bath and reuse of original bath produced poor result. Hence, reuse of original bath was not advis- able. But separate bath process produced colour yield as that of original but reuse of separate bath produced poor colour yield i.e. about 1O% in case of 2% shade. But in case of higher depth of shaded i.e. 4% and above, reuse produced about 2O—25%  strength compared to that of original. HE brand reactive dyes are stable dyes and ex- haust very well (Chattopadhyay  et al., 2OO4). Hence, ori- ginal process exhausts most of the dyes and the dyes leftout are partly suitable for reuse producing very low KIS value of the original reuse sample. In case of separate bath process separate original sample produces high KI S value and reuse of left out dye liquor also produces moderately high KIS value of reuse samples as the dyes left in the liquor are in the active form and exhausts well.Using 8% (owf) dye concentration, another set of reactive dyes representing at least one from each class of reactive dyes were tried on bleached jute fabric. The dyes were Procion Blue MR  (cold brand reactive dye), Amactive Orange H2R (hot brand reactive dye), Amid- ozol Brown GR (vinyl sulphone reactive dye) and Pro- cion Blue HERD  (HE brand reactive dye). The results are shown in Table 7. Evidently separate bath process was suitable for cold brand reactive dyes. In case of hot  brand reactive dyes also,  separate bath  process was recommended as samples produced  by both sepa- rate original and separate reuse method were having about 8O% colour strength compared to that of the ori ginal sample. KIS value of the samples produced by con- ventional hot  process was slightly higher than  that produced by the developed ambient temperature process using vinyl sulphone reactive dyes. Here also  separate bath  process was recommended as  separate  original samples were having high KIS value and the  samples produced by separate reuse method was  also  having about 7O% colour strength as compared to the conven- tionally produced samples. Separate bath  method was only suitable for HE brand reactive dyes  as both the samples i.e., separate original was having high KIS value and the separate reuse sample were having 5O% colour strength as that of the sample produced by conventional method. It  was clear that ﬁxation results for all dye classes were aﬀected by dye and method of interactions. Dyes with higher ﬁxation of absorbed dye values in the one bath method was resistant to alkali induced hydrolysis and  the  dyes with greater ﬁxation in  the  two-bath method were prone to hydrolysis. For  separate reuse, the application method was important because all the dyes had higher ﬁxation values in the two-bath method than in one bath method. Thus, a signiﬁcant amount of dye was hydrolysed in the one bath method of dye bath during reuse. Dye and the method were important for all dye classes. It was also noted that within the same class, some dyes were prone to hydrolysis during reuse. Hence, separate bath method was suitable if dye was to be re- used particularly  at higher concentration of dyes.

Conclusions :

Reuse of cold brand and hot brand reactive dyes are only possible by following two step separate bath method. As these dyes are prone to hydrolysis in alkaline med- ium, colour  yield and wash fastness of  the samples produced by reusing the original bath is very poor. At ambient temperature, reuse of vinyl sulphone reactive dyes are possible by following either of the method i.e. two-step same bath or two-step separate bath as these dyes are less reactive and are not  easily  hydrolysed. But in the case of hot process, reuse of dye is only feasi- ble by following two step separate bath method. Colour strength of separate reuse samples are around 75% and 6O% of the original sample in case of ambient and hot process respectively. HE-brand reactive dyes exhausts very well after addi- tion of alkali, so original bath does not leave suﬃcient dye for dyeing another sample with good fastness prop  erty. So, this costly dye can be reused if two step sepa- rate bath process is adopted. Colour strength (%) of separate reuse samples varies from 25% to 5O%  of the original samples depending  on dyes. Washing fastness ratings are good to very good for all the dyed samples except original reuse samples for  all  class  of  dyes. Reactive dyes can be reused by following separate bath method starting from 4% shade and above to make the process cost eﬀective and eco-friendly.

