HOI NGH| KHOA HOC VA CONG NGHE TOAN QUOC VE CO KHi LAN THU V - VCME 2018

Nghién ciru anh huéng ciia cac thong so cong nghé dén dic tinh
ma sat cia 16p mang cirng CrN dugc ché tao bang phwong phap
phun xa xung DC trén nén thép SKD11
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Mang cung géc Crom thuong dugc st dung bao vé bé mat khoi su
cao xudc va mai mon, gidm ma sat, chéng dinh, tang tudi tho lam
viéc cla chi tiét va dung cy. Pic tinh ma sét ctia 16p mang cimg CrN
dugc quyét dinh boi phuong phap va cac tham sb cong nghé trong
qua trinh tao mang. Noi dung cua bai bao khéo sat anh hudng cua luu
lvong khi, tan sd xung, nhi¢t do dé dén dic tinh ma sat cia 16p mang
ctg CrN duoc tao phu bang phuong phép phiin xa xung DC trén nén
thép SKD11.
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The Cr-based hard coating is often used to protect the surface from
scratching and abrasion, reduce friction, anti-sticking, increase the
lifetime of parts and tools. The friction characteristics of the CrN hard
coating are determined by the method and the technological
parameters in the CrN hard coating forming process. The content of
the article investigated the effects of airflow, pulse frequency,
substrate temperature on the friction characteristics of hard coating
CrN coated by DC sputtering method on SKD11.
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1. GIOI THIEU

Trén thé gidi, cac 16p mang cfrng (chiéu day do bang nanomét hodc micromet) bao vé bé
mit cho cac dung cu clia qué trinh gia cong co khi nhu dung cu cit got, dung cu tao hinh, cac

loai khuon gia cong ap luc ..

. nhdm giam sy mai mon va cao xude, ting d6 bén va tudi tho dung

cu. Céc nude hang dau vé khoa hoc cong nghé nhu My, Nhat, Ptc, hay Han Quéc da, dang va
tiép tuc dau tu nghién ctru ché tao céc loai l6p mang cling va vat li¢u véi tinh nang siéu viét dung
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trong cac ung dung dac biét trong cong nghi€p vi try, quoc phong. Bén canh dé cac nudc trong
khu vie nhue Dai Loan, Trung quoc, hay Thai lan cling dau tu manh m& vao cong nghé bé mat
trong do6 co ché tao cac loai 16p mang cung bao vé bé mat va dat duoc nhirng thanh tyu dang
khich 1&. C6 thé vi du nhu cong ty TNHH Fujilloy ctia Thai lan, cong ty Zhejiang Huijin ctia
Trung qudc da ché tao thanh cong va thuong mai hoa mot s loai 16p mang cimng.

PVD la thuat nglr chung dung dé chi cong ngh¢ ché tao cac 16p mang cimg bang ling dong
vat lidu & pha hoi 1én bé mit mau hodc chi tiét trong moi truong chin khong bang qua trinh vét
ly. Cong nghé¢ PVD dugc st dung trén 30 nam nay va ngay cang duoc ing dung rong rii dé tao
cac 10p mang cirng bao vé bé mit chi tiét va dung cu. Qua trinh PVD bao gdm 3 giai doan chinh:
Bay hoi tach hoac lay vat liéu tir bia hay dich; Chuyén cho: di chuyén vat lidu t6i bé mit can
phu ; Lang dong: tao 16p mang 1én bé mat mau phu.

Trong cac loai mang cing dang dugc nghién ctru va st dung rong rai, mang CrN c6 céac
dic diém nhu do cung cao (khoang 1800-2100 HV, hé sb ma sat nhé kha ning chiu nhiét tot
(lam viéc 6n dinh t6i nhiét d6 700 °C), kha ning chiu mai mon va cao xudc tét, [1-6]. Thém
vao d6, CrN la vat liéu tro (khong phan ng voi hau hét cac hoa chat) va on dinh, kha ning bam
dinh rét manh tao ra lién két phan tir v6i vat liéu nén, c6 thé ding dé phu 1én rat nhiéu loai vat
liéu nén khac nhau. Bén canh d6 CrN la vat liéu khong doc nén c6 thé phu cho cac dung cy dung
trong giai phiu hoic cac thiét bi san xuit thyc pham. Nho nhitng vu diém trén, mang cing CrN
co t1em ning duoc ing dung rong rai trong ché tao cic bd phin ciia dong co 6 16, dung cu cit got,
mot s loai khudn dic ap luc, hay khudn dap kim loai.

