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A LIMING PROCESS WITH SODIUM SILICATE COMPOUND AS A SWELLING AGENT
ABSTRACT. Low modulus sodium silicate was prepared with a polysilicon byproduct-silicon tetrachloride, and used as a swelling agent. Calcium chloride, hydrazine 
and protease were selected as auxiliaries for the swelling agent. Dosage of the auxiliaries was optimized through the weight increase, thickness increase, 
proteoglycan removing and skin histology in swelling. Based on the auxiliary optimization, a sodium silicate compound with 67% sodium silicate, 17% hydrazine and 
3% protease (SSC swelling agent) was prepared as a swelling agent and its swelling ability was investigated with SEM and proteoglycan removing analysis. Also, the 
environmental impact of the swelling process was evaluated by total solid of the effluent. The results showed that a comparable opening up of fiber bundles was 
obtained with 6% SSC swelling agent (based on the unhaired weight) and proteoglycan removal in the skin was improved. Compared with a traditional liming 
process, there was a less total solid in the effluents. The results could provide a new valuable reference for cleaner swelling process.
KEY WORDS: leather making, liming, swelling, sodium silicate, polysilicon

PROCES DE CENUSARIRE CU UN COMPUS PE BAZA DE SILICAT DE SODIU CA AGENT DE GONFLARE
REZUMAT. S-a preparat un silicat de sodiu cu modul mic utilizând un produs secundar al siliciului policristalin - tetraclorura de siliciu - si s-a folosit ca agent de 
gonflare. Clorura de calciu, hidrazina si proteaza au fost selectate ca auxiliari pentru agentul de gonflare. Dozarea auxiliarilor a fost optimizata determinând 
cresterea în greutate, cresterea în grosime, gradul de îndepartare a proteoglicanilor si histologia pielii la gonflare. Pe baza optimizarii auxiliarilor, s-a preparat un 
compus de silicat de sodiu cu continut de 67% silicat de sodiu, 17% hidrazina si 3% proteaza (agent de gonflare SSC) ca agent de gonflare, iar capacitatea acestuia de 
gonflare a fost investigata prin microscopia SEM si analiza gradului de îndepartare a proteoglicanilor. S-a evaluat, de asemenea, impactul asupra mediului al 
procesului de gonflare prin determinarea continutului de materii solide totale al efluentului. Rezultatele au aratat ca s-a obtinut o deschidere a fasciculelor de fibre 
comparabila utilizând agentul de gonflare SSC în concentratie de 6% (raportat la greutatea pielii fara par), iar îndepartarea proteoglicanilor din piele a fost 
îmbunatatita. Comparativ cu un proces traditional de cenusarire, a existat un continut mai mic de materii solide totale în efluenti. Rezultatele ar putea oferi o noua 
referinta valoroasa pentru un proces de gonflare mai curat.
CUVINTE CHEIE: fabricarea pielii, var, gonflare, silicat de sodiu, siliciu policristalin

UN PROCESSUS DE CHAULAGE EN UTILISANT UN COMPOSÉ DU SILICATE DE SODIUM COMME AGENT GONFLANT
RÉSUMÉ. Le silicate de sodium r faible module a été préparé en utilisant un sous-produit de silicium polycristallin - le tétrachlorure de silicium - et utilisé en tant 
qu'agent de gonflement. Le chlorure de calcium, l'hydrazine et la protéase ont été sélectionnés en tant qu'auxiliaires pour l'agent gonflant. Le dosage des auxiliaires 
a été optimisé par l'augmentation de poids, l'augmentation de l'épaisseur, l'enlcvement des protéoglycanes et l'histologie de la peau gonflée. R base de 
l'optimisation des auxiliaires, on a préparé un composé de silicate de sodium avec 67% silicate de sodium, 17% hydrazine et 3% protease (agent gonflant SSC) 
comme agent de gonflement et sa capacité de gonflement a été étudiée par la microscopie SEM et l'analyse d'enlcvement des protéoglycanes. En outre, l'impact 
environnemental du processus de gonflement a été évalué par la tenure en maticres solides totales de l'effluent. Les résultats ont montré qu'une ouverture 
correspondante des faisceaux de fibres a été obtenue avec 6% agent de gonflement SSC (par rapport au poids du peau épilée) et l'enlcvement des protéoglycanes 
dans la peau est amélioré. Par rapport r un procédé traditionnel de chaulage, il y avait moins solides totales dans les effluents. Les résultats pourraient fournir une 
nouvelle référence précieuse pour un processus de gonflement plus propre.
MOTS CLÉS: fabrication du cuir, chaulage, gonflement, silicate de sodium, silicium polycristallin
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INTRODUCERE

