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LEAD-PUB 6xp; ALJJMDmM AI.LOY 
This invention·· relates to the f ieid of 

aluminum. alloys, and more particularly to 
machinable aluminum alloys. 'l'he invention 

5 further relates to products made from such 
alloys, including but not limited to: screw 
machine stock; cold finished wire, rod and bar; 
extruded, cast, drawn or hot and cold rolled 
wire, rod and bar, and extruded, cast, drawn or 

10 hot and cold rolled forge stock. 
There are several known machining 

alloys with 2011 and 6262 aluminum. (Aluminum. 
Association designations) being among the most 
commonly sold. It is generally difficult to 

15 measure the machinability of any such alloy. 
One ranking system that baa been used for some 
time classifies machinab!lity based on a· letter 
scale with an •A• rating being most machin~le, 
followed by •s•, •c•, •D• and •z• ratings taking 

·20 into account the following characteristics: 
(1) Chip Size. Smaller chip sizes· are 

more desired because such chips simplify the 
machining operation and facilitate more 
effective heat removal from the tool· - workpiece· 

25 interface than.larger· chips. Chipilmust not be 
too small or they interfere with lubricant 
recirculation during the overall machining 
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operation, such as by drilling or cutting. 
Long, thin chips by contrast tend to curl around 
themselves rather than break. Such chips, 
sometimes called curlings, may require manual 

5 removal from the machining area and are less 
effective than smaller chips at heat dissipation 
because larger chips tend to block the co~ling 
lubricant. 

10 

(2) Tool Wear. Lower tool wear rates 
are desired to save money by increasing the 
amount of time a tool can be used before 
prescribed tolerances for a given workpiece are 
exceeded. Lower tool wear rates further 
increase productivity by reducing downtime due 

15 to tool changeovers. 
(3) Surface Pinish. A1loys exhibiting 

a very smooth exterior surface finish in the as­
machined condition are more desired to eliminate 
or reduce the need for subsequent surf ace 

20 finishing operations, such as grinding and 

deburring. 
(4) Machining Porcea. Lower machining 

forces ~re more desired to: reduce power_ 
requirements and the amount of frictional heat 

25 generated in the workpiece, tool and tool head1 
.or increase the .-ount of machining or metal 
removal that can.be accc:rmplished.with the same 
power requirements1 and 

(S) Mechanical" and Corrosion 
30 Properties. Mechanical -characteristics such as 

strength, ·or other.properties such as corrosion 
resistance, may; be •optional• with respect to 
machinabili ty •.. 'l'hey can also be rather 
important._depending on .the intended end use for 

35 the wor]tpiec• being machined. 
A1though this •A• through·•B• rating system is 
based on the five parameters discussed above, 

·. 
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the relative importance of each parameter 
changes as a function of intended end use for 
any given alloy. 

, 
CUrrently, 2011 is the :mOst popular 

5 aluminum machining alloy that is consistently 
•A• rated. This composition contains about 5-6 
wt.% cu, up to about 0.3 wt.% Zn, up to about 
0.7 wt.% Pe, up to about 0.4 wt.% Si, about 0.2-

0.6 wt.% Bi and about 0.2-0.6 wt.ts Pb. ·6262 

10 · aluminum is most often •B• rated bUt has 
consistently higher strength levels and better 
overall corrosion resistance in the TS and T9 
tempers when compared to its 2011-T3 

counterparts. The composition for 6262 aluminum 
15 contains about o.a-1.2 wt.% Mg, about 0.4-0.8 

wt.% Si, about 0.15-0.4 wt.% CU, about 0.4-0.7 
wt.% Pb, about 0.4-0.7 wt.% Bi, about 0.04-0.14 
wt.% Cr, up to about 0.7 wt.Iii Pe, up to about 
0.25 wt.% Zn, up to about 0.15 wt.% Mn and up to 

20 about 0.15 wt.% Ti. . 
:tn the near future, it may be 

desirable to reduce the amount of lead in many 
products. Legislation may require Pb level 
reductions or even el~nation from certain 

25 consumer goods. ·A lead-free substitute for 2011 
and/or 6262 aluminum would be desirable, 
therefore. 

