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NGHIEN CUU UNG DUNG CONG NGHE THAM NITO PLASMA
CHO MOT SO CHI TIET MAY CHE TAO TU THEP 40CrMo
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Trudng Cao déng Cong nghiép va Xay dung

PAO QUANG KE

Trudmg Pai hoc Nong nghiép Ha Noi

Tham nito plasma 1a mét cong nghé hién dai, cho phép tao IGp tham trén bé mat co
kha nang chdng mai mon, an mon cao va ting tinh chong mdi cho chi tiét may. Bai
bao trinh bay nhiing nghién ciiu vé tham nitg plasma, ciing nhu anh hwéng ciia mot s
thong so cong nghé dén chat lwgng I6p tham. Két qua nghién ciu da dugc @ng dung
dé tham trén mot sd chi tiét may cu thé tir thép 40CrMo nhu: banh rdng bom thiy luc,

banh ring hop so may kéo GNO1...

Tir khéa: tham nito plasma, chat lugng IGp thim, thép 40CrMo.

STUDY ON DLASMA NITRIDING
TECHNOLOGY FOR SOME MACHINE
COMPONENTS MADE OF 40CrMo &TEEL

Summary

Plasma nitriding has been considered

as a modern technology enabling to form a
nitring layer on the machine components’
surface which has the properties of high wear
resistance, corrosion protection and enhance
fatigue resistance of the machine components.
This article presents researches on plasma
nitriding and the effects of several technology
parameters on the quality of nitriding layer.
This technology has heen applied for such
specific machine components made of 40CrMo
steel as hydraulic pumping gears, GN91 tractor
transmission gears...

Keywords: plasma nitriding, quality of
nitriding layer, 40CrMo steel.

56 Tapchi KHOAHQC

CONGNGHEVIETNAM S° '°nam 2013

Coéng nghé x{ Iy bé mat 1a mét linh vuc khoa hoc
t6ng hop, bao gébm nhiing nghién ctu va hoat dong ky
thuat nham thiét k&, ché tao san phdm thda man cac
yéu cau vé do cuing, chéng an mon, chéng moéi, chong
mai mon...

Chat lugng va tudi tho cla may maéc, thiét bi phu
thudc rat nhiéu vao chat lugng chi ti€t may. Viéc ap
dung céng nghé thdm nitc plasma gép phan dang ké
vao muc tiéu nang cao chat lugng s&n phdm clia nganh
cd khi néi riéng va nganh cong nghiép noéi chung.

Viéc Ging dung cong nghé thdm nitd plasma thay
cho phudng phap tham nitg théng thudng sé gép phan
lam tang chét lugng va tudi tho chi tiét, gidm & nhiém
moi trudng va phuc vy hiéu qua cho san xuét cong
nghiép [2, 4, 5].

Noi dung nghién ciiu

Vat liéu va thiét bi nghién cuu

Thép 40CrMo la mét loai thép dugc dung phé bién
trong ché tao céac chi tiét may chiu tai trong tinh, va

dap cao va chiu mai mon. Thanh phan chinh cla thép
40CrMo bao gébm: 0,4% C; 0,97% Cr; 0,25% Mo;



0,85% Mn; 0,25% Si; 0,02% V; 0,024% P; 0,017% S
3]

Thiét bi thAm nitd plasma Eltropuls H045x080 cuia
hang ETROPUL GmbH (CHLB Biic) [6] dudc 14p dat
tai Phong thi nghiém trong diém céng nghé han va x({
ly bé mat (Vien Nghién ctiu Co khi). Thiét bi kiém tra
I6p tham: thiét bi nghién ctu t6 chuic té vi; thiét bi do do
cling té vi; thiét bi phan tich thanh phan I6p tham...