Procesul de deschidere a fibrelor determinã 
pãtrunderea substanþelor chimice în piele, afectând, de 
asemenea, proprietãþile senzoriale ºi fizice ale acesteia. 
Cu toate acestea, chimiºtii pielari menþioneazã 
întotdeauna unele dezavantaje ale procesului tradiþional 
de cenuºãrire, care includ solubilitatea mai micã ºi 
prezenþa nãmolului în efluentul de la cenuºãrire [1-3].

INTRODUCTION

The fiber opening process determines the 
penetration of chemicals in leather making, also 
affects the sensory and physical properties of 
leather. However, some disadvantages of traditional 
liming are always mentioned by leather chemists, 
including lower solubility and sludge in liming 
effluent [1-3]. 
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Pentru a depãºi dezavantajele unui proces 
tradiþional de cenuºãrire, au fost descoperite multe 
tipuri de agenþi fãrã conþinut de var pentru deschiderea 
fibrelor [4-5]. Unul dintre aceºti agenþi de gonflare fãrã 
var a fost silicatul de sodiu. S-a demonstrat cã silicatul 
de sodiu are o capacitate de deschidere a fibrelor 
comparabilã cu cea obþinutã printr-un proces 
convenþional [6]. În acelaºi timp, silicatul de sodiu nu 
are niciun impact negativ asupra pielii. Comparativ cu 
un proces tradiþional de cenuºãrire, noul proces are 
valori mai mici pentru CCO, CBO  ºi materii solide totale 5

(TS) în apele reziduale de la gonflare [7-8]. În acest 
studiu s-a utilizat ca materie primã un produs secundar 
al siliciului policristalin, tetraclorura de siliciu, pentru 
prepararea unui compus silicat cu hidrazinã ºi proteazã 
în vederea obþinerii unui grad de gonflare moderat. În 
procesul în care s-a utilizat agentul de gonflare, s-a 
studiat capacitatea acestuia de deschidere a fibrelor 
pielii ºi s-a evaluat impactul asupra mediului prin 
intermediul conþinutului de TS. Rezultatele ar putea 
oferi o referinþã valoroasã atât pentru industria 
siliciului policristalin, cât ºi pentru industria de pielãrie.

Materiale

Ca materie primã s-au selectat piei caprine umed 

sãrate. Conþinutul de clorurã de sodiu ºi umiditatea 

pieilor caprine au fost de 25%~30%, respectiv 

35%~40%. Toate substanþele chimice utilizate în procesul 

de fabricare a pielii au fost de calitate comercialã. 

Tetraclorura de siliciu a fost un produs secundar al siliciului 

policristalin furnizat de compania Yongxiang din China. 

Proteaza alcalinã (proteazã 2709) s-a achiziþionat de la 

compania Long Kete din China. Toate substanþele chimice 

utilizate pentru analizã au fost de calitate analiticã.