Dic tinh ma sat 13 mot trong nhiing yéu t6 quan trong quyét dinh kha ning chiu mai mon
ctia 16p mang clmg, dic tinh nay phu thudc chu yéu vao phuong phap va cic thong sd cong
nghé trong qua trinh tao mang. Da co nhiéu céng trinh nghién ctru tinh chat ciia mang cing
CrN duoc ché tao bang ky thuat PVD, trong d6 phu:(mg phép phun xa xung DC thudc phuong
phap tao phu hop chat bang phu vt 1y trong mdi trudong plasma (PVD) khong doi hoi qua cao
v€ d6 chén khong, c6 thé diéu khién dugc qua trinh lam viéc, khong xuat hién hién tugng
phong dién hd quang, khic phuc duoc hién twong nhidm doc bia, nhiét do trong qué trinh phu
thdp, ning luong ion trong plasma cao, hi¢u suét lang dong cao phii hop dé tao 16p phi cing
CiN trén bé mat mau thép SKD11. Trong nghién ctru niy, nhom tac gia da tién hanh ché tao
cac mau tir thép SKD11, phu 16p mang cling CrN bang phwong phap phiin xa xung DC, sau d6
tién hanh khao sat anh huong cta cac tham sd cong nghé trong qué trinh tao phii dén dic tinh
ma sat cua l6p mang cung CrN.

2.CO SO LY THUYET/PHUONG PHAP NGHIEN CUU
2.1. Co ché phiin xa xung DC

Pit dién ap xung DC c6 tan sb lap du cao (0 + 350 kHz giita Catdt va Andt (hinh 1), cac
ion nang lugng cao Ar+ trong trudng plasma ban pha bé mit bia Cr “ldy” ra cac phan tir vat liéu
cua bia. Cac nguyén tir Cr sau khi tach khoi bia va va cham véi cac ion khac trong mdi truong
plasma tré thanh nhiing ion Cr chuyén dong vé phia dé (thép SKDI11), trong qué trinh van
chuyén két hop véi cac ion cta khi nito ling dong 1én dé thép SKD11 tao thanh 16p phii CrN.
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Hinh 1. Co ché phiin xa xung DC Hinh 2. Mau thi nghiém

2.2. Miu thép SKD11 phuc vu nghién ciru thye nghiém

Mau thép dung dé nghién curu phai dat cac yéu cAu vé do nham bé mat, do cung bé mit va
kich thude pht hop véi cac thiét bi thi nghiém, phan tich danh gia. Mau phu 1a thép SKD11 ¢6
thanh phé‘ln héa hoc: C 1,4%, Si 0,275%, Mn 0,39%, Cr 11,24%, Mo 0,83%, V 0,205%,
P <0,017%, S < 0,0005%, voi kich thudc: ¢15xL5Smm (hinh 2), dugc nhiét luyén dat do cung
trong khoang (58 + 60) HRC, dugc mai va danh bong dat d0 nham cua bé mit Ra < 0.02pm.

2.3. Tao mang CrN trén miu thép

Qué trinh ling dong mang cirmg CrN bing phuong phap phan xa xung duoc thyc hién trén
thiét bi chan khong c6 kich thudc budng véi duong kinh 300 x 600 mm, hé bom chan khéng s
dung bom co hoc va bom khuyéch tan. Pau phin xa magnetron lip bia Crom (99,99%) kich
thudec 100x10 mm, khi cong tac sir dung gém hai loai: Ar 99,99%, va N2 99,99%. Luong khi
dua vao budng chan khong dugce diéu khién bang hai thiét bi Mass Flow Control 2179A cua
hang MKS. Ngudn dién ap xung st dung 1a thiét bi Pinnacle TM plus c6 tan sd tir 0-350KHz,
cong suat 5 kW cta hing Advance Energy- Inc - USA.

Céc thong s cong nghé ¢ dinh khi tao mang cirng CrN: khoang cach dé - bia 14100 mm,
Ivu Iugng khi Ar 1a 12 cm’/phit, 4p sudt co ban 1a 8 x10™ Pa, cuong do dong phiin xa 1alA, thoi
gian tao mang 1a 90 phut. Ba tham sd cong ngh¢ thay ddi gia tri dé nghién ctru anh huong dén
dac tinh ma sat ctia 16p mang cimg CrN trong qué trinh ling dong theo bang 1.