· J:t: is of interest to provide a 
substantially lead-free substitute for 6262 

: 

30 aluminum. Another objective is to proVide a 
lead-free, aluminum alloy with excellent 
machinability, thereby resulting in reduced 
manufacturing costs·. through faster machining: 
times. It is another objective to provide an 

35 alloy which can be substituted for 2011 and/or 
6262 aluminm in most machining applic·ations, 
especially those where 'trength properties for 

I 
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the finished product are relatively less 
critical than machina):)ility characteristics. 

Also of interest is to provide an 
improved screw machine stock and wire, rod or 

5 bar product, together with improved methods for 
making such products by casting, preheating, 
extruding, solution heat treating, cold 
finishing and thermally processing in various 
step combinations. 

10 In accordance with the present 
invention, one embodiment pertains to an 
aluminum alloy suitable for :machining. This 
alloy consists essentially of: about 0.15-1.0 
wt.\ copper, about 0.4-1.S wt.% tin, about 0.65-

15 1.35 wt.\ magnesium, about 0.4-1.1 wt.\ silicon, 
about 0.002-0.35 wt.\ manganese, up to about 0.5 
wt.\ iron, up to about 0.15 wt.% chromium and up 
to about 0.15 wt.\ titanium, the remainder 
substantially aluminum and incidental elements 

20 and impurities. On a preferred basis, this 
alloy includes about 0.45-0.7 wt.\ copper, about 
0.9-l.3 wt.% tin, about 0.7-0.9 wt.\ magnesium, 
about o.45-0.75 wt.% silicon and about 0.01-0.os 
manganese. J:t is substantially lead-free, 

25 bismuth-free, nickel-free, zirconium-free and 
cadmiUm-free as defined hereinafter. This alloy 
is typically processed into screw machine stock 
or one or more.products selected from wire, _rod 
and bar, most preferably by ingot casting and 

·30 subsequ~t hot deformation. 
There is further disclosed an improved 

method for making -screw machine stock and wire, 
rod or· bar product from this alloy by casting, 
preheating, extruding, soluti~ heat treating, 

35 cold finishing-and thermally processing, 
. . 

preferably.to ·a T3, TS or·T851 temper (Aluminum 
Association designations). By extruding, cold 

• 
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finishing, and then solution heat treating (or 
solutionizing), this same alloy may be processed 
to such other tempers as '1'4, '1'451, '1'6 or '1'651. 
'1'9 tempering is also available by solution heat 

S treating, thermally processing and cold 
finishing. 'l'he alloy of this invention may be: 
continuously cast using known or subsequently 
develQPed means; extruded into various product 
shapes without cold finishing; or even press 

10 quenched. After extrusion, products made from 
this alloy may be tempered according to '1'4511, 
'1'6510, '1'6511 or other '1'6 practices. 

15 

Por any description of pref erred alloy 
compositions, all references to percentages are 
by weight percent (wt%.) unless otherwise. 
indicated. 

When ref erring to any numerical range 
of values, such ranges are understood to include 
each and every number and/or fraction between 

20 the stated range minimum and maximum. A range 
of about 0.4-1.5% tin; for example, would 
expressly include all intermediate values of 
about 0.41, 0.42, 0.43 and 0.5%, all the way up 
to and including 1.45, 1.47 and 1.49% Sn. The 

25 same applies to each other elemental r~ge set 
forth below. 

As used herein, the term 
•substantially-free• means having no signifi~ant 
amount of that component purposefully added to 

30 the alloy composition, it being understood that . 
trace amounts of incidental elements and/or 
impurities may find their way into a desired end 
product. Por example,· a eubatant·ially lead- · 
free, maChining alloy might contain less than 

35 abo~t O.l!ls Pb, or less.than about 0.03% Pb on a 
more preferred basis·, due to contamination ·from 
incidental additives or through contact with·· 
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certain processing and/or holding equipment. 
A11 embodiments of the present invention are 
substantially Ph-free. The invention alloy is 
also substantially free of bismuth, nickel, 

5 zirconium, cadmium and thallium on a most 
preferred basis.· 

10 

The term •screw machine stock•, as 
used herein, describes cold finished wire, rod 
and bar product together with any extruded wire, 
rod or bar product which can be hot and cold 
rolled by conventional ingot metallurgy 
techniques (e.g., DC casting) or otherwise 
manufac-tured using known or subsequently 
developed powder metallurgy and casting 

