Nghién ctru khoa hoc cong nghé
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1. PAT VAN PE

Chét tao 16 trong khudn dic nhom ap lyc cao duoc ché tao tir thép bén néng
SKD61 theo tiéu chuan Nhat Ban. Vi tri cia chdt va mot chu trinh 1am viée cia
khuon dac ap lyc cao may dic 250 tin Toshiba duoc mé ta nhu trong hinh 1 dudi
day. Mdi chu trinh dép thuc hién trong khoang 60 gidy, budc cubdi cua chu trinh duc,
kim loai bi ép v&i ap suét 78 MPa. Téc do ép khoang 50 m/s trong diéu kién nhiét do
trung binh khoang 680°C [1]. Nhu vay trong cac khuon dtc ap lue, cac chét 1am viéc
trong diéu kién chiu mai mon lién tuc & nhi€t do cao nén yéu cau bé mit c6 do clng
16m va hé sb ma sat nho.
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Hinh 1. Vi tri ctia chdt va so d6 quy trinh 1am viéc cta khudn dac ap luc cao [1]

Trong qua trinh dic nhom ap luc cao, hién tuong han dinh (Soldering effect)
duoc cac nha san xuét va nghién ctru ddc biét quan tdm. Cu thé, tai nhiét d6 cao, sau
khi nhém néng chay tac dung truc tiép vai long khudn thép sinh ra pha lién kim gion
(AlsFeSi, Al 5FeGSi5, AlpFegSis), lam mat di kha néng chéng bam dinh va chéng an
mon cua 16p bé mit khuén. Hién tuong han dinh chiém t&i 60% thoi gian ngung san
xuat dé khic phuc cac 16i trong thuc té dtic nhom 4 ap luc cao [1-2]. Dé nang cao tudi
tho cuia chi tiét khuon, mot sé phuong phap xir Iy bé mat nhu thdm nito, phi PVD da
duoc ing dung.

Giai phéap cho van dé nay da duoc cac nudc tién tién nghién ctru tir 1au va hién
nay van tiép tuc dugc hoan thién. Nguyén 1y chung la dya trén viéc lya chon va st
dung vit liéu khuon phu hop (thuong 1a thép SKD61) két hop vai bién tinh bé mit
vat liéu béng cac k¥ thuat khac nhau. Giai phap hién dai nhat dang duoc str dung la:
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- Tham nito hodc pht PVD cho chdt tao 16 sau nhiét luyén.

- Xtr Iy bé& mit chét tao 16 bang cong nghé duplex, d6 1a két hop cong nghé hoa
nhiét luyén (thAm N, tham C, v.v.) 1am 16p nén, tiép theo 1a pha mang ctng (TiN,
CrN, AITiN, AITiBN, v.v.) bang phuong phap PVD [3-8]. Trong d6 cong ngh¢ phu
da 16p, vi du nhiéu 16p Cr-CiN trén nén thép nhiét luyén da ching to kha nang
chéng dinh nhém cho miu chét thir nghiém. Tuy nhién ¢ Viét Nam chua thiy cong
trinh nao cong bd tmg dung cong nghé nay déi véi thép SKD6.

Nghién ctru nay tap trung so sanh dac tinh bé mit mau sau ‘thﬁm nito, phu
PVD truyén thong va tng dung cong nghé duplex (phu PVD trén nén thep SKD61
tham nito).

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Ché tao miu, nhiét luyén va xir Iy bé mit

Phoéi thép bén nong SKD61 c¢6 duong kinh @22 cua nha cung cap Daido
(Nhat) c6 thanh phén vé khoi lugng cac nguyén t6 nhu sau: 0,379 %C, 13,49 %Cr,
0,833 %Si, 0,219 %V, 0,1 %Mo, 0,427 %Mn, con lai la Fe. Tién hanh cat day phoi
thép thanh cac miu thép nhé co kich thude @22x 7 mm.

