H GHLY WEAR- RESI STANT NYLON COWPOSI TE FOR ROLLERS OF Al RPORT FREI GHT

VEHI CLE AND | TS PREPARATI ON METHOD Fi el d of the Patent Application The
present patent application relates to nylon conposite materials and
preparation nethods thereof, and nore particularly, to a high

wear -resi stant nylon conposite material for rollers on an airport freight
vehi cl e and a preparation nethod thereof. Background Pol yam de (PA) is
commonly known as nyl on, and am de groups of the polyam de are polarized
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small friction coefficient, good self-lubricating and silencing properties;
2. good | ow tenperature performance and heat resistance; 3. non-toxicity,
odor | essness, non-putridness, being self-extinguishing, good weather

resi st aiskkof thatPagesrApBlicabioni ty; 4. good chenical stability, good seawater
resi stance, good sol vent resistance, good oil resistance, but poor acid
resi stance; 5. good electrical insulation, which, however, is susceptible
to tenperature; 6. great water absorbing capability, and its dinensiona

st abi | Theyprasrnt ehlgot aipdiahtiqr oheest b ey dretomgpcsus ceptiddd end prepatigon mefiipon 6
(PA6) and nylon 66 (PA66) are the main varieties of nylon. Nylon 6 al so has
good physbEald mee harticlypropaigh essr-ssistnasylbh ghnipesisi heteshlr @0 gdlers
excel | ent abrasion resistance, inpact resistance, outstanding chem cal

resi stanaeaigng béihredicid anceprephruton AGtHod tgerkoMd of uni form thernopl astic
hi gh ol ecul ar polymers with symretrical nol ecul ar structure containing six
met hyl ene, having high strength, wear resistance, solvent resistance, good
sel f-lubricating characteristic, w de usage tenperature range and ot her
advantipgescoitd bei ng one kind of the engineering plastics that are
relatively widely used. Since nylon has excellent performance, nylon is

wi dely used in industrial manufacturing, such as autonobiles, instrunents
and neters, machineries, textiles and so on. The material is nostly used as
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di mensj onal stability, the.inpact strength, the.abrasion resistance and the
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fiberﬁb_ﬁnq éﬂﬁbanqunp‘of t he a?ded glass fibers has a relatively | arge
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strength) of the conposite material. As being well known, rollers need to
be moWiRREEISH 3-i €299 0PI IEEMPETAHTG et Breanees apd ehcakiretistapeea ¥ pemetoxicity,
transportation equi pnment. The rollers can push a container and a container
boar d aggrlesspess| epn-shHefdnetso beingesthaekingnghingr whod |vefathcarndsisteigiet bubpooot at e.
A roller made of alumnumalloy or other netal alloy provided by the

exi st idyeplibohrdolzogy dhsmimal stabdgpnabide scavetauseistahes, same svbteal résisadcar ge
intersolubility, and is easy to adhere and thereby be worn. In addition,

t her e gapé otlwesigliidegb@ntoomedhaciisascf Hrgcadreagintml ofsukkiun whioh dloweyeynder
different |l oads. Alum num alloy worn under low load is referred as slight
abr asisosteptiblexs tahponuahvagianwathabsubihaeapfiligl uid nuaimaddsnal QimEra | ayer
of dense oxide film and the thickness of the oxide filmis up to about
2um  The cleayibl @bpédies bxhgendbptvié ® wapt.ured and falling off under the
action of friction forces, thereby producing sone shredded shaped worn
debris. Especially, the rollers are prone to skid during the raining days.
Consequently, the freights being transported are out of control, and the
freights need to be manually pushed to be adjusted to the right direction.
Many acci dents occur every year in whlich the workers are injured due to
slipping and falling when pushing the freights. In addition, the existing
rollers made of alum numalloy are prone to wear the bottom board of the
contai ner and the contai ner board, and to generate too much noi se when
friction occurs, thereby causi ng damages to human ears. Summary The

techni cal problemthat the present patent application is intended to sol ve
is to provide a high wear-resistant nylon conposite material for rollers on
an airport freight vehicle and a preparation nethod thereof To solve the
above-nentioned technical problem the present patent application provides



0.2-0.5 Wt % of nucleating agent. In addition, the present patent _
application provides a second high wear-resistant nylon conposite material
for rollers on an airport freight vehicle. The high wear-resistant nylon
conposite material includes: 60-80 wt% of nylon 66; 5-13 wt % of glass
beads; 6-14 wt % of gl ass fiber powder; 5-7 wt% of |ubricating anti-wear
agent; 3-5 wt% of graft type toughening nodifying agent; 0.3-1 w % of
antioxidant; 0.2-0.3 w% of lubricating dispersant; and 0.2-0.5 w % of
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| ass beads: 6-14 wt % of .glass fiber. powder; 5-7 wt% of |ubricating
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wt % of anti oxf dant: 0. ﬁo 3 % of |ubricating dispersant; and 0.2-0.5 wt%
of nucﬁll%}&"irhélcaﬁ@ﬁ{a?th: lglheraisrdar prbyreswik paresiticapplaleatar oftysiei des a
fourth high wear-resistant nylon conposite material for rollers on an
ai r por {OHBIGYX vegihpee. i ha v sigolish sdrengthe Wepi Fesiiéance r el et angistagdeogood
conposite material includes: 60-80 wt%of nylon 6, or nylon 66, or a
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fi ber powder;

(E)ne kind of the engineering plastics that are relatively widely used.

Since nylon has excellent performance, nylon is widely used in industrial manufacturing,
such as automobiles, instruments and meters, machineries, textiles and so on. The material is
mostly used as components and structural parts. However, its great water absorbing
capability and poor dimensional stability limits it from wider usage. The water absorbing
capability of nylon can be reduced by filling enhancement modifier, so as to ensure that
nylon works in highly hot and humid conditions, and in the meanwhile to increase rigidity, to
reduce the high temperature creep degencration and shrinkage rate, and to improve the
dimensional stability, the impact strength, the abrasion resistance and the flame resistance.
Generally, the enhancement modifier is mainly glass fibers, and the amount of the added
glass fibers has a relatively large impact on the mechanical properties (large impact, tensile,

and bending strength) of the composite material.

As being well known, rollers need to be mounted on lifting platform vehicles as the existing
airport transportation equipment. The rollers can push a container and a container board by a

roller shaft to move back and forth, left and right, or rotate. A roller made of aluminum alloy
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5-7 wt% of lubricating anti-wear agent. Preferably, the lubricating
anti-wear agent is selected fromthe group consisting of ultra-high

nol ecul ar wei ght pol yet hyl ene, PTFE (Pol ytetrafl uoroethylene), and any
conbi nati on thereof Preferably, the surfaces of the glass beads and the

gl ass fiber powder are treated by a silane coupling agent. Preferably, the
fourth high wear-resistant nylon conposite material further includes graft
type tougheni ng nodi fying agent, and the graft type tougheni ng nodifying

t js present in a t, of 3:5 wt% Preferably, th ft t
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the graft rate of the graft type toughening nodifying agent is 0.5-1%
Pref erdbl §vO dHECtgRtafecBu e ok strasipToof gweinug tdhlogorydsk ediftareal deadsmer
( POE) e/g{ afted unsaturated acid or acid anhydride is maleic anhydride
gr af t ¢4 UsEIMYBI 8oy ivanastdsHeew (eeEls ipfarredaasnidicht phrgsivn o xglatiomiabrasivg. a
graft rate of 0.8% Preferably, the fourth high wear-resistant nylon
conposl Resuitiee of glunpigpmnaloy feehsddayantiidsricdante (dmdandtheahickooss ddribe i s
present in_an amount of 0.3-1 % Preferably, the antioxidant is a m xed
syst eririda Alnhisnde teabqet @rol. iThedmtdr oX itibamtida fithy ph ogpivied @né $albing affturoki dant .
Preferably, the m xed systemw th hindered phenolic antioxidant and
phosphh¢ eactist el dnttioxifdans, ilmraiyt podudimpt sckfOShaskdedxihdpat viG8 Bebrisng a
weight ratio of 1:1. Preferably, the fourth high wear-resistant nylon
conpodidpecintiy,ehé ablidraintehgione ne klddeRiringhid catihg glads. SReiksaRhily ane s
| ubricating dispersant is present in an anmount of 0.2-0.3 wt% Preferably,
the | Weirgcatispgried speosadt cbsrslt aad Ae frefihef 8ableY be thRusLPNAE doSbe
sel ected fromthe group consisting of calciumstearate, zinc stearate,
al um nudfuseddenr @t ¢igat dirddliort MRiyNAlRAst gteeferPreheiabhith thb & drRus Lk hi gh
wear -resi stant nylon conposite material further “i ncludes nucl eating agent,
and { NeuRuedeab sNBpiagan ritfin® WaREBhslify B AIPHENNOUBiR (e 3l roliers
Preferably, the nucleating agent is a comrertci al fy aval al%l & hucleat ng
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mat eri al includes: Y% 0 n 66, [or t ot nyl on

6 and . 66, B- %.0f. gl - 10-17.wW.% of gl ass fib wder :
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appl i [ nrovides a preparation nmethod of the first high wear-resistant
nyl on%{g%]%%%s@thgl%&gt%%rsi al . The nethod includes the follow ng steps: weighing
up the followi ng ingredients according to the foll ow ng wei ght percentages,
60-80 Wt % of the nylon 6, 5-13 wt% of the gl ass beads, 6-14 w % of the

gl ass fi ber powder, 5-7 wt% of the lubricating anti-wear agent, 3-5 wt % of
the gP¥™Mfhe t ougheni ng nodi fying agent, 0.3-1 wt%of the antioxidant,
0.2-0.3 wt% of the lubricating dispersant and 0.2-0.5 wt % of the nucl eating
agent; and placing the above ingredients in a high speed m xing nachine to
mx the ingredients and forma uniformmxture, transferring the mxture to
an extibgdennicsl Beplearag iy Resantpaleet applcationtisigeadeddo splycas ki prgvide a
tenperature of 210-290C. Furthernore, the present patent application

provi dedt wedriepsipat iknan gempositcomatehiel Secolids lvingin swgant freights taintle ayd an
conposite material. The nmethod includes the follow ng steps: weighing up

t he f oldpewsiting niatigrdeiieenf.s according to the fol | owi ng wei ght percent ages,
60-80 wm % of the nylon 66, 5-13 wt % of the gl ass beads, 6-14 w % of the

gl ass fiber powder, 5-7 wt% of the lubricating anti-wear agent, 3-5 wt % of
the graft type toughening nodifying agent, 0.3-1 w % of the antioxidant,
0.2-0.3 wt% of the lubricating dispersant and 0.2-0.5 wt % of the nucl eating
agent; and



pl aci ng the above ingredients in a high speed m xing machine to mx the
ingredients and forma uniformm xture, transferring the mxture to an
extruder to extrude and granulate the m xture at a processing tenperature
of 210-290C. Furthernore, the present patent application provides a
preparation nethod of the third high wear-resistant nylon conposite
material. The nmethod includes the follow ng steps: weighing up the

foll owi ng ingredients according to the foll owi ng wei ght percentages, 18-41

wt % of - ybon, 6, 28-42 w.% of .the nylon, 66, 5-13 wt% of. the gl ass beads,
o 1w SRS ot fonl S Slisal Brdbles et PR DL IR TARERS fear
agent, .3-5.wt% of the graft type toughening di fying agent, 0.3-1 wt % of
e andib Rtk 55550 5 b g PO p oA Lol TGN BerGRNE Cevehichiol 5 we o
of therﬁgﬁjfating agent; and placing the above ingredients in a high speed
m xi ng B At GeSEOt PR CRERH I eRAE ahiaclgesn a uni form mi xt ure,
transf&grbg&othg m xture to an extruder to extrude and granul ate the

m xt ur@’-§ Aﬁﬂdﬁ@@h@ng tenperature of 210-290C. Furthernore, the present
pat ent aBpILcation provi des a preparation nethod of the fourth high

wear - r&sp 3ttanet glgssdsadsonposi te material . The nethod includes the fol | ow ng
steps: weighing up the follow ng ingredients according to the foll ow ng

wei ghto-pérakneiagess fitgopd@edant % of the nylon 6 or the nylon 66 or the mixture
of the nylon 6 and the nylon 66, 5-16 wt % of the glass beads, 6-18 wt % of