15 processes. •cold processing• is defined as 
working with substantially ambient temperatures 
while •hot working• uses heated stock for 
further processing. It is to be understood 
that, in some.instances, cold processing can 

20 also. follow hot working. 
When referring to any pref erred 

tempering treatment for this alloy, including 
T3, T4, T451, T4511, T6, T651, T6510, T6511, TS, 
T8Sl and T9, it is understood that current 

25 tempering practices include: hot working; cold 
working; solution heat treating (or 
solutianizing); and precipitation hardening, 
either naturally (i.e., at ambient or roam 
temperature) or artificially (using an external-

30 heat source). Particulars about any one 
temperiDg method may be learned from Aluminum 
Association registration guidelines, the 
disclosw:eii ·of which·are fully incorporated by 

reference here:in •· . · 
35 While the aluminum alloy of this 

invention can'be made into screw machine stock 
and wire, rod or bar product, preferably by 

~·· 
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extrusion, casting a:a.d./or hot or cold rolling, 
it is to be understood that the same alloy may 
be made in.to other forms and product shapes, 
including sheet, strip, plate, forgings, clad or 

5 foil products, by any known or subsequently 
developed technique, including continuous or 
semi-continuous casting. 

When ref erring to the main alloying 
components of this invention, it is understood 

10 that a remainder of substantially aluminum may 
include some incidental, intentionally added 
elements which may impact collateral properties 
of the invention, or unintentionally added 
impurities, neither of which should change the 

15 essential characteristics of this alloy. With 
respect to the main alloying elements,_it is 
believed that the copper hereof contributes to 
the alloy's overall machinability, strength, 
anodizing response, weldability and corrosion 

20 resistance response. 'l'he presence of tin is 
believed to contribute to both.machinability and 

artificial aging response. Por the lesser 
elements, chromium is believed to contribute to 
the formation ~f f ine-clisperaoid phases and 

25 prevent recrystallization during hot working or 
heat treatments. Manganese is. believed to add 
to the alloy's _strength., recrystallization and 
abrasion resistance. Silicon is also added for 
strength while iron is generally present as ·an 

30 impurity. 
Tin is considered a viable substitute 

for lead for several reasons. Sn satisfies a 
majority of the criteria used t~ discern and 
d.Velop a substantially lead-free substitute for 

35 2011 and/or 6262 al~num,. naJDAlly: (1) having a 
low toxicity level; (2) generating minimal. 
processing complications when substituting for 

t 



W096/08586 PCT/US95/11738 

- 8 -

the above aluminum alloys; (3) forming a low 
melting eutectic; (4) being generally insoluble 
in solid aluminum; (5) forming substantially no 
intezmetallics with aluminum; and '(6) having a 

S net expansion upon melting. 
One essential character of the present. 

invention. is believed to flow from the effect of 
melting a tin-magnesium eutectic, typically from 
the temperature rise in the region of a cutting 

10 tool during machining. Consequently, this 
invention may tolerate small amounts of such 
other elements as silver to further enhance 

15 

strength properties without detrimentally 
affecting the aforementioned essential behavior 
characteristics. Evidence of this is noted by 

the inversely proportional relationship observed 
between Sn and Mg contents for the invention. 
alloy. When. a moderate amount of tin is 
present, Mg levels should be kept comparatively 

20 high. But with lower Mg con.ten.ts, of about 0.9 

wt.% or less, Sn contents of 0.95 wt.% or higher 
prove more beneficial. 

The f ollowin.g ex•mples are provided to 
further illustrate. the objectives and advantages 

25 of this invention.. They are not necessarily 
in.tended to limit the scope hereof in an.y 
:manner. . 

- I. 
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Table la - Comgositions 
Al;Lo:t Mg Cu Mn Pb Bi 

Repr. 6262 comp. 0.88 0.34 0."02 0.54 0.50 
Invention Sample a 0.66 0.30 0.003 0.0003 --
Invention Sample b 0 .66 . 0.59 0.003 0.0009 --Invention Sample c 0.91 0.31 0.003 0.0013 --Invention Sample d 0.88 0.59 0.004 0.0039 --
Invention Sample e 0.94 0.63 0.004 0.0033 --Invention Sample f 1.18 0.34 0.003 0.0000 --Invention Sample g 1.17 0.58 0.006 0.0010 --
Invention Sample h 1.00 0.56 0.004 0.0035 --Invention Sample i 1.00 0.59 0.010 0.0043 --Invention Sampl·e :1 · 0.1·5 0.33 0.009 0.0017 --Invention Sample k 0.72 0.59 0.006 0.0019 --Invention Sample 1 1.01 0.30 0.004 0.0045 --
Invention Sample m 1.01 0.66 0.015 0.0271 --· :i:nvent:ion Sample n 1.14' 0.32 0.006 0.0062 --Invention sample o 1.27 0.61 0.005 0.0051 --

.. 

