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Rare Earth and Tetra Hydroxymethyl Phosphonium Sulfate Combination Tanning   
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Abstract: A new rare earth (RE)-THPS combination tanning system has been developed in this study. It has been 
proved by UV spectrum that THPS and RE (CeCl3) can coordinate under certain conditions. The influence of CeCl3 

and THPS’s ratio, pH and ligands on the shrinkage temperature (Ts) was studied. Higher Ts was obtained while the 
tannage was processed in the sequence of THPS followed by CeCl3. The range of alkaline pH should be controlled 
between 5.5 and 6.0 to give ideal tanning effect. It was also found that employing of 0.5% tartaric acid in this 
combination tanning system can give high Ts of 89℃.  
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1. Introduction 

Chromium tanning in leather industry is frequently questioned on its toxicity and disposal problems, 
chromium free tanning and semi-chrome tanning research is focused on. Many researches based on less 
chrome technologies have emerged in the recent past. In order to overcome the chrome related problems 
it is referable to have a completely chrome free tanning system. Tetrakis hydroxymethyl phosphonium 
salts hereafter are abbreviated as THP salts are promising chrome-free tanning agents which has many 
benefits including low toxicity, rapid breakdown in the environment and no bioaccumulation[1-3]. The 
combination tanning of tetrakis hydroxymethyl phosphonium sulfate (THPS)-Fe, THPS-Al, THPS-silica, 
THPS/THPC-dicyandiamine and THPS-silica-Al was studied. The results indicate that the combination 
tanning methods can generate ideal leather with good organoleptic properties [4-6]. In this paper, the 
combination tanning of THPS and the rare earth was studied and Cerium chloride i.e. CeCl3 is used as the 
typical representation of the rare earth.  
2. Experimental 
2.1 Experimental Materials and instruments 
   The pickled sheepskins were used for tanning trials. Cerium chloride (CeCl3), tartaric acid and sodium 
citrate is of analytical grade, while the tetrakis hydroxymethyl phosphonium sulfate(THPS) used as 
tanning agents is of commercial grade. Shimadzu UV-3600 was used in the ultraviolet spectrum analysis. 
The tanning was processed in glass flasks in a THZ-98 thermostatic oscillator. 
 
2.2 UV analysis of THPS and cerium chloride complex  

The solution of THPS, cerium chloride and the complex of THPS and cerium chloride was analyzed 
by the UV Spectrophotometer.  
2.3 THPS-CeCl3 Combination Tanning 
2.3.1 Proportion of THPS and CeCl3 

Solutions of THPS and CeCl3 with different ratios were employed in the tanning experiments. 
Pickled sheepskins processed by conventionally method were cut into strips in 8mm×100mm size when 
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used in the tannage which permits a better penetration. The total amount of THPS and CeCl3 was 15% 
based on wet pickled skins weight. After the tanning agents were added the oscillator was run for 3h and 
then the pH was raised to about 5.0 and processed for 2h. The shrinkage temperature was determined 
using Hg shrinkage meter and each value reported is an average of three experiments. 
2.3.2 Effect of Tanning Sequence on Ts 
   The tanning effect based on different addition sequence of THPS and CeCl3 has been studied. The 
pickled hides were tanned by 5% THPS first for 1.5h and then 5% CeCl3 was added. 1.5h later, pH of the 
tanning solution was basified to 5.0 by 2% NaHCO3 solution in 5 installments at an interval of 15 
min. The tanning process stopped after 2h and next day hydrothermal stability of the tanned 
leather was measured using a shrinkage temperature tester. 

The other experiments followed the procedure above but the addition of THPS and CeCl3 was 
in the contrary sequence. 
2.3.3 Influence of Ligands on Ts 
  A few organic acids such as tartaric acid and citric acid were used as ligands to coordinate with CeCl3. 
The influence of these ligands on the shrinkage temperature of the tanned leathers was studied. In these 
experiments the hides were tanned by 20% THPS for 1.5h and then followed by 5% CeCl3 tanning for 2h. 
Different amounts of tartaric acid or citric acid was used in the following process.  
 
