Nghién ctru khoa hoc cong nghé

NGHIEN CUU TO CHUC, PQ CUNG VA bQ BEN AN MON CUA
THEP 30XH3A SAU KHI THAM NITO THE LONG QPQ
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1. PAT VAN PE

Thim nito nhiét d6 thap 1a mot trong nhing phuong phap hoéa - nhiét luyén
dugc st dung rong rdi nhit trong san xuat nham nng cao do cimg bé mit, kha ning
Chong mai mon va d&n mon cho chi tlet may [1]. Thdm nito dua trén nguyeén ly lam
bdo hoa bé mit cua thép boi nguyén t6 N, cac nguyén tr s khuéch tan sau vao bé
mat tao thanh lop tham Theo moéi truong cung cap nguyén tur N, co thé chia tham
nito thanh tham thé rin, thé khi, thé long va thé plasma [2]. Vi su phat trién cong
nghé tham nito nhu ngay nay, cé thé chia cdy phéan loai nhé hon nhu Hinh 3.
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Hinh 3. Phan loai cac phuong phéap thim nito

O Viét Nam hién nay, cong nghé thim nito thé khi van chiém wu thé so voi
thim nito thé long do dau tu cho cong nghé thdm nito thé khi thip, mat khac thim
nito thé 1ong dwoc cho 1a doc hai do sir dung mubi thﬁm chtra xianua (CN'). Tuy
nhién, khong thé phil nhan nhimg wu diém vé kinh té - ky thuat ma phwong phap
tham nito thé long mang lai, d6 1a: Chi phi dau tu ban dau thap; cac thong sb qua
trinh don gian; c6 thé xir Iy hang loat cho nhiéu méc thép khac nhau; méi truong
thim nito thé 1ong giau nito hoat dong hon cic moi truong khac, do d6 thoi gian
thim thé long dugc rat ngan tir 2 dén 4 1an so v6i tham nito thé khi va tham nito
plasma [3]; d6 ddng déu vé nhiét do trong 10 mudi tt hon cac moi trudong khac [4].

Dé khic phuc nhiing bt loi vé méi trudng, nhidu nghién ciru da nd luc loai bo
xianua khoi thanh phan. Dau tién 1a cong nghé tham nito thé 1ong ding hdn hop mubi
chira xianat (OCN’) va cacbonat, dugc goi 1a cong thire mudi cua Degussa [5]. Céac
nha may ciia Nga da st dung rong rai thanh phan mubi chia canxi clorua (CaCl,),
natri clorua (NaCl) va kali ferrocyanua K4Fe(CN)g (con goi la mudi vang) [4]. Mot sb
nghién cru con sir dung hon hgp mudi chira urea, natri cacbonat (Na,COs) va natri
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clorua (NaCl) [6]. Ngoai ra, hén hgp mudi nitrat (KNO;, NaNO;) ciing dugc dung
nhu nguén cung cAp nito trong qua trinh thAm [7, 8]. Trén thé glorl thim nito thé 1ong
s dyng muodi xianat dugc sir dung nhiéu nhat voi nhiéu blen thé mudi thdm khac
nhau cling v6i cac bi quyét vé tai tao xianat va kiém soat nong d¢ xianua trong bé
mubi thAm nhu cong ngh¢ Tenifer ®, Tufftride, Melonite, Arcor, Palsonite...

O Viét Nam, mot s nghién cru di trinh bay thim nito thé long cho thép
SKD11, SDK61 sir dung hdn hop mudi SisNy, cacbonat va clorua [9], tham nito thé
long cho thép 8OW18Cr4V, 210Cr12, 12Cr18Nil0Ti, 40Cr va CT38, st dung hon
hop mubi K4Fe(CN)s, CaCl, va NaCl [4]. Nhom tac gia bai bao cling dé trinh bay
nghién ctru thdm nito thé 1ong QPQ va tham nito' plasma cho 3 mac thep: C50,
30XH3A va 25X2H4BA [10]. Nhin chung, s6 luong cong’ bd vé tham nito thé long
ctia Viét Nam con kha khiém t6n, viéc ing dung vao thyc té san xuat con han ché.