t he gladgvtts belubpeatohgrantibycar ag@it,of the | ubricating anti-wear agent; and

pl aci ng the above ingredients in a high speed m xing machine to mx the

i ngr edi-ewt$e afgtaftoypa tauglehfrgrmadifpihgiigenet ransferring the mixture to an
extruder to extrude and granulate the m xture at a processing tenperature
of 2103.2908% oPamityxiiang to the present patent application, another
preparation nmethod of the high wear-resistant nylon conposite material is
provi dezh0. awes e biRbiiddikpeismdesdt he fol l owing steps: weighing up the
foll owi ng ingredients according to the foll ow ng wei ght percentages, 60-80
Wt % ofp.2lnes Wk O nfcibtidoN@efyl on 66 or the mixture of the nylon 6 and the
nyl on 66, 5-13 t% of the glass beads, 6-14 wt % of the glass fiber powder,
5-7 wt % of the lubricating anti-wear agent, 3-5 wt % of the graft type

t ougheni ng nodi fyi ng agent, 0.3-1 wt% of the antioxidant, 0.2-0.3 wt % of

the | ybricating.dispe .2-0.5 W% of th | eati ng. agent ; and
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i ngredi . f. a uniformm xture,. transferring the mxture to an
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of 210-290C. Conpared with the existing technol ogy, the high wear-resistant
nyIoncgwpg?y%waggagWﬁhﬁnTon 6/ nyl on 66 conposite material in accordance
with t resent patent application have advantages such as high
coeffpgﬁ%ﬁW§%8?“¥@Péﬁion, bei ng not easy to wear, high toughness,

exceptional 'y high stiffness, and being capable of withstanding relatively
| ar ge °F mpAER T §HES Bs%Svery suitable for the manufacturing of the rollers on
freight vehicles. The rollers nade by the high wear-resistant conposite

mat er Pal&Whawe shisgHberawgiissss, exceptional Iy high stiffness, and are
capabl e of withstanding relatively large inpact. |In addition, besides that
t he conpwéitd lvhitcatinahsli-wasmagski;d resi stance, the frosted texture of the
outer surface of the rollers can provide additional skid resistance. Brief
Descr Bpl winsfgfalt type Draghimigs moBif@inglagest; a per spective view of a roller on a
lifting platformdevice of an airport freight vehicle nmade by a high

wear - bési sttwnaf anyiboidaonposi te material in accordance with an enbodi nent of
the present patent application. Detailed Description Reference will now be
made Di2-0latvald of labdcpimgldpesdnenipdi ment of the high wear-resistant nylon
conposite material for rollers on an airport freight vehicle and the

pr epanath.onviedhagdidahies egntdi scl osed in the present patent application,
exanpl es of which are also provided in the foll ow ng description. Exenplary
enbodi ments of the high wear-resistant nylon conposite material for rollers
on an airport freight vehicle and thé preparation nethod thereof disclosed
in the present patent application are described in detail, although it wll
be apparent to those skilled in the relevant art that sone features that
are not particularly inmportant to an understandi ng of the high

wear -resi stant nylon conposite material for rollers on an airport freight
vehi cl e and the preparation nmethod thereof may not be shown for the sake of
clarity. Furthernore, it should be understood that the high wear-resistant
nyl on conmposite material for rollers on an airport freight vehicle and the
preparation nethod thereof disclosed in the present patent application is



I ngredient Nane Fornula 1 (% Formula 2 (wt% Fornmula 3 (W% Fornula 4
(wt9% Formula 5 (\t% Fornula 6 (W% Nylon 6 (PA6) 60 80 69 69 69 73
G assbeads (GB) 13 5 10 10 10 10 G assfi ber powder (GF) 14

Further, the present patent application provides a third high wear-resistant nylon composite
material for rollers on an airport freight vehicle is provided. The high wear-resistant nylon
composite material includes:

[8-41 wi% of nylon 6;

28-42 wt% of nylon 66;

3-13 wi% of glass beads;

6-14 wt% of glass fiber powder;

5-7 wt% of lubricating anti-wear agent;

3-5 wt% of graft type toughening modifying agent;

0.3-1 wt% of antioxidant;

0.2-0.3 wt% of lubricating dispersant; and

0.2-0.5 wt% of nucleating agent.

Furthermore, the present patent application provides a fourth high wear-resistant nylon
composite material for rollers on an airport freight vehicle is provided. The high wear-
resistant nylon composite material includes:

60-80 wt% of nylon 6, or nylon 66, or a mixture of nylon 6 and nylon 66;

5-16 wt% of glass beads;

6-18 wit% of glass fiber powder;

5-7 wt% of lubricating anti-wear agent.



6 10 10 10 10 U tra-high nol ecul ar weight polyethylene (UHWAPE) 7 0 6 0 3 3
Pol ytetrafluoro ethylene (FIFE) 0 5 0 6 3 3 Grafttype tougheni ng nodi fyi ng

agent (POE-g-MAIl) 5

Preferably, the lubricating anti-wear agent is selected from the group consisting of ultra-high
molecular weight polyethylene, PTFE (Polytetrafluoroethylene), and any combination

thereof.

Preferably, the surfaces of the glass beads and the glass fiber powder are treated by a silane

coupling agent.

Preferably, the fourth high wear-resistant nylon composite material further includes graft
type toughening modifying agent, and the graft type toughening modifying agent is present

in an amount of 3-5 wit%.

Preferably, the graft type toughening modifying agent is graft polymerization oligomer with
potyolefin elastomer (POE) grafted unsaturated acid or acid anhydride, and the melt index of
the graft type toughening modifying agent is 1.0-5.0g/10min and the graft rate of the graft

type toughening modifying agent is 0.5-1%.

Preferably, the graft polymerization oligomer with polyolefin elastomer (POE) grafted
unsaturated acid or acid anhydride is maleic anhydride grafted polyolefin elastomer (POE)

with a melt index of 2g/10min and a graft rate of 0.8%.

Preferably, the fourth high wear-resistant nylon composite material further includes

antioxidant, and the antioxidant is present in an amount of 0.3-1 wi%.



3440.540.500.5 Antioxidant 1098/ 168(1:1

) O.
di spersant (Calciumstearate) 0.3 0.3 0.3 0.3 0.3

0.5 0.5 Lubricating
3 c

5 5
0. 3 Nucl eating agent

Preferably, the antioxidant is a mixed system with hindered phenolic antioxidant and
phosphite ester antioxidant.

Preferably, the mixed system with hindered phenolic antioxidant and phosphite ester

antioxidant is antioxidant 1098/antioxidant 168 having a weight ratio of 1:1.

Preferably, the fourth high wear-resistant nylon composite material further includes

fubricating dispersant, and the lubricating dispersant is present in an amount of 0.2-0.3 wt%.
Preferably, the lubricating dispersant is stearate.

Preferably, the stearate is selected from the group consisting of calcium stearate, zinc stearate,

aluminum stearate and any combination thereof.

Preferably, the fourth high wear-resistant nylon composite material further includes

nucleating agent, and the nucleating agent is present in an amount of 0.2-0.5 wi%.
Preferably, the nucleating agent is a commercially available nucleating agent P-20.

Preferably, the fourth high wear-resistant nylon composite material includes:
69-73 wt% of nylon 6, or nylon 66, or a mixture of nylon 6 and nylon 66;
5-12 wt% of glass beads;

[0-17 wt% of glass fiber powder;



(P-20) 0.2 0.2 0.20.20.20.2 In the above enbodi nents, the viscosity of
the nylon 6 is 2.4; the glass beads and the glass fiber powder are
respectively non al kali glass beads and non al kali glass fiber powder whose
surfaces are both treated by the silane coupling agent; the ultra-high

nmol ecul ar wei ght polyethylene is referred as a first lubricating anti-wear
agent, and the PTFE is referred as a second |ubricating anti-wear agent;
the graft type toughening nodifying agent is graft polynerization oligomner
with polyolbefin el astoner (POE) grafted unsaturated acid or acid anhydride
with agﬁQ%VEP%QQQL%P“T% 3%&53#%“Cnin and a graft rate of 0.5-1% Further,
the graft type toughening nodifying agent is maleic anhydride grafted

pol yol efin elastonmer (POE) with a nelt index of 2g/10mn and a graft rate
of 0.8% The antjoxidant is a m xed systemw th hindered phenolic

ant i oxi YHI MG UhBSpHIthateat prplicahen 5 vikeste Prepadammsthod efhde fist b dant
is 1098/ 168 (weight ratio _being 1:1): 1098 is _

N, N - IV sGHsHabapion pemposte sratqriad + Brprpethad hpddex hsHehgwingrséapsonani de] , and
168 is tri (2,4-ditertrabutyl phenyl) phosphite ester. The lubricating

di speryeighingaip the fallewiagragredianh ebcdrdingdp st dlovingnweight prroentageon®)-8¢ i ng of
cal cium stearate, zinc stearate, alum num stearate and any conbi nati on

t her eo?t% @l tthe neleb ddiSnehwe’s aftike glaby bealsi frd4ditépef dandladsslitealpoivder, Stear at e.
The nucl eating agent is cal cium carboxylates with a | ong carbon chain as a
mai n cetipareht lulsimhing sind-weammeeai 8- wi%vali lleblefinypt eatghaginggasdifiPn@0, and
the P-20 may be produced by Cariant International Ltd. in Gernmany. The
above appnpdnkhtstiane e apxidaonal 2I0y3 phacetiht Nugidatigh dspesdnimnd ng-gmmchi ne
to be mxed for 5-10 mnutes and thereby to forma mxture, and then the

m xt uret% sf denfuckuting Ggeat; apdr ew extruder to extrude and granul ate the

m xture at a processing tenperature 210-255t. The screw rotational speed of
the sgilemn@xiid Wsteke inSrddientsh@ & angiesREd 48mB0RadHIR ol Ak @hcziné;}_&ﬁ@ﬁ?%d ng

tenperature in various sections sections afirst section a s cond section a
third pagta @ifdm QuiLR, fasHA el hiblure to an extruder to extrude and granulate the

mixture at a processing temperature of 210-290°C.

Furthermore, the present patent application provides a preparation method of the second high
wear-resistant nylon composite material. The method includes the following steps:

weighing up the following ingredients according to the following weight percentages, 60-80
wi% of the nylon 66, 5-13 wt% of the glass beads, 6-14 wi% of the glass fiber powder, 5-7
wt% of the lubricating anti-wear agent, 3-5 wi% of the graft type toughening modifying
agent, 0.3-1 wt% of the antioxidant, 0.2-0.3 wt% of the lubricating dispersant and 0.2-0.5
wi% of the nucleating agent; and

placing the above ingredients in a high speed mixing machine to mix the ingredients and
form a uniform mixture, transferring the mixture to an extruder to extrude and granulate the

mixture at a processing temperature of 210-290°C.
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section a sixth section a seventh section an eighth section a ninth section
theheating tenperature( C 210 215 225 235 235 235 235 235 225 According
to the sanples 1-6 prepared in the enbodinents 1-6, the mechani cal
performances of the sanples 1-6 are tested and conpared usi ng ASTM
standards. Table 3: Test performance conpat ison Itens Sanple 1 Sanple 2
Sampl e 3

Furthermore, the present patent application provides a preparation method of the third high
wear-resistant nylon composite material. The method includes the following steps:

welghing up the following ingredients according to the following weight percentages, 18-41
wt% of the nylon 6, 28-42 wt% of the nylon 66, 5-13 wi% of the glass beads, 6-14 wi% of
the glass fiber powder, 5-7 wt% of the lubricating anti-wear agent, 3-5 wit% of the graft type
toughening modifying agent, 0.3-1 wt% of the antioxidant, 0.2-0.3 wt% of the lubricating
dispersant and 0.2-0.5 wt% of the nucleating agent; and

placing the above ingredients in a high speed mixing machine to mix the ingredients and
form a uniform mixture, transferring the mixture to an extruder to extrude and granulate the

mixture at a processing temperature of 210-290°C.

Furthermore, the present patent application provides a preparation method of the fourth high
wear-resistant nylon composite material. The method includes the following steps:

weighing up the following ingredients according to the following weight percentages, 60-80
wt% of the nylon 6 or the nylon 66 or the mixture of the nylon 6 and the nylon 66, 5-16 wi%
of the glass beads, 6-18 wt% of the glass fiber powder, 5-7 wt% of the lubricating anti-wear
agent; and

placing the above ingredients in a high speed mixing machine to mix the ingredients and
form a uniform mixture, transferring the mixture to an extruder to extrude and granulate the

mixture at a processing temperature of 210-290°C.



