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Abstract:IntroducecryogenicgrindingandthecomponentsofPrintedCircuitBoard(PCB).Studythelow-temperaturemodification

ofPCB, includingmechanicalpropertytofindtheinfluenceofthedifferentlow-temperatureonimpactstrength, flexuralstrength, shear

strengthofPCB.TestsshowthatimpactstrengthandshearstrengthofPCBchangesharplyat-30℃.UsedZKB-2 typedoubleroll

shearcrushertocrushPCBto20mm×20mmparticlesize, inatemperaturerangeof-30℃ ～ -10℃, theproductyieldis17%

higherthanroomtemperature, andmuchlowertemperaturemaydeterioratetheproductqualityofcrusher.UsedRtypemilltogrind

sampletominus3mmunderdifferentworkingcondition, theaveragepowerisdecreaseinevidenceat-30℃, freezingtimefor5mi-

nutesisbest.
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　　Grindingunderlow-temperaturemodificationwill
obtainsmallerparticle, regularparticlesizeandless
pollution, separationvariousmaterialsduetodifferent
fracturetoughness.Byusingthistechnology, materials
property ( mechanicalproperty, fracturetoughness,
chemicalproperty) willbechangedatlowtemperature.
Thematerialwhichcanoftennotbegroundfinelyat
roomtemperaturewillbegroundinabrittlecondition
bycryogenicgrindingprocess, therefore, itisaneffi-
cientwaytogrindmaterialsofPCB.Mechanicaltech-
nologyforrecoveryPrintedCircuitBoardincludedis-
mantle, crushandseparation.Effectivecrushisacru-
cialstepbeforesubsequenthandling, evenbefore
chemicalandhydrometallurgicalapproaches

[ 1-3]
.

Duetomicrocosmicanalysisofthematerialsof
PCB, itisfoundthatmaterialsaremadeofcopper, al-
loy, colophonyandsoon

[ 4]
.

1　Experimentsoflow-temperature
modification
Afterdoingstrengthtestsatlowtemperature, we

candiscoverstrengthandbrittlenesswillchangeof
PCB.Theimpactstrengthtendstodecreasewiththe
loweringofcoolingtemperatureanddropstoalowest
valueatatemperatureofapproximately-30℃.When

thetemperaturevariesfrom room temperature to
-30℃, thereisarapiddropoftheimpactstrength.
Yetthedropstartstoslowdownatatemperatureofbe-
low-30℃.Asfortheflexuralstrength, ittendsgen-
erallytofirstdecreaseandthenincreaseandatthe
pointof-30 ℃, theflexuralstrengthandfailure
strengthallfalldowntoaminimumvalueandthenrise
upagainrapidly.Theshearstrengthisfoundtoin-
creaseallthewayalongwiththeloweringoftempera-
ture.Itindicatesthatwhencooleddowntoaround
-30℃, PCBbecomeslowinstrengthandhighinbrit-
tlenessandhenceiseasytocrush.Therefore, -30℃
isacrucialtemperaturepoint, showninFig.1.The
PCBispreferablycrushedthroughimpactandflexural
means.

2　Experimentsofcryogenicsgrinding

2.1　Cryogenicscrushandresults
Inthisexperiment, usedZKB-2 typedoubleroll

shearcrushercrushPCBto20mm×20mmparticle
size.FirstlyputPCBintofreezingdevice, adopteddi-
rectinjectionofliquidnitrogenandmixedwithethanol
toadjustingdifferenttemperature.Thenputthemateri-
alintocrusherchamber.Incrushprocess, werecorded
powerconsumptionevery30 seconds.Studiedthepow-
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Fig.1　CurveofmechanicspropertyofPCB

atlowtemperature

erdiversification, calculatedpercentofproductionca-
pacityunder0, -30, -70, -100℃ atdifferent
frequencies.