Bai béo trinh bay két qua nghién ctru dic tinh 16p tham va kha ning chéng an
mon ciia thép 30XH3A thim nito thé long QPQ. Day 1a mac thép hop kim thap cua
Nga, c6 thanh phan hoa hoc (% khéi luong) theo tiéu chuan GOST 4543-2016 nhu
sau: C (0,27-0,34), Si (0,17-0,37), Mn (0,30-0,60), Cr (0,60-0,90), Ni (2,80-3,20), S
(< 0,025), P (£ 0,025), Cu (<0,20). Sau toi-ram cao (530°C) thép c6 gidi han bén
khoang 980 MPa, d6 dai va dép khoang 780 kJ/m? va dugc sir nhiéu trong ché tao
cac chi tiét can do bén ciing nhu kha niang chiu va dap cao [11]. Mau thir nghiém
dang mau phang va chi tiét khoa nong sting tiéu lién AK.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Ché tao miu, nhiét luyén va tham nito

Pbi twong nghién ciru 1a méac thép 30XH3A, ché tao tir phdi rén c6 dudng kinh
50 mm. Thanh phan héa hoc cua thép duoc do bang ky thuat OES (Optical Emission
Spectrum) trén thiét bi TASMAN G4 tai Trung tdm K§ thuat Tiéu chuan Po ludng
Chat lugng 3 theo tiéu chuan ASTM E415-17 [12]. Két qua xac dinh thanh phan héa
hoc cua thép (% khdi lugng) nhu sau: C: 0,236, Si: 0,289, Mn: 0,353, S: 0,012, P
0,015, Cu: 0,011, Cr: 0,841, Ni: 3,08, W: 0,008. Két qua cho thiy ty 1& cua cac
nguyén t6 hoa hoc trong thép dap tmg theo tiéu chudn GOST 4543-2016.

Céac mau thir nghiém duogc cit thanh cac lat mong ¢& 8 mm, dem mai bang
gidy nham c6 do nham 120 grit, sau d6 mau duoc rira sach dau m& va duoc quét 1op
son chong thoat cacbon (Tinderex, CH Séc). Py 1a 16p son c6 tac dung chdng oxi
ho4 bé mit va chdng thoat cacbon, thdi gian chd khd khoang 20 phiit. Cac thong sb
qué trinh nhiét luyén dugc lya chon dua trén tiéu chudn GOST 4543-2016 [11]. Cac
mau thur nghiém sau d6 dugc austenit hoa & nhiét do 830°C, thoi gian gitt nhiét 30
phut, sau do mau thu nghiém dugc toi trong dau (United Quench, USA). Trudc khi
ram, mau lai dugc quét son chéng thoat cacbon. Nhiét do ram la 530°C va thoi gian
ram trong 60 phut. Thiét bi sir dung 1 10 Nabertherm 401 L40/11 (Duc) va 1o Selecta
Horn TFT (Tay Ban Nha). Sau nhiét luyén, mau dugc dem mai bang gidy nham c6
d6 hat 1an luogt 1a 240, 320, 400, 600 va 800 grit. Déi voi khod nong sung AK (ché
tao tu thép 30XH3A), phén nhiét luyén da duoc thyc hién tai Nha may Z111/ Téng
cuc Cong nghiép Qudc phong voi do climg sau nhiét luyén khoang 464,7 HV 1.
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Mau thir nghiém va chi tiét khoa nong sing AK dugc dem thim nito thé 1ong
QPQ Tufftride tai Cong ty TNHH Heat Metal Kawasaki. So dd quy trinh cong nghé
duogc thé hién ¢ Hinh 4. Q 1a ky ty viét tit cua Quench, chi qua trinh chuyén mé
thim tir bé thim nito sang bé oxi hoa 1an 1; P 1a ky tu viét tit ciia Polish, chi nguyén
cong mai tinh hodc phun cat dé cai thién dé nham bé mit chi tiét thém; Qlakytu
viét tat cia Quench, chi qua trinh dwa mé thim tir bé oxi hoa (nguyén cong oxi hoa
1an 2) sang bé rira nudc chay tran.
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Hinh 4. So d6 quy trinh thdm nito thé 16ng QPQ [5]