Sanple 4 Sanple 5 Sanple 6 Tensile strength (Mya) 115 113 115 112 123 135
Fl exural strength (Ma) 135 139 135 131 145 158 Inpact strength atroom
tenperature (J/M 100 82 94 98 105 58

According to the present patent application, another preparation method of the high wear-
resistant nylon composite material is provided, and the method includes the following steps:
weighing up the following ingredients according to the following weight percentages, 60-80
wi% of the nylon 6 or the nylon 66 or the mixture of the nylon 6 and the nylon 66, 5-13 wi%
of the glass beads, 6-14 wi% of the glass fiber powder, 5-7 wi% of the lubricating anti-wear
agent, 3-5 wi% of the graft type toughening modifying agent, 0.3-1 wi% of the antioxidant,
0.2-0.3 wt% of the lubricating dispersant and 0.2-0.5 wt% of the nucleating agent; and
placing the above ingredients in a high speed mixing machine to mix the ingredients and
form a uniform mixture, transferring the mixture to an extruder to extrude and granulate the

mixture at a processing temperature of 210-290°C.

Compared with the existing technology, the high wear-resistant nylon 6, nylon 66 and nylon
6/nylon 66 composite material in accordance with the present patent application have
advantages such as high coefficients of friction, being not easy to wear, high toughness,
exceptionally high stiffness, and being capable of withstanding relatively large impact, and
are very suitable for the manufacturing of the rollers on freight vehicles. The rollers made by
the high wear-resistant composite materials have high toughness, exceptionally high stiffiess,
and are capable of withstanding relatively large impact. In addition, besides that the
composite materials have skid resistance, the frosted texture of the outer surface of the rollers

can provide additional skid resistance.

Brief Descriptions of the Drawings

10



Wear

coefficient 0.14 0.22 0.2 0.21 0.13 0.11 Heat deformation

tenperature 228 213

FIG. T is a perspective view of a roller on a lifting platform device of an airport freight
vehicle made by a high wear-resistant nylon composite material in accordance with an

embodiment of the present patent application.

Detailed Description

Reference will now be made in detail to a preferred embodiment of the high wear-resistant
nylon composite material for rollers on an airport freight vehicle and the preparation method
thereof disclosed in the present patent application, examples of which are also provided in
the following description. Exemplary embodiments of the high wear-resistant nylon
composite material for rollers on an airport freight vehicle and the preparation method
thereof disclosed in the present patent application are described in detail, although it will be
apparent to those skilled in the relevant art that some features that are not particularly
important to an understanding of the high wear-resistant nylon composite material for rollers
on an airport freight vehicle and the preparation method thereof may not be shown for the

sake of clarity.

Furthermore, it should be understood that the high wear-resistant nylon composite material
for rollers on an airport freight vehicle and the preparation method thereof disclosed in the
present patent application is not limited to the precise embodiments described below and that
various changes and modifications thereof may be cffected by one skilled in the art without

departing from the spirit or scope of the protection. For example, elements and/or features of

11



226 222 230 235 (O Enbodi ment 7 The present patent application
further provides a preparation nethod of the high wear-resistant nylon 6
conposite material. The preparation nethod includes the follow ng steps:
Step one: weighing up the follow ng ingredients according to the foll ow ng
wei ght percentages, 69 wt % of the nylon 6, 10 wt % of the gl ass beads
treated by the silane coupling agent, 10 wt% of the glass fiber powder
treated by the silane coupling agent, 3 wt% of the first |ubricating

anti-wear agent (ultra-high nol ecul ar i ght . pol yet hyl ene), wt % of the
secongﬁl%be%?g%‘ﬁ“%l‘gv%ﬁﬁb%@gﬂsa@@%#’e(‘lg"l*%é}a% yitheggtopthphan ?%1?‘3’5991&‘@ for
t ougheni Jodi.fyipg agent, 0. % of the m xed antioxi dant 1098/168
(vei gh‘tdcﬁglﬂ?eé “ffgh{lj &%ﬁ.‘:gp‘v&{a}é“éfd?stc%ul%bri cating di spersant and 0.3 wt % of
the nucl eating agent; Step two: placing the above ingredients in a high
speed m xing machine to mx the ingredients for 5 mnutes and thereby form
a mxture, and then transferring the mxture to a tw n-screw extruder to
ext r udeNGRgsEE apentampliesongelatasie adighwprrges ety laehrpenpesic enaérigd B5d 245 t
the screw rotational speed of the tw n-screw extruder being 600 rpm The
graft &§piseaeboyheHiodgherseli fyi ng agent is graft polynerization oligomer with
pol yolefin elastonmer (POE) grafted unsaturated acid or acid anhydride.
Further, the graft type toughening nodifying agent is polyol efin elastoner
(POE) grafted nmaleic acid anhydride with a nelt index of 2g/10m n and a
graft IFrmbediofenB.156 1% Enbodi nent 8 The present patent application further
provi des anot her preparation nethod of the high wear-resistant nylon 6
conposite material. The preparation nethod includes the follow ng steps:
Step one: weighing up the follow ng ingredients according to the foll ow ng
wei ghtTlgehighnvagessistdé i of (Pg daypesitdmakPialMi@ets kheaidl Assrikeads:
treated by the silane coupling agent, 10 wt% of the glass fiber powder
tr eat edcintabn@athiaRMeGRMR nhdigiA I8N bdesFy M8 ﬂjAé)bglagg Balds toRe r{;{[&%QTb%F' ng
age ul't

nodi fying agent, 3 wt% of the first |ubricating anti-wear rahi gh
mol e WoafdeWe GONtan@QLititaRtl BRE wead Wefp Ofhet Gondsubrd ¢at | i wear
agent LH( PTF%%, g 3w fylo gf {%hé n}lgviedéggnti o>(<3i lﬂglﬁﬁﬁ%gg%)éfzgg d(y\‘l;@ E%I%Ht% 1:1),
0.2 wtya@fiat hgsiskbsd gat NG .S <(cal g siearate) and 0.5 w % of the
nucl eating agent: Step t \Aogwmﬁl g(%lﬁi(gﬁbﬁe&lgb%\?g@ﬁ lﬁgéﬁlecr#%&ef’ % S0 & peed

m Xi ngrjgpchine to mx the ingredients for 3 minutes and thereby forma

m xture, and then transferring the mxture to a twi n-screw extruder to

extrude and granulate the m xture at a processing tenperature of 210- 235C
, the screw rotational speed of the tw n-screw extruder being 550 rpm

EnbOdl”l%Pet 1 :%‘ormulas [-6
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The present patent application further provides another preparation nethod

of the high wear-resistant nylon 6 conposite material.
met hod i ncludes the foll ow ng steps:
i ngredients according to the followi ng wei ght percentages,

Step one:

The preparation
wei ghing up the foll ow ng
67.2 Wt % of the

nylon 6, 10 wt % of the gl ass beads treated by s the il ane coupling agent,

10 wt % of the glass fiber

powder treated by the silane coupling agent,

3

wt % of _the first lubricating anti-wear agent (ultra-high nolecular wei ght
pol yet hgrethie)t, 3 wiRamblat heFseaond | KmuGad| mgnaardi veaimagentreRiEEy | 5
w % of  the graft type tougheni ng modi f |ng agent , M % of the m xed
ant i okINaE¥t 1098/]6@@/\& ght (Wab) o |10 ) 3 (w94 of 1 hét%)ubrl dattYomg
di spef igm sggarate) gnd—0:5 % of —theznucleatipg—agent.:—Step
t wo: ﬁgm nqﬁ?*fg 1bov§§i ngredients in a“high speéd mxin Y machi nd>to i x
t he i nGtadi enb&adsor 3 m nufes and tihereby forma m xture, and then
transferring the mxtlfe tp a bwi n-lscréw extirudéd to|extriude [andigranul ate
the m e at a processing tenperature of 210- 235 C, the sdrew rotational
SpEEd Ghsg he [[\m E- screw extruder—berng—550 I}JIII The—present—pgat-ent
application further pigvides aghi gl weap-resi s;g@ nyl on 66 conpggite
mat er | @dwdndGFhe preparati on net hod thereof. odi nents 10-15 Thé hi gh
wear - resi-st-ant—nylon 66 (PAG6) conposite material jntludes ajmin _material
and a SHEoREAry material. The main |material |incl udes| nyl on 66 (PA66), | gl ass
beads| ((R)., .0l ass|fiber powder (GF) and lubyicating panti-wear) agent. The
hi gh Wear-reS|stant nyl on 66 conposite matefial cons|sts of the follow ng
conponeaiBt and their wei ght pegcentlagess are|shoyn inf Tabke 4.| Taple 4:
Formul as 10-15 Ingredient Name Fornula 10 (W% Fornula 11 (W% Fornula 12
(wt % | dystbylanas (w99 Forjmula 14 (W% Forpula 15 (W% Nyl on 66 (PAG6)

(UHMWPE)

Polytetrafluoro

ethylene 0 5 0 6 3 3

(PTFE)

Graft type

toughening

modifying 5 3 4 4 4 0

agent

(POE-g-MATH)

Antioxidant

0.5 0.5 0.5 0. .

1098/168(1: 1 ] 05 05

Lubricating

dispersant

0.3 0.3 0.3 0.3 . :

(Calcium 0.3 0.3

stearate)

Nucleating

agent 0.2 0.2 0.2 0.2 0.2 0.2

(P-20)

13



60 80 69 69 69 73 dass beads (GB) 13 5 10 10 10 10 d ass fi ber powder (GF)
14 6 10 10 10 10 U tra-hi gh nol ecul arwei ght pol yet hyl ene (UHMAPE) 7

In the above embodiments, the viscosity of the nylon 6 is 2.4; the glass beads and the glass
fiber powder are respectively non alkali glass beads and non alkali glass fiber powder whose
surfaces are both treated by the silane coupling agent; the ultra-high molecular weight
polyethylene is referred as a first fubricating anti-wear agent, and the PTFE is referred as a
second lubricating anti-wear agent; the graft type toughening modifying agent is graft
polymerization oligomer with polyolefin elastomer (POE) grafted unsaturated acid or acid
anhydride with a melt index of 1.0-5.0g¢/10min and a graft rate of 0.5-1%. Further, the graft
type toughening modifying agent is maleic anhydride grafted polyolefin elastomer (POE)
with a melt index of 2¢/10min and a graft rate of 0.8%. The antioxidant is a mixed system
with hindered phenolic antioxidant and phosphite ester antioxidant. For example, the
antioxidant is 1098/168 (weight ratio being 1:1): 1098 is N,N'-1,6-sub-hexyl-1I-[3,5-di-tert-
butyl-4-hydroxyphenyl propionamide], and 168 is tri (2,4-ditertrabutyl phenyl) phosphite
ester. The lubricating dispersant may be a stearate which is selected from the group
consisting of calcium stearate, zinc stearate, aluminum stearate and any combination thereof.
In the embodiments, the lubricating dispersant is calcium stearate. The nucleating agent is
calcium carboxylates with a long carbon chain as a main component, such as a commercially
available nucleating agent P-20, and the P-20 may be produced by Clariant International Ltd.

in Germany.

The above components are proportionately placed in a high speed mixing machine to be

mixed for 5-10 minutes and thereby to form a mixture, and then the mixture is sent out to a

14



6 033
4 4 0 A

PTFE 0 5

G afttype tougheni ng nodi fyi ngagent (POE-g-MAH) 5 3

nti oxi dant 1098/168 (1:1) 0.5

screw extruder to extrude and granulate the mixture at a processing temperature 210-255°C.

The serew rotational speed of the screw extruder is in the range of 400-600 rpm.

Table 2: The heating temperature in various sections

scctions a first  a a third | a a fifth | a sixth | a an a ninth
section | second | section | fourth | section | section | seventh | eighth | section
section section section | section
the heating
. 210 215 225 235 235 235 235 235 225
temperature('C)

According to the samples [-6 prepared in the embodiments 1-6, the mechanical

performances of the samples 1-6 are tested and compared using ASTM standards.