Prepararea silicatului de sodiu

S-au adãugat 100 g tetraclorurã de siliciu în 300 g 

apã cu gheaþã (T≤4°C), apoi s-a încãlzit la 120°C pentru 
a elimina acidul clorhidric. S-au adãugat 10 ml apã ºi 
hidroxid de sodiu în greutate egalã pentru a obþine o 
soluþie de silicat de sodiu. Proprietãþile acestei soluþii 
de silicat de sodiu au fost analizate conform 
standardului GB/T 4209-2008 [9]. Rezultatele au arãtat 
cã soluþia de silicat de sodiu a conþinut Na O ºi SiO  în 2 2
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To overcome the disadvantages in a traditional 

liming process, many kinds of lime-free fiber 

opening agents were discovered [4-5]. One of the 

lime-free swelling agents was sodium silicate. It had 

been proved that the fiber opening ability of sodium 

silicate was comparable to that of a conventional 

process [6]. Meanwhile, sodium silicate will not have 

any negative impact for leather. Compared with a 

traditional liming process, the new process has a 

lower COD, BOD  and total solid (TS) data in swelling 5

effluent [7-8]. In this study, a polysilicon by-product 

silicon tetrachloride was used as a raw material for 

preparing a silicate compound with hydrazine and 

protease to get a moderate swelling. In the process 

with the compound swelling agent, the fiber 

opening ability of skin was studied and the 

environmental impact was evaluated with TS. The 

results could provide a valuable reference for both 

polysilicon and leather industry.

Materials

Wet salted goatskins were selected as a raw 

material. The sodium chloride content and humidity of 

goatskins were respectively 25%~30% and 35%~40%. 

All the chemicals used in leather making process were 

commercial grade. Silicon tetrachloride was a 

polysilicon byproduct collected from Yongxiang 

polysilicon Limited Liability Company in China. The 

alkaline protease (2709 protease) was purchased from 

Long Kete Limited Liability Company in China. 

Chemicals used for the analysis were all research grade.

Preparation of Sodium Silicate

100g silicon tetrachloride was added into 300g 
ice water (T≤ 4°C), and then heated at 120°C to 
remove the hydrochloric acid. A 10mL water and 
equal weight sodium hydroxide were added to get 
sodium silicate solution. The properties of this 
sodium silicate solution were analyzed according 
to GB/T 4209-2008 [9]. The results showed the 
content of Na O and SiO  in the sodium silicate 2 2
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proporþie 12,92%, respectiv 15,87%; modulul a fost de 
1,27, conþinutul de materii solide totale dizolvate a fost 
de 28,76% ºi pH-ul a fost 13,50.

Optimizarea auxiliarilor pentru agentul de gonflare 

Pieile de caprã au fost înmuiate printr-un proces 

uzual, apoi s-a îndepãrtat pãrul de pe pieile înmuiate 

utilizând o proteazã neutrã (proteazã 1398) conform 

metodei convenþionale. Pieile gelatinã fãrã pãr au fost 

tãiate în bucãþi de-a lungul ºirei spinãrii. Bucãþile din 

partea stângã au fost utilizate pentru experimente. S-

au adãugat în butoi (2600 x 950 x 1450mm) 4% silicat de 

sodiu, X% auxiliar ºi 300% apã (raportat la greutatea 

pielii gelatinã fãrã pãr) pentru gonflare. Butoiul a 

funcþionat 5 minute pe orã timp de 7 ore, apoi a fost 

lãsat sã se odihneascã peste noapte. Bucãþile din partea 

dreaptã au fost prelucrate printr-un procedeu 

convenþional cu var ºi luate ca probe de referinþã.
Compusul pe bazã de silicat de sodiu optimizat cu 

67% silicat de sodiu, 17% hidrazinã ºi 3% proteazã 

(agent de gonflare SSC) a fost preparat pentru 

cenuºãrire conform procesului de mai sus.