Thanh phan chinh ctia bé tham nito gdm mubi cua natri va kali cua xianat va
ca}cbonat (NaOCN, KOCN, Na,CO; va K,COs3); thanh phan chinh cua bé oxi hda
gom NaNOs, NaNO; va NaOH.

Phan tig co ban cuia qua trinh thAm nito thé 1ong QPQ nhu sau:

2CNO” — CO;” + 2N (nguyén tir) + 2CN” + CO (1)
2CNO + 0, — CO;* + CO + 2N )
N (nguyén tir) + Fe — Fe,N (st nitrua) 3)

Bé oxi hoa dung dé loai bo Xianat va xianua con bam trén chi tiét theo cac
phan tng (4) va (5) va tao 16p oxit sat theo phan tng (6) [16]:

CN +NO; — COs* + NOy 4)
OCN +NO5 — COs* + NOy (5)
Fe,N + NO; — Fe;04 + NOy- (6)

NO, + 0, — NOy (7)
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2.2. Thir nghiém phan tich dic tinh 16p thAm

Céac mau thir nghiém sau xir Iy bé mit dugc phan tich bang cac ky thuat khac
nhau: Phan tich td chtre té vi, do d6 cung bé mit, phan bd do cung té vi, do &n mon
dién hoa va tht nghiém mu mudi.

Mau kim tuong duogc chuén bj qua cac budc: Cit mau, dic mau, mai thd, mai
tinh, d4nh bong va tdm thyc. Viéc cit mau duoc thuc hién trén thiét bi LECO
MSX205, dia cit cho phép cit dugc mau co do cung toi 62 HRC, tde do cat 600
vong/phut. Puc mau thyc hién trén thiét bi XQ-3B str dung bot bakelit xanh, nhiét
d6 180°C, giit nhiét trong 10 phut sau d6 lam ngudi cing may. Mau kim tuong sau
d6 dugc mai va danh bong st dung thiét bi LECO S1000. Dung dich tim thuc 1a
Nital 3% (dung dich axit nitric trong ethanol v&i ty 1& 3% axit nitric). T chirc té vi
mit cit ngang miu dugc chup trén kinh hién vi kim twong LEICA DMi8M, chiéu
day 16p trang cua 16p tham nito duoc xac dinh trén anh chup sir dung phan mém
LAS V4.13 di cung kinh hién vi.

Do cing bé mit Vickers (tai 1 kg.f) va phan bd do ctg té vi theo mat cit ngang
(tai 50 g.f) dugc thyc hién trén thiét bi do do cing HV-1000ZDT. Tong chiéu day 16p
thAm dugc xac dinh dua trén do phan bd do cung té vi theo mit cit theo tiéu chuan
DIN 50190-3 [17]. Theo tiéu chuan nay, d6 day 16p tham dugc xac dinh bing giao
diém cuia duong phan bd do cimg té vi theo chiéu sau 16p thdm va dudng ndm ngang:
y = gid tri d§ cing cua 16i + 50 (don vi HV0,05).

Thir nghiém do dién hoa quét dudng cong phan cuc dugc tién hanh theo tiéu
chuin ASTM G102-89 [14] st dung thiét bi do dién hoa AUTOLAB
PGSTAT302N. Dung dich mubi NaCl 3,5% dugc suc khi nito trong 60 phut dé du6i
khi oxi. Khodng &p dién thé tir -600 mV t&i 1500 mV so v6i thé mach hé Ve, toc
do quét 1 mV/s.