Table 3: Test performance comparison

ltems Sample | Sample | Sample | Sample | Sample | Sample
i 2 3 4 5 6

Tensile

115 113 115 112 123 135
strength (Mpa)
Flexural

135 139 135 131 145 158
strength (Mpa)
Impact strength
at room

100 82 94 98 105 58
lemperature
(/M)
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0.5 0.5 0.50.50.5 Lubricating dispersant (Calciumstearate) 0.3 0.3 0.3
0.3 0.3 0.3 Nucleatingagent (P-20) 0.2 0.2 0.2 0.2 0.2 0.2 1In the above
enbodi ments, the viscosity of the nylon 66 is 2.4; the glass beads and

gl ass fiber powder are respectively non alkali glass beads and non al kal
gl ass fiber powder whose

Wear
0.14 0.22 0.2 0.21 0.13 11

coefficient

Heat

deformation
228 213 226 222 230 235
temperature

(C)

Embodiment 7

The present patent application further provides a preparation method of the high wear-
resistant nylon 6 composite material. The preparation method includes the following steps:
Step one: weighing up the following ingredients according to the following weight
percentages, 69 wit% of the nylon 6, 10 wt% of the glass beads treated by the silane coupling
agent, 10 wt% of the glass fiber powder treated by the silane coupling agent, 3 wt% of the
first lubricating anti-wear agent (ultra-high molecular weight polyethylene), 3 wt% of the
second lubricating anti-wear agent (PTFE); 4 wt% of the graft type toughening modifying
agent, 0.5 wit% of the mixed antioxidant 1098/168 (weight ratio 1:1), 0.2 wit% of the
lubricating dispersant and 0.3 wt% of the nucleating agent;

Step two: placing the above ingredients in a high speed mixing machine to mix the
ingredients for 5 minutes and thereby form a mixture, and then transferring the mixture (o a
twin-screw extruder to extrude and granulate the mixture at a processing temperature of 215-

245°C, the screw rotational speed of the twin-screw extruder being 600 rpm.

The graft type toughening modifying agent is graft polymerization oligomer with polyolefin

clastomer (POE) grafted unsaturated acid or acid anhydride. Further, the graft type

16



surfaces are both treated by the silane coupling agent; the ultra-high

nol ecul ar wei ght polyethylene is referred as a first lubricating anti-wear
agent, and the PTFE is referred as a second lubricating anti-wear agent;
the graft type toughening nodifying agent is graft polynerization oligoner
wi th polyolefin elastoner (POE) grafted unsaturated acid or acid anhydride
with a nelt index of 1.0-5.0g/10mn and a graft rate of 0.5-1% The
antioxidant is a mxed systemw th hindered phenolic antioxidant and
?c\gisgmohg%?enﬁ%geil}o%‘ ,yﬁq?%ﬁlgggegﬁ?as Eg@éleﬁgaeq?sltgmeg &eOl%ntgL!a t)c(:él Crir?a éiclascidl gt?}%f/dtll?i?

N, N-1, 6-sub-hexyl I 1-[3,b-di-tert-putyl -4-hydroxyphenyl propionam de], and
168 iswpﬁﬁ1?%?%£8¥PE#@?§%UI?F“HH ﬁ§ﬁ Obﬁééﬁgite ester. The lubricating

di spersant is a stearate which is selected fromthe group consisting of
calcium stearate, zinc stearate, alum num stearate any conbi nati on thereof
In the_above enbodi nents, the |ubricating dispersant is calciumstearate.
The nuEPeadinggt &gent is cal ci um carboxyl ates with a | ong carbon chain as a
mai n conponent, such as a comercially avail abl e nucl eating agent P-20, and
the P-Do¢ praserbeaispoeptisaritnyfugher pranided mashararémnaloniehod nf GetiginyearThe
above conponents are proportionately placed in a high speed m xing machi ne
to be igbiiedt fden §compadirumatstiaind t hereby forma mixture, and then the

m xture is sent out to a screw extruder to extrude and granul ate the

m xture at a processing tenperature of 245- 290C. The screw rotational
speed of the screw extruder is 400-600 rpm Table 5: The heating

t enper Bteuprepdratisamicthiod isdedds osfodesingonsgsafirst a a third a afifth a sixth
a an a ninth section second section section tburth section section section
seventStep enfet OReigh@it hpSept FARWEREih@Rdients according to the following weight

percentages, 70 wt% of the nylon 6, 10 wt% of the glass beads treated by the silane coupling
agent, 10 wt% of the glass fiber powder treated by the silane coupling agent, 3 wt% of the
graft type toughening modifying agent, 3 wit% of the first lubricating anti-wear agent (ultra-
high molecular weight polyethylene), 3 wt% of the second lubricating anti-wear agent
(PTFE), 0.3 wt% of the mixed antioxidant 1098/168 (weight ratio 1:1), 0.2 wit% of the
lubricating dispersant (calcium stearate) and 0.5 wt% of the nucleating agent;

Step two: placing the above ingredients in a high speed mixing machine to mix the
ingredients for 3 minutes and thereby form a mixture, and then transferring the mixture to a
twin-screw extruder to extrude and granulate the mixture at a processing temperature of 210-

235°C, the screw rotational speed of the twin-screw extruder being 550 rpmt.

Embodiment 9
The present patent application further provides another preparation method of the high wear-

resistant nylon 6 composite material.
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theheating tenperature( t ) 260 265 270 270 270 265 265 265 265 According
to sanples 10-15 prepared in enbodi nents 10-15, the nmechani cal performnces
of the sanples 10-15 are tested and conpared using AS' f M standards. Table
6: Test performance conparison Itens Sanple 10 Sanple 11 Sanple 12 Sanple
13 Sanple 15 Sanple 15 Tensile strength (Mya) 119 113

The preparation method includes the following steps:

Step one: weighing up the following ingredients according to the following weight
percentages, 67.2 wi% of the nylon 6, 10 wt% of the glass beads treated by s the ilane
coupling agent, 10 wi% of the glass fiber powder treated by the silane coupling agent, 3 wt%
of the first lubricating anti-wear agent (ultra-high molecular weight polyethylene), 3 wi% of
the second lubricating anti-wear agent (PTFE), 5 wt% of the graft type toughening modifying
agent, 1 wi% of the mixed antioxidant 1098/168 (weight ratio 1:1), 0.3 wit% of the
lubricating dispersant (calcium stearate) and 0.5 wt% of the nucleating agent;

Step two: placing the above ingredients in a high speed mixing machine to mix the
igredients for 3 minutes and thereby form a mixture, and then transferring the mixture (o a
twin-screw extruder to extrude and granulate the mixture at a processing temperature of 210-

235°C, the screw rotational speed of the twin-screw extruder being 550 rpm.

The present patent application further provides a high wear-resistant nylon 66 composite

matertal and the preparation method thereof.

Embodiments 10-15

The high wear-resistant nylon 66 (PA66) composite material includes a main material and a
secondary material. The main material includes nylon 66 (PAG6), glass beads (GB), glass
fiber powder (GF) and lubricating anti-wear agent. The high wear-resistant nylon 66
composite material consists of the following components and their weight percentages are
shown in Table 4.

18



115 112 123 135 Fl exural

0.22

0.2 0.21 0.13

Table 4: Formulas 10-15

strength (Moa) 160 149 155 151 165 178 | npact
strength atroomtenperature (PM 105 83 92 99 119 65 War coefficient 0.14

Formula | Formula | Formula | Formula | Formula | Formula
Ingredient Name 10 11 12 13 14 15
(wi%) | (wt%) | (wt%) | (wi%) | (wi%) (wt%)
Nylon 66 (PA66) 60 80 69 69 69 73
Glass beads (GB) 13 5 10 10 10 10
Glass fiber powder
14 6 10 10 10 10
(GF)
Ultra-high
molecular  weight
7 0 6 0 3 3
polyethylene
(UHMWPE)
PTFE 0 5 0 6 3 3
Graft type
toughening
° g 5 3 4 4 4 0
modifying agent
(POE-g-MAH)
Antioxidant
0.5 0.5 0.5 0.5 0.5 0.5
1098/168 (1:1)
Lubricating
dispersant 0.3 0.3 0.3 0.3 0.3 0.3
(Calcium stearate)
Nucleating  agent
0.2 0.2 0.2 0.2 0.2 0.2
(P-20)

In the above embodiments, the viscosity of the nylon 66 is 2.4; the glass beads and glass

fiber powder are respectively non alkali glass beads and non alkali glass fiber powder whose
19



0.11 Heat deformation tenperature (t ) 248 233 236 232 242 255 Enbodi nent
16 The present patent application further provides a preparation nmethod of
t he high wear-resistant nylon 66 conposite naterial. The preparation method
includes the following steps: Step one: weighing up the foll ow ng

i ngredi ents according to the follow ng wei ght percentages, 69 wt% of the
nyl on 66, 10 wt % of the gl ass beads treated by the silane coupling agent,
10 wt % of the glass fiber powder treated by the silane coupling agent, 3

wt % of I‘IC [ i -wear ent (u rmle ul ar welght
pol yet MTEaLy I Yol BEb R v e llihg HOJBIH'P%g&b?IHé thi i w}@aF et G prisdy : °a
wt % of the raft t etoug eni nodi f agent %.of the mx

anti oxP%léH{ 1Pl TRGT ig ﬁtst Mub¥icaing a3t-Wganagans, g lf %EIFEHM%.%%@% 2

di spersant g ch as calciumstearate and 0.3 w%of the nucleati ng agent

St ep t%ﬁ?oncﬂ) LR r?élt‘a‘ﬂi‘éﬂ}eageﬁbr@ﬂliéﬁﬂ PR iali%hﬁ‘@ﬁlgsﬁé@d}’m&xwﬁgl nraciithe to
m x the | ngredients for 5 mnutes and thereby forma m xture, and then

t r ansf R MAGZat08 GHoemer evitlopalyplgfin-chastamerePCHiderafted upsaturaigd aaidorgrcadiul at e
the m xture at a processing tenperature of 250- 265 C, the screw rotational
speed @hygHge MW—@@# wles ol f db@Pet Bimig 2800 grafimateThie. §r146.tTheypEotidugtieni ng
modi fyi ng Lgent is graft polynerization oligomer with polyolefin elastoner
(POE) grakeedytieivatlip dtiedtred pticroricanitidxaiahy dnd géosfiret dser , antineidgrator t ype
t ougheni ng nodi fyi ng agent is polyolefin elastomer (POE) grafted naleic
aci d asvaythid, diee auitiohidanims| 0981 08 xweaihRgtib Oni)nwaedial @isas N,Nat,6-s06-hex@- 1%
Enbodi nent 17 The present patent application further provides another

pr epariai(B ordifet-hoad |- dthytdnexiphethy | wespion@sts] aml 16 ison B6-cenpasifhemieri al .
The preparation nmethod includes the follow ng steps: Step one: wei ghing up

t he f oplloophitgedinrgrigdilghtictiag cs@didag: 150 tsh@rad o E‘sgsé{\&'tegihﬁozﬂ’leﬂl@ebﬁéliges /3
wt % of the nylon 66, 10 wt% of the gl ass beads treated by the silane

COUp| | qtgsieg@nbf cAlbud denhtet Bific Aledse, faﬁ&ﬁ:&uﬁp%%ﬁtetzﬁl?%ﬁ%lﬁﬁoﬁ erSdd ﬂ{"e
coupling agent, 3 w% 22 of the graft type tougheni ng nodifying agent,

e % Oftnk RBo¥d isibod ibDiis Cak 109 ANIhL yBAka RS Bhichi Ll q*ﬂem'aklgwgﬁgﬁfl ght

poI yet hyl ene), 3 wt % of the seco ubricating anti-wear

Wt % ofis t il X 84l p8 JZ'j,tidt@%('\gﬁi{f't jfpﬁgsiglcgrﬁ)%n( Jnghé Efav\} l})’%.)blil%e, oo gxf%t'i[ ES

| ubricating di spersant clum-$tearate nu

agent; I r e t XI ng
machi ncé} n?%&%a%(l V%‘%%PQ%F@% ?#%932 Onm%ﬁgﬂ gcs rﬂ'a%Od ”{dﬁ%r %Q‘f“‘t?gﬁ? AR EUr e,
and t fenr.i the m xture to a twin-screw extruder to extrude and
gr anupg[&ﬁd{{%ﬁﬁr%% mr&lmt‘m% processi ng tenperature of 245- 270t , the screw
rotational speed of the tw n-screw extruder being 550 rpm Enbodi nent 18
The pr esent patent application further provides another preparation nethod
of th 1 h wear-resi stant nyl on 63 onposite material. The preparation
et hod Tl Y Ae2 PREHS o RIGEHE 85: PBEwh TbAdHERaPE AiXInp HREITIPI i ng
ingredl_enctq acc rding to the follow ng weight percentages 68.5 wt % of the
nyl on TBECY 19 wldprpmu ‘fhémél18§§b>b@éléi‘sdtm’é&tl@>d&ﬂ§§/1 hehehes g isoupl pwigoagent ,

