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iy, Background

@ . The leather industry transforms raw hides into leather products through chemical
wiLTcs treatments and mechanical processing.

Finished leather

Fatliquoring agent ” Dyes | ‘—f’;/."’

"- T . _______/{__




Y, Background

T With the improvement of living standards and the enhancement of sustainable &

* development awareness, consumer demands for leather products have increased,

IULTCS L L :
CONGRESS  driving innovation in leather chemicals.

Chrome-free Tanning Agent Multifunctional Fatliquors Water-Based Coating Agent

- Triazine Derivatives - Low Fogging Value - Self-Cleaning Type
- Epoxy Compounds - Light Resistance - Antibacterial Type
- Nano Materials - Waterproof Type - Self-Repairing Type

m Leather chemicals are advancing toward eco-friendly, safe, and multifunctional solutions!
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One Major Finding:
DHPSTEA—A New Reactive Liquid Salt
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CONGRESS chloro-2-hydroxypropane sulfonate by hydrolysis, acidification, neutralization and purification.

Research Contents

) Preparation of New Reactive Liquid Salt

DHPSTEA

2,3-Dihydroxypropanesulfonic acid triethylamine salt (DHPSTEA) was synthesized from Sodium 3-

v I[—8 ¢ LdUS \\
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Nazc03 TEA = +
C|\/l\/so3Na —> HO SO:Na —— HO\)\/SO;,,H — HO\/]\/SO;; NH~_

. Physical properties I % Advantages

Solublllty | = E co-friendly characteristics
Appearance | pH . .y
DMF | Methanol I " Excellent reactive stability
Transparent | = Efficient operability
liquid SO .S =7 I = FEasyapplication
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Innovative Product One:

Preparation of Poly(Carbamoyl Sulfonate)
Tanning Agent Via DHPSTEA
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@ Poly(carbamoyl sulfonate) emerges as a blocked polyurethane that can release NCO groups

iU LTCS under certain conditions, reacting with compounds containing active hydrogen, such as -NH: or -OH.

(o} o |

Blocking I _ + . I |
R-NH-C-SO; + Na (3) R-NCO + R'-NH; ——— > R-NH-C—-NH-R' |
poly(carbamoyl sulfonate) |
Deblocking - H,0 o |
» R-NCO + HSO; (4) ~v"NCO —— 3 A"NH-C-NHw + CO, I

Ureides JI

" Direct Blocking: Homogeneous reaction requires cosolvent, increasing the product's VOC.

During DMPA chain extension, acidic NaHSO; solution reduces

Prepolymer Blocking:
B carboxyl hydrophilicity, yielding a low product blocking ratio (85~90%).

¥

Propose using DHPSTEA to replace carboxylic acid chain extender!
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@ ) Preparation of Poly(carbamoyl sulfonate) Tanning Agent via DHPSTE .
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| " + SO, NH- 0 < +
! Ho\)\/so; NH— )ol\ o T 5 o % M
R H
! /N 0N N Ho”" Sona Jk J\ 0. _N_ _N_ SON
! —R— OCN N” "o R” R St sNa
/OCN=R=NCO o5 N \[c])’ uso, O nos NN Y Y
- > o] o}
! HDI/IPDI / HMDI Prepolymer CTAS

i 3 $
| Ao oUosIN o@o

m CTAS demonstrated over 99% blocking ratio /

| ™ Synthesis process without cosolvent!

m  Product with high water-solubility!
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: @ - Y Structural Characterization of DHPSTEA and CTAS
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= DHPSTEA and CTAS were successfully prepared.
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H o
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; ) Determination of CTAS Deblocking Behavior—Temperature

CTA-HMDI

§ <
‘%\ZS!<

1))

SRR AR

2270cm™
-NCO

L
3500

L L L L
2500 2000 1500 1000

Wavenumber(cm™)