~ Thir nghiém &n mon mu mudi theo tiéu chuan ISO 9227:2017 [15] st dung
thiét bi ATLAS CCX3000. Dung dich phun sir dung 1a NaCl 3,5%. Cac thiét bi néu
trén duoc dat tai Phong D9 bén Nhiét d6i, Chi nhanh Phia Nam.

3. KET QUA VA BAN LUAN
3.1. T6 chirc té vi va chiéu day 16p thim

Sau khi nhiét luyén t6i - ram, td chic nhan duge ¢ 161 mau thép 30XH3A
(hinh 3a) 12 mactenxit ram. CAu tréic 16p thdm nito gdm 3 ving: Lp oxit ngoai cling
¢6 chiéu day khoang 1,5 pm, tiép theo lan luot 1a 16p tring va 16p khuéch tan (hinh
3b). Lop oxit va 16p tring c6 thé xac dinh bang cach do kich thudc trén anh chup,
tuy nhién 16p khuéch tan khong c6 duong bién rd rang véi nén nén viéc do kich
thudc trén anh chyp mau kim twong s& khong chinh xac.

O 16p tring ghi nhan sy c6 mit cia 16 x6p. O trang thai nong chay cua bé mudi
thim, nito nguyén tir hoat hda c6 mat do rat 16n, 1am day nhanh cic qua trinh trén bé
mat. Cac nguyén tir nito hap phu va khuéch tan vao trong bé mat véi toc do 16n. Tuy
nhién, mot phén nito hoat héa nay s€ két hop véi nhau tao thanh phan tir khi nito,
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qué trinh tich tu dudi bé mit va giai phong ra ngoai bé mit s& tao ra cac vét 15 xp
[17]. Hién tugong nay thuong gin lién voi ndng do xianat trong be Ham lugng xianat
16n thi téc d6 khuéch tan nito 16m, nhung ciing tao ra nhiéu 16 XOp hon. Dé cai thién
chat lugng 16p tham va d6 nham bé mit, trong cac day chuyen QPQ s& c6 nguyén
cong mai hodc phun cat dé loai bo mot phan 16p thdm cé nhiéu 16 xp. Tuy vao kich
thudc cua chi tiét va yéu cau do nham bé mit ghi trén ban vé chi tiét ma nha san
xudt c6 thé Iya chon kich thugc hat mai trong qua trinh mai - danh béng. Trong thuc
nghié€m, hat mai silic oxit 120 um da dugc sir dung.

Hinh 5. T4 chtic té vi miu nhiét luyén (a) va mau sau thim nito thé long QPQ (b)

Theo cac nghién ctru [17, 19], thanh phan chinh cua 16p oxit 13 oxit sit Fe;O4

v6i dic tinh chdng an mon tét. Lép tring dugce tao thanh boi cac pha &-Fe,. 3(N C)va

y'-Fe4(N,C), 16p khuéch tan duoc tao boi pha axc [1]. Co tinh va kha nang chong an

mon ciia bé mat thép thim nito duoc quyét dinh boi thanh phan va phan bd pha

trong 16p tham. Kha nang chong an mon cua pha giau nito e-Fe,.3(N, C) dugc ching
minh 12 tt hon y'-Fe4(N,C) va o-Fexc [2, 18].

Chiéu day I16p thAm: Bang viéc phan tich anh chup méu kim tuong, chiéu day
16p thdm do duoc khoang 250 pm trong do chiéu day lop trang 1a 14,9 um. Két qua
do chiéu day 16p tham bang phuong phap do phén bd do cung té vi theo tiéu chuan
DIN 50190-3 cho thay chiéu day 16p tham 1a 225 pm (hinh 4b).