Thefreezingtreatmentcanhelpincreasetheyield
oftheproductofcrusher.Inatemperaturerangeof
-30 ～ -10℃, theproductyieldis17% higherthan
thatataroomtemperature.Ifthetemperaturedoesnot
godownbelow-30℃, nonoticeableincreaseofthe
ratioofover-crushedmaterialisobserved.However, a
muchlowertemperaturemaydeterioratetheproduct
qualityoffinecrusher.
2.2　Cryogenicsgrindingandresults

Inthisexperiment, weusedRtypegrindingmill
togrindsampletominus3mmunderdifferentworking
condition.Firstlyput200gPCBintofreezingdevice,
adopteddirectinjectionofliquidnitrogenandmixed
withethanoltoadjustingdifferenttemperature.Ingrind
process, alsorecordedpowerconsumptionevery30

seconds.Studiedthepowerdiversificationunderdiffer-
entfreezingtemperaturesandfreezingtime.
2.2.1 Theinfluenceofdifferentfreezingtemperatures

Adjustedrunningfrequencyis30Hz, frozePCB
forfiveminuetsandcrushedforfiveminuetstoo.Re-
cordedpowerat-60, -50, -40, -30, -25,

-20, -15, 21℃ (roomtemperature), analyzedthe
changetendencyshowninFig.2.Fromthefigurewe
canseewhencrushingatdifferenttemperature, the

powerisbigatbeginning, thenbecominglowandespe-
ciallyatroom temperature.Thebeginningpoweris
higher, theaveragepowerislowerbetween -30 to
-60 ℃, andtheaveragepowerisdecreaseinevi-
denceat-30℃.

Fig.2　Powerchangeatdifferentfreezingtemperatures

2.2.2　Theinfluenceoffreezingtime
Adjustedrunningfrequencyis30Hz, andgrindfor

fiveminuetstoo.Recordedpoweratdifferentfreezing
time( 3, 5, 10, 15minute) , thenanalyzedthechange
tendencyinFig.3.Itconcludesthattheaveragepower
islowerat5m, 10mfreezingtime.Infreezingprocess
of5mthereisnoneedtoaddliquidnitrogen.Sofreez-
ingtimefor5minutesisbest.

Fig.3　Powerchangeatdifferentfreezingtime

3　Conclusions

Mechanicalrecyclingofend-of-lifePrintedCircuit
Boardorientedtowardsoverallmaterialrecoveryfrom
obsoleteelectronicsisbeingimplementedworldwide.
Highefficientliberationiskeytechnologyinrecovery
process.Usinglow-temperaturemodificationcana-
chieveadesiredliberation, lesspowerconsumption.
Fromtheresearchwecandrawtheseconclusions:
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( 1) Liquidnitrogenissuitablefordirectinjec-
tion.Thisallowsforaccurateanddirectcontrolofthe
temperatureforcooling.

( 2) Bymicrocosmicanalysisofthematerialsof
PCB, itisfoundthatmaterialsaremadeofcopper, al-
loy, colophonyandetc..

( 3) Fromtheexperimentwecanknowthebest
workingconditionforcryogenicgrindingare:cooling
temperatureat-30 ℃, freezingtimeis5mintues.

( 4) Coolthematerialtoitsembittermenttempera-
turemayalsoreducethetimetoachieveadesiredlib-
eration, therebydecreasingtheelectricalenergycon-
sumption.
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摘　要:介绍了电路板的组成和类型, 重点研究了废旧电路板在低温状态下冲击强度 、 弯曲强度和剪切强度的改性变化。

实验结果表明, 冲击强度和剪切强度在 -30℃时变化明显。在此基础上进行了粗碎实验和细碎实验, 先使用 ZKB-2型双辊

式剪切破碎机将电路板破碎到 20 mm×20 mm的块状, 测试在低温状态下的功耗并计算其生产能力, 在 -30℃ ～ -10℃范

围内, 生产能力可提高约 17%, 再降低温度会使产品质量受到影响。然后使用 R型冲击破碎机对废旧电路板进行细碎实

验, 将物料破碎到 3 mm以下, 并记录在不同工况下的参数。实验结果表明在 -30℃左右平均功率下降得较快, 冷却 5min

对低温改性最有利。
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