10 wt % of the glass fiber powder treated by the silane coupling agent, 3
Wt % ofSCENe CXdst (9 ehkidaendgranvate Weamisigenel ¢uiroressihg gempohiecubildtwi ght
poI yethyl ene), 3 wt%of the second lubricating anti-wear agent (PUT), 4 wt%

of the?9@r%f1thetqyw totalighertipagr! abitie fyewgxagdetis 4004§00aah. t he ni xed

anti oxi dant 1098/168 (weight ratio 1:1), 0.2 w% of the |ubricating

di spersant (calcium stearate) and 0.3 wt % of the nucleating agent; Step
two: placing the above ingredients in a high speed m xing machine to m x
t he i Agbed: drilmixezﬁtmgj tﬁnnpsmrautxem edrtbut heecedys forma m xture, and then

ttF-e—ter-a—tw-n-screw—-extruder—-t.oextrude-and granul-at e

tr(ll'olcllll' [ 9]
thes?ﬁ_“)?fur euat & rﬁ‘ dceksi ng ‘fé‘ﬂﬁ% At ure |8f (BBO-2 558 0D, t he Wcr ey a ninth
rotational speedeQfont h@ctdM NscREE VG Ve ioRe! RE:EP0 R, eighth | section

section section section | section
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The present patent application further provides a high wear-resistant nylon
6/ nyl on 66 conposite material and the preparation nethod thereof.

Enbodi ments 19-24 The hi gh wear-resistant nylon 6/ nylon 66 conposite
material includes a main material and a secondary material. The main
material includes nylon 6, nylon 66 (PA66), glass beads (GB), glass fiber
powder (GF) and lubricating anti-wear agent. The high wear-resistant nylon
6/ nyl on_66 conposite material consists of the foll ow ng conponents and

t heji thewei ghtatiper cent ages are shown, in Table 7. {Table:!7: Forpulas 19-24

| ngr edi ent Nane| Fébtrulia 208 (w230 Fpr &ill a| 207¢ Wi ¥R6For mdss 2[L ¢9s %) Eesmul a
22 (%ﬁ@?mﬁﬁFhGPa 23 (W% Farmula 74 (wt9% Nylon 6 (PA6) 18/ 40 28:41 39 |33

According to samples 10-15 prepared in embodiments 10-15, the mechanical performances

of the samples 10-15 are tested and compared using ASTM standards.

Table 6: Test performance comparison

Items Sample | Sample | Sample | Sample | Sample | Sample
10 11 12 13 15 15

Tensile

119 113 115 112 123 135
strength (Mpa)
Flexural

160 149 155 151 165 178
strength (Mpa)
Impact strength
at room

105 83 92 99 119 65
temperature
(J/M)
Wear

. 0.14 0.22 0.2 0.21 0.13 0.11
coefficient

Heat

deformation
248 233 236 232 242 235
temperature

(C)

Embodiment 16
The present patent application further provides a preparation method of the high wear-

resistant nylon 66 composite material. The preparation method includes the following steps:
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Nyl on 66 (PA66) 42 40 41 28 30 40 d ass beads (GB) 13 5 10 10 10 10 4 ass
fi ber powder (GF) 14 6 10 10 10 10 U tra-hi gh nol ecul arwei ght pol yet hyl ene
( UHMAPE)

Step one: weighing up the following ingredients according to the following weight
percentages, 69 wi% of the nylon 66, 10 wt% of the glass beads treated by the silane
coupling agent, 10 wi% of the glass fiber powder treated by the silane coupling agent, 3 wt%
of the first lubricating anti-wear agent (ultra-high molecular weight polyethylene), 3 wi% of
the second lubricating anti-wear agent (PTFE); 4 wi% of the graft type toughening
modifying agent, 0.5 wit% of the mixed antioxidant 1098/168 (weight ratio 1:1), 0.2 wt% of
the lubricating dispersant such as calcium stearate and 0.3 wi% of the nucleating agent;

Step two: placing the above ingredients in a high speed mixing machine to mix the
ingredients for 5 minutes and thereby form a mixture, and then transferring the mixture to a
twin-screw extruder to extrude and granulate the mixture at a processing temperature of 250-

265°C, the screw rotational speed of the twin-screw extruder being 600 rpm.

The graft type toughening modifying agent is graft polymerization oligomer with polyolefin
clastomer (POE) grafted unsaturated acid or acid anhydride. Further, the graft type
toughening modifying agent is polyolefin elastomer (POE) grafted maleic acid anhydride

with a melt index of 2g/10min and a graft rate of 0.5-1%.

Embediment 17

The present patent application further provides another preparation method of the high wear-
resistant nylon 66 composite material. The preparation method includes the following steps:
Step one: weighing up the following ingredients according to the following weight
percentages, 73 wi% of the nylon 66, 10 wi% of the glass beads treated by the silane

coupling agent, 10 wt% of the glass fiber powder treated by the silane coupling agent, 3 wt%
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PTFE G afttype tougheni ng nodi fyi ngagent (POE-g-MAI-1) 5
nti oxi dant 1098/168 (1:1) 0.5

> w

of the graft type toughening modifying agent, 3 wi% of the first lubricating anti-wear agent
(ultra-high molecular weight polyethylene), 3 wt% of the second lubricating anti-wear agent
(PTFE), 0.3 wit% of the mixed antioxidant 1098/168 (weight ratio 1:1), 0.2 wit% of the
lubricating dispersant (calcium stearate) and 0.5 wi% of the nucleating agent;

Step two: placing the above ingredients in a high speed mixing machine o mix the
ingredients for 3 minutes and thereby form a mixture, and then transferring the mixture to a
twin-screw extruder to extrude and granulate the mixture at a processing temperature of 245-

270°C, the screw rotational speed of the twin-screw extruder being 550 rpn.

Embodiment 18

The present patent application further provides another preparation method of the high wear-
resistant nylon 66 composite material. The preparation method includes the following steps:
Step one: weighing up the following ingredients according to the following weight
percentages, 68.5 wt% of the nylon 66, 10 wt% of the glass beads treated by the silane
coupling agent, 10 wi% of the glass fiber powder treated by the silane coupling agent, 3 wt%
of the first [ubricating anti-wear agent (ultra-high molecular weight polyethylene), 3 wi% of
the second lubricating anti-wear agent (PTFE), 4 wt% of the graft type toughening modifying
agent, 1 wt% of the mixed antioxidant 1098/168 (weight ratio 1:1), 0.2 wi% of the
[ubricating dispersant (calcium stearate) and 0.3 wi% of the nucleating agent;

Step two: placing the above ingredients in a high speed mixing machine to mix the
ingredients for 5 minutes and thereby form a mixture, and then transferring the mixture to a
twin-screw extruder to extrude and granulate the mixture at a processing temperature of 250-
265°C, the screw rotational speed of the twin-screw extruder being 600 rpm.
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0.5 0.5 0.5 Lubricating dispersant (Calciumstearate) 0.3 0.3 0.3
0. 3 Nucl eatingagent (P-20) 0.2 0.2 0.2 0.2 0.2 0.2 1In the above
enbodi nents, the viscosity of the nylon 6 is 2.4, and the viscosity of the
nylon 66 is 2.8; the glass beads and gl ass fiber powder are respectively
non al kali gl ass beads and

0.5 0.5
0.3 0.3

The present patent application further provides a high wear-resistant nylon 6/nylon 66

composite material and the preparation method thereof.

Embodiments 19-24

The high wear-resistant nylon 6/nylon 66 composite material includes a main material and a
secondary material. The main material includes nylon 6, nylon 66 (PA66), glass beads (GB),
glass fiber powder (GF) and lubricating anti-wear agent. The high wear-resistant nylon
6/nylon 66 composite maierial consists of the following components and their weight

percentages are shown in Table 7.

Table 7: Formulas 19-24
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non al kal i
coupling agent;

a first

| ubricating anti-wear agent,

| ubricating anti-wear agent;
graft polynerization oligonmer with polyolefin elastoner (POE) grafted

unsaturated acid or acid anhydride with a nelt
The anti oxi dant

a graft

rate of 0.5-1%

gl ass fiber powder whose surfaces are both treated by the silane
the ul tra-high nol ecul ar wei ght pol yethylene is referred as

and the PTFE is referred as a second

the graft type toughening nodifying agent

is

i ndex of 1.0-5.0g/10m n and

is a mxed systemw th hindered

phenol i ¢ LantdioxtiMtané anebrph@s phRodneuigst er ant i oxdgant | Femexamphgulathe
antioxidant is 1098/ 168 (weight rati ¢ Fbntyia wherein 1098 is
N, N -1, 6- sub-hexyl - 11 -[& 5-di | £@ért - but%lﬁiyg%ﬂyd%?oxyphe?ﬁ/l pr op#onami de], and
168 is tri (2,4-diterty tyl enyl) ite ester _:];(Jael br.icatji ng
di spersant is a stear ajt@?t)ﬂ)ui ch%ﬂel ect ed froﬁxi{? e gW)tu o )ﬁ‘g%)[l ng of
cal ci um siykar@tieas)zi nc stear at e, 4@l um nupg st ear atje and any ¢onBirnati on
t her eof [n the..above enbodinents, the lubricating dispersant is calicium
st ear at e Nykhech@relggat i ing 4gent i g0cal ci um carboxyd ates wwthia lggng icar bon
chain ag_a main conponent, such as a ,commercially avgail abl e| nucl eatli ng
agent P: 2gss doatist(bdg3)P-120 may pe producedidy d arjeant| I nfgrnatiqpal |Ltd. in
Ger many |- The above conponents.are proportionately placed inla high speed
m Xi ng TREP ABet gomden xed4 for 5-10 m nutes and thereby forma m xtjure, and
then the mixture is sent Wut to & screw Ekiruderi® o be ¥ktrudedYand
gr anul af gd at a processing tenperaturte of 235-280t, @and the|screw
rotatiohalitrspead of the screw extruder I's 400-600 rpm The conbinati on of
t he screws maé be a specific [conbination that| has a good di Spersive
char act eRiodacitar  wWeightd 8: _The heating tenperature of| vari ous sectidns
sections &P&Jﬁifengecti dn a’seclondYsec{ion® tHird’secti ol a fourth dection
afifth SBCtion a sixtH section a sevénth sectlion an fei ghth sectionja ninth
secti on| {heMWERE) ng tenperature (C) 245 255
PTFE 0 5 0 6 3 3
Graft type
toughening
. 5 3 4 4 4 0
modifying  agent
(POE-g-MALI)
Antioxidant
0.5 0.5 0.5 0.5 0.5 0.5
1098/168 (1:1)
Lubricating
dispersant 0.3 0.3 03 0.3 0.3 0.3
{Calcium stearate)
Nucleating agent 0
2 0.2 0.2 0.2 0.2 .
(P-20) 02

In the above embodiments, the viscosity of the nylon 6 is 2.4, and the viscosity of the nylon

06 is 2.8; the glass beads and glass fiber powder are respectively non alkali glass beads and
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260 265 270 270 270 265 260 According to sanples 19-24 prepared in

enbodi nents 19-24, the nechani cal perfornmances of the sanples 19-24 are
tested and conpared using ASTM standards. Table 9: Test performance conpai
ison Itenms Sanple 19 Sanple 90 Sanple 21 Sanple 22 Sanple 23 Sanple 24
Tensile strength (Moa) 119 113 115 112 123 135 Fl exural strength (Ma)

non alkali glass fiber powder whose surfaces are both treated by the silane coupling agent;
the ultra-high molecular weight polyethylene is referred as a first lubricating anti-wear agent,
and the PTFE is referred as a second lubricating anti-wear agent; the graft type toughening
modifying agent is graft polymerization oligomer with polyolefin elastomer (POE) grafted
unsaturated acid or acid anhydride with a melt index of 1.0-5.0g/10min and a graft rate of
0.5-1%. The antioxidant is a mixed system with hindered phenolic antioxidant and phosphite
ester antioxidant. For example, the antioxidant is 1098/168 (weight ratio 1:1), wherein 1098
is N,N'-1,6-sub-hexyl-II-|3,5-di-tert-butyl-4-hydroxyphenyl propionamide], and 168 is tri
(2,4-ditertrabutyl phenyl) phosphite ester. The lubricating dispersant is a stearate which is
selected from the group consisting of calcium stearate, zinc stearate, aluminum stearate and
any combination thereof. In the above embodiments, the lubricating dispersant is calcium
stearate. The nucleating agent is calcium carboxylates with a long carbon chain as a main
component, such as a commercially available nucleating agent P-20, and the P-20 may be

produced by Clariant International Ltd. in Germany.