3.2. D) citng bé mit va phan bd do cimg theo chiéu siu 16p thim

D6 cling cua miu sau thdm nito QPQ 1a 717 HV1, ting 1én hon 2 1an so véi
mau chi qua nhiét luyén toi - ram (317 HV1). Két qua do phan b d6 cimg theo
chidu sau 16p thim cua timg mau thép dugc thé hién trong Hinh 6. Puong nam
ngang thé hién gia tri trung binh d6 ctng cua 16i miu thir cong thém 50 don vi
HV0,05 (duong NHT theo DIN 50190-3). D6i v6i thoi gian thim nito 2 gid, duong
phan bb do cimg dat dugc kha ddc, hinh dang duong phan bd d6 cimg c6 thé dugc
cai thién (sy giam d6 cing cham hon) néu tang thoi gian qua trinh tham.
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Hinh 6. Thiét bi do d6 clng (a) va phan bd d6 cling theo chidu sau 16p thim (b)
3.3. Két qua thir nghiém in mon
3.3.1. Két qua do dién héa quét dwong cong phin cuc
Hinh 7 cho thiy ¢ nhanh dwong cia duong phan cuc Tafel, mau thim nito
QPQ co6 khoang thu dong, qua trinh tang dién ap, dong dn mon tang cham. Nguoc lai

d6i v6i mau thép chi nhiét luyén, & nhanh duong, dong dn mon tang rat nhanh va
khong c6 khoang thu dong hoa bé mat.

30XH3A

WET)Curtnt (4)

Khoang thu dong

Hinh 7. Két qua quét duong cong phén cuc

Két qua ndi suy duong Tafel dugc thé hién & Bang 3. Mat d6 dong an mon jeor
clia mau tham nito QPQ nho gip 3,75 lan s0 Vvoi mau chi nhiét luyén. Gia tri thé
mach hd Vi va dién thé an mon E., clia miu thAm nito QPQ déu duong hon mau
thép nhiét luyén. Kha nang chéng an mon cua thép thim nito QPQ tang 1én rd rét do
d6 bén in mon cla 16p tring da kha tt, cong thém nguyén cong danh béng lam
giam bat 15 xdp, sau d6 16p oxit Fe;04 bén ngoai di dién day cac 16 xdp va ban than
16p oxit gitip ting cuong thém kha ning chdng an mon.
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Bang 3. Két qua ndi suy duong Tafel

STT Tén miu jeorr (A/em?) | Eeorr(mV) | Vocp (mV)
1 | Nhiét luyén 8,37x 107 -526 -480
2 | Thim nito QPQ 2,23x 107 -289 -152

3.3.2. Két qua thir nghigm mix muéi

Hinh anh bé mat mau thir nghiém theo thoi gian thr nghiém mu mqéi (theo
ISO 9227:2017) va két qua danh gia dién tich bé mat an mon trén phan mém phén
tich LAS V4.13 cua kinh hién vi dugc thé hién trong Hinh 8.

Thoi gian

thir nghiém 8 gio 24 gity 72 gio 144 giv 196 giv

Mau nhiét luyén

% dién tich

. 71,59 % 83,18 % 100,00 % 100,00 % 100,00 %
an mon

Mau thdm nito thé 1ong QPQ

% dién tich
an mon

0,00 % 0,13 % 4,77 % 7,96 % 8,06 %

Hinh 8. Hinh anh bé mat va danh gia dién tich be mat bi an mon
clia mau sau thir nghiém mu mubi