Greutatea ºi grosimea pielii gelatinã gonflate

Creºterea greutãþii a fost calculatã dupã cum 
urmeazã: 

unde w  - greutatea pielii gelatinã fãrã pãr, w  - 1 2

greutatea pielii gelatinã gonflate.
Creºterea în grosime a fost calculatã dupã cum 

urmeazã:

unde d  - grosimea pielii gelatinã fãrã pãr, d  - grosimea 1 2

pielii gelatinã gonflate.

Histologia pielii gonflate

Pieile prelucrate cu agent de gonflare au fost tãiate 
conform zonelor standard de eºantionare. Probele au 
fost fixate cu formaldehidã neutrã timp de 24 de ore ºi 

solution were 12.92% and 15.87%, respectively, 
modulus was 1.27, total dissolved solid was 28.76% 
and pH was 13.50.

Optimization of Auxiliaries for Compound Swelling 
Agent

Goat skins were soaked as usual, and the soaked 

skins were unhaired with a neutral protease (1398 

protease) according to conventional dip and pile 

method. The unhaired pelts were cut into pieces along 

the backbones. The left sides were used for the 

following trials. 4% sodium silicate, X% auxiliary, and 

300% water (based on the weight of unhaired pelt) 

were added into the drum (2600×950×1450mm) for 

swelling. The drums were run for 5min per hour in 7 

hours then standing overnight. The right sides were 

prepared with a conventional liming process as a 

control. 
The optimized sodium silicate compound with 

67% sodium silicate, 17% hydrazine and 3% protease 

(SSC swelling agent) was prepared for liming as above 

process.

Weight and Thickness of Swelled Pelt

The weight increase was calculated as follows: 

where w  - weight of unhaired pelt, w  - weight of 1 2

swelled pelt.
The thickness increase was calculated as follows:

where d  - thickness of unhaired pelt, d  - thickness of 1 2

swelled pelt.

Histology of Swelled Skin

The skins prepared with swelling agent were cut 

from the official sampling position. The samples were 

fixed with neutral formaldehyde over 24h and sliced 
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Weight increase 
Creºterea greutãþii 

= (1)

(2)
Thickness increase 
Creºterea grosimii 

=
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tãiate în bucãþi (13ìm) cu un microtom cu congelare. 
Probele au fost apoi imobilizate cu lichid de proteine 
ºi s-au colorat cu hematoxilinã-eozinã. Pentru 
observare s-a utilizat un microscop optic SZX12 (firma 
OLYMPUS).

Cenuºãrirea cu agentul de gonflare SSC

Pieile depãrate au fost tãiate în bucãþi de-a lungul 
ºirei spinãrii. Bucãþile din partea stângã au fost folosite 
pentru experimente, iar cele din partea dreaptã au fost 
luate ca probe de referinþã. Procesul experimental (a se 
vedea Optimizarea auxiliarilor pentru agentul de 
gonflare) a fost realizat utilizând agentul de gonflare 
SSC (6%). Gonflarea probelor martor s-a realizat 
conform unui procedeu convenþional de cenuºãrire.

Analiza prin microscopie electronicã de baleiaj

Pieile depãrate au fost tãiate în douã pãrþi de-a 

lungul ºirei spinãrii. O parte a fost cenuºãritã cu agent 

de gonflare SSC ca probã de testare. Cealaltã parte a 

fost prelucratã utilizând un procedeu tradiþional cu var 

ca probã martor. Probele au fost apoi deshidratate cu 

alcool etilic ºi observate cu un microscop electronic de 

baleiaj JSM-5900 (firma Philips).

Determinarea conþinutului de proteoglicani din efluenþi 

S-au filtrat 100 ml din efluentul de la gonflare ºi apoi 

s-au analizat pentru determinarea proteoglicanilor prin 

metoda propusã de Mantle, M. ºi colab. [10].

Determinarea conþinutului de solide totale din efluenþi

S-au colectat 100 ml de efluent de la gonflare ºi s-

au analizat pentru determinarea solidelor totale (TS) 

urmând procedura descrisã de Albu, L. ºi colab. [11].

into pieces (13ìm) with freezing microtome. The 

samples were then immobilized with protein fluid and 

stained according to hematoxylin-eosin method. A 

SZX12 optical microscope (OLYMPUS Company) was 

used for the observation.

