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The Story of Brand Name

Localized Product in Taiwan
Along with Taiwan Steel Group
Firm Belief of Rewarding Taiwan

Co-prosperity Group and Honor Team with Glory

Hot Working Steel

“Extra” represents high-class re-melting
technique and product with superior
features and excellent quality.

Gloria Material Technology Corp.

e Liuying Head Office
No.10, Gong 2nd Rd., Liuying Dist., Tainan
City, Taiwan 736
(Liuying Technology Industrial Park)
TEL:+886-6-6520031
FAX:+886-6-6230877

* Hsin-Ying Plant
MNo.35, Hsin Chung Rd., Hsin Ying
Dist., Tainan City, Taiwan 730
TEL: +886-6-6520031
FAX: +886-6-6520038

Taiwan Distribution

Golden Win Steel Industrial Corp.

« Taipei Branch office = Tainan Branch office
No0.48, 160 Lane, Da Hoo Rd., No.189, Yongkehuan Rd.,
Da-Kang Village, Kuei-Sun, Yongkang Dist., Tainan City,
Tao Yuan County, Taiwan 333 Taiwan 710
TEL: +886-3-3970522 TEL: +886-6-2330600
FAX: +886-3-3282458 FAX: +8B6-6-2330601

= Taichung Branch office
MNo.246, Chengfeng Ln.,
Taiming Rd., Wuri Dist.,
Taichung City, Taiwan 414
TEL:+886-4-23350787
FAX:+886-4-23359545

Vietnam Distribution

» Golden Win Steel Industrial Corp. (Vietnam)
No.27, No. 8 Road, Viet Nam-
Singapore Industrial Park, Thuan An
Town, Binh Duong Province. VN
TEL:+84-274-3737407-9
FAX:+84-274-3737410

Affiliated company

« Alloy Tool Steel, Inc
TEL : (562)921-8605. (800)288-9800 FAX : (862)802-1728
13525 Fast Freeway Drive, Santa Fe Springs, CA 90670-5686, USA

» GLORIA MATERIAL TECHNOLOGY JAPAN
TEL : 080-4985-9525 FAX : 048-677-4945
478-12 Bonsaichd, Kita Ward, Saitama, 331-0805

China Distribution

e Guangzhou Goldway Special Metal Co., Ltd
MNo.6, Third Danshui Street of Guangzhou Economic &
Technological Development Area, PR of China. 510730
TEL:+86-20-82087888 / 22322033
FAX:+86-20-82214281 / 82227221

* Zhejiang Jiaxing Goldway Special Metal Co., Ltd.
MNo.128, Shuguang Rd., Tanghui,
Jiaxing Economic Development Zone,
Zhejiang, PR of China. 314003
TEL:+ 86-573-82303000
FAX:+ 86-573-82303296 / 82301288

« Tianjin Goldway Special Metal Co., Ltd
No.70, Tenth Avenue, Tianjin Economic-Technological
Development Area(TEDA), PR of China. 300457
TEL:+86-22-59815366
FAX:+86-22-59815367 / 59815363

« Xian Goldway Special Metal Corp. LTD

Room 1601, KaiRui Block A, Export Processing Zone,
MNo.12 Road, Fengcheng, Xian, Shanxi
TEL:+86-29-86155220 / FAX:+86-29-86155221



TSG High-class Hot Work Steel : TS-GHX1

1. Chemical Composition

Band | C si | Mn | Ni cr Mo | Vv Other
0.32 0.10 0.30 4.70 2.00 0.40
= 040 | ~050 ‘ ~0.80 ] ~585 | ~3%0 | -G ]

2. General Application & Size Capability

Features & Application GHX1 Size Capability & Hardness: HB < 200

- Round bar] Machined Size - = Dia. 300mm + = Dia.510mm -
e Excellent ductility ! ]

e High cleanliness steel i (W MaxT || W | MaxT | W | MaxT
| : 720 215 | 880 %68 380 | 528

e Good resistance to temper softening

e High temperature strength

e Excellent Hardenability (Large die)

e Available for Nitriding treatment

e Less dimensional change during heat treatment

Ti0 | 21 | [ 840 | a2 a0 | sez
(700 284 B0 319 360 | 857
| 690 | 288 | 620 | 386 | 380 | &1
(880 283 B0 34 a0 | 589
670 | 297 | 50 42 a0 | es
(860 302 %0 M0 330 | o4
(B0 30T 480 413 aq0 | sad
G0 M2 | 40 42 a0 | ee

