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1
SHEAR THICKENING FORMULATION AND
COMPOSTTE MATERLAL EMPLOYTNG TIE
SANME

CROGS REFERERCE TO RELATED
APPLICATIONS

Tl poesent applicxion is fused o, asd chims paariy
lrom, Taiwan Applestion Seral Number 105120004, fed
O Augz. 26, 2014, the disclesure of winch = herehy incos-
porubed by reference hercin in i extinety.

TECHMICAL FIRLT

T szl Iiedd relxies b0 2 shess thickersg Jommuala-
ticn and applicmbon el

BACKGROUIMD

The shear thickening menenal can be applied in impact
resistant o protective equipment. Tt may insiantly abeork
ey 1o be hardened do provide protiesiion ander high-
spead inpact, Whes the qengy is released, the shear thick-
ening material oy recover 6 its ol state g 2
moldable stale), swch thot the shesr thickening material con
b widehy applied in varicos ficlds, As such, accelemting 1he
szt Thackening mle or cohancing the: maxunmm viscosity
ol Uz hwvar thickening meteriol may impove Ui protection
et thareal,

Aizmrdingly, developments of the shear tickening for-
ayulatices with a faster shear thickening rate and protection
equipment ulang te sime ane imporin fopic,

SUMMARY

Cine enshodienent of t disclosune provides o shear ihask-
coeg fonoulation, comprising: inorganic particles; and
pelveriviene plyiend, whersin the inorgamic parmeks and the
piolyetilene glveol have s weight oo of 3 o 4, the
inorganic particks are silicen exide, aluminum eode, sl-
con carhide, namn dismessl, vr o combinnton el

L exnbontimend of the disclemore provides a composite
material, comprsing o menx =nd the described shear
hickening formmln

A detadled desenplion is given in the following embodi-
mients,

DETAILER DESCRIPTION

In b Fllowing detailed description, for purposes of
explanation, menerne specidic details are set fonh o oo
o previde o lbommpgh endersanling of he discloged
emhodiments. 11 will be apparent, however, that ane o mooe
embodinens may be practiced without these specific
detale,

Slwar thickening, formulatises and application thereof are
dizclused. The shear chickening formalatoms may achiove
lyear montimum viscosiny ar Jew shear mie, such tht com-
posile materials inclhuding the rame may absoh imaoec
caergy wluke being impacsed. When o obje 15 wrapped by
ihe comgosite mutinial of the dischsure, the ok cin be
nrciecied by e Impocd resisiand compesie Mzl

The shear ihickenang fermulaions of the discleauee ney
el musganic particles and pobrethylone pheool (PEGE],
whervin the iporganko pemicles aal e PEG bavo a weighe
ratie of 3 10 4,

-

2

In the disclosore, oy mope heiwes ros values includes
b twa valoes. Far example, the weight mso of the inor
ganic partchkes i the PEG beieg 3w 4 means te weighi
rtfio including 3 amd 4.

T otz enubndiment,, the incrganic paniches (e spherical
parieeles with o Mobs hardness seabe of at beast T) can he
sthevm axdde, aluminem cxide, silicen carbide, namo dia-
memdd, or 3 combinaton thersaf. In ane eoshodiment the
inorganic particles bove o dinmeter of 20 o v 5400 om,
ar sbodnl 30K pem 1o 100K mrn

In one embodienl, the PEG bos 0 waght aversee
molecukar wieaght (Mw) of abour 100 o 6000, A PEG with
ao averly hiph Mw may casily solidify the formmlanan, A
PG with an osverly bow Mw mey redoee the dockesing
cffecr, such that the formulnizon sy @i

The sbove FEG cun be a FRG with sn MW walue, or 2
aixcnare of difliment PLGs with difersnr MW valies, Inone
embodimens, The PEG mclodes a fird PEG s @ second
FECE, whenen the st PEG hos g MW of about 100 10 400,
the second FEG has o MW of ahoat a0 2000, and the Grst
PELH and the secand FRG have 3 weaght miio of | 1o 5. An
vy high mtio of the firs FRECG may reduce the thickening,
effect, and the formulativn may drmin, An overly kow cita of
the: fiee1 PEG may casily solidify the fonpultivn,

In coe embodiment, abeul 1t 10 pars by weght of a
fillex (haged oa 1M parts by weight of the monmnic par-