Nghién cuu ly thuyét

Tham nitc la mot phuong phap hda nhiét luyén. Trong
qua trinh tha&m, nitd nguyén t& dugc tao thanh trong maoi
trudng thdm, dugc hdp phu vao bé mat thép va khuéch
tan vao trong thép (hinh 1) [2, 3, 4, 5].
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Hinh 1: qua trinh thdm nito

Tham nitd plasma la mét cong nghé th&m nito tién
ti€n, no ra doi nhu mot phuong an thay thé cla cong
nghé tham nito thé khi. Thdm nito plasma dugc tién
hanh trong moi trudng ion héa G nhiét do thap (khoang
450+600°C). Phudng phap nay gilp giai quyét dugc
cac nhudc diém ma phuong phap thdm nitg thé khi
va thé 1dng gap phai. Céc khi s dung trong qua trinh
tham thudng 1a cac khi trg, an toan cho con ngudi va
thiét bi (hinh 2) [1, 6].
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Hinh 2: qua trinh thdm nito plasma
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Cd ché cla sy hinh thanh I6p nitrit trong qua trinh
tham nitg plasma dua trén dé xuét clia Koelbel 1a coi bé
m&t mau bi ban pha bdi cac nguyén ti clia plasma, cac
nguyén t st ti phin xa k&t hdp véi cac nguyén ti nita,
phan Ung trong plasma ngay ca trong cac khu vuc lan
can vG6i bé mat cuc am, tao thanh nitrit sat (FeN) ngung
tu trén bé mat mau (hinh 3) [1, 2].
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Hinh 3: co ché cla su hinh thanh IGp nitrit
trong qua trinh thdm nito plasma

Céc FeN dugc hinh thanh bang cach két hgp cac
nguyén tl sat v6i plasma nit hoat déng, ngung tu
trén bé mat cuc am. Cac FeN tao thanh & nhiét do tu
350+600°C va phan tach ra dé hinh thanh cac pha én
dinh hon (Fe,N, Fe,N, Fe,N) va nito nguyén td. Mot
phan cla nitd nguyén tl nay trg lai vao dong plasma
va mot phan khuéch tan vao trong céu tric tinh thé
clia chat nén tao thanh mot vung khuéch tan. Qua
trinh nay vé cd ban la do gradient khuéch tan, va cham
khéng dan héi theo thdi gian va dong plasma [1, 2].

Nghién cuu thuc nghiém

Théng qua thyc nghiém da xac dinh dugc quan hé
don yéu to giia do cing bé mat E (HV0.3), cudng do
mai mon m (10-2g/N.mm), chiéu day pha e + v, d, (um)
va chiéu day pha o, d, (um) thdng qua céc thong s
cdng nghé 1a nhiét dé thdm T (°C), thdi gian tham t (h)
va ty & khi nito/hydro a (%); cho phép tim dugc ving
t6i Uu clia cac thong s& cong nghé dé cho chét lugng
IGp tham 6t nhat [3]:

Nhiét do thdm T = 510+550 (°C);
Thoi gian thdm t = 1218 (h);
Ty I& khi nito/hydro a = 20+40 (%).

Céc gia tri trén dung dé tim vung t6i uu xét trong
diéu kién da yéu to.

Tu két qua thyic nghiém don yéu t6, st dung vung toi
uu dé xét anh hudng cia da yéu t6 dén chat Iugng 16p
tham nitd bang phuong phap quy hoach thyc nghiém

Tapchi KHOAHQC 57

S619n&m 2013 NG NGHE VIET NAM



NGHIEN CUU - TRRO PO

bac 2 Box-Willson. Trén cd s& bién thién clia cac thong
sd cong nghé, 1ap bang ma tran thuc nghiém va két qua
thuc nghiém, tinh cac hé sé hoi quy, kiém tra tinh thich
ling, da xay dung dugc ham hdi quy [3]:
E=-2329,572 + 10,493 T +13,835t+ 16,818 a- 0,0234 T t -
0,0163T.a+0,09 ta-0,0092 T2-0,1252 t* - 0,1453 a? 1)
m=2345,463-1,122T+0,523t-1,497a-0,001 T2+ 0,017+ 0,026a® (2)
d =-543047 + 2,625 T + 3,229 t + 1,295 a - 0,004 T.t +

0,009 t.a- 0,002 T2- 0,044 t - 0,022 a2 (3)
d,=-2958,426 + 11,707 T +38,755 t- 12,786 a - 0,06 T.t
+0,074T.a-0,012T2- 0,164 2- 0,425 a° (4)

Nhu vay thay cac cap théng s6 céng nghé khac
nhau vao cong thic (1), (2), (3) va (4) ta c6 thé thu
dudc cac két qua va chat lugng I6p tham tuang tng [3].
Pé thuc nghiém kiém ching, da chon mot bo thong s6
céng nghé chuén cé gia tri nhu mot “trung tam” tham
s6 t6i uu, st dung phudng phap tinh gia tri ham toi
uu téng quat, xac dinh dugc ham t6i uu D = (T, t, a).