It is suitable for various die-casting, extrusion, warm . s I B -
i icini i 610 328 440 | 457 g y
and hot forging, plastic injection molds, A e )
tungsten carbide or high-speed steel mold sets, (S0 3 a4
[Flat] Machined Size 580 345 410 490
wear-resistant blocks and other parts. Please check the right side list, 570 352 400 503
and confirm with salesman., ~ s60 38 0 515

Aluminum Die Casting Part : ADC 10

-
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Density(Kg/m3)

Physical Properties :

J lysical & Mechanical Properties

7,830 7,750 7,700 7,650 7,600
Modulus of Elasticity (N/mmz2) 203,703 - . & -
Caelncent ollhermal Expansion ; 11.89X10° | 12.66 X10° | 13.03X 10° | 13.12X 10°
(mm/mm°C from 20°C)

Thermal Conductivity(W/°C) 3256 34.64 27.25 28.80 -
Specific Heat (J/g °C) 0.45 0.54 0.51 0.66 -

Mechanical Properties :

44

55

1,480 1,210 13.0

GHX1

B teiip: 48 1,640 1,380 13.0 55
52 1,900 1,560 12.5 52
ensile Properties at Elevated Temperature :
GHX1
High Tem B Sample
1R Temp. MPa High temperature strength 523/  Hardness

Strength 1200 HRC 44~46
Strength 1000
performance with 800
different temperature
under condition of 600
H44~46 heat 400
treatment
Rm:Tensile Strength A%
Rpuz: Yield Strength 0

A5: Elongation
Z: Reduction Ratio

550°C
GHX1

m Tensile strength (Rm)

600°C
GHX1

650°C
GHX1

6007C

H13 conv.

u0.2% Yield strength (Rp0.2)

GHX1

GHX1

GHX-1 Continuous Cooling Transformation(CCT) |
GHX1 Continuous 1200 = : : . : . ;
Cooling , _
Transformation Auste nitizir_zg:1030°C beef
Curves 1000 | P —
Austenitizing :::ZI:::Z\IL::'_":ﬁ:::i‘:::f\""’":'
Temperature 800 - \ '
: 1030°C ‘\ |
) A
Soaking ‘g 600 ]
30 Minutes F= \ -
ol .
Ms ! .
200 - | Martensite |
" H
001 0.1 1
GHX1
Tempering Chart
HRC GHX-1 [E) X Hi 4R [
Furnace holds 55.0
temperature for ' Tempering chart
60 minutes
(soaking in 50.0
Muffle furnace,
and the.n oil 45.0
qguenching).
Tempering once 40.0
and
2 hours per time 35.0
Dummy Block 30.0 i . . _
50 X 50 mm
25.0 ! ' ! ! ' ! | | | |

300°C 400°C 500°C 525C 550C 575C 600C 625C 650C 700C

GHX1 600°C 865.3 734.3 13.0 78.5
GHX1 650°C 565.4 451.6 - -
H13 (conv.) 7 76.5




Dimensional Change in Quenching (After Austenitizing / Solid Solution). Sample size : 100 X 100 X 25 (mm) —a— Air hardened from 1020 C Z2:/Min. &/

WIDTH E LENGTHE THICKNESS =
—#—0il quenching from 1000°C %/ Min. /[n 0.40%
—i—0il quenching from 1000°C j]j%/Max. A R 11 R | N | SUURSOURSN | SO
WIDTH & LENGTH & THICKNESS &
0.40% : D20% [ e ey
0.05%
010% [ e e B
0.03% % /
0.30% N s A B
0.00% y" — -
0.02% A | 0.00%
i T B -0.10% Y L B —
-0.20%
0.10%
The Change of Size while Tempering. Blue line: the change of upper limit. Orange line: the change of lower limit.
p— The change of size should be in the region between two line.
-0.08% 0.12%
0.10% |- .
. 0.08%
_0.20% 0 1559
0.04%