L
3000

B CTAS exhibit a deblocking temperature above 110°C and remain stable at room temperature.
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: 5’;"! - ) Determination of CTAS Deblocking Behavior—pH
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Depickling Water 200 28
;\: 80 L] prG.O < 8 L] prG.O
s Dol S e N o 10 10
S oL v pH=7.5 T o0 v v pH=7.5
3" T ¢ pHeg0 s ; ¢ pH=Bo _ NaHCO, 2 10x3+60 6.5
X < pH=85 e \ < pH=8.5
S 4 » pH=9.0 8 4 » pH=9.0 .
: : e | 10 2
N | Tanning
20 20 | .
— — Tanning Water 100 25
% ; 1l0 1l5 zlo zls 3l0 % 5 1l0 1l5 2l0 2l5 3l0 _ CTAS X 120 6.0
Time (h) Time (h) . q
CTA-HMDI Basification MgO 1 180 30 7
100
= 80 = pH=6.0
2 e pH=6.5
o 4 pH=7.0 - MgO 1 180 40 8
T w0 v pH=7.5
° + pH=8.0
O 40 »  pH=9.0
o L e |
1 - -
2 ' It is recommended to use MgO to gradually raise the |
- 1
N i pH of the tanning process. !
0 5 10 15 20 25 30 1

Time (h)

B CTAS exhibit pH-sensitive and readily deblock under alkaline conditions.
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DSC DTG

Control 100 —— Control 750= 346.5 °C o000 L e
\<//_/—\ — — CTA-HDI T5= 363.3°C ,
i, k) ;
62.20 °C 3. ----CTAJIPDI  T,=3645°C -0.001 |3,
o |CTA-HDI dosage 6 % ) 8O- & CTA-HMDI  Tg=371.8°C Control
= = ; -0.002 |
= — —CTA-HDI
_E CTA4PDI dosage 6 % 31W = 5 ----CTA-PDI
E -§ 60 - _E o003l ¥ CTA-HMDI
= |CTA-HMDI dosage 6 % 82.W =
é 40 -0.004
gae8c ,_\ /| | TR -0.005 | /
20 |
1 1 1 L L L L L L L _u.uus L L L L L L L
50 60 70 80 100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 800
Temperature (°C) Tempemture (°C) Temperature (°C)

B CTAS can significantly improve leather’s thermal stability (Ts = 83.2°C at 6% CTA-HMDI).
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. i!" "!i f ) Mechanical Properties

) Yellowing Resistance

LIr—=8

LYON

—u— CTA-HDI CTA-IPDI —A— CTA-HMDI

I U LTC S Tensile strength (MPa)

CONGRESS

CTA-HDI CTA-IPDI CTA-HMDI

Ol

§
Tensile strength (Mpa) 19.30 2050/ 2175 N, =10 12h (0.97:0.06. (0.98+0.10. (1.14x0.21)
Tear strength (N/mm) 3825 3845 V4550 0 220 24h 1.1420.11 1.69+0.07 1.1240.24
Elongation at break (%) 83.75 77.84 7.-3.-"15 35~75 36h 1.11+0.12 1.19+0.06 1.08+0.14
Thinkness increment ratio (%) JEPRXI) 47.00 49.00 — 1.03£0.13 1.19£0.08 1.07£0.23
Softness (mm) 5.92 5.78 5.46 — ’\L45¢0.01,‘ ‘\Lmio.lz,‘ '\1:_1810.1-1:‘

— - — - —

® CTAS tanned leather exhibits excellent mechanical properties and yellowing resistance.
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9| <1pym 1-10pm 5| — Control
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T st a
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S
T s} t ©
2 I
nC_> 20F =
10 | *
0 N I n n 1 -0.2 1 1 L L
Control CTA-HDI CTA-IPDICTA-HMDI  Cr 10 100 1000 10000 100000

Pore size diameter (nm)

B CTAS tanned leather demonstrate well-dispersed collagen fibers and high porosity.
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Y CTAS Biodegradability
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BOD5: HJ 828-2017

114.67+12.86 55.27+5.03 0.49+0.06 Easy
100.00+10.00 55.93+11.02 0.57+0.15 Easy
105.00+5.00 53.93+13.05 0.51+0.09 Easy

B CTAS tanning agents exhibit good biodegradability.
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) Pilot-Scale Chrome-Free Tanning of Pickled Sheepskins