Liming with SSC Swelling Agent

The unhaired skins were cut into sides along the 

backbones. The left sides were taken for experimental 

and right sides for control. The experimental process 

(see Optimization of auxiliaries for compound 

swelling agent) was carried out with SSC swelling 

agent (6%). The control swelling was performed 

according to a conventional liming process.

Scanning Electron Microscope Analysis

The unhaired pelt was cut into two sides along the 

backbone. One side was limed with SSC swelling agent 

as a sample. The other side was prepared with a 

traditional liming process as a control. The samples 

were then dehydrated with ethyl alcohol and observed 

with a JSM-5900 scanning electron microscope (Philips 

Company).    

Analysis of Proteoglycans in Waste Liquors 

100mL swelling effluent was filtrated and then 

analyzed for proteoglycan by the method of Mantle, M. 

et al. [10].

Analysis of Total Solid in Waste Liquors

100mL swelled effluent was collected and 

analyzed for total solid (TS) following the procedure of 

Albu, L. et al. [11]. 
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Dosage of 
hydrazine* / (%) 

Doza de 
hidrazinã* / (%) 

Weight 
increase / (%) 
Creþterea în 

greutate / (%) 

Thickness 
increase / (%) 
Creþterea în 

grosime / (%) 

Proteoglycan removal / 
(mg/L) 

Gradul de îndepãrtare a 
proteoglicanilor / (mg/l) 

0.5 58.90 50.44 42.34 

1.0 70.26 76.4 56.66 

1.5 60.11 60.75 52.39 

2.0 64.34 50.58 51.62 

RESULTS AND DISCUSSION 

Optimization of Auxiliaries for Compound Swelling 
Agent

The effect of liming could be characterized with 
the proteoglycan removal in liming liquors. The 
effect of auxiliaries on the proteoglycan removal 
was shown in Table 1. It indicated that all of the 
silicate with CaCl , hydrazine and protease 2

presented a better proteoglycan removal ability, 
compared with a traditional liming process. Among 
them, hydrazine and protease showed a significant 
effects, increase of proteoglycan removal was 
52.59% and 55.17%, respectively. So, the hydrazine 
and protease were selected as auxiliaries of SSC 
swelling agent.

Optimization of the Dosage of Hydrazine

REZULTATE ªI DISCUÞII 

Optimizarea auxiliarilor pentru agentul de gonflare 

Efectul cenuºãririi poate fi caracterizat prin 
eliminarea proteoglicanilor din soluþia de cenuºãrire. 
Influenþa auxiliarilor asupra eliminãrii proteoglicanilor 
este prezentatã în Tabelul 1. Acesta aratã cã toþi silicaþii cu 
conþinut de CaCl , hidrazinã ºi proteazã au prezentat o 2

capacitate mai bunã de îndepãrtare a proteoglicanilor, 
comparativ cu un proces tradiþional de cenuºãrire. Dintre 
aceºtia, cei cu hidrazinã ºi proteazã au prezentat un efect 
semnificativ, gradul de îndepãrtare a proteoglicanilor 
crescând pânã la 52,59%, respectiv 55,17%. Aºadar, 
hidrazina ºi proteaza au fost selectate ca auxiliari ai 
agentului de gonflare SSC.