L, T 5 i & G 3
B o

—#=Vac. hardened from 1030°C EZ=§.%/Min. 5e/)h -0.04%
—8—Vac. hardened from 1030°C EZ2. 4 /Max. B A
-0.08%
WIDTH % LENGTH & THICKNESS &
0.40% B19%
O - O - e S S A A R
[=) [=] (=] (=] o (=] o (=] o o (=) o =] f=] (=]
0.30% e L S i T e s s e s S s i T S gt u (=] w (=] w (=] [y (=] "] Q w (== ] w o ("]
= Y b B 1 < A o ® v ~ ~
0.20% e i e s s e e A el o e e e i
0.10%

Heating steel to 850°C (to core part of bar

0.02%
B.50% as well) in protective atmosphere then
0.01% 70.04% Soft Annealing slowly cooling (10°C/hr) to 650°C( some the same as left content

-0.02% case to 600°C). Finally free air cooling to
S0.10% oo room temp.

. Heating steel to temperature lower than
-0.20% Heating steel to 650°C (to core part of bar

last tempering about 15~30°C, keep it with
2 hours until core part of bar reaches to
the temperature and do air cooling to room
temperature.

as well) and keep temperature with 2
hours after machining then do air cooling
to room temperature.

Stress Relieving

The stress relieving temperature should lower 30~50°C when the steel tempering
resistance isn’t good.




-hecking Resistance / Thermal Fatigue(Net-working)

H13 conv.

GHX1

a

50 P
Transverse Impact Transverse Impact
Hardness Toughness Hardness Toughness
HRC 45.6 16.6 (J) HRC 45.6 26.0 (J)

oughness at Different Austenitizing Temperature

a7
46

TREKEE 87 BELLHW

EETE(HRC) Hardness at different austenitizing temperature

10200 1030 1040°C =@ je 3
ERE k2T
= miEA ®GHX1 ®REB  |yigh temperature x2

Hardness with Diff.
Quench Temp.(Double Tempering)

A GHX1 B
HRC | HRC HRC
1020°C 46.1 45.9 42.9
1030°C 46.3 46.6 441
1040°C 46.6 46.9 441
Range 46.1~466 | 45.9~46.9 | 42.9~441

40

30 1

201

10 A

0 -

TEFKXEE 89 FEhH (B@ RS/ short transverse)

waeizy) Toughness at different austenitizing temperature

10207 103077 10407 & - o
= = EiRE K2R
=iRiEA mGHXT = @iE8 High temperature x2

Toughness with Diff.
Quench Temp.(Double Tempering)

A _ GHX1 B

impact(J) | impact(J) | impact(J)
1020°C 30 26 36
1030°C 22 26.3 29
1040°C 15 23.3 29

B sample’s hardness is 2 HRC lower under the
same tempering condition.

ering Resistance

A GHX1 B
46.3 46.1 443
458 45.7 437
44.9 44.4 42.3
43.1 42.4 40.7
40.2 39.8 38.3
HRC Change | -6.1 -6.3 -6.0

24 hours.

Three samples’ hardness lower 6 HRC after

i TEKE 3 5 600°C FHR 24/ BFEAVEZ L

Tempering resistance at 600°C (holding 24 hours)  EEHREEEEFT
[ran (Hardening X 1)
e ~ (Tempering X 2)
a4 B
- CEA
40 - TS
48 THX 1
36 -
34 =B
32
30

B 1HR 4 HR 9HR 24 HR
x s
——TEA —e—GHX1 —e—EEB (Time)

Stress Relief :

Soft annealed from 850°C(~2hours)
to 600°C, cooling rate 10~20°C/per
hour(in protected atmosphere
furnace). Then free in air.

Stress Relief :

Tempering 15~30°C below the
previous highest tempering
temperature(min. 2 hours). Then
free in air.

Pre-heating

350~400'C

ROKERR (L RHA RE)
2% welding B2 /182 =1m210-200)
Very slow cooling / furnace cooling
850~600'C /10~20'C per hour

A
R BR %
After-heating | s
400~450'C & 71 HER
Stress relief i
Air cooling Air cooling
100~150°C 25~100'C

Hardened Condition

Pre-heating

350~400'C

CEAEIEM (GRE + B0K)
124 wetding  TR/2/BKIB 2-308 7 mis2 20-40°0)

S~ ‘LEmEEEMES Putlime on welded area
Slow cooling / Ash cooling |
2~3 hours / 20~40'C per haur

EREMGREELS~30'C
ering 15~30°C

e E

Stress relief

B

Air cooling
100-~150'C




@ Notice :