Tién hanh t6i (1030°C/90’ph1'1t) va ram hai lan (580°C/2 gid) trong 10 t6i chan
khong Turbo Treater M. Chi tiét va khu6én dac nhom ap lyc cao thuong duoc nhiét
luyén t61 va ram cao dé dat d¢ cung trong khoang 44+48 HRC [9].

Sau khi nhiét luyén miu, mau thir nghiém va chi tiét dwoc mai dén gidy nham
1200 grit va danh bong bﬁng bot Cr,05 sao cho dd nham bé mat mau sau ram nho
hon 0,63 pm. Tham nito thé khi dwgc thuc hién & 520 ° trong 5 gid, sir dung khi
thAm NH; véi thé thdm cao (d6 phan hiy thap 65+5 %).

Céc loai mau trudc khi phit PVD déu dugc mai qua gidy nham # 800, 1000,
1200, 2000, sau d6 dugc danh bong bé“mg bdt kim cuong ¢& hat 1 um dé dam bao do
nham bé mit chi tiét Ra khoang 0,03 pm dé dam bao kha nang che phu cua lop phu
PVD Von chi day khoang 2 pm. Truge khi phu, mau duoc lam sach bang co hoc, dit
trong con va tiy rira bang song 4m. Thyc hién phu CrN bang may pha hd quang
Dreva- 400 (Puc). Qua trinh phi dugce thuc hién ¢ nhiét d6 300°C, ap suat nén
2,4x107* Pa, luu luong khi Ar 20 sccm. Dong hd quang dwoc duy tri khoang 60 A,
thién ap dé -40 V. Thién ap dé dugc lya chon nham giam hat macro trén bé mat mﬁu
phii. Thyc hién pha da 16p 10 1an (Cr/CrN) véi thoi gian tao 16p 16t Cr va 16p CrN
nhu sau:

+ Phit 16p 16t Cr trong khoang 2 phut, khong cap khi No;

+ Phu 16p CrN trong thoi gian 5 phut, cdp khi N, véi luu lugng 350 scem dé
tao 16p phu dang hop thue CrN.

Dé don gian, trong bai bao tam goi 16p phu da 16p theo quy trinh trén 13 “1op
phu CrN”.

Bang 1 quy udc ki hiéu cac miu nghién ctru trong bai bao nay.

Tap chi Khoa hoc va Céng nghé nhiét ddi, S6 28, 12-2022 149



Nghién ctru khoa hoc cong nghé

Bing 1. Ki hiéu mau nghién cau
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2.2. Phan tich dic tinh 16p tham, phi

Céc 16p thim, phu sau d6 duoc phan tich, sit dung cac k¥ thuat khac nhau.
Thanh phan pha cta 16p thim, phu dugc thuc hién bang k¥ thuat phan tich nhiéu xa
tia X (XRD), st dung thiét bi PANalytical X’Pert Pro. Mau kim tuong ctia mat cit
ngang mau thir nghiém duoc tim thyc va quan sat trén kinh hién vi quang hoc
Axiovert 40 MAT, kinh hién vi dién tr quét JSM-6510LV véi pho ké tan xa ning
lugng EDS (INCAx-act). Kinh hién vi soi n6i Keyence (VHX-7000) dugc sir dung
dé chup anh bé mit mau sau phu va xac dinh d6 nham bé mit mau sau phu.

Do cung bé mat va do cung té vi duoc do trén thiét bi Furture FM- 700e. Do
bam dinh cta 16p phu dugc do theo tiéu chuan VDI 3198 véi dau do HRC gia tai
150 kg 1én bé mat miu nghién ctu, st dung thiét bi 751-Wilson Wolpert, sau do
chup anh bé mit vét an bang kinh hién vi quang hoc Axioplan 2. Hinh anh chup vét
4n dugc dbi chiéu voi thang phan loai cta tiéu chuan VDI 3198 [10] nhu hinh 2.
Tiéu chi ddi chiéu voi thang phéan loai dya trén hinh dang, s6 lugng vét nut té vi
xuyén tadm, muc do bong troc cia 16p phu ¢ vi tri xung quanh dudng bao tron bén
trén cua vét 4n. Gia tri HF cang nho thi d6 bam dinh ciia 16p phu cang tét. Phuong
phap do nay do6i khi cling duoc goi 1a “Mercedes test” trong cac tai liéu nudc ngoai.