, iIt Trial

% Cost Accounting
F-90 tanning CTA-HMDI tanning

Cost content | Average cost

Amount @ | Cost (CNY)
0.6 CNY/kg 100 kg 60 100 kg 60
21CNY/kg  20kg 42 20 kg 42
18.0 CNY/kg 100 kg 1800 _ _
23.0 CNY/kg _ _ 60 kg 1380
1.0 CNY/kg _ _ 30 kg 30
0.005CNY/kg 6600 33 5000 25

Composite 3y N
)

2The amount was calculated, accounting for the weight of 1000 kg limed sheepskins.l

20.6% cost reduction

,I

1. Longhua Material Technology Co., Ltd.
2. Juncheng Leather Co., Ltd.
3. Leaning New Material Technology Co., Ltd.

= CTA-HMDI exhibits good economic viability.

Collagen and Leather, 2025, 7, 9.
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Innovative Product Two:

Preparation of High Solid Content Waterborne
Polyurethane Emulsions Via DHPSTEA
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‘ @ Waterborne polyurethane (WPU) with water as the dispersion medium, has unique environmental

.
7
~
=]
~

IULTCS advantages, and the film-forming is soft and elastic. Thus, WPU is widely used in leather finishing.
CONGRESS
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o
'\ @ '_ » Structural Characterization of SC-HWPU

IULre FTIR
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XPS

|
SC-HWPU1 | SC-HWPUL-Cls cc SC-HWPUI-NIs SC-HWPUI-O1s
- 284.5¢V
| C-N-C
| ~ ~ N—C=0 399.1eV _ ;)3-1‘39;8
3 3 399.8¢V ] '
| K s 3
I £ C-0-C/C-OH £ Z
g 286eV 5 £
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8 0-C0 J 532.6eV 531.4eV
| = C-N /\
§ | 288.6eV 2855V Y,
- SC-HWPU4 - - A AN
.q: N v *\_/VV = — —
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= !
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= 3313 /4 ‘ :
C-N-C
201 X 1716 | e oy
2858 1245 | 3 Z 399.75¢V 3
11047 g z £
£ = £ |c-o-cic-0oH c=0
1108 | = - J = 532.6eV .
$=0
1 . 1 . 1 . 1 . 1 . 1 NJ\/\ v N 531V
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= SC-HWPU emulsions were successfully prepared.
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i ) The Properties of SC-HWPU Emulsion ' ) Water Resistance of Films

2 |
IULTCS : : | :
CONGRESS Emulsion properties - Appearance of films
i - e . / 7 7 g . AV % , g&y :
Sample |-COO/-SO, | “Averase Solid Zeta | Viscosity | g pitity [ : \\ P
particle/nm | content/% /mV | /mPa-s .
10:0 ) (4

&S

LYON o

SC-HWPU1 46.76 40.0 0.066 -46.9 619.6 Stable |

SC-HWPU2 9:1 57.38 450  0.068 47.9 1052  Stable (&

PTIRRN BSW " <  A

SC-HWPU3 8:2 14120 { 516 ,0.073 400 1291  Stable : :
Y | Water immersion
SC-HWPU4 7:3 240.10 450 0262 -422 2199  Instable '

( '_:-;:; .

SC-HWPU1 SC-HWPU2 SC-HWPU3 SC-HWPU4

B The solid content, particle size, and viscosity of WPU increased with the liquid salt amount.

B After 24 hours of water immersion, the SC-HWPU1-3 films can still maintain good transparency.
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i." "li : Y The Properties of SC-HWPU films
' @)1 scaaweut| (D 16

*
z |
ST, — —sc-Hwpuz| %000
IULTCS B —— scwrus —s— SC-HWPUI
80 - o R SC-HWPU4 -0.002 - 14 |
CONGRESS ol —e— SC-HWPU?2
Gln ool —4—SC-HWPU3
= £ - -~ -SC-HWPUI 12 T a
E‘) 40 =, = .0.008 | — — SC-HWPU2 ¥ SL'H W PU4
= 3 ——SC-HWPU3 r
B W0 s SC-HWPU4 -
20 F =
” -0.012 |-
oy
0+ -0.014 |- E
100 200 300 400 500 200 300 400 500 ="
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k]
a
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1o |- SCHWPLT o
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= e SC-HWPLA
E 10 = =]
- [} [
i =
(-7 9
-
SC-HWFU1
(L% I] - =SC-HWFLU2
ol —_— WP 0 i | o1 " 1 " 1 " 1 1 i | i ' N
™ o SCHWRE 0 200 400 600 800 1000 1200 1400 1600 1800
o s
I L L 'l L L i S - ( ﬂf )
&0 0 ] 50 0 &0 train (i]
Temperature (*C) Temperature (“C)