The above components are proportionately placed in a high speed mixing machine to be
mixed for 5-10 minutes and thereby form a mixture, and then the mixture is sent out to a
screw extruder to be extruded and granulated at a processing temperature of 235-280°C, and
the screw rotational speed of the screw extruder is 400-600 rpm. The combination of the

screws may be a specific combination that has a good dispersive characteristic.
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160 149 155 151 165 178 Inpact strength atroom tenperature (PM 105 83 92
99 119 65 Wear coefficient 0.14 0.22 0.2 0.21 0.13 0.11 Heat deformation

tenperature (10

Table 8: The heating temperature of various sections

sections a firstia a third | a a fifth | a sixth | a an a ninth
section | second | section | fourth | section | section | seventh | eighth | section

section section section | section

the heating
temperature | 245 255 260 265 270 270 270 265 260
(C)

According to samples 19-24 prepared in embodiments 19-24, the mechanical performances

of the samples 19-24 are tested and compared using ASTM standards.

Table 9: Test performance comparison

{tems Sample | Sample | Sample | Sample | Sample | Sample
19 20 21 22 23 24
Tensile
119 113 115 112 123 135
strength (Mpa)
Flexural
160 149 155 151 165 178
strength (Mpa)

[mpact strength

at reom

105 83 92 99 119 65
temperature
(J/M)
Wear
‘ 0.14 0.22 0.2 0.21 0.13 0.11
coefficient
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248 233 236 232 242 255 Enbodi nent 25 The present patent application

further provides a preparation nmethod of the high wear-resistant nylon

6/ nyl on 66 conposite material. The preparation nethod includes the

followi ng steps: Step one: weighing up the follow ng ingredients according

to the foll ow ng wei ght percentages, 39 w%of the nylon 6, 30 wt% of the

nyl on 66, 10 wt % of the gl ass beads treated by the silane coupling agent,

10 vt % of the glass fiber powder treated by the silane coupling agent, 3
wt % of theldatst |ubrijcating anti-wepr agent (ultra-high nolecul ar weight

poI yet hyl ?Oé?B,wt%of t he second | ubricat{ng anti-wear ggent (HTFE), 4

wt % of th l1““‘{Wpe to di fying agent, 0.5 wt %|of the |nm xed
ant i oxi da tiu%}Qg 1168 ( ggg atho 1} 1)23? > wt% off t#E | ubr At ing
di sper san h as callci um stear ate land 0. 3 wt % of |t he nugl eating agent;

Step two: |piCaci ng the jabove iingredients in a high speed mixi ng machine to
mx the ingredients for 5 mnutes and thereby formia m xture, and then
transferring the mxture to a twi n-screw extruder to extrude and granul ate
the m xture at a processing tenperature of 245- 265C , the screw rotational
speed I‘?xfnb('id]&chv‘ﬁé" screw extruder being 600 rpm The gr aft type toughening
nodi fy agen% I's graft polynerization oligonmer with poI yol efin el ast oner
(PCE) rafted unsat ura aci.d .or aci.d anhydride. Furt the graft type
28 toﬁb‘hB‘r%S?f& f%ﬂpﬁ.‘gdté‘%j’eﬁ%“’}% BRI BeATAPasRLEY BivEo (@6@)0 \ng‘fV%‘H mal ei ¢
acid a'nhgrgrlde Z m:éé index of 2g/10m n and a graft rate of 0.5-1%
Enbodi ¥ mzély*ﬂ’?e 6Hry% ﬁatnéﬁ%maﬁﬁlqltaét ilbf PisPRREPN phetipdeischdet Hee
preparafl on nmet hod of the high wear-resistant nylon 6/nylon 66 conposite
mat er i IOV PESSHepar ati on net hod i ncl udes the fol | owing steps: Step one:

wei ghi ng up the follow ng ingredients according to the foll ow ng wei ght

per centleRyedie: 3ueighing ofpt ﬁghoemnga ngedignGo afcordieg nipl tre 6@jovlidgwivtebf t he
gl ass beads treated by the silane coupling agent, 10 wt % of the glass fiber
powderPetqeatged Iy witheotsihk anvdorcoup) Y elgdntnylch 6,98 ©fwi¥het theaflhsst yopés

t ougheni ng nodi fying agent, 3 w%of the first lubricating anti-wear agent
(ultr élielategi'bynftl)ﬂc@ﬁunhfacoumingmgelpto[lQ'att%yd)fetﬂle)g,las?o livePpokddrecaseiconthel silbiid cat i ng
anti-wear agent (PTFE), 0.3 wt % of the m xed antioxi dant 1098/ 168 (wei ght
ratiocouiling Quedt, vk Wikl of the ﬂwlblmbn@dtmggmdhsmr@amt(u{tﬁ@h@huﬁaﬂéétﬂw atght and
0.5 wt % of the nucleating agent; Step two: placing the above ingredients in

a hi ghpospeasden®),)d ngvn@Cidi necdnd [Ibieding ahnor@di8liSPITPE), 3t MiNUWase ang:
thereby forma m xture, and then transferring the m xture to a twin-screw

ext r udgfe foQglexindehdamthetoanu bat \Qt% e i i té:rc,ied RoxRab QRRBHRN el SRR AL Ur €
of 245- 275C , %e s??ev{?/ r&ot ational speed Xo 1 e‘t\(}vl n-scr ewrtgvft‘? ud%oabel ng

550 rpmy, E@WW%LZLM @Jﬂﬁlgpﬂ@%fr'gﬁnt Ratieal cﬁf%mnh GRLatLD aB#r()t? LoPLPYdes
anot her preparation nethod hi gh wear-resistant nylon 6/nylon %6
CONMPOSi b gdtq@t@rﬁhal The preparation nmethod includes the follow ng steps:
Step one: wei ghing up the follow ng ingredi ents according to the foll ow ng

h 8. 6 10 %
o ?hés‘ 168 ””8 %h:éea? %“ éﬁf%&b € ﬁ" Z#nin% *. ngﬂaaén?“a%e”ﬁy st tena”
| 3 % f h f

%OE the seco{nd I brlca |n ant i wear a e.nt_ PTFE) 4 wt%of the graft
Lype. VSUGRERT Ro i it Lgff B TRt PSSt ICBRPHAHE 01 568 168
(weig 2 W % of the lubricating dlspersant (cal cium
st ear gﬁ%ﬁgﬁdscﬁi% Wt%lb’f SRagd of thel LWi-porg gy BRecr bsigO0WBM. pl aci ng t he above
ingredients in a high speed m xing machine to mx the ingredients for 5
m nutes and thereby forma mxture, and then transferring the mxture to a
tw n-screw extruder to extrude and granulate the mxture at a processing
t enpert 8¢ gFadt pe sazhepigganodifyies aganew sieftaolomaizatpe edgahert wWish palyoleior ew
extruder being 600 rpm

elastomer (POE) grafted unsaturated acid or acid anhydride. Further, the graft type
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Enbodi ments 28-33 A high wear-resistant nylon 6/ nylon 66 conposite materi al
consists of the foll ow ng conponents and their weight percentages are shown
in Tabl e 10. Table 10: Fornul as 28-33 Ingredi ent Nanme Fornula Formul a

Formula Fornula Formula Formula 28 29 30 31 32 33 (W% (W% (M%D (WX

(W% (w9
toughening modifying agent is polyolefin elastomer (POE) grafted maleic acid anhydride

with a melt index of 2g/10min and a graft rate of 0.5-1%.

Embodiment 26

The present patent application further provides another preparation method of the high wear-
resistant nylon 6/nylon 66 composite material. The preparation method includes the
following steps:

Step one: weighing up the following ingredients according to the following weight
percentages, 33 wi% of the nylon 6, 40 wt% of the nylon 66, 10 wt% of the glass beads
treated by the silane coupling agent, 10 wt% of the glass fiber powder treated by the silane
coupling agent, 3 wt% of the graft type toughening modifying agent, 3 wit% of the first
lubricating anti-wear agent (ultra-high molecular weight polyethylene), 3 wt% of the second
lubricating anti-wear agent (PTFE), 0.3 wt% of the mixed antioxidant 1098/168 (weight ratio
1:1), 0.2 wt% of the lubricating dispersant (calcium stearate) and 0.5 wi% of the nucleating
agent;

Step two: placing the above ingredients in a high speed mixing machine to mix the
ingredients for 3 minutes and thereby form a mixture, and then transferring the mixture 1o a
twin-screw extruder to extrude and granulate the mixture at a processing temperature of 245-

275°C, the screw rotational speed of the twin-screw extruder being 550 rpm.

Embodiment 27
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Nylon 6 (PA6) 60 48 0 0 33 72 Nylon 66 (PA66) 0 32 78 69 40 0 G ass beads
(&) 16 5 9 12 12 dass fiber powder (G) 18 8 6

The present patent application further provides another preparation method of the high wear-
resistant nylon 6/nylon 66 composite material. The preparation method includes the
following steps:

Step one: weighing up the following ingredients according to the following weight
percentages, 38.3 wi% of the nylon 6, 30 wi% of the nylon 66, 10 wit% of the glass beads
treated by the silane coupling agent, 10 wt% of the glass fiber powder treated by the silane
coupling agent, 3 wt% of the first lubricating anti-wear agent (ultra-high molecular weight
polyethylene), 3 wt% of the second lubricating anti-wear agent (PTFE), 4 wi% of the graft
type toughening modifying agent, 1 wt% of the mixed antioxidant 1098/168 (weight ratio
1:1), 0.2 wi% of the lubricating dispersant (calcium stearate} and 0.5 wi% of the nucleating
agent;

Step two: placing the above ingredients in a high speed mixing machine to mix the
ingredients for 5 minutes and thereby form a mixture, and then transferring the mixture to a
twin-screw exiruder to extrude and granulate the mixture at a processing temperature of 245-

265°C, the screw rotational speed of the twin-screw extruder being 600 rpm.

Embodiments 28-33
A high wear-resistant nylon 6/nylon 66 composite material consists of the following

componenis and their weight percentages are shown in Table 10.

Table 10: Formulas 28-33
Ingredient Name Formula | Formula | Formula | Formula | Formula | Formula
28 29 30 31 32 33
(wt%) (wt%o) (wi%) (wt%) (wt%) (wt%)
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14 10 17 U tra-high nol ecul arwei ght polyethylene (UTIMAPE) 4 2 0 0 55 RTE
257501 The above conponents are proportionately placed in a high
speed m xi ng machine to be m xed for 5-10 minutes and thereby forma

m xture, and then the m xture is sent out to a screw extruder to be
extruded and granul ated at a processing tenperature of 235-280C, and the
screw rotational speed of the screw extruder is 400-600 rpm The
conbination of the screws may be a specific conbination that has a good

di sper si|eylohar(@aieri sti cs0Enhodidggent;s 34-41] A hy gh [weags r esi styant |nyl on

6/ nyl on 66—cenposi-t-e—nateri-alconsistls of the following conponents fand

A\ A A"A AN Ot

their wei anéKBAﬁﬁhéas dre show in Tald e 11. 6Fablle 143 Formup as [34-41

Glass beads (GR) 16 5 9 12 12 5
Glass fiber powder

18 8 6 14 10 17
(GF)
Ultra-high
molecular  weight

4 2 0 0 5 5
polyethylene
(UHMWPLE)
PTFE 2 5 7 5 0 1

The above components are proportionately placed in a high speed mixing machine to be
mixed for 5-10 minutes and thereby form a mixture, and then the mixture is sent out (o a
screw extruder to be extruded and granulated at a processing temperature of 235-280°C, and
the screw rotational speed of the screw extruder is 400-600 rpm. The combination of the

screws may be a specific combination that has a good dispersive characteristic.
Embodiments 34-41
A high wear-resistant nylon 6/nylon 66 composite material consists of the following

components and their weight percentages are shown in Table 11.