@ Maximum interpass temperature < 475°C to avoid cracking. Grinding Wheel Recommendation
@ Post welding cooling(While the after-heating can't proceed) : 20~40°C/per hour for the first 2~3 hours,
then free in air. Type of Soft Annealed | Hardened
mm ~5 15~20 Grinding Condition Condition
Data : The following cutting data was based on GHX1(HRC 44~46) ‘ -
% Information from public internet sources ‘ | poar = gﬁgftn£g£% A 46 HV A 46 HV
umni 1 Carbids Milling Milling with Carbide tpm. — SR — — a6 Grncing
Rough Turning Parameter Rough Milling Fine Milling ' ' e ® - -- | (seqmental wheel) A24 GV A36 GV
utting Speed (Ve Cutting Speed (Ve i _— ; | _—
i 0.05~0.10 | 0.10~0.15 | 0.15~0.20 | 0.20~0.30 | CYlindrical A46 LV A 60 KV
40~60 70~90 m/min 50~90 90~130 e e L e Grinding
130~195 230~295 f.p.m. 160~295 295~425 '
P ipr. | 0.002~0.004 | 0.004~0.006 | 0.006~0.008 | 0.008~0.012 é’ﬁﬁ;’:ﬁ; A46 JV A60 IV
Feed (f,) | -
0.2~0.4 0.05~0.2 mm/tooth 0.2~0.4 0.1~0.2 G':irr?gi'ﬁg A100LY | A120JV
0.008~0.016 0.002~0.008 Inch/tooth 0.008~0.016 0.004~0.008 Rermark

Deep of Cut (ap)
mm 2~4 ~2

pth of nitriding shouldn’t exceed 0.3mm in application of

inch 0.08~0.16 ~0.08

Carbide Designation

P20~P30 ISO P20~P30 P10

C5~C6 c7 us C5~C6 c7

— p——— Gas Nitriding 510°C 10 0.12
- oa carpide . oatea carblae
Coatad carbios or mixed ceramic Ramgdk Cealed carbide or mixed ceramic Gas Nitriding 510°€ 30 0.20
Plasma Nitriding 480°C 10 0.12
Calrbllde Type of Carbide Difling En._d' Type of End Milling Plasma Nitriding 480°C 30 0.18
Drilling milling g T
: Nitrocarburizing (in gas) 580°C 25 0.1
Indexable Solid Carbide P Indexable Solid H.S.S. : — - =
Parameter Insert(Carbide) Carbide Tip(*) arameter Insert(Carbide) Carbide | TiCN coated Nitrocarburizing (in salt bath) 580°C 1.0 0.06
Cutting Speed (Vc) Cutting Speed (Vc)
m/min 60~80 68~80 40~50 m/min 70~90 60~80 5~10 for Different Conditions(Vickers Hardness)
f.p.m. 195~260 195~260 130~160 f.p.m. 230~295 195~260 16~33
Feed (f) Feed (fz) Hv/mm | 002 | 004 | 006 | 008 | 010 | 012 | 014 | 016 | 018 | 020 | 025 & 0.30
mm/rev. 0.05~0.25 0.10~0.25 | 0.15~0.25 | mm/tooth 0.08~0.20 0.03~0.20 | 0.05~0.35 Left 1176 883 626 552 516 491 496 488 491 487 481 478
i.p.r. 0.002~0.010 [0.004~0.010|0.006~0.010 Inch/tooth 0.003~0.008 |0.001~0.008/0.002~0.014 Middle 990 849 592 543 530 509 500 481 499 481 473 471
Drill Diameter Carbide Designation 'Right 1134 | 720 | 554 | 522 | 523 | 497 | 496 | 497 | 481 | 480 | 477 | 472
mm 20~40 5~20 10~20 ISO P10~P20 - -
inch 0.8~1.6 0.2~0.8 0.4~0.8 us C5~C6 - -
Remark (*) Drill with replaceable or brazed carbide tip. Remark Eﬁt?:; 32?;2?9 on hedliel depth of et ond




@

Gas Nitriding ( Matrix : HRC47~48) 200X Gas Nitriding (Matrix : HRC47~48) 1000X

@ After die-casting mold is finished with gas nitriding, sandblasting process is generally followed to remove
brittle white layer.