Bam dinh kém VDI 3198 test
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Hinh 2. X4c dinh d6 bam dinh theo tiéu chuan VDI 3198 [10]
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Do dién hoéa quét dudng cong phan cuc duoc thuc hién trén thiét bi
AUTOLAB PGSTAT302N. Dung dich dién ly NaCl 3,5 % duoc khir oxi bang cach
suc khi nito trong 60 phit. Binh do dién hoa str dung la loai ba dién cyc tiéu chuan
voi mot dién cyce 601 bang platin va dién cuc so sanh calomel bao hoa, dién cyc lam
viéc nbi véi mau can do. Trude khi do, mau duge lap vao h¢ dién cuc va ngam 5
phit trong binh chira dung dich dién ly. Dién tich tiép xtic ciia mau 13 1,7663 cm?
voi khoang quét tu -0,6 V dén 1,5 V so voi thé mach hé Vgcp. Thit nghiém duoc
thuc hién véi téc 46 quét 1 mV/s. Tir dudng cong phan cuc, dién thé dn mon Ecorr va
mat d6 dong an mon jeor duge xac dinh bang phuong phép ngoai suy biéu d6 Tafel.

Thir nghi€ém ma sat bi trén tam phéng (ball on flat) dugc thuc hién theo ti€u
chuan ASTM G133-05, sir dung thiét bi CETR UMT-2 vé&i d6 16n cua tai la 1 N,
bién d6 chuyén dong cua bi 10 mm, tan sb 5 Hz.

3. KET QUA VA BAN LUAN

3.1. Phén tich thanh phin pha

Két qua chup nhiéu xa tia X duoc thé hién trong hinh 3. DPbi v6i mau thép
nhiét luyén A, thanh phan pha ngoai mactenxit con c6 austenit du do chuyén bién
austenit thanh mactenxit chua xdy ra hoan toan. Cacbit so cip (ton tai trong mau
thép ¢ trang thai nha cung cap) Cr;7Cs va VgCy chua bi hoa tan vao nén thép ¢ nhiét
d0 austenit hoa 1030°C.
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Hinh 3. Két qua phan tich XRD. (a) H; (b) H-N; (c) H-N-CrN

D4i v6i mau thép sau thim nito H-N chi phat hién pha sét giau nito Fe;N, déy Ia
thanh phan pha cua 16p trang. Trong khi d6 trén gian d6 nhicu xa XRD mau phu CrN
trén nén tham nito /-N-CrN, ngoai pha nén con xuat hién tin hiéu cua CrN cua l6p
phu. Nhu vay ché do phu st dung tao ra ding hop thire CrN. Do 16p phi méng (cd 2
pm) nén trén gian d6 nhidu xa van xuét hién thanh phan pha ctia nén thép Fe;N.

3.2. Phin tich mit cit ngang

Hinh 4 thé hién anh chup mau kim twong mat cit ngang cia 16p tham va 16p
phu. Chiéu day 16p thdm nito dat dugc 1a 80 um, sau khi mai va danh bong thi 16p
thAm ¢ mau H-N-CrN ¢6 d9 day khoang 75 um. Lép thim c6 ciu trac gém 16p tréng
mong ¢ ngoai cung, tiép dén la 16p khuéch tan. Do ngoai cung l1a 16p trang nén khi
phan tich XRD (hinh 3), thanh phan pha thu dugc cua 16p tham chi c6 pha giau nito
(e-FesN). Lop phu da 16p Cr/CrN c6 do day khoang 2 um (hinh 4b).
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(a) Lop tring

/

L&p khuéch tan 80 um Lép phil da 16p Cr/CrN 2 in

Nén thép nhiét luyén

Nén thép thim nito

S-4800 10.0kV 7.3mm x30.0k SE(M)

Hinh 4. Hinh anh mit cit ngang ctia mau thir nghiém
a) Mau tham nito H-N; b) Mau xur 1y kép H-N-CrN

3.3. Két qua xac dinh d¢ cirng

Do climg cic mau nghién ciru duge thé hién trong hinh 5. Mau sau t6i dat do
ctng t6i da khoang 772 HV (twong duong 55 HRC) cua thép SKD61. Tuy nhién
thép sau t6i thuong khong duoc sir dung vi gion va tng suat du 16n. Do vy thép
dugc ram dé c6 do cumg thap hon (597 HV,;) nhung d6 bén ting nham dam bao cho
nhiing tng dung yéu cdu do dai va ddp cao nhu chét tao 13.

