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ABSTRACT

Research subject: This study employs a novel approach to the synthesis of liquid polysulfide. One of the drawbacks of synthesizing liquid polysulfide
is the use of 1,2,3-trichloropropane (TCP) as a crosslinking agent, which poses significant toxicity and carcinogenic hazards. Glutaraldehyde (GLH)
was utilized as a crosslinking agent in this study, as it is safer than TCP.

Research approach: Bis(2-chloroethyl) formal and sodium tetrasulfide (Na,Ss) monomers were used in a surface suspension reaction to create liquid
polysulfide, with glutaraldehyde (GLH) serving as a crosslinking agent. The organic monomer, bis(2-chloroethyl) formal, was also produced by reacting
ethylene chlorohydrin with paraformaldehyde. The organic monomer's synthesis and purity were assessed using gas chromatography-mass spectrometry
(GC-MS) and Fourier transform infrared spectroscopy (FTIR). The produced liquid polysulfide was then subjected to FTIR, viscometry, T-peel, tensile,
and hardness tests for analysis. This study examined the effect of GLH concentration on the flowability, mechanical, and adhesion properties of liquid
polysulfide by varying its proportion in the polymer.

Main results: The viscosity of liquid polysulfide with 1.5 to 2 wt. % GLH (LP-3 and LP-4) was 6800 and 11000 mPa.s, respectively, surpassing that of
samples with 0.5 to 1 wt. % GLH (LP-1 and LP-2), with viscosities of 3900 and 4100 mPa.s, respectively. Samples LP-3 and LP-4 exhibited superior
tensile strength compared to samples LP-1 and LP-2. The adhesion to metal in samples LP-1 and LP-2 exceeded that of samples LP-3 and LP-4. The
optimal GLH composition, based on tensile properties and hardness, lies between 1.5 and 2 wt.%. However, due to the elevated viscosity of liquid
polysulfide containing 2 wt.% GLH (LP-4) and its inadequate fluidity at ambient temperature as a sealant, along with the lower adhesion of sample LP-
4, samples LP-2 and LP-3 were identified as the most suitable compositions in terms of viscosity, hardness, tensile strength, and peel strength for
formulating a reliable liquid polysulfide sealant.
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Table 2 amounts of organic (Bis(2-chloroethyl) formal), aqueous
(NazSx), and GLH monomers to synthesize liquid polysulfide

Liquid polysulfide synthesizes
NazSas/formal: 1.2 molar ratio
Crosslinking agent/formal: 0.5 to 2 wt. %
NaOH/ NazSs: 1 molar ratio (desulfurization agent*)
NaSH/formal: 0.03 molar ratio (splitting agent**)
Na2SOsfformal: 0.3 molar ratio (stabilization agent***)

Sample | NazSs | Bis(2-chloroethyl) GLH
code formal
Mole mole mole Wt. %
LP-1 0.7 0.58 0.011 0.5
LP-2 0.7 0.58 0.022 1.0
LP-3 0.7 0.58 0.033 15
LP-4 0.7 0.58 0.044 2.0
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Table 1 amount of ECH and paraformaldehyde to synthesize Bis(2-
chloroethyl) formal

Organic Phase, Bis(2-chloroethyl) formal
(ECH/CH20: 2.5 molar ratio)
Acid catalyst: H2SOs, 5 wt. % based on ECH+ CH20

Reactant Product
Ethylene
Paraformaldenyde chlorohydrin Bis(2-chloroethyl) formal
(CH20) (ECH)

Theoretical

Experimental

mole gram | mole | gram

Mole | Gram | Mole | gram

4 1201 | 10 | 8052 | 48 | 8256 303 | 523

Yield of reaction: 63.3 %
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Ingredient Source Function(s) Wt. %
Synthesized LP Base Sealant 58.5
UV stabilizers,
Carbon black Base reinforce 15
el Base Filler, reinforce 15
carbonate
Dioctyl non-reactive
phthalate Base diluent 15
Zinc oxide Accelerator Curing agent 515
Chlorma_lted Accelerator Viscosity 25
paraffin adjuster
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Stearic acid Accelerator adjuster 2
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Figure 5 Synthesis of high molecular weight polysulfide (red
graph) compared to the organic monomer Bis(2-chloroethyl) formal

(black graph) - the appearance of a peak related to the thiol group
(S-H) proves the synthesis of high molecular weight polysulfide
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VO & Si9 oy Ve IGLH soye oS 5 Gialidl &V USS ay axgi b
onl sl uls lales den 10 (55,50,5 byl s el (i oy
el eizan 5 o W J Sl ey (5308 il

Ll 0393 (Gondlgun b o iy sl 50,950 5

16000 " LP-4
—e—LP-3
14000 - A LP2
—v—LP-1
12000 | -
[ p
< 10000 4 ..
£ .
E
= .l
£ 8000 A .
g AN .
£ 6000 1 .,
4000 - A
2000 | -#:-:—::f;.,*
0 T T T T
0 10 20 30 40 s(

Temperature (°C)
3 GLH (g5l slaadaw b (sl oo 4y Camd (59,31,5 2l Jloges V IS
Sglae gbbas o cuS 5
Figure 7 Viscosity reduction versus temperature graph for
polysulfides containing GLH in different percentage compositions