Optimizarea dozei de hidrazinã
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Table 2: Effect of hydrazine dosage on the swelling ability
Tabelul 2: Influenþa dozei de hidrazinã asupra capacitãþii de gonflare

*: percentage based on the unhaired weight
*: procentaj calculat în funcþie de greutatea pielii depãrate
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Table 1: Effect of auxiliaries on the proteoglycan removal
Tabelul 1: Influenþa auxiliarilor asupra îndepãrtãrii proteoglicanilor

Sample 
Proba 

Sodium silicate-CaCl2 

Silicat  de sodiu-CaCl2 

Sodium silicate- 
hydrazine 

Silicat de sodiu-
hidrazinã

Sodium silicate-2709 
protease 

Silicat de sodiu-
proteazã 2709

Sodium silicate 
Silicat de sodiu 

Control (lime) 
Martor (var) 

Proteoglycan removal / (mg/L) 
Gradul de îndepãrtare a 
proteoglicanilor / (mg/l) 

41.67 52.59 55.17 39.12 32.68 



The weight increase and thickness increase, the 
same as proteoglycan removal, could characterize the 
effect of skin swelling. Table 2 showed that they were 
correlated with the dosage of hydrazine. Swelling 
ability was raised with the dosage and reached to the 
highest at 1.0%. At the level, the weight increase and 
thickness increase and proteoglycan removal reached 
70.26%, 76.4% and 56.66%, respectively. Also 1.0% 
hydrazine dosage showed a better fiber opening 
(Figure 1B). However, the higher dosage of hydrazine 
might result in a poorer effect of fiber opening (Figure 
1C, D). Therefore, 1.0% of hydrazine was used as 
auxiliary of SSC swelling agent.

Optimization of the Dosage of Protease

Similar îndepãrtãrii proteoglicanilor, creºterea în 
greutate ºi creºterea în grosime pot caracteriza efectul de 
gonflare a pielii. Tabelul 2 aratã cã aceste creºteri au fost 
corelate cu doza de hidrazinã. Capacitatea de gonflare a 
crescut odatã cu doza ºi a atins maximum la concentraþia 
de 1,0%. La acest nivel, creºterea în greutate, creºterea în 
grosime ºi eliminarea proteoglicanilor au ajuns la 70,26%, 
76,4%, respectiv 56,66%. De asemenea, doza de 1,0% 
hidrazinã a dus la o mai bunã deschidere a fibrelor (Figura 
1B). Cu toate acestea, o dozã mai mare de hidrazinã ar 
putea conduce la un efect mai slab de deschidere a fibrelor 
(Figura 1C, D). Prin urmare, hidrazina în proporþie de 1,0% 
a fost utilizatã ca auxiliar pentru agentul de gonflare SSC.

Optimizarea dozei de proteazã
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Dosage of  
protease* / (%) 

Doza de 
proteazã* / (%) 

Weight increase 
/ (%) 

Creþterea în 
greutate / (%) 

Thickness 
increase / (%) 
Creþterea în 
grosime / (%) 

Proteoglycan removal / 
(mg/L) 

Gradul de îndepãrtare a 
proteoglicanilor / (mg/l) 

0.10 56.33 80.74 49.85 

0.15 67.86 78.11 31.59 

0.20 70.42 93.33 60.33 

0.25 46.15 69.2 49.23 

Table 3: Effect of protease dosage on the swelling ability
Tabelul 3: Influenþa dozei de proteazã asupra capacitãþii de gonflare

*: percentage based on the unhaired weight
*: procentaj pe baza greutãþii pielii depãrate

X. JIAN, B. TENG, J. ZHANG, Y. GAO, W. CHEN

Figure 1. Histological micrographs of samples after fiber opening with sodium silicate and different dosages
of hydrazine (×40): A - 0.5% hydrazine, B - 1.0% hydrazine, C - 1.5% hydrazine, D - 2.0% hydrazine

Figura 1. Micrografiile histologice ale probelor dupã deschiderea fibrelor cu silicat de sodiu ºi diferite doze
de hidrazinã (x40): A - 0,5% hidrazinã, B - 1,0% hidrazinã, C - 1,5% hidrazinã, D - 2,0% hidrazinã