D=-25552+0,088T+0,230t+ 0,058 a

- 0,0004 T.t- 0,0001 T2-0,0013 t2- 0,0008 a2 (5)

Gié tri t6i uu D = 0,955 c6 d tin cay cao, c6 thé sii
dung dudc. Tai do tim dugc gia tri thong s6 E = 791,950
(HV0.3); m = 29,653 (10°'2g/N.mm); d, = 16,992 (um);
d, = 370,227 (um) tudng Ung véi cac thong s6 cong
nghé T = 537,4 (°C); t = 16,03 (h) va a = 34,62 (%)
[3].

Két qua va thao luan

Trén cd sG nghién cliu cdng nghé tham nitd plasma
va két qua nghién ctiu thuc nghiém, da xac dinh dugc
cac thong sé cong nghé toi uu trén thiét bi, xay dung
sd do cong nghé (hinh 4) va quy trinh cdng nghé tham
nitc plasma thép 40CrMo nham nang cao chét lugng
san pham sau khi thdm (hinh 5).

Chi tiét can thdm l
‘ G lp chi tiét vao thung 1o ‘

l l

| Hoéa tbt (t6i + ram cao) ‘ ‘ Thém nito plasma ‘

| Kiim o <an hoa 1t ‘ ‘ Ra 10, kiém tra chi tiét sau tham ‘
| Lam sach chi tiét can tham ‘ ‘ Xt 1y sau tham (néu can) ‘

| Kiém tra thit bi thdm ‘

Bao goi,
bao quan san pham

Hinh 4: sd dé céng nghé
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Hinh 5: quy trinh céng nghé

T6 chic té vi

Qua anh t& chuc kim tuong (hinh 6) c6 thé thay, bé
m&t mau kiém tra tuong Uing véi cac vat liéu cla chi
tiét c6 IGp tham rd nét. Cac pha € va pha y 1a I6p trang
nhan thay dugc khi tdm thuc va chup qua kinh hién vi.
T6 chuc t& vi gébm cacbit, nitrit phan bé trong ferit.
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Hinh 6: t6 chdc té vi I6p thdm nito plasma
trén thép 40CrMo (500x)

Dg cung té vi

Do cling té€ vi theo chiéu sau I6p thdm dugc tién
hanh do trén mat cit ngang qua I6p thdm va dudgc
do theo cac khoang cach. Do cling bé mat cao (795
HV0.3), cang vao sau thi do cling giam dan, dén chiéu
sau 350 um thi khéng déi, tuang Ging véi dé cling cla
kim loai nén (340 HV) (hinh 7).
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Hinh 7: phan bé dé cting theo chiéu séu Idp thdm
Su phan bé nito trong Iop tham

Qua ham lugng %N theo chiéu sau IGp tham, ta
c6 thé xac dinh dugdc chiéu day cac pha e +, pha A va
pha o.

K&t qua phan tich EDX cho thay, ham lugng %N
trén bé mat cao (10,68%N), tuy nhién cang vao sau
bén trong thi ham lugng %N cang gidm (hinh 8).
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Hinh 8: phan bé thanh phan nito (%N) theo chiéu sau I6p thadm

Trong hé mai chot - dia (chét 1a thép 40CrMo duge
tham nitd plasma va khong thdm, dia la thép C45 dugc
nhiét luyén dd cling 45HRC), hé s6 ma sat gilia mau
tham nitd va khong thdm nitg tuong Gng la 0,51 va
0,64. Nhu vay, hé s6 ma sat cila mau thadm thap hon
mau khong thdm khoang 20%. Cudng dd mai mon
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clia mau dugc thdm nitg gidm 25% so véi mau khang
tham.

Viéc nghién clu (ing dung céng nghé thadm nito
plasma trén thép 40CrMo da md ra huéng cong nghé
mdi, c6 tinh Ging dung cao. Quy trinh cong nghé da
dudc ap dung dé thdm cho mot sé chi tiét may cu thé
dugc lam tu thép 40CrMo cho thdy uu diém vugt troi
cla phudng phap thadm nité plasma so vGi phuang
phap tham nito thong thudng. Véi két qua da dat dugc,
c6 thé ap dung dé tim ra quy trinh cong nghé cho nhiéu
méc thép khac nhau khi thdm nito plasma dé cho hiéu
qué tét nhat =
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