Sn Si 
-- 0.59 
0.87 0.48 
0.95 0.48 
0.90 0.68 
0.94 0.72 
0.89 0.73 
0.95 0.87 
0.94 0.84 
1.10 0.72 
0.86 0.72 
1.24 0.51 
1.25 0.50 
1.26 0.71 
1.39 0.73 
1.24 0.85 
1.26 0.95 
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T!l;!le lb - ~8 Temsgred 
Alloy Tensile (ksi) Yield (ksi) ' Blong. 

Repr. 6262 51.2 49.3 15.2 
Invention· Sample a 42.57 39.27 16.67 
Invention Sample b 44.71 41.30 14.72 
·-Invention Sample a 47.63 45.38 12.92 
Invention Sample d 49.12 45.92 14.42 
Invention Sample e 51.28 48.72 13.83 
-Invention Sample f 54.22 52.20 13.17 
Invention·Sample g 55.65 54.20 9.08 
Invention Sample h 49.18 47.25 15.50 
Invention Sample i 52.11 49.94 13.11 
Invention Sample j 4.2.50 39.60 15.42 
Invention Sample k 45.98 42.46 16.00 
Invention Sample l 45.33 43.17 13.33 
Invention Sample m 48.35 45.60 13.42 
Invention Sample n 50.37 48.93 12.00 

.Invention Sample~ 55.17 53.47 10.83 
J:nvention Average 48.94 46.49 13.63 

... 

# Chips/g 

165.17 
310·.&7 
291.11 
123.67 
199.33 
119.83 
172.67 
166.50 
173.17 
146.44 
313.00 
256.67 
235.67 
289.33 . 
160.83 
163.33 
208.iS 

• 

Tool Life 
(hrs) 
1.28 
1.23 
1.27 
2.79 
0.67 
1.98 
1.65 
1.42 
1.93 
2.40 
1.51 
0.81 
1.90 
o.88 
2.09 
1.87 
1.63 
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Table la - T9 TemDered 
Alloy Tensile (ksi) Yield (ksi) ' Blong. 

Repr. 6262 .S3.0 Sl.1 10.0 
Invention Sample a 49.78 47.82 8.33 
Invention Sample b so.es 48.90 8.42 
Invention Sample c SS.58 53.5S 9.92 
Invention Sample d S7.4S S4.92 8.2S 
Invention Sample e 57-.10 54.82 8.77 
Invention Sample f SS.78 S3.67 10.83 
Invention Sample g 59.30 56.65 8.92 
Invention Sample h 5S.82 53.52 a.so 
Invention Sample i 58.84 55.96 8.44 
Invention Sample j 49.62 47.5e· 10.42 
Invention Sample k .51.66 50.02 7.89 
Invention Sample 1 52.40 50.43 6.50 
·Inven.tion Sample m 55.77 53.77 6.42 
Invention Sample n . 54.55 52.35 8.42 

-Invention Sample o 57.53 55.63 5.83 
Znvention Average 54.80 52.64 8.39 

.. 

I Chips/g 'l'ool Life 
(hrs) 

144.67 1.S8 
281.17 0.90 
280.83 0.84 
147.67 2.46 
190.67 1.Sl 
183.00 1.59 
159.33 1.46 
194.17 1.76 
179.00 1.95 
173.00 1.79 
265.67 0.78 
257.44 0.76 
22s.oo 1.68 
253.17 0.84 
163.17 1.90 
213.33 0.61 
211.11 1.39 
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Prom the aforementioned tables, it is 
noted that a higher chip per gram number equates 
to more chips and thus smaller si~ed chips, 
which in turn indicates better alloy 

S machinability. Using this criterion alone, 
those invention alloy compositions with lower Mg 

contents and relatively higher Sn weight 
percentages, especially Invention Samples b and 

k, outperformed 6262 aluminum •. 
10 Having described the presently 

preferred embodiments, it is to be understood 
that the invention may be otherwise embodied by 
the scope of the claims appended hereto. 