Sample 
Proba 

Lime 
Var 

SSC swelling agent 
Agent de gonflare SSC 

Proteoglycan removal / (mg/L) 
Gradul de îndepãrtare a 
proteoglicanilor / (mg/l) 

33.29 57.44 

Conform Tabelului 3, capacitatea de gonflare a 
agentului de gonflare a fost afectatã de conþinutul de 
proteazã. Creºterea greutãþii, creºterea grosimii ºi gradul de 
îndepãrtare a proteoglicanilor din piele au fost mai ridicate la 
concentraþia de proteazã de 0,20%, ajungând la 70,42%, 
93,33%, respectiv 60,33%. De asemenea, micrografiile 
histologice au arãtat cã o cantitate de 0,20% proteazã a fost 
suficientã pentru deschiderea fibrelor (Figura 2C). Mai mult 
decât atât, s-a observat o rupere parþialã a fibrelor atunci 
când doza de proteazã a crescut la 0,25% (Figura 2D). Prin 
urmare, s-a selectat concentraþia de 0,20% proteazã ca 
auxiliar pentru agentul de gonflare SSC.

Evaluarea gradului de deschidere a fibrelor cu 
agentul de gonflare SSC

Table 3 indicated the swelling ability of the 

compound swelling agent was affected with content of 

the protease. The weight increase, thickness increase 

and proteoglycan removal of skin were highest at 

0.20% protease level, reached 70.42%, 93.33% and 

60.33%, respectively. Also, histological micrographs 

showed that 0.20% protease was sufficient for fiber 

opening (Figure 2C). Moreover, partial fiber broken was 

observed when the dosage of protease rose to 0.25% 

(Figure 2D). Therefore, 0.20% of protease was selected 

as auxiliary of SSC swelling.

Evaluation of Fiber Opening with SSC Swelling Agent
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Table 4: Proteoglycan removal for pelts
Tabelul 4: Îndepãrtarea proteoglicanilor din pielea gelatinã

A LIMING PROCESS WITH SODIUM SILICATE COMPOUND AS A SWELLING AGENT

Figure 2. Histological micrographs of samples after fiber opening with sodium silicate
and different dosages of protease (×40): A - 0.1% alkali protease, B - 0.15% alkali protease,

C - 0.20% alkali protease, D - 0.25% alkali protease
Figura 2. Micrografiile histologice ale probelor dupã deschiderea fibrelor cu silicat de sodiu

ºi diferite doze de proteazã (x40): A - 0,1% proteazã alcalinã, B - 0,15% proteazã alcalinã,
C - 0,20% proteazã alcalinã, D - 0,25% proteazã alcalinã



After optimization, a sodium silicate compound 

with 67% sodium silicate, 17% hydrazine and 3% 

protease (SSC swelling agent) was prepared and used 

for liming process. The liming process was performed 

with 6% SSC swelling agent (based on the unhaired 

weight). The control swelling was carried out 

according to a conventional liming process. 

Proteoglycan removal of skin with SSC swelling agent 

was shown in Table 4. The SSC swelling agent resulted 

in much more proteoglycan removal (57.44 mg/L), 

compared with the control (33.29 mg/L), showing a 

better liming effect with the swelling agent. Also, SEM 

images showed a comparable void spaces in fiber 

bundles for the experimental and control (see Figure 

3A, B), indicating the same opening up of fiber 

bundles with the SSC swelling agent as the usual 

liming process.