Bang 1. Cac tham s tao mang

TT Cic thong s6 Khoing gia tri ciia cac thong s nghién ciru
1 Tén s xung, kHz 50 =+ 150
2 Luu luong khi nito, Cm3/ph1'1t 4+8
3 Nhiét ¢6 mau phu, °C 100 + 300

Trude khi tao mang, mau thép dwoc xir 1y lam sach bé mit biang hoa chit theo mot quy
trinh nghiém ngat, ddm bao mang tao dugc cd theé bam dinh tot trén bé mat [7].
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2.4. Phuong phap danh gia dac tinh ma sat cua lop phu

Nguyén ly do ma st kiéu tinh tién bi trén mau phang [81]: mau phing dat & dudi va bi dat &
trén (hinh 3). Trong qua trinh do ban ga mang mau chuyen dong truot tuong ddi theo duong
thang di lai theo phuong ngang d6i véi bi, tai trong khong doi (Fz) duoc dit 1én bi theo phuong
thing dung, cam bién lyc 2D gan trén dau do mang bi s€ xac dinh luc ma sat (Fx) sinh ra trong
qua trinh bi truot trén mau phang, hé s6 ma sat duoc xéac dinh la ty s6 cua phan thirc Fz/Fx.

Fz

Hinh 3. Nguyén ly do ma sét kiéu tinh tién Hinh 4. Thiét bi do ma sat UTM-2

Trong thi nghiém nay dic tinh ma sat cua 16p mang ctimg CrN duogc do trén thiét bi do da
ning UMT -2 (Universal Micro Materials Tester), thiét bi nay do hang CETR cua My ché tao
(hinh 4) véi tai trong (Fz) 16n nhit dit 1én mau 1a 200 N va tan s6 16n nhét ciia ban may mang
mau 1a 20 Hz. Céc diéu kién do hé s6 ma sat ciia 16p mang cting CrN: bi ALO; dudng kinh
4mm, tai trong 1a 5N, tdc do tinh tién 14 0,1m/s, nhiét do 24°C+1 va d6 am 70%=5 voi thoi gian
do 10 phat. Méi thi nghiém duogc thyc hién it nhat 1a 3 1an nhim dam bao tinh lap lai ciia két qua
thue nghiém.

3. KET QUA VA THAO LUAN

Pé khao sat anh hudng cua 3 tham sé cong nghé: tan sé xung (A), luu luong khi nito (B),
nhiét d6 dé (C) clia qua trinh tao mang cting CrN trén nén thép SKD11 dén hé s ma st cua 16p
mang cimg CrN thi s thi nghiém dugc thiét ké theo qui hoach Box-Behken vdi tong sb thi
nghiém 1a 15. Két qua do hé s6 ma sat ctia 16p mang cimg CrN trén nén thép SKD11 duogc thong
ké theo bang 2.

Biang 2. Két qua do hé s6 ma sat ciia 16p mang cimg CrN

S thi Tén s6 xung - A Luru hrgng khi - B Nhiét d9 dé - C Hé sb
nghi¢m (kHz) (cm’*/phiit) ‘c) ma sit

1 100 4 100 0.34

2 100 8 300 0.31

3 100 6 200 0.29

4 50 8 200 0.35

5 50 6 100 0.34

6 100 6 200 0.30

7 50 4 200 0.35
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8 150 4 200 0.35
9 100 8 100 0.33
10 150 6 100 0.31
11 150 8 200 0.33
12 100 6 200 0.29
13 50 6 300 0.30
14 100 4 300 0.32
15 150 6 300 0.31

Chay chuong trinh phan tich dir li¢u trong Phﬁn mém Minitab, thu dugc két qua ham hf)i
qui mél ta énh,hu:é'ng cua 3 thong so cong nghé (tan §6 xung, luu luwgng khi nito va nhiét d6 mau
pht) dén hé s6 ma sat ciia 16p mang cirng CrN trén nén thép SKD11 nhu sau:

Hé s6 ma sat = 0,712 — 0,0018*A - 0,09*B -3,333.10" *C + 8,333.10° *A*+
+0,0077+B* + 8,333.10° *C? - 5.107° *A*B + 2.10 * *A*C

Mb hinh dap g bé mit thé hién sy twong tac clia ba thong s6 cong nghé 1a tan sé xung,

luu lwgng khi nito va nhi¢t d0 mau phu dén hé s6 ma sat cua 16p mang cimg CrN trén nén thép

SKD11 dugc trinh bay & trén céac hinh 5; 6; 7.