I 
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CLAIMS 

TlilS SHEET HAS BEEN 
HEPl.ACED 

1. A lead-free, bismuth-free, nickel-
free, zirconium-free and cadmium-free aluminum 
alloy consisting essentially of: about 0.15-1.0 

5 wt.% copper, about 0.4-1.5 wt.% tin, about 0.65-

1.35 wt.% magnesium, about 0.4-1.l wt.% silicon, 
about 0.002-0.35 wt.% manganese, up to about 0.5 

wt.% iron, up to about 0.15 wt.% chromium and up 
to about 0.15 wt.% titanium, the remainder 

10 substantially aluminum. 
2. The aluminum alloy of claim 1, which 
contains about 0.45-0.7 wt.% copper. 
3. The aluminum alloy of claim 1, which 
contains about 0.9-1.3 wt.% tin. 

15 4. The aluminum alloy of claim 1, which 
contains about 0.7-0.9 wt.% magnesium. 
s. The aluminum alloy of claim 1, which 
contains about 0 .45-0 .-75 wt.% silicon. 
6. A lead-free, bismuth-free, nickel-

20 free, zirconium-free and cadmium-free, aluminum­
based alloy comprising about 0.15-1.0 wt.% 
copper, about 0.4-1.5 wt.% tin, about 0.65-1.35 
wt.% magnesium, about 0.4-1.1 wt.% silicon, 
about. 0.002-0.35 wt.% manganese, up to about 0.5 

25 wt.% iron, up to about 0.15 wt.% chromium and up 
to about 0.15 wt.% titanium, the balance 
substantially aluminum, incidental eleu..ents and 
impurities. 
7. The alloy of · claim. 6; . which contains 

3-0 about 0.45-0.7 wt.% copper. 
8. The alloy of claim 6, which contains 
about 0.9-1.3 wt.% tin. 
9. The alloy ·of claim 61 which contains 
about 0.7-0.9 wt.% magnesium .•. · .. 

35 10. The alloy of claim 6, .which.contains 
about 0.45-0.75 wt.%. silicon •. 
11. An A-rated, screw machine stock.made 

• 
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from a lead-free, zirconium- freeana-biamutii:.: · -- --· 

free, aluminum-based alloy consisting 

essentially of: about 0.15-1.0 wt.% copper, 

about 0.4-1.5 wt.% tin, about 0.65-1.35 wt.% 

5 magnesium, about 0.4-1.1 wt.% silicon, about 

0.002-0.35 wt.% manganese, up to about 0.5 wt.% 

iron, up to about 0.15 wt.% chromium and up to 

about 0.15 wt.% titanium, the remainder 

substantially aluminum. 

10 12. The screw machine stock of claim 11, 

wherein the alloy contains about 0.45-0.7 wt.% 

copper. 
13. The screw machine stock of claim 11, 

wherein the alloy contains about 0.9-1.3 wt.% 

15 tin. 
14. The screw machine stock of claim 11, 

wherein the alloy contains about 0.7-0.9 wt.% 

magnesium. 
15. The screw machine stock of claim 11, 

20 wherein the alloy contains about 0.45-0.75 wt.% 

ail.icon. 
16. The screw machine stock of claim 11, 

wherein ·the alloy has been thermally processed 

to a temper selected from the group consisting 

25 of Tl, T4, T451, T45ll, T6, T651, T6510, T6511, 

TB, T851 and T9. 

17. A produ~t selected from the group 

consisting of wire, rod and bar, said produc~ 

made from a lead-free, zirconium-free and 

30 bismuth-free, alUminum-based alloy consisting 

essentially of: ··about 0.15-1.0 wt.% copper, 

about· 0.4-1.5 wt.% tin, about 0.65-1.35 wt.% 

magnesium., about o_.4-.1.1 wt.%. silicon, about 

0.002-0._35 wt.%·.manganese, up to about 0.5 wt.% 

35.. iron; .up to about 0.·15 -wt.% chromium and up· to 

ab.out 0.15 wt.% titanium,. ·the balance 
substantially aluminum, .incidental elements and 

• 
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impurities. 

18. The product of claim 17, wherein the 

alloy contains about 0.45-0.7 wt.% copper. 