Két qua cho thdy kha ning chong an mon ctia bé mit thép sau tham nito QPQ
da ting 1én nhiéu lan, cu thé, sau 196 gio thir nghiém mu mudi lién tuc, dién tich bé
mat bi &n mon chi khoang 8 ,06%, trong khi d6i v6i mau nhiét luyén (t6i-ram) ch1
sau 72 gig, 100% dién tich bé mit da bi an mon. Ngoai ra vi tri bi an mon cua mau
thim nito chu yéu tir ngoai canh mau mé rong vao trong. Viéc cai thién do bén an
mon c6 thé giai thich do 16p trang sau tham nito va oxi hoa lan 1 (Quench) da duoc
mai bét 16 xdp (Polish), sau d6 oxi hod lan 2 (Quench), két qua la trén bé mit tao
thanh 16p oxit Fe;O4 c6 do ddng nhat cao va két hop voi 10p tring dé cai thién kha
nang chdng an mon rat t6t cho vat liéu. Hinh anh khoa nong AK trudc va sau 196
gio thir nghiém mu mudi duoc thé hién ¢ Hinh 9. Kha nang chéng dn mon ciia khoa
nong sau tham nito QPQ trong swong mudi ciing dugc cai thién rd rét so voi khoa
nong chi qua nhiét luyén. Tuy nhién, két qua thir nghiém an mon trén khoa nong cho
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thy dién tich bi an mon nhiéu hon dang ké so vi mau phang (Xem muyc 3.3.1). Vi
tri &n mon tap trung chu yéu & cac goc canh va 16 sau duong kinh nho. Pay 14 nhing
vi tri tap trung Gng suét sau gia cong cét got va nhiét luyén.

e) f)

Hinh 9. Khoa nong AK trude va sau 196 gid thir nghiém mu mudi

MaAu nhiét luyén: a) trude thir nghiém mu mudi, b) sau thir nghiém mu mubi
Mau tham nito QPQ: ¢) e) trudc thir nghiém mi mudi, d) f) sau thir nghiém mu mubi

4. KET LUAN

Bai bao trinh bay két qua nghién ctru dic tinh 16p thdm tao bodi cong nghé
thim nito thé 16ng QPQ cho mac thép 30XH3A va chi tiét khoa nong sting AK. Két
qué thyc nghiém cho thiy:

- Sau khi thim nito QPQ, tong chiéu day 16p thim dat 255 pm, trong d6 chiéu
day 16p tring khoang 15 um va 16p oxit sit khoang 1,5 pm.

- B§ cling bé mit cua thép sau thdm nito QPQ tang 1én dang ké so v6i mau
thép chi qua nhiét luyén: 717 HV1 so v6i 317 HV1. Phan bd d6 cimg té vi theo
chiéu sau ctia 16p tham nito c6 do doc 16m.

- Két qua do dudng cong phan cuc cho qué trinh tham nito 1am ting kha ning
bao vé chdéng dn mon cho thép 30XH3A: Mat do dong dn mon ciia mau thdm nito
QPQ nhé gip 3,75 1an so voi mAu thép chi nhiét luyén; Thé an mon cia mau thAm
nito QPQ duong hon so v6i mau thép chi qua nhiét luyén.
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- Pic tinh an mon ciia miu phang va chi tiét khoa nong AK tir thép 30XH3A

thé hién qua thtr nghiém mu mudi déu dugce cai thién rat tot sau thdm nito QPQ: Sau
196 gio thir nghiém mu mudi theo tiéu chuan ISO 9227:2017, dién tich &n mon miu
phang chi khoang 8,06%; dbi véi chi tiét khoa nong AK, két qua thir nghiém an mon
kém hon mau phang nhung chi tiét sau tham nito thé long QPQ van thé hién kha
ning chéng dn mon t6t hon hin so vai chi tiét chi nhiét luyén.
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SUMMARY

RESEARCH ON THE MICROSTRUCTURE, HARDNESS, AND
CORROSION RESISTANCE OF THE 30XH3A STEEL TREATED
BY SALT BATH NITRIDING QPQ

This article presents the results of research on the microstructure, surface
hardness, and anti-corrosion properties of 30XH3A steel treated by salt bath
nitriding QPQ. Microstructure analysis and microhardness profile of case depth
showed that the nitrided layer formed quite quickly, the thickness reached 250 um
after 2 nitriding hours, and the surface hardness was 774 HV1. Experimental results
of the salt spray test during 196 hours and the electrochemical corrosion test showed
that the salt bath nitriding QPQ significantly improved the corrosion resistance of
the 30XH3A steel.

Keywords: 30XH3A steel, salt bath nitriding, QPQ, corrosion resistance; thép
30XH3A, tham nito thé long, chong an mon.
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