Thép sau thim nito c6 do cing khoang 1155 HV,, gitp chi tiét thim c6 kha
nang chong mai mon cao. Ngoai ra 16p thdm véi thanh phan pha gdm cac nitrua s&
giam phan trim sit & trén bé mat, tir d6 lam giam kha ning tao pha lién kim sit voi
nhom. N6i cach khac, tham nito 1a mot phwong phap xir Iy bé mit hiéu qua dé nang
cao kha niang chéng dinh nhom.

Sau khi pha CrN, dé cimg bé miat déu ting 1én so véi nén. Lép phi PVD cimg
trén thi truong thudng co chidu day khong qua 5 um. Do d6 d6 ctng do trén bé mat
16p phit nhu hinh 5 bi anh hudng béi d6 cimg cta nén. Gia tri d6 cting do trén bé
mit mau phu tryc tiép trén nén nhiét luyén H-CrN va nén thdm nito H-N-CrN lan
luot 14 1538 HV va 1755 HV,,. Diéu nay c6 thé giai thich do gia tri do climg ctia
mau H-CrN va H-N-CrN chiu anh huéng cta nén thép, nén thép nhiét luyén c6 do
ctimg thap hon nén thép thdm nito nén gia trj do cimg bé mit cia mau phu H-CrN
cling thap hon H-N-CrN. V& co ban, do cimg tuyét ddi cta 16p phit CrN trén hai mau
phai bang nhau. Viéc so sanh cé thé thyc hién bang phép do do cung nano
(nanohardness, don vi GPa), nhung ¢ trong nudc, ching t6i chua tim dugc don vi
nao thyc hién dugc thir nghiém nay.

L&p thdm véi cc pha nitrua c6 d cimg tuong ddi cao (1115 HVy,1) c6 vai tro
chuyén tiép do ctng tir 16p phii c6 do clmg rat cao (c& 1700 HV,) dén nén thép
nhiét luyén (579 HV,,), va giup cai thién d6 bam dinh giita 16p phu véi nén thép
nhiét luyén (két qua muc 3.4).
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Hinh 5. D6 cimg bé mit ciia mau nghién ciru

3.4. Két qua xac dinh d§ bam dinh

DO bam dinh ciia mau phu kép H-N-CrN t6t hon mau phu thong thuong H-
CrN (hinh 6): Doi chiéu hinh anh vét an theo ti€u chuan VDI 3198, mau phu H-N-
CrN dat do bam dinh HF1-HF2, trong kl}i do6 mau H-CrN chi dat d0 bam dinh HF6.
Nguyén nhén dugc giai thich do 16p tham nito c6 vai tro lam giam chénh 1éch d6
cing gitra 16p phu voi nén. Cuy thé chénh Iéch do cing gitra 16p phu so voi nén 6
mau H-CrN va H-N-CrN lan lugt 1a 941 HV,; va 600 HV, ;.