B SC-HWPU films have good thermal stability and mechanical properties.
Journal of Applied Polymer Science, 2024, 141, 55926.
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Innovative Product Three:

Preparation of Yellowing-Resistant Leather Fatliquors

Via DHPSTEA
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) The Preparation Method of the Conventional Fatlgiuors

RCOO—CH,
RCOO—CH

RCOO—CH,

H,S0,
OSO;H

[O,]
P VN CH=CH—CHvv

OOH

(0]

SO; I
» vworHC—C—0—

SO;H

NH,CH,CH,OH
& RCONHCH,CH,0H

NH,CH,CH,0H
L » RCONHCH,CH,0H

NaOH
OSO3Na
NaHSO;
WV‘CH:CH—CI;H\/VV\
SOsNa
NaOH ﬁ?
vwWwHC—C—-0O—~vn
SO3Na
H(I3:C|3H

Oo=C_ C=0
\O/

—_— RCONHCHZCHZOOCH2CH2—C|:HCOONa
Na,SO0, SOzNa
P,O5 ﬁ?

—_—) RCONHCHZCH20[I’—ONa

ONa

Natural oil fatliquoring agent
(Containing unsaturated fatty acid)

O,

uv Oxidation Reaction

Heat

Leather exhibits yellow appearance

B Developing yellowing-resistant fatliquors is a key objective in the leather industry.
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: !‘;’! ; ) Preparation of Yellowing-Resistant Leather Fatliquors via DHPSTEA
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IULTCS
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CONGRESS | Sulfonate polyurethane surfactants (SPS) were first synthesized from DHPSTEA, then yellowing resistant leather,
|
I fatliquors (SPS-F) were prepared by using SPS to emulsify mineral oil. |

-\ .. . ... e e L L L M M M M L L L L L L L L L L L /7
eSS
I OH R :
: HO\)\/SO;NH-\ o :
: DHPSTEAQ N_o A NC(: tty Alcohol_ X JOL N__o JOL N O i
~ I
i - ‘g’\(\o( N atty Alcohol oy \gf O(H \(f)r\R:
| OCN NGO 60°C, 3 h $03 NH~ 80°C, 3 h sd,,<~1|-|+-\ !
1
I I
: IPDI Prepolymer SPS E
1
: R: C8H1TEZ c12H25 EE C1BH37 :
e e e e e e e e e e e e e e e e Y ——_———————,, _,——,—,—_,—_,—_,—_,—_,—_—,—,—,—,———,—,—,—,—,,—,,,,,—,—,—,—,—,—_,—_,—,————,—,—,,,, ., 1
v e :
' I
y I
| : SPS |
: I
: : No.10 white oil '
s I
i : NH*(C;H5); :
|
1 . . |
i . '303 :
I
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» The Properties of surfactants and fatliquors