Table 11: Formulas 34-41

Ingredient Name | For | For For
Formu | Formu | Formu Formu | Formu
mula | mula mula
la 36 la 37 la 38 la 40 la 41
34 35 39
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| ngr edi ent Name For For For mul a nmul a Fornmu Formu Formu nul a Fortnu
For mu la 36 1a37 |l a 38

Nylon 6 (PAG) 21 39 35 42 32 61 37.5 22

Nylon 66 (PA66) | 42 40 37 28 39 10 32 41.5

Glass beads
(GB)

Glass fiber
powder (GF)

13 5 6.7 10 10.8 9 9 12

14 6 10 9 10 1.7 1 11.8 14

Ultra-high
molecular weight
polyethylene
(UHMWPE)
PTFE 0 5 4 3 3 0 4 3.5

Graft type
toughening
modifying agent
(POE-g-MAH)

Antioxidant

1098/168 (1:1)

Lubricating
dispersant
(Calcium

stearate)

Nucleating agent

(P-20)

The above components are proportionately placed in a high speed mixing machine to be
mixed for 5-10 minutes and thereby form a mixture, and then the mixture is sent out to a

screw extruder to be extruded and granulated at a processing temperature of 235-280°C, and
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1a40 la 41 34 35 39 Nyl on 6 (PA6) 21 39 35 42 32 61 37.5 22 Nyl on 66
(PA66) 42 40 37

the screw rotational speed of the screw extruder is 400-600 rpm. The combination of the

screws may be a specific combination that has a good dispersive characteristic.

The present patent application also provides a rolier made from the high wear-resistant nylon
6 (PA6), nylon 66 (PA66), or nylon 6 (PAG)/nylon 66 (PAGG) composite materials, and the
roller is used for lifting platform devices in airport {reight vehicles. As shown in FIG. 1, a
through shaft hole 110 is defined in a center of the roller 110, and a rotation axis of the roller
can be installed in the shaft hole 111. The roller 110 is fixed to an axis rack of the roller for
transportation through the rotation axis of the roller. Front and rear ends 112 of the roller 110
are configured to have flat structures to match the other tracks. An outer surface 113 of the
roller 110 has a frosted texture so as to increase the friction force between a bottom board of
a container (and a container board) and the roller during the transportation of freights. The
roller 110 made of nylon material is durable, and is not prone to be worn or to skid. The
selection of the nylon materials in accordance with the present patent application is very
reasonable. Especially, in any environment and weather, the roller can be used to transport
freights under easy control. The friction force between the bottom board of the container
(and the container board) and the roller during the transportation of freights is increased, so
that the roller is not prone to skid, to produce noise during transportation, or to be worn, The
roller is also environmentally friendly. The durability of the roller is good, the toughness and
the stiffness of the roller are exceptionally strong, and the roller can withstand relatively
large impact. [n addition, besides that the composite material has skid resistance, the frosted
texture of the outer surface of the roller can provide additional skid resistance. The roller is

configured to avoid metal powder flaking off during the rotation between one metal member
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28 39 10 32 41.5 d assbeads (GB) 13 5 6.7 10 10.8 9 9 12 G assfi ber powder
(OF) 14 6 10 9 10 11.7 11.8 14

and another metal member thereby polluting the environment, and to avoid the metal powder
entering human eyes and respiratory tracts thereby making damages to the human body.
Further, the roller is conligured to reduce the harsh sound and vibrational noise caused by the
friction between one metal member and another metal member during transportation, and
thereby to reduce the damage to human ears. Furthermore, the roller is of good quality and

inexpensive.

[t is o be understood that the high wear-resistant nylon 6 (PA6), nylon 66 (PA66), and nylon
6 (PAG)/nylon 66 (PA66) composite materials can also be used to make other products,
which may be widely applied in automobiles, machinery equipment connectors, gears, oil
field equipment, instruments and meters, textile equipment, electrical and electronic

equipment, household appliances, and etc.

While the present patent application has been shown and described with particular references
to a number of embodiments thereof, it should be noted that various other changes or
modifications may be made without departing from the scope of the present patent

application.
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U tra-high nol ecul ar wei ght polyethylene (UHMAWPE) 7 0 3 3 452 3 PT FEO 5
4 3304 3.5 Gafttype toughening nodi fying agent (POE-g-MAH) 3 54 40

What is claimed is;

I. A high wear-resistant nylon composite material for rollers on an airport freight vehicle
comprising:

60-80 wt% of nylon 6;

5-13 wt% of glass beads;

6-14 wit% of glass fiber powder;

5-7 wt% of lubricating anti-wear agent,

3-5 wt% of graft type toughening modifying agent;

0.3-1 wt% of antioxidant;

0.2-0.3 wt% of lubricating dispersant; and

0.2-0.5 wt% of nucleating agent.

2. A high wear-resistant nylon composite material for rollers on an airport freight vehicle
comprising:

60-80 wt% of nylon 66;

5-13 wt% of glass beads;

6-14 wi% of glass fiber powder,

5-T wt% of lubricating anti-wear agent;

3-5 wt% of graft type toughening modifying agent;

0.3-1 wt% of antioxidant;

(.2-0.3 wt% of lubricating dispersant; and

0.2-0.5 wt% of nucleating agent.

35



3 3 3 Antioxidant 1098/168 (1:1) 0 0 0.3 1 1 0 0.5 0.5 Lubricating
di spersant (Calciumstearate) 0 0 0 0 0.2 0.3 0 O Nucleating agent (P-20) O

3. A high wear-resistant nylon composite material for rollers on an airport freight vehicle
comprising:

[8-41 wi% of nylon 6;

28-42 wt% of nylon 66;

5-13 wt% of glass beads;

6-14 wt% of glass fiber powder;

3-7 wt% of lubricating anti-wear agent;

3-5 wit% of graft type toughening modifying agent;

0.3-1 wt% of antioxidant;

0.2-0.3 wt% of lubricating dispersant; and

0.2-0.5 wt% of nucleating agent.

4. A high wear-resistant nylon composite material for rollers on an airport freight vehicle
comprising:

60-80 wi% of nylon 6, or nylon 66, or a mixture of nylon 6 and nylon 66;

5-16 wt% of glass beads;

6-18 wit% of glass fiber powder;

5-7 wt% of lubricating anti-wear agent.

5. The high wear-resistant nylon composite material as claimed in any one of claims 1-4,

wherein the lubricating anti-wear agent is selected from the group consisting of ultra-high
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000O0O00O0.20.5 The above conmponents are proportionately placed in a
hi gh speed m xi ng nachine to be m xed for 5-10 m nutes and thereby forma
m xture, and then the m xture is sent out to a screw extruder to be
extruded and granul ated at a processing tenperature of 235-280C, and the
screw rotational speed of the screw extruder is 400-600 rpm The

conbi nation of the screws nmay be a specific conbination that has a good

di spersive characteristic. The present patent application also provides a

rol ler Lrom the high wearsresi nt nylon 6 (PAG6), nylon 66. (PAG6), or
nyl on %‘g%gﬁlé'g /‘ﬁ‘&l#}&tn heE G?WA%E') I():%ﬁ;o@itogléeti‘?@{’&qeg}yéé,“e ndh¢ hé“yr §PI‘WZ’I‘“41§“ used
for lifting platformdevices in airport freight vehicles. As shown in FIG
I, a ﬂﬁf%ﬁ h shaft hole 110 is defined in a center of the roller 110, and a
rotation axis of the roller can be installed in the shaft hole 111. The
roller 110 is fixed to an axis rack of the roller for transportation
through the rotation axis of the roller. Front and rear ends 112 of the

rol | er-1hlty Bigl wowrrgdtiraidntion Rameosifeanatstipl et drisredt v anu ete phelabnhérd,
tracks. An outer surface 113 of the roller 110 has a frosted texture so as
to i ncveasy hreuripeest elome fdese depds sk ieaslinst itwmpovaled aof treatabhy ai silene (and a
contai ner board) and the roller during the transportation of freights. The
rol | ercoppbngragiiiof nylon material is durable, and is not prone to be worn
or to skid. The selection of the nylon materials in accordance with the
present patent application is very reasonable. Especially, in any

envi ronnent and weather, the roller can be used to transport freights under
easy cbntholhigiTheedrriedtianin nfbic eolpbiee matdral bt tamapandclafm thengant ai ner
(and the container board) and the roller during the transportation of

f r ei ghiosnprsidgngeagedougientiahodingng @ddner is not prone to skid, to produce
noi se during transportation, or to %e worn. The roller is also
environnmental ly friendly. The durability of the roller is good, the

t oughness and the stiffness of the roller are exceptionally strong, and the

rol | erg. aqag niH RekaReisial by @J)Mpé)s?fegﬁat-lﬂ%aagtc%ahh@d addh b qnwhg%ﬁi Hjlﬁéréfpat the
| h K he t

conposite materia as skid resistance, t rosted textlure o out er
sur f ageOfoub A& ik OhbL 8 S8R Pl QVi it gkid lesistance. The roller is
configg$edu%o éfbfd n%tﬁlgpowdggg?ﬁgﬁ%%éﬂggkOggffwggthe rotati on between
one netal nmenber and another metal nenber thereby polluting the
environnent, and to avoid the netal powder entering human eyes and

respi rat hracts t-hereby making.damages to the human body. Further, the
roll ergz'a(il{ls?IE é&}%%ﬂdr‘éd% & e u%%“?cﬁgc ﬁ%ﬁgé‘%g‘ﬁﬂn%ﬁ RS én% H8i’s® caused
by the friction between one netal menber and another netal nenber during

tr ans%o‘fv{lgt"i“o ; %1451\{\3?9%1198 VI ?l@éﬂ@égtaﬁ%mda $ bP&éf“}‘?Uﬁ*é‘FP“e‘élf%lmef with

Furtherpmore, the rol .is of good quality and inexpensive. It js to be
inder SPORITIEEeRE H Gelia FoStulificingr S10 on kB s e mesingeneb) . and
nyl on 6 éPAﬁ%/nylon 66 (PAG66) conposite materials can also be used to nake
ot her U BdfcEe IGHEhennEYOBE 106 asiny it i-ael 1 Pmimgcbhstirpégateraiahe genfy

equi pnment connectors, gears, oil field equi pment, instruments and neters,

t ext i [fEedqushsmEm modifuag agenals &Ad %el ect roni ¢ equi pnent, househol d
appliances, and etc. Wile the present patent application has been shown
and described with particular references to a nunber of enbodi nents
thereof, it should be noted that various other changes or nodifications nmay
be nadé. Ve hightvedepaistim gy fon@ompheitsoepdalafs ddimepiesient Opahenin wpplifcat i on.
What is clainmed is: 1. A high wear-resistant nylon conposite material for
rol | epslyarerantiai ppgemerf wahghtyoldhi clagose@mpPOB) agifte8 AmSAudd afid iy laem 6;
5-13 wt % of gl ass beads; 6-14 wt % of gl ass fiber powder; 5-7 wt % of

| ubr i aatiydrgicaint maleRanntageidt ;grafied polyolefin elastomer (POE) with a melt index of

2g/10min and a graft rate of 0.8%.
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-5 wt % of graft type toughening nodifying agent; 0.3-1 wt% of anti oxidant;
.2-0.3 wt%of lubricating dispersant; and 0.2-0.5 wt % of nucleating agent.
A high wear-resistant nylon conposite material for rollers on an airport
freight vehicle conprising: 60-80 wt% of nylon 66; 5-13 wt % of gl ass beads;
6-14 wt % of glass fiber powder; 5-7 wt%of lubricating anti-wear agent; 3-5
wt % f graft type toughening nodifying agent; 0.3-1 wt% of antioxidant;
0.2-0.3 wt% of lubricating dispersant; and 0.2-0.5 wt % of nucleating agent.
3. A high wear-resistant nylon conposite material for rollers on an airport
freight vehicle conprisi ng 18-41 w % of nyl on 6; 28 42 wt % of nyl on 66;
5-13 % Ialss beads; 41 wt % of gl ass f.i ber wder; 5-7 w % of

| ubri chti ﬁ:b gH%? Wér‘eséﬁ@m nylgn seqpppste yplsripl t“?/p“éd*tl‘ﬁég'r‘?eﬁiaﬁg Froditthgr ng
agent; 0.3-1 w % of antioxidant; 0.2-0.3 wt% of |ubricating dispersant; and
0. 2- 0. EHRIEH Y ARG IRY i ng agent. 4. A high wear-resistant nylon conposite
material for rollers on an airport freight vehicle conprising:

!\)OOO

12. The high wear-resistant nylon composite material as claimed in claim 11, wherein the

antioxidant is present in an amount of 0.3-1 wi%.