Dupã optimizare, s-a preparat un compus pe bazã 
de silicat de sodiu cu conþinut de 67% silicat de sodiu, 
17% hidrazinã ºi 3% proteazã (agent de gonflare SSC) ºi 
s-a utilizat în procesul de cenuºãrire. Acesta a fost 
efectuat utilizând 6% agent de gonflare SSC (în raport 
cu greutatea pielii fãrã pãr). Gonflarea probei martor s-
a realizat conform unui proces convenþional de 
cenuºãrire. Gradul de îndepãrtare a proteoglicanilor 
din piele cu agentul de gonflare SSC a fost prezentat în 
Tabelul 4. Agentul de gonflare SSC a dus la îndepãrtarea 
unei cantitãþi mai mari de proteoglicani (57,44 mg/l), 
comparativ cu martorul (33,29 mg/l), utilizarea 
agentului de gonflare prezentând un efect de 
cenuºãrire mai bun. De asemenea, imaginile SEM au 
arãtat cã spaþiile goale dintre fasciculele de fibre sunt 
comparabile (vezi Figura 3A, B) pentru probe ºi martor, 
indicând aceeaºi deschidere a fasciculelor de fibre cu 
agentul de gonflare SSC ca în cazul utilizãrii procesului 
de cenuºãrire convenþional.
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Figure 3. Scanning electron micrographs (SEM) of swelled pelts
(A: experimental, B: control; ①: x500, ②: x1000)

Figura 3. Micrografii electronice (SEM) ale pieilor gelatinã gonflate
(A: probã experimentalã, B: martor; ①: x500, ②: x1000)



Environmental Impact with SSC Swelling Agent

As shown in Table 5,  the TS of  the 

experimental was lower (1.0547g/100mL) and 

decreased by 33% compared with the control. 

Usually, lime is a major contributor for TS in a waste 

liquor of liming process due to its lower solubility. 

Since there was no lime in SSC swelling agent, TS 

from lime was eliminated in the waste liquor. Only 

some hair and small pieces of fiber were observed 

in the experimental liquor. 

A sodium silicate (Na O 12.92%, SiO , 15.87%, 2 2

modulus 1.27) was prepared with a silicon 

tetrachloride from a polysilicon by-product. Then, 

the sodium silicate was composited with hydrazine 

and protease to get a new swelling agent (67% 

sodium silicate, 17% hydrazine, 3% protease). The 

compound showed a better swelling effect with 

comparable void spaces in fiber bundles. Also, there 

was less total solid in the swelling effluents, showing 

this swelling process with the compound is a cleaner 

process.
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CONCLUSION 

Impactul asupra mediului la utilizarea agentului de 
gonflare SSC

Aºa cum aratã Tabelul 5, valoarea solidelor totale 
ale probelor experimentale a fost mai micã 
(1,0547g/100 ml) ºi a scãzut cu 33% comparativ cu 
proba martor. De obicei, varul are o contribuþie majorã 
la conþinutul de TS din efluentul de la cenuºãrire din 
cauza solubilitãþii sale mai mici. Din moment ce agentul 
de gonflare SSC nu conþine var, s-au eliminat TS 
provenite de la var din efluentul rezultat. S-a observat 
doar prezenþa pãrului ºi a unor bucãþi mici de fibre în 
efluentul rezultat din procesul experimental.

S-a preparat un silicat de sodiu (Na O 12,92%, 2

SiO , 15,87%, modulul 1,27) utilizând tetraclorurã de 2

siliciu dintr-un produs secundar al siliciului policristalin. 
Silicatul de sodiu a fost apoi amestecat cu hidrazinã ºi 
proteazã pentru a obþine un nou agent de gonflare 
(67% silicat de sodiu, 17% hidrazinã, 3% proteazã). 
Compusul a prezentat un efect de gonflare mai bun, cu 
un nivel comparabil al spaþiilor goale dintre fasciculele 
de fibre. De asemenea, au existat mai puþine materii 
solide totale în efluenþii de la gonflare, indicând cã 
acest proces de gonflare care utilizeazã compusul 
dezvoltat este un proces mai curat.
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Sample 
Proba 

Lime 
Var 

SSC swelling agent 
Agent de gonflare SSC 

TS / (g/100mL) 
Materii solide totale / 

(g/100 ml) 
1.5763 1.0547 

Table 5: TS in waste liquor 
Tabelul 5: Conþinutul de materii solide totale al efluentului
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