* tiches) can be ndded into the shave shear (hickening fom-

latitns, whercin the ineeganic particles and the filler have a
wyighl mtio of 10 @ 10k The lilkr may cobance e
mEANimum viscosity or reduce 156 ghear mte of the shear

., Tk fvemulation, thereby acceleraimy the thickeniog

effeet. An overly high smound of the filler may =asily
selidify the formalation or pnduce the thickesing effect of e
formulativn. An overdy low amoumt of the filler casmes
efficiently enhaneae the thackening effeci. The filler can be
oancclay, moacellulnse, or & combiaten thereaf, In one
embodimest, D nanoclny bos a dismeter of 10 s to 50 am
and a theckness of ] nm o 2 om. A nanoclay w3tk an overly
brge dizmeter or ihickeess may reduce the ihickemng
property of the chesr thckening, formulation. A pesoclay
with an everly small diameter or thickness canne cficiently
criance the thickening afect of the dhsr thickening, far-
mulation. In coe cosbediment, the naoocellalose has a
dhanmseter of 1 o to 2 i and o keogrh of 001 pm o 100
prn. A pemccltolons with an overdy Llage dimncier may
eusily =olidify the shear theloisng fonmilation. A nanocel-
balose wib an averdy mmall diasmeter cammol eEciently
enhanze the tuckening effect of the shear thickening for
mmlation.

The shear thickesing formuldation of the disclosure: may
achieve ils maximum viscosity m a shear e of less than o
iqual 10 B 577, In wome embodimend, te ehear thickening
Earmulation ey schivve ils maxicun viscosiny ot a shear
ke of less thom or equel w 10 g=F,

The shear thickening formulation of the dischasare can be
applied in various fields of seccssary. For example, 2 com-
posite material wihzng the shear thickening Srrulktion
e b wnilized in impact resistance, proection, and be like.
Iy gt ernbosdimend, a method for pregaring e composie
matesial iocludes: coating the dhesr thickening fnmulation
of the diselosure ango » mairis (g fber, fabric, or meial),
and presiang the coated modnix ot 2 wmperatane of 10O o
1207 . for 0008 10 4.5 hours, thereby obinining » composise
wilh ke shear thickening materizl on o surfsce of (e matrix
Allernzdely, & methed for preparing the compesite material
meludes: impregnacing o man (e liber, Gubric, ar metad)
in the shear theskening, farmmlation of b disclosure, stack-
eng the iwrprepratod malcix, and pressing e stack @ 607 O
o DO O, for 005 80 4.3 hoors, 1|'|,mb}l .n'hln'minﬁ a Comii-
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TABRLE 3
Teming Wi Macamum
Silkeon  PEG-Mw and Clap  dempesxiore  wiscnesty  vEpsosny  Sheas nae
ol () amamin ) *Cl depd {epul il
Esaripdic 4 To PEG-200 1T g -] el A2T7 L ok 1
PLG-1000 12 &
Emumple o T PECG-OK 12 2 ] I5 ERITE SHATY )
BEG-1000 12 g
Exirple 7 T FEG-2H L2 g -] = 18 34T 15245 i]

BEL- 1040 12 g

Ax shown i Table 3, the naneclay ino Examples 6 and 7
eouald cnbres the maxamoae viseosty o redoce the chear
ralbe of e shear trickening formulations. thancky acceler-
ating the thickening effeo.

Exampls & o 10
The: phevaical propemies of the ghear doekenng formula-

tions in Examples 4, 6, and 7 were tested at 753 (., a5 chown
in Tahle 4.

As shien in comgurieon betessn Bxamples 4 and 11 in
Tahle 5, the nanoesllnloss: had 2 far thickemng olfed, and

1% pven reduced the sheor e o accelerate 1he thockening

cifoct.
|[Compoesite Film Materials 1]
Subaquerithy, the shear thickening fommuolalions in

I Examples 1 o 11 were coated an polyvamide celkolose ond

then stacked. and then beuted 0 507 C. W 907 O and
el At FF O M0 O for 5 o 3 bours 1o abdain

TARLE 4
Tring Tnitsal M aRHTTEn
Hilieonn  PEG-Mw and Ol I ¥ N T Shesr rem
oxide (gl afirr {El [ Tl epal ]
Exsmiphs B ] PRG-DH) LE & Q TS TGl 21152 @
BEM-1048) 12 g
Exampl: ¥ T PEG-DM LI 2 1 T RERE 148517 El
PEG-10003 12 g
Exasmple L0 T PFEG-2H 12 g L] T TLHON TR 4
PEC- 100G 13 i