19. The product of claim 17,!wherein the 

5 alloy contains about 0.9-1.3 wt.% tin. 

20. The product of claim 17, wherein the 

alloy contains about 0.7-0.9 wt.% magnesium. 

21. The product of claim 17, wherein the 

alloy contains about 0.45-0.75 wt.% silicon. 

10 22. The product of ~laim. 17, which has 

been thermally processed to a temper selected 

from the group consisting of: T3, T4_, T451, 

T4511, T6, T651, T6510, T6511, TB, T851 and T9. 

23. The product of c;:laim. 17, which was 

15 manufactured by a method selected from the group 

consisting of: extrusion; casting; hot and cold 

rolling; and combinations thereof. 

24. In a method for manufacturing a 

machinable aluminum-based alloy product selected 

20 from the group consisting of: screw machine 

stock; cold-finished wire, rod or bar; extruded 

wire, rod or bar; cast wire, rod or bar; and hot 

and cold-rolled wire, rod or bar, said 

manufacturing method including casting, 

25 preheating, extruding:, solution heat treating, 

and thermally processing an aluminum-based 

alloy, the improvement which comprises providing 

as the_alloy a lead-free, zirconium~free an~ 

bismuth-free composition consisting essentially 

.30 of: ·about ·o.1s-1.o wt.Sis copper, ~out 0.4-1.S 

wt.% tin, about 0.65-1.35 wt.% magnesium, about 

0.4-1.1 wt.% silicon, about 0.002-0.35 wt.% 

manganese, up to about 0.5 wt.% iron,_up to 

about 0.15 wt.% chromium aiid up ~o about 0.15. 

35 wt.% titanium, the balance substantially 

·aluminum, incidental elements and 1-pµrities. 

25. The improvement of claim 24, wherein 

• 

THIS SHEET HAS BEEN 
REPLACED 



W096/0Bs86 
111111111111111111111111 JI lllJ 

* C ~ M S * PCT/US95/11738 

the 
26. 

the 
27. 

5 the 
28. 

the 

- 16 -

alloy contains about 0.45-0.7 wt.% copper. 
The improvement of claim 24, wherein 

alloy contains about 0.9-1.3 wt.% tin. 
The improvement of claim' 24, wherein . 

alloy contains about 0.7-0.9 wt.% magnesium. 
The improvement of claim 24, wherein 

alloy contains about 0.45-0.75 wt.% silicon. 
The improvement of claim 24, wherein 

alloy is thermally processed to a temper 

10 selected from the group consisting of: '1'3, T4, 

T451, '1'4511, T6, T&51, T6510, T&511, TS, T851 

and '1'9 • 

29. 

the 

. 30. In a method of producing a machined 
aluminum. alloy product by casting, extruding, 

15 solution heat treating, and thermally processing 

aluminum. alloy stock, the improvement which 
comprises providing as said aluminum alloy 
stock, a lead-free, zirconium-free and bismuth­
free composition consisting essentially of: 

20 about 0.15-1.0 wt.% copper, about 0.4-1.S wt.% 
tin, about 0.65-1.35 wt.% magnesium, about 0.4-

1.1 wt.% silicon, about 0.002-0.35 wt.% 
manganese, up to about 0.5 wt.% iron, up to 
about. 0.15 wt.% chromium and up to about 0.15 

25 wt.% titanium., the balance substantially 
aluminum. and impurities. 
31. The improvement of claim 30, wherein 
said composition contains about 0.45-0.7 wt.% 

copper. 
30 32. The improvement of claim 30, wherein 

said composition contains about 0.9-1.3 wt.% 

tin. 
33. 'l'he improvement. of claim 30, wherein 
said composition contains about 0.7·-0.9 wt.% 

3 5 magnesium.. 
34. The improvement of claim 30, wherein 
said composition contains about 0.45-0.75 wt.% 

.. · 

Rf PLACED 

I 

.. 
, 



I lllllll llllll lllll lllll II llll 
W096/08586 * C L M S * PCT/US9S/11738 

- 17 -

silicon. 
3 5 • The improvement of claim 3 0, wherein 

said stock is thermally processed to a temper 

selected from the group consisting·of: T3, T4, 

5 T451, T4511, T6, T651,·T6510, T6511, TB, T851 

and T9. 

I 
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