@ Depth of case = distance from surface where hardness is 50 HV0.2 over the base hardness.
Definition : Base Hardness (HRC 47.5 ~ Hv 477) + 50 = Hv 527

For Aluminum Extrusion Application : Gas Nitriding
(HV) GHX1 Matrix hardness
1200 HRC 47 7(~ HV480.1)
1000
800 Nitriding depth: 0.16 ~ 2.00mm
——|eft(HV)
e —=—middle(HV)
400 P o= o lp) ] S :
\Vickers hardness ,
o ELoading: 300g E
0 - - a— :ﬁ________-“_______j
0 002 004 006 0.08 0.1 0.12 0.14 0.6 0.18 0.2 (mm)

e After aluminum extrusion mold is finished with nitriding, abrasive flow machining is applied to remove
brittle white layer.
® Aluminum extrusion mold, high hardness nitride layer(> Hv 1000), recommend depth< 0.09 mm.
e Hot forging mold, high hardness nitride layer (> Hv 1000), recommend depth < 0.02 mm.
;

13. Case Study of Al-Extrusion

Llfespan of H13(conv.) die for aviation structural components AL-7005 : 10~15 ingots.
After usage, mold will be cracked and scrapped. (Generally repair welding once)

Case 1 : Application of Aluminum Extrusion Die Extrusion Machine : 2,100 tons
GHX1 (HRC 48.5), no nitriding. Lifespan of GHX1 Dle’ 58 ingots.

® The cost written above is estlmanon for your reference, not actual data!

Usage Sequence | First Second Third Fourth Fifth summary |
Date 2022-12-16 | 2023-01-09 2023-01-16 | 2023-02-07 | 2023-06-05 | No Minor Crack |
Al Ingot 10 15 11 15 7 | 58 (still usable) \
CP Value Lifespa| Costof @ Cost of Cost of Cost of Mold | Usage of Die | Total cost
2.71 ~4.26 n/In| Die/ Repair Welding | Shutdown Preparation (NT$ Cost X | (NT$)
got| Set (NT$ 3,000 (NT$ 10,000 | (NT$5,000 | Set)
(NT$) @ pertime) per time) per time)
Total (NT$) Total (NT$) | Total (NT$)
GHX1 58 | 70,000 0 | 0 5,000 70,000 X1 | 75000 |
H13(conv.) Min. 10 40,000 16,500 | 55,000 27,500 40,000 X5.5 | 319,500 |
H13(conv.) Max. 15 40,000 10,500 J 35,000 17,500 40,000 X3.5 | 203,000 J

Case 2 : Application of Aluminum Extrusion Die Extrusion Machine : 3,200 tons
GHX1 (HRC 48.5), no nltndlng Llfespan of GHX1 Die: 120 ingots.

Usage Sequence First ‘Second Third Fourth Fifth Sixth Summary ‘
Date 12023-03-14 | 2023-04-10 | 2023-04-17 | 2023-04-20 | 2023-05-17 | 2023-06-05 | No Minor Crack |
Al Ingot 3 (trial) 18 8 25 35 31 120(still usable) |



CP ratio Lifespan/ | Cost of | Cost of Cost of Cost of Mold | Usage of Die | Total cost
6.19 ~9.28 Ingot | Die/ Set| Repair Welding | Shutdown Preparation (NT$ Cost X | (NT$)
(NT$) (NT$ 3,000 (NT$ 10,000 | (NT$ 5,000 | Set)
per time) per time) per time)
Total (NT$) Total (NT$) | Total (NT$)
GHX1 120 70,000 0 0 5,000 70,000 X1 75,000
H13(conv.) Min. 10 ‘ 40,000 36,000 120,000 60,000 40,000 X12 | 696,000
H13(conv.) Max. 15 ‘ 40,000 24,000 80,000 40,000 40,000 X8 | 464,000

e The cost written above is estimation for your reference, not actual data!

GHX1 has to get the Thermal Fatigue Test certified by NADCA, the Certification Number is
305395; the final hardness measured is 44 HRC. From below testing result of thermal fatigue,
GHX1 can bear over 20,000 cycles, while other H13 grades baseline’s limit is 15,000.

Average maximum crack length (L)

[ Specimen #15 Superior grade H13 baseline 3
@ AlIS| H13 Baseline (Benedyk, 1970)
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