(b Sy oo $A+ ) Vb 55,55 5 518 & Stz 2alS Lol ol
LP-diged ¢ Jlie ;5 0jlu e dgumme (Sio slod )5 (S5 sl |, o
ol (4l UKl e FV ) ceslie g5,,S b WGLH V/+7 12
My ly geslitul JB g Sgaie glan solie (Sl
olid bools Lol Sleizle o Ladles mbio 0 (69,0,5 sl 5500
gt 3 Logiioms Wlgico GLH woys <S5 S a5 amo oo

eled Ll il 50 ol Jpamme dube jee g (Satns CuilS (s pdyail B
6ol Coonl saio Ll ) baaidl ol ol 5T Gl SlSe

olS el 5 o] Sy, as TCP G L a8 [z o)l
S5se ks el Sz sl luilinl b sl Jyame aSl ol oo

&=y

1. Fettes E., Jorczak J., Polysulfide polymers. Industrial &
Engineering Chemistry, 1950. 42(11): p. 2217-2223.

2. Patrick J.C., Plastics and process of producing the same. 1937,
ATK Launch Systems LLC: United States.

3. TSURUGI J., NAKABAYASHI T., Organic Polysulfides. II. 1
Polymorphism in Dibenzhydryl Tetrasulfide. Journal of
Organic Chemistry, 1960. 25(10): p. 1744-1747.

4.  Sheydaei, M., Sodium sulfide-based polysulfide polymers:
synthesis, cure, thermal and mechanical properties. Journal of
Sulfur Chemistry, 2022. 43(6): p. 643-654.

5. Spurgeon J., Plastics for Leakproof Fuel Tanks: Details of a
Method of Sealing Integral Tanks. Aircraft Engineering and
Aerospace Technology, 1958. 30(4): p. 112-113.

6. Lee T.C., Polysulfide Systems for Environmental Protection.
1995: ASTM International.

7. Sheng J., et al., Crosslinked nanofiber-reinforced solid-state
electrolytes with polysulfide fixation effect towards high safety
flexible lithium—sulfur batteries. Advanced Functional
Materials, 2022. 32(40): p. 2203272.

8.  Veliky J., Wegman R.F., Swick E.R., Bodnar M.J., Adhesive
bonding of metals for advanced ordnance applications. 1960,
Picatinny Arsenal. Feltman Research Labs., Dover, NJ.

9.  Zwicker B., Latices of Flexible Synthetic Polymers. Industrial
& Engineering Chemistry, 1952. 44(4): p. 774-786.

10. Mann M., et al., Chemically Activated S-S Metathesis for
Adhesive-Free  Bonding  of  Polysulfide  Surfaces.
Macromolecular Chemistry and Physics, 2022. 223(13): p.
2100333.

11. Rahimi M., Dehkordi A.M., Roberts E.P., Magnetic nanofluidic
electrolyte for enhancing the performance of polysulfide/iodide
redox flow batteries. Electrochimica Acta, 2021. 369: p.
137687.

12. Dogadkin B., Tarasova Z., Vulcanization structures and their
influence on the heat resistance and fatigue of rubber. Rubber
Chemistry and Technology, 1954. 27(4): p. 883-898.

13. Bateman L., Glazebrook R., Moore C., The Reaction of Sulfur
and Sulfur Compounds with Olefinic Substances. Part 1X. The
Reaction of Sulfur with 2, 6-Dimethylocta-2, 6-Diene. Rubber
Chemistry and Technology, 1958. 31(5): p. 1065-1077.

14. Bateman, L., et al., Structural Characteristics of the Sulfur
Linkage in Natural Rubber Vulcanizates. Rubber Chemistry
and Technology, 1957. 30(2): p. 397-405.

15. Beniska, J., Dogadkin B., The influence of activators on the
vulcanization process. Il. The influence of zinc oxide on the
structure of vulcanizates. Rubber Chemistry and Technology,
1959. 32(3): p. 780-784.

16. Bertozzi, E., Davis F., Fettes E., Disulfide interchange in
polysulfide polymers. Journal of Polymer Science, 1956.
19(91): p. 17-27.

17. Lim J., et al., High Sulfur Content Polymer Nanoparticles

YA

b0iSad ol 55l (sloailgu b 55,5 5 0 parY plSocial olss
0y 09,5 B oo LS bl (el ouls oy L £ o> 0 GLH
Ceol ouds el GLH (g5l il by ) 0y S 205 5 Sl51 (alesd!
Dgd yiaS GLH aoye oS5 uolidl b T-peel g o a0 sl
oy )S alS 5 sadlym by sloo s (o 25,0 el GLH jpa>
4o |, (cohesion)  ewzpe ja8 Gl pl a5 0ed oo S5 ol
S5 Gl Jlie o wesee Gl ead oy mle wdlse
08 GialS el GLH 0oy oS 5 Giall b seilgn by (sloo s

g oo (adhesion)  Saiws

Sloao s oS 5 59 GLH (g5l wudlges Ly sladiged (225 pls> B Jgoar
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