-8

LYON o

SPS-1 12| ™ SPs.1 . T SPS-2 14| 777 SPs-3
I U LTC S » L-Ou ....... . : SPS-2 ss ¢ SPS-1 Z-Ave:114.0 nm T Z-Ave:30.9 nm Z-Ave:274.3 nm
CONGRESS ""-._9. “""-., s SPS3 10 1af 12
e, sof - ~12| ~10}
< ® o < cme: 2.94x10 mol/L £ s <
g 5 b o . g 45 o2 %., E,m L %, al
Z = . Z Yome: 35.63 mN/m 2 2 [ 2
= - = @ ] [TRryR
= . s =0 £ 50 E
10 "a__ 2. 4 i 4l
9, . ey — - . , A
st Rl S I
P - ” = > i ) " > 1 ’ 40 60 80100 400 600 ’ 6 8 10 40 60 80100 200 40 60 80 100 400 600 3001000
Ig [cf(mol-L")] Ig [c.l(mol-L")l Size (nm) Slze (nm) Slze (nm)
75
o sPs2 s sPs3 Sample | Emulsifier | Appearance | Solid Content/% Stability
40 70
o e SPS-F1 SPS-1 White Stable
g <l cme: 1.80x10° molL. | B cmc: 3.30x10° mol/L
E ¥ ' 28.82 mN/m Eﬁn Yeme: 54.01 mN/m
= = SPS-F2 SPS-2 White 60 Stable
30 F 55
N | | SPS-F3 SPS-3 White 60 Stable
" > 3 B - 3 2
Ig [cAmol-LY)] Ig [cAmol-LY)]

B The surfactant synthesized with lauryl alcohol exhibits optimal surface activity and minimal particle size.

B The fatliquoring agent emulsified using SPS-2 also exhibits good stability.
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!"é"! ) Determination of Yellowing Resistance
wircs T T TS

74.63£0.50 73.90£0.30 73.70£0.72 73.50£0.61 73.4610.62 73.53%0.68

LddS \

0

2

LYON o
nill—8 o

CONGRESS
a -4.50£0.10 -4.90X£0.10 -4.73*0.06 -4.80X0.11 -4.70X0.11 -4.83%0.21
b -0.07£0.02 -0.20£0.07 0.20X£0.07 0.07£0.06 0.09Z£0.04 0.30£0.10
LA 0 _0aSE0I3 09KE026 LISEOLS_120%024 1212015 )
L 79.83£0.42 79.09£0.63 79.07£0.75 78.97X0.15 78.95X0.39 78.96X0.74
a -3.23%£0.15 -3.48%0.16 -3.49%0.17 -3.53%£0.25 -3.60%0.35 -3.60X0.53
b 1.10£0.05 0.30%0.06 0.33*0.06 0.50%0.10 0.49*0.12 0.60*0.05
LAE 0 091%024 095%045 113%026 1162016 1.22%0.23 |

L 79.57£0.78 78.67£0.55 78.57£0.32 78.53£0.25 78.50£0.26 78.50X0.36

a -457*0.15 -4.73*0.31 -4.73%0.06 -4.93F0.15 -4.93*0.09 -4.97%*0.12
b 1.90X0.10 2.07£0.06 2.10X0.10 2.18*0.20 2.17X0.15 2.21%0.08
S e e B
I AE 0 0.93X0.15 1.03X0.25 1.13X0.16 1.15X0.26 1.18X0. 16 I
L 80.63%£0.59 77.37%£0.35 77.10%1.25 77.35%£0.74 76.90X0.70 76.63X0.40
a -457%0.15 -6.90%0.10 -7.23*0.40 -7.30X0.26 -7.30%£0.10 -7.30%0.20
b 3.03%£0.23 4.80%X0.17 5.07X040 557%0.12 5.63%0.15 5.97%0.15
= mmmme e mm e me————————————— , 5 Grade 5 Grade 5 Grade 3 Grade
I AE 0 438+0.22 4.87%£0.19 4.96X0.24 5.31%*0.15 562+028

5 SPS-F fatliquored leather exhibit superior yellowing resistance.
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Tensile strength (MPa)
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The crust leather fatliquored with SPS-F exhibits good mechanical properties, complying with China's

garment leather standard (QB/T 1873-2023).
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The SPS-F fatliquored leather exhibits highly dispersed collagen fibers, smooth and fine grain
surface, and uniform pore size distribution.
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CONGRESIS A new reactive liquid salt, DHPSTEA, was successfully synthesized, exhibiting favorable
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physicochemical properties as a reaction platform for developing innovative leather chemicals.

Three new leather chemicals were developed based on DHPSTEA: Poly(Carbamoyl Sulfonate)
Tanning Agent, High Solid Content Waterborne Polyurethane Emulsions and Yellowing-
Resistant Leather Fatliquors. These three chemicals have good application performance and

promising market prospects.
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