As chown o Tabke 4, e mixlures of bwvo PEGs with twa
Febw wmlues in Bxssoples & o 10 made 1he shear Gnckemiog,
formulations still hve fam duckenang effect a1 hagh wen-
perauge. 1o addition, the nancslay mught firther snhances the
maximmm viscosity or reduce the shear mie of the shear
theckening fommalatiees, therehy sceeleraring the Guckeniog
effiect.

ay e above

composie film mmernals for a pon-dranmp, et and a
flexible sest a8 described bedow,

| Mo-Drsnmingg. Tisst]
bz film malerials were verically stood
for 3 homr to weasch the Oeeashility of the coating resuled
froan. gravity, Ax a1 peall, oo drdning phenomenco was
obseread 1o thess compasile m malerialk.

|Flexable Test]

Actoodiog o rgxd-fexthle festing for Taivwan police bud-

_ S et prond clothing, the samples were weed by a cantilever
Ixample 11 tvpe rigid-Texible teer, A joirtiog plate and 3 sample were
simullanevusly, showly, and smoothly slipped Forwand,
Somlar o Example 4, and the difference in Example 11 When the [Fonl end of v smmple dropped 1o 2 beight ol 2
was 4 ¢ of napacellulose [(Celizh KY-1000, diameter of 1 slang lige:, 1he slippusg of the sample was sipped 1o nocend
fum to 200 am, Jength of 0.01 pm @ 100 pm. commercially e displacement of the hack end of the sample. The smaller
aailable from FineChem Lid.} being further nddex] it the digplacement i the sample has a highes Bexibility (2
shizar Ihickeming lommalation. Physical properties of the displacement of les than 28 em in scocoplable). The cam-
shenr thickening, formnibsions were fted, ap whbulaed in posite flm mederials were tested as ahove, snd testing reails
Takle 5. wene: tebulaned i Table G
TABLE 5
Bareccl- Tedding: it S
Sk FECG-Bw and blac dompersum  vesneily  vsoosty  Shosr rac
coide (g} amae 1] (g = el ficps} &=
Ewaniple & ] FEG-20 11 g a a5 42T 10K k
FEG-1000 17 @
Exaepk 11 M FEO-M0I2g 4 3% G RITRS: d

FEG-1904% 11 ¢
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What is clyimsxd 15:

1. A shear thickeming formvolatoen, comprisicg:

morpame partEles;

polyethylews glyenl, wherem the inorganic parlickes md
e polyethylens ghiool have a weight mtio of 300 W
4:1, the inorgans pedicles comprise silioon oxida,
aluminoe oxwde, silicom carbide, pnodiamond, ar a
coanbinatica 1hesenl; and

& Aler, wherein the inarganss particles and the filler have
a weipht mo of 101w 100k,

wherein the polyethylens ghyool composes & fiem poly-
etwlene ghyeel and o second polycihylene glvcol, e
first polyeibylens ghrond has o weight avesage molecu-
lar weight of 100 o 4000 and the second polyehylers
ghyood has wwapht sveeage meabsoalor weight of G040 o
MM, aed )

wherein the nanediamend hae a diameter of 200 nm o
S000 .

3. Thez shear thickeming, foemskation a5 claimed in chim 1,

whizem the filler comprises momeckyy, nancesslhioss, or a

i

10
cambination therenl, whersin the ranochyy hus o demmeter of
10 am B 50 nm and 2 thickaess of k1 om o 2 nm, 1he
nanccelluloses e o dimeter ol 1 e o 200 o aod 8 lepgth
aof U] pm to 100 pm.

3. T shear thickening formmulation as claimeal o clam 1,
wheredn the first etbylens glyoo] and the seood cthylene
glyend have a weight matic of 1:1 fe 310

4. A compasite material, comprsiog

o I sl

1 shenr thickening formalation as claimed w5 elaim 1

&, The composite material 25 clamwad 1o claim 4, wherzin
ihe shear thickening lormulasan 18 dspesed on a surface of
e matrix or in dhe matn.

&, The compoesibe malenal o2 cmmed o claim 4, wherein
the filker comprises nancciay, pnecelfulose, or a combimna-
1 therent, whersin the menocly ks a diaecter of 10 nm
to 50 om amd o thickmess of (00 e 1 2 ne, the naoocel-
lalesse has a dinmeter af 1 om to 200 om and 2 lengih af o1
pm Lo 100 o,