3. Results and Discussion 
3.1 UV spectrum of THPS and cerium complex 
   Absorption curves of THPS, CeCl3 and their complex determined by ultraviolet-visible 
spectrophotometry were shown in Fig.1. As we can see from the absorbance curves in Fig.1, λmax of 
THPS is 198nm, λmax of CeCl3 is 222nm and λmax of the complex is about 228nm. This indicates 
that the coordinating reaction took place between THPS and CeCl3 but the coordination number is 
still under studying. 
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Fig.1 UV Spectrum of THPS and CeCl3 
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3.2 THPS and CeCl3 Combination Tanning  
3.2.1 Proportion of THPS and CeCl3 
   Influence of the weight ratio of THPS and CeCl3 has been illustrated in Fig.2. It was shown in Fig.2 
that the ratio of THPS and CeCl3 has certain influence on Ts. The hydrothermal stability of the tanned 
leathers increases with the rise of the ratio and Ts reaches the peak when the ratio is 3 to 4 and then drops 
to 82℃. But there is little difference between the maximum Ts of 83.5℃ and the minimum Ts of 82.0℃.    

Fig.2 Influence of w(THPS):w(CeCl3) on Ts  
3.2.2 Effect of the Tanning Sequence 
    The shrinkage temperatures of the leathers tanned in different sequence are listed in Tab.1. Ts1 in 
Tab.1 refers to the shrinkage temperature tested at the end of the tanning, Ts2 refers to the shrinkage 
temperature determined 12h later and Ts3 is the temperature after washing 36h later.  

                 Tab.1 Ts of the leather tanned in different order 

 CeCl3-THPS THPS-CeCl3 
THPS- CeCl3 

complex  
Ts1/℃ 72.9 76.3 72.3 
Ts2/℃ 77.4 79.2 74.4 
Ts3/℃ 78.4 79.3 74.4 

     As we can see from tab.1, the leathers tanned by THPS first and then CeCl3 has higher shrinkage 
temperatures and those tanned by the complex of THPS and CeCl3 has much lower Ts. Ts2 and Ts3 of the 
leather tanned by THPS and CeCl3 respectively is about 4℃ to 5℃ higher than Ts1. However, the three 
temperatures of the leathers tanned by THPS and CeCl3 complex is close.   
 
3.2.2 Influence of the Ligands on Ts 
   The influence of tartaric acid and citric acid dosage on the Ts was shown in Tab.2. T-C listed in Tab.2 
refers to the mixture of tartaric acid and citric acid at the weight ratio of 1:1. The results listed in Tab.2 
indicate that when tartaric acid and citric acid was used as assistant ligands in THPS and CeCl3 
combination tanning, Ts of the leathers has increased 2℃ to 5℃ comparing with the blank experiments. 
The dosage of the ligands has certain influence on the hydrothermal stability of the leathers but not very 
apparent. The complex of tartaric acid and citric acid has almost the same effect on the Ts. 
 

Tab.2 Ts of the leathers tanned with different ligands 

 Ligand Dosage% Ts/℃ 
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 Tartaric acid 0.5 88.7 
 Tartaric acid 1.0 89.1 
 Tartaric acid 1.5 88.5 
 Tartaric acid 2.0 87.8 
 Tartaric acid 3.0 87.6 
 Citric acid 0.5 88.2 
 Citric acid 1.0 87.5 
 Citric acid 2.0 86.3 
 Citric acid 3.0 86.7 
 T-C 1.0 88.0 
 T-C 1.5 87.7 
 T-C 2.0 87.4 
 T-C 3.0 86.6 

Blank   84.1 

 
 
4 Conclusion 
   It has been proved by UV spectrum that THPS and RE can coordinate under certain conditions. The 
influence of RE and THPS’s ratio, pH and ligands on the shrinkage temperature (Ts) was studied. When 
the pickling hides was tanned by of RE and THPS with the ratio of 3:1, Ts of the tanned leather reached 
about 83.5℃. Higher Ts was obtained while the tannage was processed in the sequence of THPS followed 
by RE. The range of alkaline pH should be controlled between 5.5 and 6.0 to give ideal tanning effect. It 
was also found that employing of tartaric acid and citric acid in this combination tanning system can give 
high Ts of 89℃. 
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