Hinh 6. Hinh anh sau thir nghiém bam dinh theo tiéu chuan VDI 3198
a) Mau H-CrN; b) Mau H-N-CrN (D6 phong dai 500x)

3.5. Két qua do hé s6 ma sat

Két qua do hé s6 ma sat dugc thé hién & hinh 7 cho théy hé sb ma st cac mau
ty 1€ thuan vai do clirng bé mat cta cac mau. Nhu vay d6 cung va hé s6 ma sat 12 hai
tiéu chi ddc trung cho kha nang chéng mai mon cia miu. Kha nang chdng mai mon
cia mau ting theo thir tw CC (trang thai cung cap) T (t61), H (nhiét luyén tdi-ram),
H-N (tham nito), H-CrN (phu CrN trén nén thép nhiét luyén) va H-N-CrN (phu CrN
trén nén thép thdm nito).
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Mot diém dang chu ¥ 1a mau pha CrN trén nén nhiét luyén H-CrN c6 hé s6 ma
sat 16n hon so véi mau phu kép H-N-CrN. Hé s6 ma sat cua rn_ﬁu phu don H-CrN va
kep H-N-CrN 1an luot 12 0,274 va 0,205. Nguyén nhan co thé giai thich 13 do mau
phu trén nén nhiét luyén c6 do bam dinh kém, trong qua trinh thtr ma sat, 16p phu c6
thé bi bong troc ra 1am ting d6 nham trén bé mat tiép xtic, ngoai ra 16p phii bong
troc, v ra co thé dong vai tro 1a hat mai va chuyén co ché mon dinh (adhesive wear)
thanh mon hat mai (abrasive wear). Trong diéu kién cac mau thir c6 d6 nham bé mat
tuong dong, 16p phi kép ¢6 d6 bam dinh cao hon 16p phu don va do cimg tuong do6i
bé mit cao hon nén c6 hé s ma sat nho nhét.

09 10835 He 56 "
— € sO ma sat
0.8 =
0.7
mcC
0.6 0.555
= aT
05 0.452 =
— BH
= 0356
0.4 = mi
0.274
03 —
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0.1 ]
O NN S—
cc m 8 H-N H-CrN  H-N-CrN

Hinh 7. Két qua xac dinh hé s6 ma sat mau thép
O cac trang thai xi 1y bé mat khac nhau

3.6. Két qua thir nghiém dién héa bang phwong phap quét thé dong

Két qua do an mon dién hoa bﬁng phuong phap quét thé dong dugc thé hién
trén hinh 8. Bang ky thuét ngoai suy duong phén cyc Tafel co thé xac dinh mat do
dong an mon (hinh 9a) va hi¢u dién thé an mon (hinh 9b).

Két qua x4c dinh mat do dong an mon cho thidy miu & trang thai cung cap CC
(d3 ) c6 mat do dong dn mon thap nhit (0,35 x 10° A/cm?), miu ram H c6 mat do
dong an mon 16n hon (0,81 x 10® A/em?) nguoc lai mau t6i 7 ¢6 dong dn mon 16n
nhéit. Didu nay c6 thé giai thich do mau cung cip & trang thai 1, cac hat dong nhét va
duoc phan bd déu nén mat do dong &n mon nho nhat. O trang thai t6i, cac pha xen
1an gilta mactenxit, austenit du va cacbit chua hoa tan hoan toan din dén viéc chénh
léch vé thé dn mon, ngoai ra Gng suat du sau khi t6i cling 1am cho qua trinh an mon
xay ra nhanh nhét; ddi v&i mau ram, c6 hién tuong tiét cacbit & bién hat dan téi
chénh léch vé ndng d6 cac nguyén té hod hoc & bién hat va bén trong hat, do d6
cling 1am tang toc d6 dn mon so véi trang thai 1.