¢ sO ma sat

H

200 4
C 300

Hinh 5. D6 thi sy phu thudc hé s6 ma sat cua 16p mang ciing CrN

vao luu lwong khi nito va nhiét d6 & tan sé 100 kHz

35
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¢ sO ma sa
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H
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Hinh 6. D6 thi sy phu thude hé s6 ma sat cua 16p mang cing CrN

vao tan sd xung va nhiét d6 ¢ luu lugng khi nito 6 scem
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0.345
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¢ sOma sa

0.320
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H

Hinh 7. Do thi su phu thude hé s6 ma sat cua 16p mang ctimg CrN
vao tan s6 xung va luu lugng khi nito & nhiét d6 200 °C

Tir ham hdi qui thuyc nghiém két hop véi do thi sy phy thudc hé sé ma sat cua 16p
mang cing CrN vao tan s6 xung, ham luong khi nito va nhiét d6 mau phu (cac hinh 5; 6; 7) cho
thdy rang:

Anh huéng manh nhit dén hé sb ma sat cua 16p mang cing CrN duoc phu bing phuong
phap phiin xa xung DC 1a luu lwong khi nito (B) , tiép theo 14 tan s xung (A) va anh huong it
nhét 14 nhiét d6 mau phu (C) ;

Céc anh hu:(”mg béc hai va tuong tac ctia cac tham sd dén hé s6 ma sat cua lép mang cung
CrN ciing dugc thé hién rd rang. Tuy nhién, d01 v6i tham s twong tac BxC cho thdy anh huong
khong dang ké cua cac tham so nay dén hé s6 ma sat cta 16p mang cing CrN;

Céc tham s6 mang dau (+) thé hién sy anh huong thuén va lam tang hé s6 ma sat cua 16p
mang cing CrN. Nguoc lai, cac tham sO mang dau (-) cho biét anh hudng ddi nghich va lam cho
h¢ s6 ma sat cua 16p mang cung CrN giam xuong;

Anh hudng manh nhat cta luu lwong khi nito dén hé s6 ma sat cua 10p mang cimg CrN cho
thay trong khoang nghién ctru 4 + 8 scem (luu lwgng khi nito thay do i) 12 nguyén nhan chinh dan
dén sy ‘thay d6i hé so ma sat cua l6p phu CrN, hé s6 ma sat giam xudng sau do lai ting 1én;

Anh hudng cia tan sb xung dén hé sb ‘ma sat cua 16p mang cimg CrN cho thay trong
khoang nghién ctu tir 50 + 150 kHz (tan s6 xung thay doi) cing la nguyén nhan dan dén
gdp phan lam thay d6i hé s6 ma sat ciia 16p mang cimg CrN, hé s6 ma sat giam xudng sau d6 lai
tang 1én;

Nhiét d6 mau pha anh huéng it nht va tuyén tinh den hé s6 ma sat cua 16p mang cing
CrN, trong khoang nghién ctru tir 100 + 300 °C cho thay hé s6 ma sat ctia 16p phi CrN giam dan;

4. KET LUAN

Trong bai bao nay, nhom tac gia nghién ctru tao 16p mang cing CrN trén nén thép SKDI11
bang phuwong phap phun xa xung DC, sau d6 tién hanh khao sat murc d6 anh hudng cua tan sb
xung, lwu lwong khi nito, nhiét do dé trong qua trinh tao mang dén hé sb ma sat cua 16p mang
cing CrN. Két qua cho théy khi thay doi gid tri ciia cac tham s6 ~cong nghé tan sd xung, luu
lwong khi nito, nhiét do dé trong qua trinh tao mang lam thay do6i nang lugng cua ion trong
plasma cua budng tao mang din dén thay ddi co tinh cta 16p mang ctng. Anh huéng manh nhét
dén hé s6 ma sat cua 16p mang cirmg CrN 1 dugc phu bang phuong phap phin xa xung DC 1a luu
lwong khi nito, tiép theo 14 tin s xung va anh huong it nhat 1a nhiét d6 mau phu;
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LOI CAM ON

Nhom tac gid cam on su hd trg ciia Trudong Pai hoc Cong nghiép Ha Noi trong nghién ciru.

DANH MUC DANH PHAP/KY HIEU

PVD : La"mg dong pha hoi bang qua trinh vat ly

UMT  : Thiét bi thi nghiém da ndng danh gia 16p phu micro
DC : Dong dién mét chiéu
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