13. The high wear-resistant nylon composite material as claimed in claim 1, or 2, or 3, or 11,
or 12 wherein the antioxidant is a mixed system with hindered phenolic antioxidant and

phosphite ester antioxidant.

14. The high wear-resistant nylon composite material as claimed in claim 13, wherein the
mixed system with hindered phenolic antioxidant and phosphite ester antioxidant is

antioxidant 1098 and antioxidant 168 having a weight ratio of 1:1.

15. The high wear-resistant nylon composite material as claimed in claim 4, further

comprising lubricating dispersant.

16. The high wear-resistant nylon composite material as claimed in claim 15, wherein the

fubricating dispersant is present in an amount of 0.2-0.3 wi%.

17. The high wear-resistant nylon composite material as claimed in claim 1, or 2, or 3, or 15,
or 16, wherein the lubricating dispersant is stearate.
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60-80 wm % of nylon 6, or nylon 66, or a m xture of nylon 6 and nyl on 66;
5-16 wt % of gl ass beads; 6-18 w % of glass fiber powder; 5-7 wt % of

| ubricating anti-wear agent. 5. The high wear-resistant nylon conposite
material as clainmed in any one of clains 1-4, wherein the |ubricating
anti-wear agent is selected fromthe group consisting of ultra-high

nol ecul ar wei ght pol yet hyl ene, PTFE (Pol ytetrafl uoroethyl ene), and any
conbi nati on thereof 6. The high wear-resistant nylon conposite material as
claimed in any one of clainms 1-4, wherein the surfaces of the glass beads
and the glass fiber powder are treated by a silane coupling agent. 7. The

hi gh r=resistant nylon c osite.material as .claimed in claim4, further
conpr }Agﬁan‘ﬁwg‘ﬁﬁ tW%“b%Y%t%ﬂdﬁg%n{)ﬂ%}l*%ﬂ?fIWt?l‘&ﬁa?ééi%“.mdS? L%’r‘l’éﬂ hi>g#herein the
wear -r esi stant nyl conposite material as clainmed in claim?7, wherein the
graft %t%@et%ﬁ@‘ﬁéﬁﬁ? E@N T BSAURGPORGEHIE PE CHP B AR, AINCaNENERE. JPMBUBI Wt %
9. The high wear-resjstant nylon conposite material as clainmed in claima1,
or 2, $FarEe agd any cypbigaygietheienlt he graft type tougheni ng nodifying agent is
graft polynerization oligomer with polyolefin elastoner (POE) grafted
unsaturated acid or acid anhydride, and the nelt index of the graft type

t ougheni ng nodi fying agent is 1.0-5.09/10nm n and the graft rate of the
graft kYypeha digiherdangesmtaditf yiloy @genisité sndieBal18 cladfed Thechimghd, further

wear -resi stant nylon conposite material as clainmed in claim9, wherein the
gr af t qooipyiserg matdatng egdrgoner wi t h pol yol efin el astoner (POE) grafted
unsaturated acid or acid anhydride is maleic anhydride grafted polyolefin
el astomer (POE) with a nelt index of 2g/10mn and a graft rate of 0.8%

11. The high wear-resistant nylon conposite nmaterial as clainmed in claim4,
furt hey0. aooyiigls Wegr-antstdX ind Bt condpbsitd MgntdHig s \WRAkied €8 BLIANT9, RV PAn GRITPOSi te
material as clainmed in claim1l, wherein the antioxidant is present In an
amuntnt@fe&ﬁn@a@enms%res%ﬁt inldearhd @R o1 aLo.5 §3d;St ant nyl on conposite materi al
as claimed in claiml1, or 2, or 3, or 11, or 12 wherein the antioxidant is
a m xed systemw th hindered phenolic antioxidant and phosphite ester
antioxidant. 14. The high wear-resistant nylon conposite nmaterial as

cl ai iR, .13, r.ei i . W L i.nder ed ,phenol i

Nt o A e L L e M T, B 2685 R and

ant i ox. [ ' aweight ratio of,1:1. .15 The high r-resistant
vl on hoopancie LG e B, o AR B i R PR WP g

| ubricating dispersant. 16. The hi gh wear-resistant nylon conposite
material as clainmed in claim15, wherein the lubricating dispersant is
present, in an amount of 0.2-0.3 w% 17. .The high wear-resistant nylon
corrpo?‘?t e[%f‘rj?%l} iwéﬁl'h%lsg“giim’ FHRYHF rpagert raszcﬁalg}ed@}l Gy g, vderelg hepher ei n
the lubricating dispersant is stearate. 38 18. The hi gh wear-resistant

nyl on ‘@é%é’%iclegtaﬁ%ﬁ rt{’%FO‘BEO‘Iﬂ*’éﬁ%d inclaim17, wherein the stearate is
sel ect §d fromthe group consisting of calciumstearate, zinc stearate,

al uni RISV EaPEPEOR RoLRYOR BRI HanixgHe chayleap.and nglontife hi gh wear - r esi st ant
nyl on conposite material as claimed in claim4, further conprising

nucl eatihyt’agésatass beads: The hi gh wear-resistant nylon conmposite material as

claimed in claim219, wherein the nucleating agent is present in an anount
of 0. 200.75vikp o glass fiber powder;

5-6 wt% of lubricating anti-wear agent.

23. A preparation method of the high wear-resistant nylon composite material as claimed in

claim 1, wherein the method comprising the following steps:
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21. The high wear-resistant nylon conposite material as clained in claiml,
or 2, or 3, or 19, or 20, wherein the nucleating agent is a commercially
avai |l abl e nucl eating agent P-20. 22. The high wear-resistant nylon
conposite material as clainmed in claim4, wherein the wei ght percentages of
t he conponents are: 69-73 wt% of nylon 6, or nylon 66, or a m xture of
nylon 6 and nylon 66; 5-12 wt % of gl ass beads; 10-17 t% of gl ass fi ber
powder; 5-6 wt % of lubricating anti-wear agent. 23. A preparation nethod

oner o1 i e B RE IS LRLE oA aSRERR R R BVERAR: B (i iife
foll ow [ ' di tp t f ol |l qw i ght t ,. 60-80
ot %6 of "ERETAGH BH08 . 3-E55 o gfe e’ Bimecbndnd? of acliastilsr Poacgints

fiber pg «?f -7.WM.%of the lubricating anti-wear agent, 3-5 wt% of the
graft @ (S t%gﬂ%ﬂﬁﬁwag ROHTF S R§ g em ,W‘%’. al fhe,gufiolype Heudigring xnerifting
0.2-0.3 wt%of the |l ubricating dispersant and 0.2-0.5 wt % of the nucleating
agent ; 4%RY Cpol-Aciig of hee apsredanhdt &didents ointha Inprigutisg dewersmxi ang dddhi ne to
m x the ingredients and forma uniformmxture, transferring the mxture to
an ext‘f“%@?ﬁledmé;@ﬂ‘ﬁ%é%@&ﬁdmér anul ate the nixture at a processing
tenperature of 210-290C. 24. A preparation method of the high

wear - riga¢ing d abppeangesdigptssint @ hrght specdimiamgehashied ¢ micliad mgdsdiadensd n t he
met hod conprising the follow ng steps: weighing up the foll ow ng

i ngr edoentasuratcordixaget vartsterifig Heawixng e we ag ek trpésrae nkagisandofa@fatettBe of t he
nyl on 66, 5-13 wt % of the gl ass beads, 6-14 w % of the glass fiber powder,
5- 7 witxtdretdie grodessicgatdngrante ol\@a2oagent, 3-5 wt % of the graft type

t ougheni ng nodi fyi ng agent, 0.3-1 wt% of the antioxidant, 0.2-0.3 wt % of
the lubricating dispersant and 0.2-0.5 wt % of the nucleating agent; and

pl aci ng the above ingredients in a high speed m xing machine to mx the

i ngr edidem prepmdiib© k¥R JWT the hIBhMNXdr e fstakt AAGE €5HpNGke th eI % Wb iAN
extruder to extrude and granulate the m xture at a processing tenperature

of 21Q4A80L wheddin (Hd REGBALELHAAnTRINBIoRInatdigshi gh wear-resi stant nylon
conposite material as clained in claim3, wherein the nmethod conprising the

f ol | oW, d1ghiSt SBSHe fMELIRL NG Uk De L okl oW RY i ents, according o th
ol | ovy ahink Efithe ARV R LR DAUHON 10 HIOLER SORR BGSEER TR0 he®

| 6, b 0% of gl ass. - % of. .the qlass file wder ,
5w P TR0 5t Rl SR BERTBeals ptadhdh Byl BT ptk S R0
t e o1 oyt S5 Llntlehe 8ol aert, 5 4R 45 e hb Wbt Pl el aglp e

t he | ubricating di'spersant an

pl aci ng t he .above ipgredients | igh,speed mxin chine tq mx the
i ngr ec?%ghtt @‘%Eéfv@of’ﬁﬁ]& ANOFBRRY &é?gr‘g{% togéﬁ%#‘g%l Wﬂgg gﬁge‘ﬁ?%taﬂgé)-%“g-san
extrudep, to extrude and granulate the m xture at a processing tenperature
or 21()&12/@@!%}1(«@391@%111&%3[,, é‘ﬁ?on met hod of the high wear-resistant nylon
conposite material .as claimed jn claim4, wherein the nmethod conprising the
fol l oxﬂl%@*gﬁ@ﬁ?@‘f&éﬁl@‘ﬁﬁhﬁ@m Up & mehspreomings impha Bnngc deciveridiegist ad he
fol l owi ng wei ght percentages, 60-80 wt% of the nylon 6 or the nylon 66 or
the miQEUANYPIH XA SHnscr e hneniniirotp B6cxBuds ok aHergluds tveads,
6-18 wt % of the glass fiber powder, 5-7 wt% of the lubricating anti-wear
agent Mmizide g agrasgssttielcaiporaeuri n§2 E828ht’s in a hi gh speed ni xi ng machine to
m X the ingredients and forma uniformm xture, transferring the mxture to
an extruder to extrude and granul ate the m xture at a processing
tenperature of 210-290C.

25. A preparation method of the high wear-resistant nylon composite material as claimed in

claim 3, wherein the method comprising the following steps:

40



weighing up the following ingredients according to the following weight percentages, 18-41
wt% of the nylon 6, 28-42 wt% of the nylon 66, 5-13 wt% of the glass beads, 6-14 wt% of
the glass fiber powder, 5-7 wt% of the lubricating anti-wear agent, 3-5 wi% of the graft type
toughening modifying agent, 0.3-1 wt% of the antioxidant, 0.2-0.3 wt% of the lubricating
dispersant and 0.2-0.5 wt% of the nucleating agent; and

placing the above ingredients in a high speed mixing machine to mix the ingredients and
form a uniform mixture, transferring the mixture to an extruder to extrude and granulate the

mixture at a processing temperature of 210-290°C.

26. A preparation method of the high wear-resistant nylon composite material as claimed in
claim 4, wherein the method comprising the following steps:

weighing up the following ingredients according to the following weight percentages, 60-80
wt% of the nylon 6 or the nylon 66 or the mixture of the nylon 6 and the nylon 66, 5-16 wit%
of the glass beads, 6-18 wi% of the glass fiber powder, 5-7 wt% of the lubricating anti-wear
agent; and

placing the above ingredients in a high speed mixing machine to mix the ingredients and
form a uniform mixture, transferring the mixture to an extruder to extrude and granulate the

mixture at a processing temperature of 210-290°C.
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