Mau thép tham nito H-N c¢6 dong an mon 16n hon mau thép ram H. Diéu nay
c6 thé giai thich do qué trinh tham & 520°C trong 5 gid, mdt phan cic nguyén to cd
ai luc cao véi cacbon va nito nhu crom d tiét ra dang cacbit hodc tao thanh hop chét
nitrit lam nghéo crom ¢ céc vung lan cén, do d6 dac tinh chéng an mon ctia mau
thép thAm nito bi suy giam so v6i thép ram.
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Hinh 9. Két qua ngoai suy duong Tafel
a) Méat d6 dong an mon; b) Pién thé an mon
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Xeét anh huong cua 16p phu CrN t61 do bén an mon cua nén thép ram va nén
thép tham nito, c6 thé thdy rang mat do dong an mon cua mau sau khi phu CIN (-
CrN va H-N-CrN) déu nho hon dang ké so v6i miu nén tuong tng, tirc mau thép
ram H va thép thim nito H-N. Ngoai ra, so sanh kha ning chéng an mon cua 16p phu
CrN trén nén thép ram, tc mau H-CrN, va mau phu CrN trén nén thim nito H-N-
CrN cho thdy mau H-CrN c6 mat 6 dong dn mon nhé hon mau H-N-CrN. Diéu nay
6 thé giai thich do trong thi nghi€ém &n mon dién hoa, dung dich NaCl 3,5% da xam
nhap vao cac khuyét tat dang 16 sau khi phu CrN, ma trong cung diéu kién phii CrN,
s6 khuyét tat dang 15 trén bé mat mau H-CrN va H-N-CrN 1a tuong dwong nhau, cho
nén kha ning chdng an mon ciia mau pha CrN chi phu thudc vao nén; miat khac, két
qua & trén da cho thdy nén thép ram H c6 mat do dong an mon nho hon nén thép
thAm nito H-N, nén mau H-CrN c¢6 mat do dong an mon nhé hon mau H-N-CrN.

4. KET LUAN

- Nghién clru d tién hanh thim nito thé khi trén nén thép nhiét luyén SKD61.
Céc két qua cho thay 16p tham nito duoc tao thanh véi d6 day khoang 80 um va do
ctimg khoang 1155 HV(; véi thanh phan pha cta 16p trang 1a e-FesN. Lop phu da
16p 10 1an Cr-CrN c6 do day khoang 2 pm duoc phii 1én trén nén thép SKD61 nhiét
luyén va nén thép thim nito bang phuong phap hd quang catot. Phan tich XRD
chimg t6 ché d6 phu di chon tao diing hop thirc CrN trén nén thép tham nito.

- Bd bam dinh cua 16p phu CrN c6 quan hé chiat ché véi do chénh 1éch giira
ctg cua 16p phu va nén: Do bam dinh 16p phu trén nén thép tham nito dat gia tri
HF1-HF2, trong khi d6 bam dinh 16p phu trén nén thép nhiét luyén 1a HF6.

- L6p phu da 16p Cr/CrN c6 kha ning cai thién kha nang chéng dn mon cua nén
thép nhiét luyén hodc nén thép tham nito. Két qua thir nghiém ciing ghi nhan su suy
giam kha ning chdng an mon cua thép SKD61 sau nhiét luyén va thim nito thé khi.

Loi cam on: Bai bdo dwoc hé tro kinh phi tir B6 Khoa hoc va Céng nghé
trong khuon kho dé tai Nghzen citu 1ing dung cong nghé xir Iy bé mdt tién tién
(tham nito va ma PVD) ché tao chot trong khuén diic ap hec cao hop kim nhém”.
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SUMMARY

A RESEARCH ON THE COMBINATION OF GAS NITRIDING
AND PVD COATING FOR SKD61 HOT WORKING STEEL

This article presents the results of research on surface treatments for SKD61
steel aiming to fabricate the core-pin used in high pressure aluminum casting. The
tempered SKD61 sample with a surface hardness of 597 HV ; was nitrided to obtain
a surface hardness of 1155 HV,; and the thickness of the nitrided layer was 80 um.
The Cr/CrN multilayer coatings were deposited by cathodic Arc-PVD on nitrided
and tempered SKD61 substrates so that the hardness reached 1538 and 1755 HV,
respectively. The coating thickness obtained was approximately 2 um for both
coating samples. The results showed that the Cr/CrN multilayer coating significantly
improved the corrosion and abrasion resistance of the tempered steel substrate and
the gas-nitrided substrate. The PVD coating on nitrided substrate exhibited adhesion
to the substrate HF1-HF2 level, while the coating on the tempered substrate only
obtained HF6 level according to VDI 3198 standard.

N Keyvyords: Core-pin, duplex treatment, multilayer coating, nitriding; Chot tao
lo, xur Iy bé mat kép, phu da lop, tham nito.
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